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Abstract

Information and Computer Technology in K-12 Mathematics Classrooms: A
Systematic Review of the Literature Published between 2000 and 2012
By
Yu-Wen Huang

The study used systematic review of research method. .The purpose of this
research is to compile the literature published between 2000 and 2012 about the
information and computer teachnology in K-12 mathematics classroom. It is a total of
79 literatures. The study fous on overview the information technology integrate into
K-12 mathematics classroom.The first the researcher select desired search of five
electronic databases, and set the search string, and then develop screening criteria to
select the line with the literature of the research literature needs. And then use the data
extraction tables for the extraction of the literature with important information. The
final compilation and analysis of information obtained in the extraction. The results
showed that the five teaching units (Number & Operations, Algebra, Geometry,
Measurement, and Data Analysis & Probability) have case of information technology
into teaching, in which the "Number & Operations™ (28.6%), the "Geometry" (27.4%),
and "Algebra" (24.5%) of the most common. In the hardware that the main types is
desktop computers (68.5%), followed by graphics calculators (11.2%), and electronic
whiteboard (10.1%), others have a little are like a notebook computer, tablet PC,
handheld computers. And the software that the main types are the virtual
manipulatives, dynamic geometry software (15.6 percent), and CAI software (15.6
percent), followed by the game software (8.4%), and graphics calculators the built-in
software (10.9 percent), office software (8.4%), and whiteboard software the built-in

(6%). The characteristics of the information technology tool are interactivity and



visualization that the most to help students learning. The study also found that the
integrating information technology into instruction can foster students’s cognitive
abilities such as remember ~ understand ~ apply and evaluate. Especially in foster the
main abilities is recalling of remember, exemplifying and inferring of understand, the
next foster the executing of apply and interpreting of understand. The the analyze is
rare and without the create. The results of this study should be used K-12 mathematics
teachers to implement specific guidelines for integrating information technology into
teaching.

Keywords: Integrating information technology into instruction, Systematic review,

K-12 mathematics teaching.



ﬁgﬁ%iﬁ%%%ﬁfia,%%éﬂéaﬁpi*%°%ﬁ’ﬁ%ﬁ
Lo ¥ R R B E R F R AN Hmd»,]&,g;;& WF 5 A

AR LcUREE AR SRR E L STERD ERCRE

b

-

P

b

FARR A R E W e E O sl B L L

ook 44 0 G 1 A BT B B ehfi R SR 0 4 5]
/[U i P >

FEEA AT B 0 GHFAhE RS SR o (LS ARF O H

=

AR E WP EA o

=¥

FoRPMT L RHT Ao TR D BT AT
AT A F L audk o M2 Fx B2 R B yeanE b i
AN FIRE AR et o

RoF TR P ARE 3 > R ESD R &R ERG- B Tl KB E

YoREZEFPARI NG EHFYAL R EFE D B3

THAFSFY P AuERBEHRA S > ¥ AN KPR LA

BB BREHY AHER  FLEL ] G PSRRI R e

PR RAIERERTTILE L U AP I A PESTE I - e

AR BRI RIEAFRELS 0 M EAY SIFE A A AR 4 BER S AKX
4R - BRpEken
EHEARTELA A F AT T PR RAFR LR SRS

I
P

et L gt

EAZR o4 BN L Fend - 4L RARY PP BARN B

RBEA € ASv § R4 > BT PR 7 miFEifod giztaa

|

iR AN PR A EA R AL %R ARG S P ;\j}cm ﬁﬁ?ﬁ%?i,r

L

AERBeNAF 5 5357 o muMLFa- ki EACT HA R0

TR P S S e |



EH o ?‘}]?%%5% ..................................................................................................... 3
¥ - & TAABE N F0H o, 3
- & TR BT PRTZFEEEFTL e, 4
NN BEPRERT L2 FT AL E 7
N TR R T PR B 15
N 3@@@@9%& ........................................................................... 22

FEF ™ 32 coioeeeeeesee e 30

I
~ ‘M?

EIE FRAPEREN Y REEPRFT LRI 49
5o & FLHE T B 2 F M s 55

FZH O FHIE CEYERERTE XM G, 63



SERY

FAPER > EFPRFLFEEAIMF L o, 4
T FALE G E M AR envvveeesseeee s 33
BRI IR F B 42
FRAAER TP RE 2L THRTHER ) TTAFRE i, 49

TR BB P 2
TP BT T 2
FRA R BB P 2

7S 3 T Y. O S 50
TR E | KA T E i, 51

THMAEL B | T HA F e, 52

Vi



G IR

Bl 2-1 3020 B 30T B 12 30T AR 1B 275K e 17
B 2-2 xsipr= };’%/v\ FT20 3 T FEEC T 320 T AR e 27
B8] 2- 3 PRISMA Qiagram .......coiviieiiieierisiie et enesnens 28
Bl 2-4 F5 5 TARB] covveeceeeees e 29
B 3-1 < F%:}%zeﬁé%éiﬁﬁi}%‘] ............................................................................. 39
B 3-2 = lgk.fsﬁn%i 6211 Z_ 4" FT B cveeeeiee e 45
B 3-3 é}gkfﬁﬁn%ﬁ, 769 éigkiév\%‘r%] ......................................................................... 46
Bl 3-4 élgk.fsﬁn%i 1358 Z_ 4" FT Bl oo s 47

W41
H 4-2
w43
® 4-4

B 4-5

TG BB PHT 2 THMAE | B o 54
TP B P HE THHET L 2 MIBE e 55

FTAFEB EEPRF2FV EHERTERZ M o, 65
T RN o o R R g e e U R Y ) IR 66

FTAAER TP RT 2 KE FWE B2 B RE 74

Vil



FER AT RTRLE IR LREERS THA TAPHRE N KT @
Bid P fair  SFIF R - RAOFYHMRERE]IFVHE

RAFY Arce AFEP AFF LA FEP o

WA AR FAPF IR P ERFZRRPELE ML R
EATR RPN - hEAE o Bha 2 o FEadk (2006) ®w f 2001 I 2006 & 2 39
EAT o FRAY G S (93%) LA SR AT AR KELRTE
4By A BB AKE S N FER (2009) ® 4§ S % 2001 1 2009
£z By o NFEHY L ETAMER KT LT AR E Y B
Bm o RPFE TAPRFERT  TRAFIFTN L L o0 T2
FApREY FTAPARLEY S § 106 B 27475 (2010) < & 2001 & 1 2008
EPTFFTAFEB KL FCHREFERAIT 4 FRTALFEEN | F
22 HY A aFY RS LG 0t Hamison ¥ % (2002) #1999
+£3 2002 EHEERE S FLFER ST APEB KF AR L TART T
WA H P T LS HE Y kD ponE @ Andrews £ 4 (2002) &7 4
Me et mERERPELRST RIS RF 2 FY Ak

P Eaer BRY O BEP- e B XER FS v ELE R DT EPP
2= o BB ¥ AFREREY S F A A d o A F A DLk
HLE Y DB o BN L EAT ] SORIT O R RARTORE 2 5 BRI
HEA DY RABET Yk > LRRFFIFLIEIETY R

Santos-Trigo (2004) 45 & > HE PR E /A2 A BLY FE - ¥ F
AT P e S N ERRERZE o FH A BB B e ki



R RS AR IR PR R LR T g £ AT
e Y E g edi o 2 REE kiR ¢ (National Council of
Teachers of Mathematics > f§ - NCTM > 1983) i @ | & Hfr >t Sy b &
BEFA 2 BHEHELF B HE EprFKE Y o %th g 2000 & rdiRz
M8 88 kR 42 | (Principles and Standards for School Mathematics) # » £
FRAEERTRYPHIELDELEY > T AFHFIE T TG A FLF
Y#cF 2 33c {73 2e g oorEp 3 (NCTM, 2000) - ¥ 5% 575 8
TFEAFERE S KE T2 HEF DR Y Loy e (2480 2007 5 &
# > 2009 ; % 8%/ > 2010) -

PR AP ERE K PREY kb Gy KFPAEFTAPER N K
Foo o #0g*» WP RF 2 A A - PRPHEIETE 2R Es
fo N M E e AP BRI E G R EY EHEE > BT AR e T

LTHRBIFATE AT ARBER Y TR PRE 20 R SR KT

Bz K Epile g o

FT Y a B 5 42 kA 452 (Systematic Review )- 57 2000 £ % 2012
ERFEFARHKR Y L E RS PRE M E DI o BT AR
CEEFKFLFE N BMA T AP RERSHT AL TR F
G 33 ORI
L FRapfHiipgr &G pPREL s ®?

2. “‘*m,fi,ﬁ M4 o Y 2 B 0

3. A)Rfi;}i‘l = ?}%/\f‘\ ?% £ IRATR 4 7 —'53;-\ w7



PR CRRE

ﬂ\_q.ﬁ’ii'h{ﬁ’“ - ikf”*grﬁgQ[iJ‘7 ﬁgmpﬁ&};;f s - E A

G0 % - Fmm

I=q

TR T2 403 52 SFRP R A SR T AR P RFEFE
AP TN FERE TR 2L ZEFALRES Y285 EEPEREY R
Bt R2ZAHIE D Fr &EPF G (Bloom) 2 inarAR Ry P RS U

44

BT AP etk R [;Jw\ ¥7:%4 (Systemic Review) 2% & &2 5 3% -

# - ?%Mi#iﬁé% $of

AAAAA

- TR L L

3 W 7Z v st ¢ ow (National Center for Education Statistics, NCES) %
2002 & 1 %% shTechnology in Schools Suggestions, Tools, and Guidelines for
Assessing Technology in Elementary and Secondary Education # > #- T f1 5 gk » |
(Technology integration) % & = @ "f#Hp» KE 2 LFLFPHET R £ 2 B2
FEE R TR KRR FRY | o T RERN TapEm 1L
KEFEY TAPRFE N FERE? fokidmd > A2 F4 @y PRray
MR ABETARFEREFRT HA 2 R EA N T LY E AR
Fraa T4 ERPELLEY | (ERE > 1999) o thatie (2003) A)#-F
P RE 2 RESLZFREEREAL TS TAPHOEIET  BHFRS R
PRENER IR RERY O MEREY PR T REFVF LT R ADE
VAR &n A RFRE LTI FY hdsne w4 (2002) PIRLG Fp#
P REIRFRRHP FERTRERFF DT APHLEERE PR ESR

—

2T MARY o frE VAR P 23K o

4

‘5ﬁ€iﬂ§gﬁ%p~ﬂ/f’*ﬁj TEFAPHER S F 5 R E AR
3



KHMERE2Z G R BT HE LFH R a2 AR N TR
FHEPEYER A RF U2 Y E R ERE s Hp e ugd L8y
SO RFEARHEA LK E Y 1L ea KL KE S 0§

SIE,S G\' 3% o

BooE TR pRT ]

R PR O ENR Y RS P T URRAT TP e

FH2 PR o 4 7 G B K B A H Y S R R A

2-1-
221 FARHR KSR KE 2 FEBRMAY
(E2) 1 ¥ % Y NS P s%
Hembree & 1.9 ) & 7 2 1HEFABAZE8E LR 8 ##Epe
Dessart (1986) ( Grades B4 EEY IR T ST
K-12) - G\'j]‘&,g?@)iL%’; t‘,yg(xﬁ;jw
2.8 4 ®A Fo EXN EOIN.
B EY o 2R BEATE By 4 gk
31969 # 1983 & 341779 K < ),% ° RN 3 R
R A R 2 Hp ) 4 o
TR 2. W75 e
SH W kR o 3&6$#§i

2 ki 4 it
A5 g EAE
& o

3.5 4 3 iplspF i
AR BT
#F ARl A
Boo FrE AU
U
3 fRAL P i o




22LFApER KSR KE L FEBAMAEL (H)

EER

(&) G g Py
Hembree & AR EBRY
Dessart 43 RAF ks
(1986) FYyargp R
P& ©
Ellington POl EE 4 (Grades 1. #F 3 P FH O 13 EHV L HF
(2003) K-12) - (Calculators) #}5 4 4 + #c# 2 iF ¥
2.1983 # 1 * 3] 2002 2ZEHEEY ;\fiuvii L FAR T - Gl
EB51 AR 2 Hp ) ik B2 B 5 2.8 4 @ %y
TREEA Y 2R R A TR E Y #K
AH B kR e 3404754 j ¥ ft - g2 & &
Christmann 1.F-| £ 4 (Grades 1433 @%&5¥ 3 & 1CAIGMHR |5
& Badgett, K-6) CAl it es g 22 H&EFFY gk%h
(2003) 2.1969# 71998 & AEF LBV IR FLeRP-
sz AUz Hp )2 B
1}%0 2.7 * (S A FTIE o
3424739 K = [};Je °
Ellington 19 32 8%- & LEARUFEBH LIRS 5 R
(2006) 254 - B4R B i rEE YA R
2.8 4 @ * B H (A MHamLitE g Rl&RP
weEgEY - A ) 2B WEHEAFELE
2. * (S AFTIE o g UL o
3Ati AR 2 MV LR
rEF RE D
»P|ER P BSOS
A S ks
AR <l S e A |
4 o
Li & Ma ol EEA (Grades 1IFEF TR 1EsB B LY
(2008) K-12) - LB S RE L BTFAPRER
2.1990# $]2006# 4  fHiw e BE P HE L%
W2 BT 20 (SR AT 2 BE & NFE -

HEE S -

3.4 17 39};?,?)’%0




F2LFTAP R R P RE LA (F)

EER

(£ 8) % Bk R S
Li & Ma (D= »P 5242 3
(2008) F5Y R

4k PRTE o

Q)R |+ 2 *F
ERTESTE &
HE Y &gk i
B o

2.F A
LR A EH
FREOHFL 2
BTEEY S AR
BEps-

3. F AL A

Li & Ma 19 #&4 (Grades 1. 4F 34 ¢ %% # # L3 %pgur |
(2010) K-12) - ( Computer BE A el A
2.1990 & $]2006# 1 technology) %t+°¢ /| e ¥ 1w

w2 A B FRERY S RE
Bl o EXp -2 0 2. Tt B EFR
2.0 * (S A HTIE o 424 §$f
341746 J 2 jE A

keht o

. Rt £
S RE B
TEYER Y.
q\.)i),—_,7 fgﬁ—( o

Cheung & 1.¢° /| #5 4 (Grades 1.#R&xv FAHEF*+ 1. R7 L HEHY

Slavin K-12) - CEE P RE P B A %&4 &
(2013) 2.1960# 32011 & #p oo B a CAl it
F'a&t"xﬁiiiﬁF"J'\"}?% 2.7 * (AW A HTE o WS h o

BOA R (P 3247 T4 vk
& 2R o




§ A2l Tars A HEBARMAY 2 5RO SR A REHARRT
WG K PHE 2 2 Jsg\ﬁ;,}aé}u R S E R FE 6
BEAPER G PRF 2 Sm AFFHGLEPT AL PIEART J 5
e gtz REFTAFH LA ¥ P FEFPRE TR R L REL F
ARATE B AIERE R SR A KLY .

FI & BEARERY LZFTAEHE

\_x

3]
-

BECHFHES o RF AL TRAKLEG T SEFULTHT V) AR
FoR o BESEHA B EE R DR SRR 5

L I CE GRS R S S A A O A B L
£

B LA BERFE 2 KL AR T b i kR
Mgk o v w A0l i P N EPBREY ol o R H VR R
THY¥FELEF IR OARE PR AS PR FE N MKE ol A
BEd o 7 EHEE R v PR T MR RN G Fap i L4 (Moyer etal,
2002; Moyer, Salkind & Bolyard, 2008; Bouck & Flanagan, 2010 ) -

¥ AOREKE XA ERR REmERE E (National Library of Virtual
Manipulatives, NLVM) ~ % & > R # % %7+ ¢ (National Council of Teachers of
Mathematics, NCTM) 2 % k344 F ik ~ NCTM Illuminations 14 3 H % 5 e #
HHE B FRRATRERRKEE TR EZRBEREETHREY o P RERE G
Z g e M2 < B (Utah State University) *tH % > 8 7 A £ KL B &
B2 FR G- RmENF LG HEEY N B RIEE THATEY
FET AR KR L JavaApplet B cngcF 1 > BEKEFp d B (NLVM,

1999) -



Yuan (2005) fFih 7 RBKZ (D) TRE EY EVEHE - Ea
Fo RSB CHFR-FELEEE (2 AR ERNE I RRFET L
FEL PR F LR S RS F KR S FR KL R RO i

B L 2P o2 i blhe 5 F BEE e R Rl o T 2

g

FhEe bR Q) SEAMC ARKET FEERT b ol 4 Moo e

i

B2~ B5 Tkl vy it Rl
Sayeski (2008 ) Pl & 7 ezl pE KL 2 2B H (D) 1 B
(Instruction ) : f5 it 4o e (T m 5 » F i RALfEAH 3 5 (2) 51§/ 4L
(Guiding Questions ): 3 & ¥ + i 18 FI¥EpF > & 51 %5 (3) % (Explanations) :
Fa3rEmvRT TR Ke AR Emp - Q) = T w4 (Immediate
Feedback): 44  ¥ & chw ¥ > = i e w4 (5) 5 £ Y 1% ¢ (Multiple Practice
Opportunities) : # % 4+ p 4 E# 7 FIE R ILD R FRY 5 (6) » Ik 4
(Score Reports) : & 4 + ¥ 7 & & A 4 17 5 5§ k&
1323 (2010)» #¥EHEKLE R FELFH4oT (1) 3 &4 (Interactivity ) :
FAPUGFETTHEE - K SEFHEFFE 2@ Al 2 v
( Availability ) @ m # *k £ VO R A FT s Q) EpEf
( Comprehensibility ) : B K E 7 e+ B 4 7 2 E Y N E 5 (4) & BB
(Interconnectivity ) : B K E 7 & A T RALTSH &~ BELLE 5N AT g (T
ﬁﬁﬁ’%@ﬁf\ﬁﬁui%%%&?¢$%“i€v®)* 412 (Feedback) :
T L SHEY R YRR TR g AN R E SR
BA 5 (6) ABriif: (Interestingness) @ m#t K & ¥ 3l4cg 4 i d oo > iea A 2
Fyglegdd A { hbh oY ER;(7) »ag ik (Efficiency) kK&
SRR EAFR Y B2 A FEFHmIR T BTEFNEFERE S (8) HAR
1 (Stepby Step) : *+ & ¥ 1427 » %4 H Il LA FF 2 s -
d v pRREIE PN I (DEIREFE2Z JEA O Q% F

VE AR QREFVF LR WT EAFR Y E Y RS
8



BEA IR L o

f& /% i (Dynamic Geometry ) #x 8 cr% & » 5 5 Geometry Supposer (1985 )
#48 » 4&£% 3 Cabri Geometry (1988 ) ~ Geometer's Sketchpad (1992 ) ~ Cabri Il
Geometry (1994) ~ Eulid (1994 ) ~ Java Sketchpad (1997) & %] Cabri 3D

GeoGebra (2001) % % o sz MR A2 ST 372 B F e A% -

PESPHEHEEEAADSRPIFTRLIE > 24 CRFH - B %L

REY FIFEH LS P S BB (FRET > 2004) > 11T A A R i
Ao gead (442> 2009)
1. GSP (The Geometer's Sketchpad )

GSP #_The Geometer’s SketchPad #: ik % i &8 < fj £ > ¢ % B Swarthmore
College 2 Key Curriculum Press #7H 2 1! &k engii 8 o GSP # fi ¥ P it ¥ - £ &
WERRT S e B RE DS Pt B3R T8 R 2 i
Fr st tai  HL- BRAFRA LR DT Br BT %y xE
R VRS HERELESR B gd BRES PR O RE Ry e P
AL AR W B RGN R R 0 A IR RSP R
SR T REBER -V HEHETRITE F S TP S R P T
2. GeoGebra

GeoGebra #_ Geo+Gebra» 4 7+ # % % & A @ (Geometry) ¥ 1 #) (Algebra)
Z_$ck8 o ¥ - £ d Markus Hohenwarter #4322 — B R AN L AR5 b B
Z AP B R EE B Rl iR A R PRI A R 0 58
PRk AR RS P S A B REY TS ARE T B E Y i
FeodFVE R m gL RS AW > & CBART R ¢ DR 255 -

9



*’?mﬁ A2 BRI E NI B
3. Cabri Geometry

Cabri Geometry ¥ 2 R A B3 2 S ¢ LITH oM » * MR 80~ A $
BBy ERE  c HFEAe L3 HERH - SrEpE > 2 ffas s

fo o TP R P AR LB TEA T h b ARE T A Java ik K2 B

g b oo
4. Cabri-3D

Cabri-3D 3k 3&4 * 2 MM 74 87 7 ¢« (CNRS) friz M8 3% | ihy
& -% f ~ & (Joseph Fourier University ) - iz ¥ - 2 & = f8 S e gt > H
CRITR A S K SE R fiEE A0S P B 1 RS2 BE T
=5 A Y B NUE RN A i SRR A E R S R
A2 BUEAR LSRR PV A - PR BRFATE AL R DSRE
oo Fhd A FR-EAFMIREDLR -
et o BESPHRMIE SN EET L
(1) # & = 3Riv® A= (Euclidean constructions) :

PRSP R EERI L S PRE SR TH 2 o Y A

DRAAEIHEOSPRA  blde AR RS B B T EMR L

CEE SRS SR LAE CE S U ER UL RN R

(2) WA F kit 28 s
BASPEMI TR K AT PN ER R TR TR KB BN
WA s R 2 28 e FHEAR > 0 FEYFWR GNP R R
(Geometric Transformation ) = it :& {7 @ A% > blde: THw £ ~ i &

Bt b2 g R 4w £ % (Rahim, 2002) ¢

(3) # #2417 & ™ (Analytic Geometry) 4% % s :
10



(4)

()

(6)

u

GNP TR RER SRR R R CAFE

ﬁ_mmﬁcﬂ’l s e = & Sl s §IE 5N S s 3‘%] s 2

el T B IR L S Sy 2

B NP R R B2 BE R e o . ;j*ﬂ-\é B @AY x- B
=
BEL LEERRR LR ERE FRA PRGN R

Kl

FACTRA R S L PR R R EALNE Y G

(Invariant) (4 %< » 1997 ) -

SRR o 11 (RS A

AP 5 % Bk (Animate) 245 % (Dragging) # it > 54 it
Wh T R 0 S RV RERR] o Flo SRR S E b
cCEERERERA 0 e p BB Tl VREA)p Bl o 3
e B (HRiRT > 1995)

IEHMEARE R BB NE R EFREDI L AMURT BB
Bl S e gl @ B B h S d 2 R0 88 R Sl BB IR
W h%d o pF > BB g% o M T P FRFER (1) 2 3
#-3¢ (Text mode ) : A* 3% ; (2) #iE ;% (Numerical mode ) @ ¥ 2 %
fios S BIRES LR 1 (3) BAHC (Graphical mode ) © # & #kc
EEERAR GG TR o BN WAR RS L R S
FOPBIE PR RR iR HAp H I enlicE & AR HCN g 2 e L HBCGHHT
2001) -

N EESE

R273- % # (Graphing calculator) £.4n - it 53 & S8 ~ f25 2 > A2 2 1
ERERC EREFETHIEFIFEE A TEBGEERTRBARS o d TP
%‘% "kﬂ— ,, QP\’:'E%&F’T?V’Q* F~ﬁ“§]’1 )’Lﬁg\; 75%35&?7?

11



R RERAG o d 3 B E BV HRBAES o G T T 3 N - B
I EEPEEWMEN R FTV IR PP FEF CASTE cE A
E R 45 o

NARAGEEDPLET Y LR F - R EE Fx-7000G £ d
CASIO » 1985 & @i e % A {8 & 3 » 81 HP-28C> 42 % ) & o3  HP-28S
(1988) ~ HP-48SX (1990) -~ HP-48S (1991) % % o @ & § »* 2006 & *74& 4} ¢
HP 509 # & 7 3+ 5 4% i fic % 5L (CAS) - 4&. "+ & % (Texas Instruments) B p 1990
FACE L2 AR BoH P R EDAELL T8 2 s I A g TI-82

7>TI-83 5 7|2 TI-84 Plus % % - TI-89frTI-92 & 5 3+ & % #ic % »(CAS) -

& 2
=

kil
flﬂ

- B A o Y BB TN HRPEFET A PuH
B e 32— $.7 3 B st (Electronic whiteboard) %2 g B E - 7 F & Bt 5 f§4 50

Z

Benrti oA R BEFEF - L B G &g &L (Electronic

‘iz

m
—=
bul®

stylus) » #2425 Bﬁ} #c > & -k (Digital ink) = it °fiﬁffﬁ—%?:4 L]
TR

IR T F e EE B (2F) EELEG FiF 0 H- LR g B

)

ALz I F VA ERFE N E O B P R 1A
WAL E P I RIPOEEM L (A 2006)

NAIHR I Fa 27 0 g % WPromethean = & #1 4 & ActivBoard ~
‘v £ ~ SMART#L 3 > @ #74 & éSmartBoard ~ R p 2 A «1IT-Board£ iBoard - it
Mk AR AR R A SR T B (AR 2006 ~ Bl
2013)

1. 3 &

THI A - B UMY F LA RS LR R F R FRY S

.
¢

IR 4wﬁ¢?usdwﬁféﬁ%$‘“@%ﬁﬁ’A?ﬁﬁ%ﬁﬁié
FEHETF- BEa o

12



(1) BELAEHvAFELhjpim, £ PEHT Fagpd > 103 {3050 4

4 7R*CEAFPEFHE > FIR I FALP SR RFFI LN R
FHEOT AR RARE G o

¥l (FEAE S F B e A Y T AT A B AR S AR
G REFEE AT Y apFiE R o
4., H 1 34 g

Bldet AEIHEM S VRS TEY pRREE > L TREA LI AT R
AR - 2 Flash® > @ s ahks 7 = *PDF~ HTMLE #5¢ > 4 3
¥ 12 E $&E-mail
(1) BT+ d it 7REEATHLPES T 6 o

Q) 24 %4 Rk ¥

My
G
S
i
1
N
=
&

154 i34 40 g KE D

a7

F G
7 ~CAl %5 ity

Tre e R B (CAL) — 3R 37 2 F Bl > 7 Kild & fi%k
FEl o PR AR LR B RH L A & Rdp CAlE IR 2 # i
¥ & 5 = %8 (Roblyer& Doering, 2010 ) » & 28 %5 fc = v 2 42 3P 4o !

1. F % 3% sc48 (Drill and practice software functions )

Pzt
RS
S
=k
4
s
beits
S
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3
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W
-E“J- (dn
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i)
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RS
3
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~=be
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Pendsgd A 1B A2 FR2 EHP D DB 5P €5 1RGN

AFLBRREY FHATESDED - R IAFVF o RTAIERAL S

B BN F LMD Br2ZBDLR o F RRY M2 Hks
(1) ZRBEHEL G o
(2) #¥FA i EERLS v o
(B) > HY 422 TFEFT P

2. 43 ¥4 (Tutorial Software )

BB AR R o REF A RAF Y AR e £ 4

F IR BRRY w0 R R o SN2 Bk
(1) Em- BREDRETSE
(2) A REHKE > @ A AKE o
(3) #4EF BRY # i o
(4) 7 EEMRNALS L

3. #HE#cky (Simulation Software )

PO G R R A P BRI R B A

BER@Y 5 R B ARREF AT A o WM

Y
'a. .

(1) F- BEF A BB

P -¥::d

() 7 R ER G (Gldheo XK D)0 A (Bldes 2 ) 3B HER (5]

Yoo )o

@) #*HFwruglieipEpe 752RF ( Users can see the impact of their

B

Actions) °
4, 5% ;N sicdd (Instructional Games)
PR R A E Y SR Y b~ PREV LR ui‘gxe‘.%‘f W i ¥ B EBRY

7N

B iF
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1) &%

(&

BHEREDERT > B FY FHALORY A RAREOR g o &

i
&

TSRV o

(2) HE2 APRDFRET > ML LB o
5. K iEfz;-#c4%8 (Problem-Solving Software )

SRR RS RY  ERApEFV F AR a3
FRAEHS € 0 Rt i Y (FRAEHT o PR 2 Sl

(1) 1 %4248 4 338 -

(2) HEHFWBEEREE SR DG 20 L1 R 2 R4 el

%
S
N
ke

3 o
(3) #HMY TMARIEELL T Fer gy Fow R R R & -
(4) H¥FF R JARIEP FLHBE
6. &V EY ki (Integrated Learning Systems)
P TSR G A REREIE > - BEANEY AR
%ﬁﬁ?#ﬁ°%7$55§ﬁ?‘%W%%‘ﬁﬁ‘wﬁﬁﬁui—%lﬁﬁ

B BERNEY AA7T IR eE =84 T2 AManimi s @ KT U

(2) # 3R HE A T2 AT o
(3) Eismeg gy E -

(4) ZEES FIBAF R T -

B F QAR R B RS

# g4 (Benjamin S. Bloom) # ¥ B A %7 % ¥i- B AR Sk B kT
HRAE  KF R ACRIBR B I 0 T U KR TR R o o
WAFLZRYF LB RCLFE IR RS T AR R PR RS
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2B EE 0 ST TP E B A g 2T o

Anderson ¥ Krathwohl »+2001# 1 5< A Taxonomy of Learning, Teaching
and Assessing : A Revision of Bloom’s Educational Objectives — Z » &4 {55 ¥
AU AR SRATR 0 E T I RT o BT A BV T B R R
Bk Tiedh ) FIRB A= DAl > An el s f2 - Y ~ A4 - 328
2RI o deRI2-190% 0 feigs BRT PHRLT - £ 3 19 BRAHEP e
RulE R IRfEe PR B AR IR~ dH R R R
FREEFE S AI7e g8 BEENUZFF I FE gREETH @
AL P ENE YT PRAZTBAEERAE ST - BT RAREEE
(cumulative hierarchy ) » 7= % - g 8 =t — sgenfh# > @ B3RPl EE> Ty

preldrs & (increasing complexity hierarchy ) » 7= ¢ k& =t4x g pF > H¥pe 3
S ARIE P 2 AFfe k4 € AR k4x® (Krathwhol, 2002 )
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Structure of the Cognitive Process
Dimension of the Revised Taxonomy

i.0

2.0

3.0

4.0

6.0

Remember — Retrieving relevant knowledge from
long-term memory.

1.1 Recognizing

1.2 Recalling

Understand — Determining the meaning of instruc-
tional messages, including oral, written, and graphic
communication.

2.1 Imterpreting

2.2 Exemplifyving

2.3 Classifyving

2.4 Summarizing

2.5 Inferring

2.6 Comparing

2.7 Explaining

Apply — Carrying out or using a procedure in a given
sitnation.

3.1 Executing

3.2 Implementing

Analyze — Breaking material into its constituent parts
and detecting how the parts relate to one another and
to an overall structure or purpose.

4.1 Differentiating

4.2 Organizing

4.3 Attributing

Evaluate — Making judgments based on criteria and
standards.

5.1 Checking

5.2 Critigquing

Create — Putting elements together to form a novel,
coherent whole or make an original product.

6.1 Generating

6.2 Planning

6.3 Producing

Bl 2-1 a7 P 2 g2 37 4% (Krathwohl, 2002)

T F AR R T P RS ITRZ &2 % (Krathwohl, 2002)

2z (Remember)

R A A W REE AR o > Ve S E{rr R e

(1) #% (Recognizing) : 4 F L H @M B TR T -

e
i R

(7611 =

(2) w1& (Recalling): % #&7 (K 3g

FloR— B, E - & A5?

B o o

[# 6] 3

B AR e o
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2. 4% (Understand)

WFEEFE AL ¢ FHREL T AP AT RFF L F T e 2R
WAL KA ABER B TP RELHREMTBL S T A LRE B A
AR R~ 3EH 2 R o
(1) = (Interpreting): § 2 s #-Fa - A2 E >\ @I ¥ - 2 3%
5 )J'*n—\ﬂ foenfrdi d oz BFenigdko s AR E 2T 2 3 &
K FAMERT RS £ KBcF 2003 T 2 3 A0 K2 3 R0k
AT B F A pE
(7 o1) @& * B4k s i 5ui et T P15 W 4 o1 4~ 81 23/5 -
[ 0] %2 F At @R B4 2 Rl 8B5S 3 T 2 R E
A2l A or TR 9 4 infep E4 2 P hz B o
(2) #6] (Exemplifying): # 4 30— AL s & LR Pl amm o & 53 -
BHEART O R F L AD N - SmA A LR R Pl
TEFAEREE S - BRSO o
[ro])] sddi- BEE= £2)
[76])] FRojEp Pz T8 732 ?
(8) 4 #f (Classifying): # 4 it FE 2 b dpink ¥ (- B#EsRDHF ) L
- FT R (MES AR it NApM R i ® H s g
&R P EAR T i e
(7511 ™ 7w0— @R DAL (7w 3457
DEZ25 82~ %3, (2 223 53~ 487
() &)~ A~ A (4) By~ &7~ BT
(4) 4% & (Summarizing) : & # >t & e o & D aE ok & o & E R B
Mo AL S A BER A
[76]] ¢ 40z £25c0p & fcF 180" » 78— By nfAap &0 d 5 5

R?
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(5) da#k (Inferring): 5 4 i j&p w Fa? EEF - BRELH  ~ /j*w‘i“c
AP B o F AP e H 2 BBl o g m Bodl - BAEA S
PrA aos o LA 3 BT b dRn e AR 0 @ v 0 m AR &
A4 B A RPEFTT b o
[761] § x=1py=0;%x=2p y=1l; § X=3F y=2;38
- BAAENRAT XE Yy e
(6) v (Comparing): B4 i B&Ad B PR (Hldo: T2~ i
LESNHESENR) ZFipind 3 k2 ﬁ*{sb*“éfriiwk’
AEEFZES N ERMG
(7501 THF 6@z &2 gkt dpinaz & 25dde k> ¥ 8 {0355
(7) f21% (Explaining): & 4 i @& * & £ IR % % 52 o 7] % 050
SRl AR AR S A E I R R A s S A 2
RN NS R IES S BN A L BT LU SEEREE P
(7o) g dcady="1(x)= - B Bt i
3. J&* (Apply)
JEr 2 g Ae s (H3) AR SRY AR B* o 7 A fhad o
- A FREER o S R F D e R Y R ALA R A T -
R ERE L R A ,T&{%‘?i:ii% TP AR VR RS o B X T e G
HEFEFE -
(1) 3117 (Executing) : § A I H IR EDEIRPF > HTo Y - 2
A5 o
[ 6l) sl 22T 52 A S0m2 3 qe5t o
3x +4y =18
Sx — 2y = 14

(2) % = (Implementing) : % & 4 g 3|chq 2 R E iz fapF > & F LT R
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4.

5.

o LEEEREAEY EREY IR ERAELEHEY o
[76])] e - BEEFAEL 620402 - BREL L0 2By
PR dek il ind & B 60 B 0 A ir b % EHA) o
& 45 (Analyze)

AT E R s RS T e A2 A o dp i a2 BRI MR T

ES A IR BRI T I

(1) #%%| (Differentiating ) : & 4 & J& A7 2o L% > R & By
MBpEeE &1 Fip A A AN ERAAER L AR

ESE RAE Rl I g
[761])e sop=a® b* > H¥ pi- o Plar v L7578 B

M2 @4 (36 @8 (510

I

(2) ‘=% (Organizing) : 2 RN BHY 2 L BAF > X2 v gt ~
[7 )4 B> ABCD 5- T 7w §3,- E5AD} - % F 5 ACH
Een% 8 #AE:ED =2:3 » R|AF: FC =7
(3) 7 (Attributing) : & 2 iudp A2 p o FRATE IR G A RE
Lo e LR e RFTlARARA AL 1 ERANRBE ST LT
LAz pEy i F
(761 @Q) fI*FREERF- 2335 By fFE - 2 0=z &7
ABC 5 f#
(2) % AB=5> BC=T > cos B=§ » RAABC 5 ff ©
(3) w(Qerigi ™ » Kywrivr 3 A55u8 L o (* 4 k2 ) #cEk
8% =)o
3= (Evaluate)

P TR S R T T A LR A R
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(1) ¥4 (Checking) : &5 ¥ P> 52 2F BRI LS F 5§ & 750
HWEARN SR EEFPN LT LG - R mRE T & AF AN
TAF RTHAAL (T o

[ &) 4o+ Bl“5% » O % .~ » AB//CD » ~BAO=40 & » ~DCO=30 & -
x A CD v AB3v+ 16 & » R AB %R #ics @7
(1) 120 (2)102 (3)100 (4)62 -
(2) = (Critiquing) : &4 2 HF 1T~ FH 102 ¢ i 2 F5 5 FpF
HUTHE TG - REARAORAH LT R
(7617 - = F24e #FR- A2 11 B e 2 B itz 407

- M Bl XS IR T HcTH W H4e#-132 A =
1382 2

HF S L RH RN PR 2 BB Bdew g 913-2=11

HIZ Aok H IR AR DL L1 PG PR EGRLLL 5
B dok BT X A RIT UEAFHIR- TIH A= o

FETiE R B ke sk 11 0 B T LT T ek TR G

P S Aok S G E - F b o

6.£]:% (Create)

PRt Badieg b4 T E- BRET LG AR Lk
FLRNBEEAELAFAEAEERTAF > RAME L O IR BHA e

(1) A4 (Generating): # 4 {33 R34 > UL B LA B LB 54
BV A e
[+ 6])] &AABC # » %< 5AC%+BC? = BC? > AB? %P AABC ¥ -
hh = &35
(2) % (Planning): & 2 st KR AP AR B2 (272 > » ffbié‘éi"féﬁ;’ii\—

FAL i H I P
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[760] %d Bt BRE > 1 aT 0 2aLEsTH - 30
54 7y 10 B #c i

! EEa |

3 5 7 =S|
911131517 B4
1921 23 25 27 29 31 Uy

33 353739
(3) #i® (Producing) : &2 it 3947 hp o Al B P Kk A&

o AR BRI RELfEARE S o

(7 61] V2 + V35 e

%ﬁﬁ@ﬁ?gﬁiﬂ,gywﬁﬁﬁ?Q%AAﬁﬁﬁb:%ﬁéa

(knowledge dimension ) fe:a+ At 42+ & (cognitive process dimension ) ( Anderson

-

etal, 2001) - % ¥ 3 #2s EF % A F A& (what to teach) -t A iieH 3 %

% (retention) {r:®4% (transfer) #7% {8 s o

s

5 7 B A 4752

N
>

& ko d WFEy 5 A (Evidence-based Practice) hix v A p ZAARP ¢

? X EREIR > FIPLRT kSRS )I%Av\ +7:2 (Systemic Review ) & &> b3
A2 - o KA o G AN EROBUF LR e ooB K E R

gwwwi{wéﬁtﬁﬁ%oﬁﬁﬁ@%@ﬁg%ﬁ%é&%~?%u£§@

H
oy
=
N
a4

F_
-hﬂ

A IR I Rt 'fﬂz LRz @ (#hey o 2010)

m o SR R AT 2 R R

JoLp 2 Lﬁ% & 50E 2 AR ¥ g Feldman (1971) #14% d) e ;F‘Je R WA
e & (Systematic reviewing and integrating) 2. #E& B 4s > B3 e B s 477

LRI E AR B RARM S AT L g S S R A LR
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R FEE 2 E e ﬁ.%%%ﬁﬁ"ﬂ‘ Cd R IR B R B E
AR RGPS D E e FE AP TR R - e A e
’4QWH%@W%WQ%ﬁMmP”Q%’%Hﬁ_P”ﬂﬁﬂ%ﬁ‘ﬁél
BT HY 2 ET R % &2 Gl § D & %342 (Dixon-Woods et
al, 2006 ; Tranfield, Denyer & Smart, 2003) - Cochrane £ i85 (The Cochrane
Collaboration ) & ™% ehzby e sk » & = 22 19093 & » = @i 5 & hE § 8
i % B kg (Evidence-based Medicine and Health Care) % P 7> Cochrane 3 #12E
(Cochrane library) # =27 % % BB aE TR o T8 AR fﬁm%% h
INESE - & N R NN e AP L

Ra > GEEHETFR 0 St v A TR AR F BAE 0 b T~
T EAE P EAgR m%‘?—ﬂz PR MEFREMAFT Y 10T o AR TARE Y kA
fraosks s BREY 3L ki Ad2 4 GHies 0 2010) - F & 1993 & ¥R

% %7~ & = = Evidence for Policy and Practice Information and Co-ordinating Centre

(EPPI-Centre) » &-$f- ki 7|ehi AL (7 h sufb e peods » RT3 0 3 1 7T &
4+ ¢ ¥ iX (Education and social policy ) ~ i & wig £ & £ @& (Health promotion
and public health) ~ ®*% & & % % E (International health systems and
development) 12 2 4.2 77 3 22 5o i (Participative research and policy) % > & H 4p
B 34l ¥ & EPPI-Centre 3 =38 35 342 & (Evidence library ) 2~{¥ (EPPI-Centre
Web Site, 2012) - pt ¢t » 2 R ¥ v 30773 2002 # = = What Works Clearinghouse
(WWC) » penai@® R B Lok B fofg b &k J o7&k 4 ~ e
HMAT T 2 F okt B AP F P ehf & (What Works Clearinghouse,
2011)

PEEFE R PEAE 5L B S P 4k R A i
RS E 5d - BEGE g ke )];Jejﬁt?? CEE TR EEA S R
WA i B 7 R erF A& s 2 $404 o Evans &2 Benefield (2001) 35 & sufh=

PeAdTan @ RF gL FR R G F A BT Pl E
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IX:J&—<€U}'+?)*J<A}+% =iy ARG — ,f@ Iﬁx}’{'é“"i’ﬂ-’fm}{ﬁ\ﬂlf*x%mﬂsgo
SR A L LR RS i

TN A J,?’%/v\ 172 e fefoAp M e R ET 0 P B Ay s A enf
¢ AR E £ % end 4 (Tranfield, Denyer & Smart, 2003 ) - x sufd = ;I;Je AR EE
7 fe 3t @ sendc® A 47 (narrative review) o H Z - BE AR R A F S 02
BT enils A7 » ﬁ‘u{é@— B FHwadEy 2 2o DR ARSI R

ﬁ—ﬁ - PR F B F PR AT F FARS IR R g (Tranfield et
al,2003) - 7 g @& * ki L;Jw\ $7i2ehp eni e o B 0T A58 #c (Bronson
& Davis, 2011)

1. ERHEF 735 M g é}gk’ ¢z ﬂ:%fr%ﬂ:%’)’tﬁwgko

»

2. E G R Y R FHRERTREG L EDEE -

3. 3 RRARMA L LT LAF LI R P ¢ g 2 g
4. § Mo ®E 2 e k2 0 LT Ak e

G R T B ARE PR AMEF L R EF ML H
PAEREFATHTISET FTHIERREE2ZRFS I&bﬂﬁﬁiﬁﬁ%(ﬂanﬁeldet
al, 2003 ; Bronson & Davis, 2011) - % A g2 S 4o
1. T [ T R L

TEFALREEFE AP s i A At LR FA M ERENCY
- iR b s e AR BE égwﬁarmgfﬂ\ﬁ%ﬁ%ﬁ °

(1) s drz 7y BAE

’= 2

B ERE S A T i e P R 7 Y PARE 0 S RRP AL WAL P

ik

o)

RADS TR P E AL B s R PRI T S RN
B BIE S RLE E FRIF v g~ 3 B IR b AR RE
ME RS ERRERERE D SR EERP AR RS B
7 AR ALY Ui e AT R Y R AL W T R % <ha 41 (Coping
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Review) # #_% suit 2 43| (Systematic Mapping )
OIS FESET VIS 15
BPRARAEGFEF AP oREA L 2 @Rl A s ATt AT
FHUBRERSESDEHET o @ .iéf?ifﬁfaév‘iguﬁﬁiﬁ N il B
ARG R A Y R AP R S /F*J%i E R R T /,%m” =S
YRR B R 0 T ¥ 3T R e if#*”*\ 2 A2 A )“%{@ %
r o= LR R AL ] ngkm:}f'—;f‘g E TR me «;r#mv 1S
%%$}ﬁﬁ¢%&ﬁ%i?%°
2. WEPM Y Q[Fc
EREAPM Y 0 F pE o R OROF F I AL 0 F1G L v prEea B
Lo genfRlE s wfrE G S E o P EE S R ILTHEHE g BT Ap B
vk TR K v pRaE S R (Selection Bias) 2 AR o gt vt BB R Y pRg0R
Zow o EERITE /§ e 3 fr#%“,f &% (Inclusion and Exclusion Criteria) 12 §
o M AR E T A0 E cofp élf’% °
1 = jgkif'%* FQERE

ERCR ER ;]%A,\ 172 %3 # * kR {v: (exhaustive search strategy) -

WA AR E R AR L;Je;rs—g'j ;gufﬁmgpc%] o BT RRHFAT
AR AR R E TR > L ER BN R LS T S .
YRR THFHE - LBH0F L] RALED J S A e

>

dohgd v g AR & RO 0F 44 v g (gray literature)

2 =

=
A

2@ g ivatiy Rl
#kuﬁ;_gﬁ EE BT R B FETRERR T v qas»};gx,%?@)%;&—v

2T

O a SR }I%/”\ YR g et AR FAHBBE 4 r i £
Boeof Lt O AT B G (B RS LR AR
FT (ErRAHRFET ) NEFIERELS REFER T

3. M TS
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EREFTIEOFL N EHF LSRR AL T LB A @ T L

it

FERMEL AN LR D B RAOF D0y RS AT L 2

4 4A5 o Higgins & Greens (2006) 35 X F i — JE L8 P pg 38T R
BEKNEFoeR > FAHF U B2 SV N RFEAIDR KRR D
r-r'ﬁfﬁ"?fjf FenTipe 3 1AL P22 P) R A {fi'llpi‘ﬁm?f

BB oo
4. FH

Jrzﬁ

Pr

s

& .?Vi']iv‘[g%/}%‘riz’%ﬁr}]& BTG AT TR D KA A FEA LT
%% A BT AL B4 $23K 354 (Bronson & Davis, 2011) o FAlEB 4 L5 =
- A0 T
(1) #4723 RG R AT WA PR EF L AR
() Bk REATERY o Ao B kLS
@) %ﬁﬁ?i?ﬂ{ﬁfﬂ%ﬁ&(cmemmw)ﬂ%Aﬁo

FTHREPRLRBFL ORATREFRT > LE

i £
AREEE AT AEL SR

P P R T FIUBAL Y N 0 @ gl

FE P4 F e R I el BT ¢ § - TR (Bl iF
ﬁ~$wu£*%#ii>~F PR R AT A GEASL R ] e
a1 % F2 72 % (Tranfield, Denyer & Smart, 2003) -

5. FHAELEEE R

M B2 R R gk d FIIR R R Y hA MRS o PROEsAE
B G AT AT BRANTIE BB F L Sk o AT ik AR L P
AR ATE P T 2 3 o

2 bR e 47 8 1S A TR AR

B EP AR v)‘%/\ 372 the }Ek—éﬂ?ﬁim #% > Moher et al (2009) #
X ER 1]%&\ +7:2 (Systemic Review ) /g 12 PRISMA ( Preferred Reporting Items for

Systematic Reviews and Meta-Analyses ) /i 42./8] & A 7422 F 3 > B 2-2 7 5
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Moher et al (2009) #74& 112 2 gk & & BIFFHOF RARFT Mer LB 0 B Y &t

e

= s B iﬂu\:&!‘—’ /””"}')E_" L8 kiRE 9&«9: meiJ?%gt"lF'& 5‘55‘?
2 A SIL RS A& A S I A L L SIVEAE & &
W AE 2 B o R SR Y e 2 BT el AR e s 0 B8 R

WG L R E R

(=]
=]
o i of records identified through it of additional records
E database searching identified through other sources
S
<
-
v ) 4
# of records after duplicates removed
=1}
=
=]
g y
h i - -
& # of records screened # i of records excluded
Z :
-E # of full-text articles | # of full-text articles
B0 assessed for eligibility | excluded, with reasons
=
r

# of studies included in

qualitative synthesis
<
@
=
= y
U - - P
- # of studies included in

quantitative synthesis

(meta-analysis)

B 2-2 x sk~ 1*&/,,\ 17 2. 2 I PR F 3 2 542 (Flow of information through
the dlfferent phases of a systematic review. (Moher et al) )
Gough, Oliver & Thomas (2012 ) #- Moher % 4 #t# 1 5 PRISMA diagram *
T3 R  eBl 2-3 91 » BARETIRBD N7 gk 0 - TG
EER }]?H%ﬁ??ﬁ’ 6 iE 2 AR 0 DlAcfRARR Y o B )‘HHE&E’ iF &

SR I% 13457 fo fxo AR Y ¢ § 1394 K EAT et HARnRI LT B4
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S RRIFERR I P SR FERE A

N
o
=

=
o

Total number of papers found
through searching electronic
databases
14,271

1 Not on topic
=10302

f l 2 Not empirical
Further 168 =1164
articles idientified
— 145 by LTSN ‘;ﬁmﬁz 3 Not age 14+
Advisory Group +—» =220
and 23 by hand sfﬁe:;;’
searching of » 4 Not student in
journals formal
education
[ E— = 348

fr——

Potential gér;cludes U":‘;“:‘e'::b“’ Not in English
= = 169 lor pre-1982

=29

Duplicates

Full document i
screenad papers .
(813) =656 1 Not on topic

= 451
2 Not emprical

=152
Inciuded and keyworded 3 Not age 14+

papers for map « 30

=157
4 Not student
l in formal
education
Included in narrower inclusion =16
criteria for data-extraction and

synmesiszosf results Not in English

= ud

A

%] 2- 3 PRISMA diagram

L R R ¢ }}?{-A\ 17 i 42 B# * Gough, Oliver & Thomas (2012) #»
5, ,z;%/f R e )ﬁ%k\ﬁ‘}éi-’? ti;-)b,%,ég‘r;?irﬁ = hoR] 2-4 Aror 0 TR T AR

W FLRSAELARRE S LRSSt R AP
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EZ EXN RS
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v

HEFE 6 XFRAITRS ]

TEXEHELE
o RENARE
Mg RRAT
v
R EHERAR
[ (Data Extraction Form) }

v

%%fiﬁiﬁﬁaﬁ%%ﬁﬁ}

BES HBAXEE |

[%%Ai&%ﬁ%ﬂﬁﬁ}

v

ﬁiﬁﬁiﬁﬁﬁﬁ@&[ﬁﬁ%ﬂﬁﬁﬁ%iﬁﬁ]

y
guEHEnzeR |

B 2-4 7 3 A2
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¥ FRTE

Ji

AR g BT APER L FERFPRFE LT BRFENTL
VR AP S R PR R PR LG N HRF R EE
aﬁﬁﬁé%&ﬁ%ﬁi%ﬁoipfﬁ%iﬂi%éé}&ﬁéﬁﬁﬁ%
(Systematic Review ) > fc & Fritfak e » @ | FHF P RF 2 40 M 2 priie 7R
B4 -

AFEAZZE R - S AFTREIE WP ER LRI

v

TS R W AETIE AP ALY R ST 1R 2

=h

VLR AT 20

Ritsgd 582 8RR S S 4T P Ao e R E B L e Breh R (7 R

fu

g2 4

AT 22000 & 10 % 2012 & 12 0 YREMEF L T EFAL
B ) REERRERM DTGRP RS 52 B o) - F P
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Advancement of Computing
in Education ( f§4% AACE)
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3% B E-learning #8 [if] A8 X °

BREMEFELCHRZIH
FIXFERCHHXEZT
FEIL =

Wik TBTEAHELMK TFEMERNEBEN EAE R MR Z R E
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A2i% 1,100,000 £ E B EF 1% 452 31562 & X Bk
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Library FRAZHME  ARAMKR T £33 % Hv ke

BRATHEZ RS L - ACM BBk #hFEZ -
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(5) R4z : (ICT OR technology OR computer OR system ) AND (teach*
OR learn* OR educat* OR instruct* OR pedagogi* ) AND math*
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I Brown, J. (2004). A Difficult Function. Australian Mathematics Teacher,
P 60(2), 6-11.
A case study was undertaken to explore student understanding from the
3B perspective of how graphing calculators are used during a task to
demonstrate understanding of functions.

1.What mathematical and graphing calculator knowledge would you or
your students use given each of the views above in order to facilitate
the determination of a global view of the functions under
consideration?

2. Would you and your students use the same or different knowledge?

- 3. How do we explicitly teach this mathematical and graphing calculator
EI 4 FF ‘EE k
nowledge?

4. What learning situations can we provide for our students that allow
them to consider applying a range of mathematical and graphing
calculator knowledge to ensure they have myriad options so that when
a situation occurs where their preferred or usual application of
knowledge is ineffective they have other choices available?

By i Case study
[ J#c2? 1% & (Number & Operations)
Il #c(Algebra)

wEHE A~ [ 1 fe (Geometry)

D,? | & (Measurement)

38 4 45 22 # % (Data Analysis & Probability)

This mathematical knowledge included the possible shapes of cubic

functions, more specific knowledge informed by the algebraic

#5314 representation of the function including information regarding the shape,

the coordinates of the y intercept, the existence of at least one x intercept,
and the domain of the function being all real numbers.

K7 IFE

U\ XY %7
two from Year 12 and three from Year 11

I L I

Graphing calculator

# 3 &% (Learning
activity)

# 8 ¥k 4 754§ ¥ (students working cooperatively to
produce a sketch of the complete graph of a difficult cubic function)

Students working cooperatively to produce a sketch of the complete
graph of a difficult cubic function. Before reading any further use your
graphing calculator to help find a complete graph of the following
function. Take note of the mathematical and graphing calculator
knowledge used in your nsolution process.

All five pairs eventually solved the task. The knowledge and choices of
one of the Year 12 pairs enabled them to apply their mathematical and
graphing calculator knowledge in a way that ensured that their solution
process quickly became routine. None of the other pairs of students
consistently applied their mathematical and graphing calculator
knowledge in conjunction with sensible choices of actions. One aspect of
graphing calculator knowledge that was applied by all pairs was adjusting
the WINDOW settings. All pairs undertook this action in their initial
search for a global view of the graphical representation of the function,
however only when combined with mathematical knowledge and
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additional graphing calculator knowledge did this lead to the solution
process becoming routine or potentially routine.

One Year 11 pair, for instance, after initially zooming out twice saw the
view. From their dialogue and their adjustment of both the y minimum
and maximum values, it can be inferred that this pair were unaware of the
section of the graph coincident with the y axis. The steepness of the lines
did not stop their using their mathematical knowledge to infer that there
must be a turning point in the viewing domain under observation,
however. As they were unsure of the type of turning point, they sensibly
adjusted both end points of their viewing range. These changes resulted
in a maximum turning point becoming visible in the viewing window ,
albeit probably not quite where they expected.

In contrast, application of mathematical and graphing calculator
knowledge by a second Year 11 pair was apparent from their use of the y
intercept to inform their decision to alter the WINDOW settings. By
selecting a viewing range that included the y ordinate of the y intercept,
this pair could reasonably expect to see a view of the graph intersecting
the y axis in the resulting viewing window. The resulting view, however,
showed one part of the graph coincident with the y axis, a fact the
students may not have realised, as this was most probably their first
experience of this situation. However, neither student explicitly
commented on the lack of a visible y intercept and this lack of
application of mathematical knowledge hindered a potentially routine
solution.

All pairs undertook actions that demonstrated they had a clear mental
image of the function for which they were searching and the possible
position of the output of thegraphing calculator relative to this , but at
times their actions were not consistent with this, notably when confronted
withdifficult views of the function . The actions of some pairs suggested
that they temporarily did not have a clear idea which section of the
function was currently the focus for the viewing window. However, a
view that proved difficult for one pair was not necessarily difficult for
another pair.

ST 2
G

The subsequent videotaping of this projection went some way to
overcoming this difficulty. The record of the results of students’ actions
and videotaping of graphing calculator screen outputs supplemented
audio recordings, observational notes, and students’ scripts allowing new
insight into student understandings to be gained.

k!
o+
R

;{l,x:

Evidence from this study supports the view that the combined application
of mathematical and graphing calculator knowledge is more efficient and
effective in the determination of a global view of a difficult function. In
addition they all had the ability to adjust the current view presented by
the graphing calculator, albeit varied in efficiency and effectiveness, to
find an appropriate window for the function.

P 52 Fe

Students mental image of the archetypical function under consideration
and the use of the automatic range scaling feature for a given domain.The
use of an automatic range scaling feature for a given domain, for
instance, Zoom Fit on the TI-83 or Autoscale on the HP38G, can
facilitate the determining of a global view of a difficult function.
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Ghosh, J.(2004). Exploring concepts in probability using graphics
calculators. Australian Mathematics Teacher, 60(3), 25-31.

The primary objective of the project was for students to explore some
basic concepts in probability using graphics calculators in the regular
traditional classroom environment. In particular the aims were to:
« introduce the concept of randomness;
- emphasise the difference between empirical and theoretical
probabilities of an event;
+ introduce the concept of simulation and highlight its importance;
+ simulate experiments such as the throwing of coin(s) or dice and the
birthday problem using a graphics calculator.

7R

There are 12 sections of year 10 with class sizes ranging between 45 and
50. The 45 students who participated inthis project were selected from
across these 12 sections. Most of these students were members of a
mathematics lab and were familiar with the Casio CFX 9850GB PLUS
graphics calculator. It was decided by the mathematics staff

that the selected students would participate in the project only after they
had undergone the regular classroom lessons with the rest of their
classmates so that the regular schedule of teaching was not disturbed.

KEE~

[ J#c#2 18 5 (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

W7+~ 47 2 5 5 (Data Analysis & Probability)

$F 1A

Probability

K Ie b

R LR s e

Forty-five students in Year 10.

B FH2an

Casio CFX 9850 GB PLUS graphics calculator

B % %% (Learning
activity)

FF R

* Graphics calculator lessons

During the technology lessons a worksheet was given to each student,
which explained the following concepts in a step-by-step manner:

+ basic definition of probability and meaning of  randomness;

+ random experiment and sample space;

- probability of an event;

- theoretical probability versus empirical probability of an event;

+ simulation.

In the worksheet, each concept was followed by exercises, which enabled
the students to explore the concept either by simulating an experiment on
the calculator or by actually performing the experiment and recording the
observations. Some exercises required by-hand calculations.

% Concept of randomness
An exercise required the students to generate numbers randomly in the
RUN mode of the graphics calculator by entering the Ran# function,
which produced a pseudorandom

number between 0 and 1 each time EXE was pressed. The following
exercise required students to generate 10 integers between 1 and 10
randomly and repeat this experiment 10
times, each time counting the number of integers greater than 5. This was
done in the TABLE mode by entering Int(10xRan# + 1) and setting the
Range as 1 to 100. For this particular student, out of 100 randomly
generated integers between 1 and 10, 54 were greater than 5. Different
students obtained different answers. Combining the answers of the entire
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class revealed that the fraction of integers greater than 5 was very close
to 1/2. |1 emphasised the relevance of this experiment, by explaining that
the chances (or probability) of a randomly selected integer between 1 and
10, being greater than 5, was equal to 1/2.

% Random experiment and sample space

Having dealt with randomness, the concepts of random experiment,
outcomes of a random experiment and sample space were introduced.
The tossing of coin(s) and throws of a die were introduced as examples.
An exercise required the students to write the sample space for the
simultaneous toss of two, three, and four coins and to generalise by
concluding that the number of outcomes for n coins is equal to 2n. A
similar exercise required the students to make a generalisation for n die.
All students were able to arrive at these generalisations without much
effort.

% Theoretical probability of an event

The worksheet the theoretical probability of the occurrence of an event,
E, was defined as, ‘Number of outcomes favourable to the event E / Total
number of outcomes in the sample space’. This was explained via various
examples and an exercise required the students to compute the theoretical
probabilities of events such as getting at least one tail in the toss of three
coins or getting a sum of 7 in the throw of a pair of dice.

* Difference between the theoretical and empirical probability of an
event.

After covering the theoretical definition, the difference between the
theoretical probability and the empirical probability of an event was
explained by citing the example of tossing a single coin where the
theoretical probability of obtaining ‘heads’ is 0.5. As I explained
however, tossing a coin 100 times may not result in exactly 50 ‘heads.’
Instead one may obtain 47 heads, in which case the empirical

probability of getting ‘heads’ is 0.47. I emphasized that although the
empirical probability (also called ‘relative frequency’) gives the actual
fraction of the total trials that result in the occurrence of an event, the
theoretical probability gives the ‘long-term’ fraction of the total trials that
result in the occurrence of that event. An exercise (designed to highlight
this difference) required each student to perform the experiment of
throwing a die 100 times and computing the empirical probability of
obtaining a 1 (using the formula: Number of 1s /100). Further students
were required to combine their results with those of four others in the
class to obtain 500 throws in all and then to compute the empirical
probability by successively adding the number of 1s obtained in each
successive 100 throws. They were asked to record their observations in a
table and plot the empirical probabilities versus the number of throws.

* Simulation on the graphics calculator

In a simulation experiment a large number of trials are generated and the
relative frequencies of the required event are used to estimate the
probability of that event. To estimate the probability of obtaining a 6 in
the throw of a dice, for example, one could actually throw a die a large
number of times and use the relative frequency of sixes (humber of

sixes / total number of throws) to estimate the probability or one could
simulate the throws by generating the numbers 1 to 6, randomly using the
Ran# function on the graphics calculator.

% Simulation activities

1.Simulating the throw of a die

An exercise required each student to simulate 100 throws of a die on the
graphics calculator by randomly generating 100 integers from 1 to 6 in
the TABLE mode by typing Int(6xRan#+1), as shown in Figure 5. Once
the integers were generated they were stored in the LIST mode and
sorted. Having done this the students counted the number of 1s, 2s, 3s,
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4s, 5s, and 6s and computed the outcomes’ respective empirical
probabilities. They appreciated the advantages of simulating the dice
throwing experiment on the calculator since it took far less time than
actually throwing the dice!

2. Simulating the toss of a pair of coins

Another exercise required students to simulate 100 tosses of a pair of
coins by randomly generating 1s and 2s (1 for ‘heads’ and 2 for  ‘tails’).
In the TABLE mode Int(2xRan# + 1) was entered in Y1 and Y2. The
numbers were stored in Listl and List2 respectively. In List3, 10 x Listl
+ List2 was entered. This generated a list of 11s (two heads), 12s,

21s (one head and one tail) and 22s (two tails). List3 was then sorted to
make the counting easier. Students were asked to record their
observations in a table.

3. Simulating the throw of a pair of dice

Students concluded that a sum of 7 could be obtained if the pair of die
showed the combinations (1,6), (2,5), (3,4), (4,3), (5,2), and (6,1) (out of
36 possible combinations), leading to a theoretical probability of 1/6. 100
throws were simulated by entering Int(6xRan# + 1) in Y1 and Y2 in the
TABLE mode. This generated two lists of random integers between 1 and
6, which were stored in Listl and List2 respectively in the LIST mode.
Students suggested storing Listl + List2 in List3, sorting and counting
the number of sevens to compute the empirical probability of obtaining a
sum of 7.

4. Simulating the birthday problem

The estimates provided an interesting range of group sizes. Some were as
low as 15 whereas others were as high as 365 or 366! Only two students
gave the correct answer 23 but no explanations were provided. In order to
verify that the answer is indeed 23, each student was asked to write down
ten different birthdays (of friends or relatives) on different slips of paper,
which were folded and put in a box. Ten sets of 23 birthdays each were
created from the contents of the box. Students working in threes were
assigned one set each and had to check for a repeated birthday. Five
groups out of 10 had at least one repeat (2 out of these had two repeats)
the first time. This experiment was repeated twice. The second

time 5 sets showed at least one repeated birthday and the third time 4 sets
showed the same. This somewhat convinced the students that the
probability of finding at least one repeated birthday in a group of 23
people was about half! The next step was to simulate the problem on the
graphics calculator. Each student had to generate twenty-three birthdays
randomly on the calculator using the following steps.

Step 1: Generate a list of 23 integers randomly between 1 and 12
(including 1 and 12) to denote the month by entering Int(12xRan# + 1) in
Y1 inthe TABLE mode and setting the Range as 1 to 23.

Step 2: Generate a list of 23 integers randomly between 1 and 31
(including 1 and 31) to denote the day of the month by entering
Int(31xRan# + 1) in Y2 in the TABLE mode and setting the Range 1 to
23,

Step 3: Store the column Y1 into Listl and Y2 into List2. In the LIST
mode, take the highlight to List3, and type 100 x Listl + List2. This
converts all the dates to three or four digit numbers whose first one or
two digits indicate the month and the last two digits indicate the day of
that month. For example, 225 indicates 25 of February and 1019
indicates 19 October. Thus List3 is a list of 23 randomly generated
birthdays. In case the list contains an impossible date such as 31 April,
the entire list may be rejected and a new one may be generated. A more
efficient method, however, is suggested at the end of this section.

Step 4: Sort List3 to check for matches. This ensures that the repeated
dates appear one after the other.
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Each student was asked to run the simulation ten times and check for a
match each time. In case of a match the repeated birthday was to be
recorded. Most students obtained a match 5 out of 10 times! Certainly
after this experiment the birthday problem became more believable to
them!

A simpler and perhaps more efficient way of simulating the birthday
problem on the graphics calculator is to generate a list of 23 random
numbers between 1 and 365 (representing the 23 birthdays) and sorting
the list to check for a repeat. In this method each day of the year is
identified by a number between 1 and 365 and there is no risk of
obtaining an impossible date.

ATk 2 Questionnaire
SRR
Some general comments on the lessons included the following.
+ ‘These lessons helped me to explore and understand the basic
principles of probability.’
+ ‘These lessons have been especially helpful in highlighting the
difference between the empirical and theoretical probability of an event.’
i + ‘Teaching this topic through the worksheet and via graphics calculators

is a much better way of teaching than the regular classroom methods. It
was real fun doing the experiments on the calculator.’

e The concept of simulation was entirely new to me. | realise its
importance since it would be really tiresome to throw a coin or dice 1000
or more times and then compute

the empirical probability.

P 52 Fe

1. Students were able to simulate experiments and arrive at results on
their own. This gave them a sense of discovery.

2. The use of calculators made the lessons more interactive. Students
gave their own suggestions and asked more questions than they would
have in a traditional class.

3. The calculator helped to estimate the probability of an event by
enabling the students to generate a large number of

trials by simulation. It also helped to highlight the difference between the
theoretical and empirical probability of

an event.
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Wei, C. S., & Ismail, Z. (2010). Peer Interactions in Computer-Supported

® 1;% * ik Collaborative Learning using Dynamic Mathematics Software.
Procedia-Social and Behavioral Sciences, 8, 600-608.
This study investigates peer interactions in terms of intervention styles
and intervention strategies used by students in computer-supported
collaborative learning (CSCL) using dynamic mathematics software.

=R h The following research objectives were investigated in this study:

1 1. To explore the intervention styles used by peers in computer-supported
collaborative learning.
2. To explore the intervention strategies used by peers in
computer-supported collaborative learning

N
Experimental research design was conducted to investigate the
intervention styles and intervention strategies that were used by peers in

U computer-supported collaborative learning.

L In the experiment, three pairs of 16 year old students participated, i.e. one

female-female dyad, one male-male dyad, and one mixed-gender dyad.
They were selected randomly from five secondary schools in Johor
[ J#c#2 18 5 (Number & Operations)
Il - #c(Algebra)

#EHE A % 7 (Geometry)
[ 1ir] £ (Measurement)
W7 A+ 4 #7715 & (Data Analysis & Probability)

#E iy geometry, algebra, and statistics

. Oe w1 O N
three pairs of 16 year old students participated

R i g Dynamic mathematics software: GeoGebra

B % %% (Learning
activity)

%4 ¥ % Collaborative learning (this study was based on constructivist
view of learning)

The students worked on the dynamic mathematics software in a
three-hour session for three days. Each experiment comprised three parts,
i.e. introduction (about 10 minutes), collaborative work (about 2 to 3
hours) and discussion (about 10 minutes). During the experiment, each
dyad sat in pairs to use a laptop together and took turns in using the
keyboard and the mouse. GeoGebra was used as a cognitive tool, and
Wink was used as a screen-casting tool while Microsoft Word was used
as an editing tool. The frame-recordings, works in GeoGebra, and the
answers of modules in Word were then utilized as artefacts collections.
They discussed among themselves to carry out the tasks in the modules.
There are three modules with 6 tasks for the participants to complete, i.e.
geometry, algebra, and statistics. For all the tasks, students were required
to construct the figure given by following step-by-step instructions, and
then explore the properties of that figure by measuring, observing, and
dragging. In geometry module, students had to create two tangents to a
circle and examine the properties of two tangents to a circle.
Furthermore, students were asked to reflect a picture and inspect the
properties of reflection as well. In the algebra module, students had to
construct a linear function and look into the properties of linear function.
The students also had to create a quadratic function and investigate the
properties of quadratic function. Statistics module was designed to let
students to construct a histogram and explore the histogram.

e B 2
Gl W

Video-recordings with a camera as well as audio-recordings with a voice
recorder.

EEEE

The findings provide evidence for utilizing dynamic mathematics
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software in collaborative learning to enhance active interactions between
the dyads.
The transcripts of the students’ interactions were coded into three
intervention styles:
1. leading: students guided their partner by giving step-by-step
explanation.
2. showing and telling: to inform their partner new information regardless
of the accuracy.
3.shepherding: including completing sentences, questioning, paying
attention to the other’s comments, giving feedback, and adding ideas.
%k eight intervention strategies:
1.checking : check their work.
2. reinforcing : student repeated the finding of the partner in the
interaction.
3.inviting : was used to invite partner to find out new idea.
4.enculturating : student exploited the enculturating strategy to correct
their partner in terms of terminology.
5.blocking : student blocked their partner from doing mistake.
6.modeling : students model their own thinking.
7.praising : students used praising strategy to praise themselves when
working something out successfully.
8.rug-pulling: ask their partner to reexamine something that was
confusing.

B2 Fek

1. In general, they showed their partner by pointing to the figure in the
GeoGebra interface and the changes of the figure in the GeoGebra.
Such situation showed that GeoGebra can be used as visual aids to
help students to better understand certain mathematics concept.

2. Generally, they adopted the checking strategies when they are
confused about something. They always refer to figure in GeoGebra
interface to check their answer to determine whether their answer is
true or otherwise.
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Yang, D. C., & Tsai, Y. F. (2010). Promoting Sixth Graders' Number
Sense and Learning Attitudes via Technology-based Environment.
Educational Technology & Society, 13 (4), 112-125.

Investigate the effect of integrating technology into mathematics teaching
on students’ number sense and their learning attitudes.

1. Is there a significant difference in students’ learning of number sense
between students whose teachers use technology and students whose
teachers do not use technology?

2. Is there a significant difference in students’ mathematics attitudes
towards learning number sense between those
who use technology and those who do not use technology?

A quasi-experimental design. Control group students followed the
general instruction without using technology ; Experimental group
students learned number sense in a technology-based environment.

FFE A

W7 :# & (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

e ER

Number Sense: Understanding of fractions ~ understanding of equivalent
fractions.

KT

W LRe L7

Two sixth-grade classes were selected from an elementary school

Web-based learning resources: Several different resources used in the
experimental group classroom to integrate
technology into the number sense teaching were described as follows:
(1)The Website http://nlvm.usu.edu was used to allow the students to
manipulate the pictorial representation of
fractions to help them develop a better understanding of fractions.
(2)The Website http://163.30.150.88/lii/flashMath/index.htm was used to
help students develop a better understanding of equivalent fractions.
(3)Based on the number sense activities, a computer specialist was
invited to design the related activities by using the program of visual
basic, such as cif 01.exe and cif 02.exe.

B % %% (Learning
activity)

& { ok ) ket (work together in small groups to discuss )

The pictorial representation via technology-based environment was
integrated into the experimental class: First, children open the file
(cif_0l.exe or cif_02.exe), when children were asked to enter and draw
the fractions. At this moment, children could work together in small
groups to discuss the relationships, when children could overlap the
pictures to see what happens.

e B 2
Gl M

A Web-based two-tiered test on number sense before (pretest) and after
(posttest) ~ The Survey of Attitudes Towards Mathematics Learning

k|
oy
R
,Fa

£ it
The ANCOVA results showed a statistically significant difference
between the control group and the experimental group on number sense
performance. The t- test results showed no significant difference before
and after the instruction for the control group. However, there was a
statistically significant difference before and after the instruction for the
experimental group. Furthermore, data also showed a significant
difference in the students’ learning attitudes between the control group
and the experimental group after the teaching. These results indicated that
integrating technology into number sense teaching and learning not only
promote students’ number sense, but also has a positive effect on
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http://163.30.150.88/lii/flashMath/index.htm

attitudes towards learning number sense.

a5z FE

1. Bl ¥ % #x : the pictorial representation via technology-based
environment is easy and convenient for teachers to manipulate and
demonstrate the mathematical concepts.

2.3 # 4+  the technology assisted in allowing students in the

experimental class to interact with the mathematical concepts in novel

ways.

— It promoted the students in the experimental class to develop number

sense through manipulating the pictorial representation.

3.there are several benefits for teaching and learning mathematics

concepts via a technology-based learning environment:

(1)Drawing the graphs by computer can be done more easily.

(2) Visual representations can attract the students’ attention.

(3)Overlapping and separating the graphs can be more efficiently and

conveniently accomplished by the computer.
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Bai, H., Pan, W., Hirumi, A. & Kebritchi, M. (2012). Assessing the
< B dm Effectiveness of a 3-D Instructional Game on Improving Mathematics
t Achievement and Motivation of Middle School Students. British Journal
of Educational Technology, 43(6), 993-1003.
the purpose of this study was to explore the effectiveness of
FF P DimensionM, a 3-D mathematics instructional game, for improving
student achievement in algebra at middle school levels .
1. Did DimensionM improve eighth graders’ algebra achievement scores?
3R A 2. Did DimensionM increase eighth graders’ motivations in mathematics
learning?
1. A pretest—posttest control group quasi-experimental design.
2. The treatment group: worked with DimensionM in computer labs to
B supplement the regular classroom instructions ; the control group
1= received the classroom
instructions with regular class activities without computer aids. the
DimensionM game during this experimental period of 18 weeks.
[ J#c#2 18 5 (Number & Operations)
Il - #c(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
CIF#L & 47 27 4% % (Data Analysis & Probability)
P DimensionM included mathematics topics in algebra aligned with the
- eighth grade curriculum.
L g LR R %7
AL 437 eighth graders
BrEF2z 1L DimensionM game : 3-D mathematics games

¥ &% (Learning
activity)

FOF s

All teaching conditions for treatment and control

Groups were similar in terms of the mathematics topics, access to
resources such as textbooks and additional library books, and school
environment. The only difference was that the treatment group used the
games as supplement to further practice topics taught by the teachers.

e B 2
Gl

posttest—pretest

k!
o+
R

;'l'x:

1.The results of the analysis on the pretest—posttest data revealed that the
DimensionM game increased mathematical knowledge acquisition in
algebra and maintained student motivation to learn. The findings
suggest that the implementation of DimensionM in mathematics
education can greatly benefit middle school students learning algebra.

2.The multivariate and univariate tests revealed significant differences
between the treatment and control group in the gains of mathematics
achievement scores and motivation scores, with the treatment group
having significant higher gains in mathematics achievement scores and
motivation scores. Considering the gain score differences, we can see
that the treatment group had significantly higher gain scores in the
benchmark test scores and the motivations.

P B2 gk

1.This study provides the empirical evidence that DimensionM can offer
students the opportunity to
(1) open and then experience the mathematics knowledge bank,
(2) absorb the knowledge through interactions with the real world
problems.
— Findings from this study suggest that DimensionM can improve
mathematics achievement at middle school levels and it also helps to
sustain student motivation to learn.
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2. DimensionM teaches mathematics concepts indirectly and
within a play context. Such a positive achievement effect can be
attributed to the game incidental learning approach.

3. the positive effect of the game in increasing mathematics motivation of
students can be related to its adoption of three elements of arousal,
direction and persistence
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Kong, S. C. (2011). An evaluation study of the use of a cognitive tool in a
one-to-one classroom for promoting classroom-based dialogic
interaction. Computers & Education, 57(3), 1851-1864.

The evaluation study was aimed at investigating whether a learning
environment that integrated the use of the GPM and the one-to-one
classroom setting could lay a foundation for promoting classroom-based
dialogic interaction in mathematics lessons that supports students in
generating conceptual and procedural knowledge of common fractions.

3R AL

(1) How does the use of the GPM in a one-to-one classroom affect
student engagement, in terms of time-on-task, in learning about
common fractions?

(2) How does the use of the GPM in a one-to-one classroom affect
student attainment in learning about common fractions?

(3) How do students perceive the use of the GPM in a one-to-one

classroom for learning about common fractions?

This study considered that time-on-task was most reflective of the degree
of student engagement in classroom learning. Time-on-task in this study
refers to the actual time that students engaged in the cognitive growth of
conceptual understanding and procedural knowledge related to common
fractions through productive interaction with the GPM, learning materials
such as worksheet, workbook or textbook, or other classmates in the
learning tasks. In this time allocation analysis, the time allocated for class
activities in each teaching session for the experimental and control
groups was analyzed and compared. Video recordings and lesson
observation were made in each of the 22 teaching sessions delivered over
the course of the teaching period. The classroom video clips and lesson
observation records were reviewed for further classification of class
activities. Table 4 lists the categories of class activities undertaken during
the teaching sessions delivered in this study. The time allocated for each
category of class activities undertaken during the teaching period was
calculated across the experimental and control groups.

KEE~

Wl#c 7 1 & (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] & (Measurement)

58 4 45 27 #% 7 (Data Analysis & Probability)

B

the learning of common fractions

KT

WA R %7
Primary 4 students who aged 9-10

N S

A computer-supported cognitive tool (CT) called the “Graphical
Partitioning Model”(GPM)(The GPM is a graphical model in the form of
a rectangular bar with a partitioning/regrouping function.)

# 3 &% (Learning
activity)

¥F s

In the teaching sessions for the experimental group, students learned the
target topic using the GPM in a one-to-one classroom setting. Tablet PCs
were used in class, because every student in the experimental group
owned a tablet PC with a wireless connection to the Internet for
classroom learning. The learning materials for the experimental group
included the GPM along with a set of GPM activity worksheets, a set of
school-based worksheets, and the school-based workbook. The GPM
activity worksheets included a number of tasks designed for guiding
students to compute fraction operations. A number of discussion
questions were also included in the GPM activity worksheets according
to the learning needs related to the target topic. These discussion
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questions, not compulsory for completion, aimed at promoting students
to discuss target knowledge with peers for a better understanding of the
target topic. During class time, students were asked to access the GPM
online using their own tablet PCs. The GPM activity worksheets and the
school-based learning materials were distributed to the students
according to the learning flow. Students were asked to complete the tasks
in the learning materials using the GPM in the classroom. A total of 292
questions were assigned to students over the course of the teaching
period.

o
By ER

Video recordings ~ lesson observation - pre-test and a post-test ~ A
questionnaire survey.

I
&
o
e
+

1. Impact of the designed learning environment on student engagement in
terms of time-on-task

—In summary, the designed learning environment enabled the teacher to
deploy a more learner-centered approach in arranging class activities.
The results of the time allocation analysis show that using the GPM in a
one-to-one classroom increased time-on-task of students, and therefore
their engagement in learning about common fractions. The teacher
whose students learned with the GPM in a one-to-one classroom reduced
nearly 30% of class time for teaching but increased three times the class
time for student activities, comparing the teacher whose students learned
the target topic under traditional teaching approach. It is possibly because
the designed learning environment supported students in independently
generating knowledge and solving problems related to the target topic at
their own learning pace, and therefore allowed the teacher to provide
more learning autonomy for students to engage in learning exploration.
2. Impact of the designed learning environment on student attainment.
—In summary, the results of the attainment tests show that using the
GPM in a one-to-one classroom enhanced student attainment in

learning about common fractions. The designed learning environment
therefore meets another criterion for the successful promotion of
classroom-based dialogic interaction in mathematics lessons it enhances
student learning performance

3. Student perceptions of the designed learning environment.

—The students’ overall perception of the GPM was positive. They agreed
that the GPM assisted them in learning about common fractions and
developing a greater understanding of the target topic. Many students felt
they liked mathematics more after using the CT for learning. They also
showed interest in continuing to use the GPM to support their learning. A
large number of the students expressed their willingness to introduce the
CT to other schoolmates. The overall results of the questionnaire survey
show that the students regarded the use of the GPM in a one-to-one
classroom to learn about common fractions in positive terms. The
designed learning environment therefore meets the third criterion for the
successful promotion of classroom-based dialogic interaction in
mathematics lessons it is positively perceived by students.

P B2 Fe

1.The GPM provided three main types of scaffolds : visual representation,
graphical manipulation, and immediate feedback to support learners in
generating knowledge of the target topic by their own without teacher
mediation.

(1) The GPM provided a graphical manipulation for fraction comparison
with immediate feedback on equivalence status. When a learner input
multipliers for the numerator and denominator of a fraction expression to
test for possible fraction equivalence, the GPM enabled the learner to
drag a fraction bar and drop it onto another bar to trigger an animation
directly comparing the equivalence of the two fraction bars.

(2) Immediate feedback was then displayed to advise on fraction
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equivalence. This allowed learners to clearly visualize the quantity of
fraction value based on accurate graphical representations.

28 Y Fd P P L FNEY R T

(1)For the tasks on learning how to convert between an improper fraction
and a mixed number, the GPM offered a graphical manipulation of the
conversion process with immediate feedback on answer explanation.
When a learner input an improper fraction to find its form as a mixed
number or vice versa, the GPM enabled the learner to double-click the
fraction bar to toggle its graphical representation between the improper
fraction and mixed number forms. Immediate feedback was then
displayed to explain the naming and concepts of the two forms. This
allowed learners to connect their conceptual and procedural knowledge
of conversion between improper fractions and mixed numbers.

(2) For the tasks on learning how to add/subtract fractions, the GPM
offered a graphical manipulation of fraction operations with immediate
feedback on answer correctness. When a learner input two fraction
expressions to find their sum or difference, the GPM enabled the learner
to choose between an automatic animation and a manual action to move
the fractional parts in one fraction bar to another bar and complete the
addition/subtraction process. This allowed learners to directly experience
and clearly visualize the fraction addition/ subtraction process.
Immediate feedback was then displayed to advise on the correctness of
the final solution. This supported learners by alerting them to possible
errors in their fraction operation processes.

(3)For the tasks on learning how to simplify fraction forms, the GPM
provided a graphical manipulation of fraction simplification with
immediate feedback on answer correctness. When a learner selected a
fraction expression to find its simplest form, the GPM enabled the learner
to click on the selected fraction bar and check a list of common factors
for fraction simplification. An animation for regrouping fractional parts
followed when the learner selected one of the common factors.
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W 'Y Hwang, N S Chen, R L Hsu. (2006). Development and evaluation of
® 1;% * ik multimedia whiteboard system for improving mathematical problem

solving. Computers and Education, 46(2), 105-121.

The objective of this study is to develop a multimedia whiteboard system
=R h and evaluate students acceptance and satisfactory use of the system for

1 e e learning mathematics. In addition, students learning performance and

their ability of mathematic problem solving are also investigated.
N

The research design for peers communications divided into two phases :

1. the first phase was for peer comment and defending each others
U solutions.

LI 2. the second phase was for students to justify a correct solution from
three possible solutions to a math problem and explain why they
thought it was right.

W7 :# & (Number & Operations)

[ ]+ #<(Algebra)
#EHE A [ 14 = (Geometry)

[ 1ir] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)
KE I The topic of fractional division learning
e  CEECENSEE

38 sixth grade elementary school students

R i g The multimedia whiteboard system.

¥ &% (Learning
activity)

$OF g

Students were first giving two weeks tutorials to learn how to use the
multimedia whiteboard system. After that, math problem solving
activities were then conducted. During the experiment, instructors gave
one math problem every week and asked students to solve it with the
multimedia whiteboard system.

% Peers communications divided into two phases. All math problems
solving and assessment processes such as calculations, critiques(z=#)
and refutations made by students were automatically recoded. Here
“Critiques” are comments that students made about others solutions by
employing the multimedia whiteboard system. Students were given some
math problems, and each problem was provided with several different
solutions but only one was correct and others were wrong. Every student
was asked to choose a right answer and used the multimedia whiteboard
system to explain why he/she thought it was right and how it worked.
“Correctly justified” means a student can correctly judge the right
answer by doing a correct calculation process, meanwhile “correctly
explained” means a student can also explain the reason why he/she thinks
the solution should be a correct one.

e B 2
Gl M

Questionnaire ~ the content of students comments and feedbacks are
classified and quantified into different classes.
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The results show that students were satisfied with the use of the
multimedia whiteboard system for helping them with learning fractional
division. Most students were interested in studying mathematics with the
multimedia whiteboard system and thought this tool is particularly useful
for doing collaborative learning. After analyzing the recorded solving
processes and discussions content of students, we found that the
performance of female students was superior to male students in
communications and mathematical problem solving. Additionally,
students with higher final exam grades had better mathematical abilities
for doing critiques, arguments and communications.
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1.Survey on perceived usefulness and ease-of-use :

(1) That most subjects agreed the functions and user-interface of the
multimedia whiteboard system were useful and easy to use.

(2) Most users also responded positively that the designed multimedia
whiteboard system was very helpful for them to solve math
problems.

(3) Majority of subjects agreed that they could become skillful at
writing mathematical symbols, calculation procedures and oral
explanations using the tools provided by the multimedia whiteboard
system.

2. Survey on satisfaction on mathematical problem solving and peers
communication :

(1) Most subjects agreed that the multimedia whiteboard system could
satisfy the needs of math problem solving and peers communication.

(2) The multimedia whiteboard system could help students to easily
express logic reasoning and clearly explain solving processes for
their math solutions.

(3) The system can also support peers to do suggestions or comments on
each other’s solutions. Based on students higher agreements on
these items, we are confident that the system can improve students
mathematical problem solving

* 4 F K Through this kind of iterative communication, many correct

responses to others comments or queries were derived.(about

mathematical critiques and refutations)

1. It shows the diversity of approaches to solve the kind of math
problems. Some students used the strategy of setting divisor and
dividend to have the same denominator and next divide the numerator
of dividend by the numerator of divisor to get the solution

2. Other students used the strategy of multiplying dividend by reversed
divisor to solve the problem

3. Most of students employing the strategy 2(Multiply reversed divisor to
get the solution) cannot clearly explain the algorithm of multiplying
reversed divisor, that is to say they do not understand why dividend
that is divided by a fraction can convert to multiply the reciprocal of
the fraction.

e

B

e

2_$rEk

1. The multimedia whiteboard system is just amusing. It is easy to record
oral explanation such that others can easily understand the thinking of
your solutions.

2. The multimedia whiteboard system, supporting a text discussion board
with file attachment, an electronic whiteboard and a voice recorder, has
demonstrated a useful tool for learning mathematical fraction problems

3. Students are interested in and enjoy the discussion in the multimedia
whiteboard system as it allows them to express their thought through text,
images, voice and electronic whiteboard.

4. The multimedia whiteboard system provides electronic whiteboard for
writing symbols and voice recorder for oral explanations to facilitate
peers interactions and communications, such that students can easily and
effectively discuss math topics with peers; their mathematical abilities
are then enhanced.
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< B dm Hauptman, H. (2010). Enhancement of spatial thinking with Virtual
o Spaces 1.0. Computers & Education, 54(1), 123-135.
This paper also reports on a study that aimed to assess whether those
abilities affected achievements in the spatial thinking of 10th graders who
FF P worked with the software. Additionally, we investigated whether
self-regulating questions can improve the effect of exercising with Virtual

Spaces 1.0.

Two questions:

1. Is it possible to advance spatial thinking by employing Virtual Spaces
1.0?

2. To what extent does the addition of SRQ to the exercises in Virtual
Spaces 1.0 contribute to the advancement of spatial thinking?

iR Hypotheses were formulgted: ' _ o

1. Students who learn with Virtual Spaces 1.0 will receive higher grades
on tests of spatial thinking than those who learn without Virtual Spaces
1.0.

2. Students who practice with Virtual Spaces 1.0 and SRQ will receive
higher grades on tests of spatial thinking than those who practice
without SRQ(Self-Regulating Questions).

To evaluate two experimental interventions (VR and SRQ) not only

Y WE separately, but also in combination and against a control group, the
current study utilised a pre-test—post-test 2 2 design.
[ J#c#2 18 5 (Number & Operations)
[ ]+ #<(Algebra)
#EHE A % 7 (Geometry)

[ 1ir] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)
#E iy Spatial thinking
KRR A LA o

194 tenth-grade students in six comprehensive high schools

Virtual Spaces 1.0 software : was designed specifically for this study, is a

software environment based on the technology of immersive virtual

reality, which merges elements of teaching with PCs (the use of textual
ErrF21 5 feedback) with the advantages of virtual reality (the manipulation of

objects that are not on a flat screen). This version of Virtual Spaces 1.0 is
designed as an exercise environment that includes 52 exercises, and not
as a constructing tool for studying geometrical objects.

# 3 &% (Learning
activity)

FF g

Group 1 (N = 52): practiced with Virtual Spaces 1.0 and SRQ.

Group 2 (N = 52): practiced with Virtual Spaces 1.0 but without SRQ.

Group 3 (N = 45): practiced from a booklet with the same exercises as
Group 1 and with SRQ.

Group 4 (N = 45): non-treatment group practiced from a booklet the same
exercises as Group 1 but without SRQ.

The research took place in five comprehensive schools over a period of

five months. Each school chose a day of the week, and on that day, we

summoned students to the computer lab there they did exercises with

Virtual Spaces 1.0 (Groups 1 and 2) or worked on the same exercises in

booklets (Group 3 or Group 4) in vacant classrooms. The hours schools

allotted were 12:00-16:00. During these hours, each student in Groups 1

and 2 worked with Virtual Spaces 1.0 for 15 min a day for 3 weeks.

In the first week all the students were tested on MRT and APTS-E. In the

next 2 weeks the researcher met with the participants of Groups 1 and 2,

and a short presentation of the new technology (the stereoscopic 5DT

137




HMD and the three-dimensional mouse) was given. Each student put on
the HMD and was shown how to fasten the plastic bands to fit his or her
head and then practiced for 5-12 min, navigating in the “world of
concepts” and the usage of the manipulating tools. During the next 15
weeks, students in Groups 1 and 2 finished doing exercises with Virtual
Spaces 1.0 at the same time that students in Groups 3 and four finished
their exercises in their booklets. They studied with a teacher who
explained the instructions for each exercise and asked the students to
solve the exercises. After two lessons they finished all the exercises. In
the 19th week, all the students were tested again on MRT and APTS-E. In
the 20th week, the researcher met with students and thanked them for
their efforts.

o
iR

Spatial-Visual Reasoning test of the Aptitude Profile Series - Educational
(APTS-E) ~ Vandenberg & Kuse Mental Rotation Test (MRT).
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The results suggest that spatial thinking was enhanced by exercising with
Virtual Spaces 1.0 and asking self-regulating questions. In addition, it
was found that the self-regulating questions make the use of virtual
reality more efficient, and that the influence of self-regulating questions
is especially manifested in tasks that make use of high order skills. The
first hypothesis was that the achievements of the students who practiced
with Virtual Spaces 1.0 and SRQ would be higher than that of students
who practiced without this combination.

Findings show that the achievements of Group 1, who practiced with
Virtual Spaces 1.0 and SRQ, were higher than those of Group 2, who
practiced with Virtual Spaces 1.0 but without SRQ, but the difference
was not significant. Since the APTS-E test is more complex than the
MRT test, we considered the possibility that the findings could indicate
that SRQ contributes more than VR for more complex tasks, while for
simpler tasks the SRQ is less effective.

The findings indicate that practice with Virtual Spaces 1.0 is more
effective for advancing spatial thinking than the conventional method.
The use of VR becomes more efficient with SRQ in carrying out complex
tasks.

P 52 Fe

The unique nature of this study’s findings expresses itself in a number of

areas.

1. They indicate a significant improvement of achievement in the
nonverbal aspect of spatial thinking due to the special visual effects
of wirtual realty learning environments. Additionally, the
improvement in the verbal aspect of spatial thinking can be
explained by the activating of verbal processes in the creation and
manipulation of spatial images, which occurred in the asking of
self-regulating questions.

2. They enhancing the processes of creating and manipulating a spatial
image is a basic condition for advancing spatial thinking.
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Baki, A., & Guveli, E. (2008). Evaluation of web based mathematics
teaching material on the subject of functions. Computer and
Education,51, 854-863.

FF P

The main purpose of this mixed methods study is to examine the effects
of WBMT material on levels of achievement of 9th grade students in
basic concepts of functions taking place in high school mathematics
curriculum and attitudes towards WBMT.

AT

The question “How would the holistic web based mathematics teaching
material on functions be accepted which has been brought about by the
technological advances and which is used almost anywhere on the
computers for the purpose of secondary school education and through the
assistance of appropriate computer software?” has been chosen as the
main research question of this study.
Sub-problems:
1.Teachers:
(1)How did they exploit the WBMT material?
(2)How were their attitude and approach towards WBMT and its future?
(3)How did they evaluate WBMT material?
2.Students:
(1)What was their attitude and approach towards the WBMT material?
(2)Do they improve their level of achievement in mathematics by
engaging with WBMT?
(3)How did they evaluate WBMT material?

An experimental method was considered as appropriate to this study to
investigate the effect of WBMT material on student success compared
with the traditional method. As the control and experimental groups were
not formed randomly, semi-experimental method was used. Some data
was compiled by action research method in the determination of what
kind of teaching-learning environment was achieved when WBMT is
used. As WBMT approach is a new and different from the traditional
education system, action research method was chosen because of the
need to introduce this approach and to compile data during its
implementation. While the control group continued their lessons with
traditional methods, the experimental group was taught by using the
WBMT material.

JFE A

[ J#c#2 18 5 (Number & Operations)

Il - #c(Algebra)

14 e (Geometry)

[ ]:p] & (Measurement)

54 4 45 27 # 7 (Data Analysis & Probability)

e R

The topic includes general concept of function, definition of function and
different representations of function.

KT

(=] R s ¢
eighty 9th grade students

TITY BN

Web-based mathematics teaching (WBMT) material (WBMT materials
including well organized small sequenced tasks. These tasks were
supposed to allow for drill and practice and lead to the mastery of skills)

# 3 &% (Learning
activity)

FF W

Students in the experimental group were taken into a computer lab for
two hours per week. They practiced with WBTM material in addition to
the regular lectures on the topic under the guidance of the teacher. Thus,
students had approximately 10 hours of computer lab within the fall term.
In addition to this period of time, students in the experimental group
reached the material through internet in their spear time out of the school.
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Attitude scale, interviews, field observations ~ pre-assessment test ~ post
achievement test.
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The analysis of the data suggests positive effect of WBMT on student
learning of mathematical function and on attitudes towards WBMT.
However, the teachers all represented and shared some common ideas
that because of the technical problems and readiness of teachers and
students there would be some problems in terms of successful
implementation of WBMT in schools. Nevertheless, the results provide
support for the use of this WBMT material as a complement to traditional
classes.

1. Overall, most of the students in experimental group enjoyed the new
learning experience and opportunity.

2. Students that used WBMT material as complement to class lectures
improved significantly more than those that just had traditional class
lectures.

3. Students’ final evaluation and observation notes showed that students
who were used WBMT material showed higher level of satisfaction.
As students became more familiar with mathematical processes and
online procedure, they become more confident in their learning. They
appeared to be highly motivated and presented their feelings very
openly and clearly

P 52 Fe

1. It was found that WBMT material enabled a more appropriate use of
scaffolding for student learning. Exercises and tasks in site were
divided into appropriate learning steps including concept
presentation, sufficient examples, hints and interactive exercises with
immediate feedback. Using WBMT, students could read, practice
and review the content as long as and as many time as, they wanted.

2. WBMT material includes exercises such as presenting functions in
one of the representations and the students are asked to complete the
other representations. There is a “Next” button provides new
examples or exercises when it is pressed. For example, when it is
pressed in the page of the equation and graph representation, it picks
the y intercept and the slope of the line randomly and allows the
students to practice as much as they like.

3. These findings suggest that WBMT can be used more effectively as a
scaffolding for students. Students liked visual examples of WBMT
material explaining step-by-step process. This aspect of the material
allowed students have clear connections to what they were learning.

4. The findings show that self-experimentation with WBMT material
helped improve the students’ understanding of the concept of
function and explaining the concept behind each representation of
function.
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Lai, K., & White, T. (2012). Exploring quadrilaterals in a small group
computing environment. Computers & Education, 59(3), 963-973.

FF P

A primary motivation for the present study is to investigate the premise
that working in small groups might be a particularly effective way to
engender opportunities for students to engage in active exploration of and
social interaction around geometric shapes.

3R AL

1. Do small group tasks involving the joint manipulation of quadrilaterals
in a dynamic geometry environment support students’ learning about
geometric shapes and their relationships?

2. How do students interact and participate in small group activities
involving the joint manipulation of quadrilaterals in a dynamic
geometry environment?

We conducted a six-day design experiment with three groups of four
students who consented to be videotaped. All the students were either
sixth or seventh graders, and were organized in groups based on their
teachers’ recommendations about which students they thought would
work well together.

KEE~

[ J#c#2 18 5 (Number & Operations)

[~ #ic(Algebra)

B i (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

®ELE

The students had to learn the following terms: quadrilateral, rectangle,
square, parallelogram, rhombus, trapezoid, and Kite.

FT B

O mR° 39

sixth or seventh graders

el G

NetGeo computer and graphing calculator environment

¥ &% (Learning

FOF s

Students’ learning sessions with the NetGeo environment spanned six
days, including two days with each version of the computer and

activity) calculator interfaces described above, and correspondingly different sets
of activities.
There were four main data sources:

o 1. Pre- and post-assessments

AT B 2. ' . .

PR 2. V_|deo recordings of work sessions _

1F 3. Field notes and design notes taken after sessions
4. Video capture of computer screen and logs of students’ inputs
Our study found that students achieved learning gains in this novel
environment, that the environment provided rich opportunities for peer
interaction around geometric objects, and that student learning
opportunities and interactions were characterized by processes of
appropriating ways of talking about and using software features.
1. First research question, we analyzed the students’ pre- and
post-performances on the quadrilateral assessment and also the
Pris quadrilateral sorting task.

2. Second question, we analyzed the group members’ interactions during
the activities, which involved analyzing recordings of the work
sessions, looking over field notes taken during and after sessions, and
also analyzing the video capture of the shared computer screen. We
analyzed the video recordings of the students working together in
conjunction with the screen video capture. We also noted students’
gaze and gestures in the analysis.

P 52 Fe

1. An intended goal of introducing the NetGeo with Calculator Value
Displays variation was that the students would use the information
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on the calculator screens as resources for completing the tasks and as
means for verbalizing their ideas.

The learning environment supported students’ development of their
geometric reasoning as the students attended to the monitors, which
made explicit the shapes’ properties, allowing the students to relate
these properties to the shapes and to articulate these properties.
Students to deepen their understanding of essential and non-essential
components of shapes, which is the beginning to understanding
hierarchical relationships between shapes.
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Kramarski, B, & Gutman, M. (2006). How can self-regulated learning be
® 1;% * ik supported in mathematical e-learning environments? Journal of
Computer Assisted Learning, 22(1), 24-33.
The purpose of the study is threefold:
1. To investigate the ability to solve procedural tasks of students who
were exposed either to the EL1IMP or EL instructional approach.
- 2. To examine the ability to solve transfer tasks regarding mathematical
= 1 P e . . .
explanations of students who were exposed to these instructional
approaches.
3. To compare the differential effects of both approaches on SRL
regarding strategy use and self -monitoring.
1. How can SRL (self-regulated learning) be supported properly in a
R mathematical problem-solving environment ?
1 2. What characteristics should a SRL approach have in promoting and
sustaining mathematical problem solving?
This study compares two E-learning environments: E-learning supported
with IMPROVE self-metacognitive questioning (EL1IMP), and
FLE E-learning without explicit support of self-regulation (EL). The effects
were compared between mathematical problem-solving and
self-regulated learning (SRL).
[ J#c#2 18 5 (Number & Operations)
Il - #c(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)
KE I Linear function
Cw\el OEY s e
KT IFE Participants were 65 (boys and girls) ninth-grade students who studied in
two classes within one junior high school in central Israel.
B RF2 18 E-learning : Excel ~ e-mail

B % %% (Learning
activity)

# % ¥ ¢ ' SRL(self-regulated learning)

* The instructional approaches were as follows:

(a) E-learning supported by the IMPROVE self-metacognitive
questioning approach (EL1IMP)

(b) E-learning without an explicit SRL approach (EL).

* E-learning environments: EL1IMP vs. EL

Students in both environments practiced 10 problem solving interactive

tasks that were developed in Excel by the co-author of the study and were

accessible to the students on the website. The tasks covered similar tasks

and exercises as those presented in the textbook, but emphasized the

unique components of each environment. Students were asked to practice

in pairs, to solve the tasks, and send the solutions by e-mail to the teacher

(because of the odd number of the EL1IMP environment students (n535),

one group did not consist of a pair). The teacher encouraged students to

participate in E-learning, explained its effects on problem solving, and

provided support and feedback according to the instructional approach

taught in the class.

The tasks were accessible to the students on the website. Students were

asked to solve the tasks and send the solutions by e-mail to the teacher.

During the practice of the unit, students in EL1IMP environment were

supported with the IMPROVE method in three aspects: (a)

self-metacognitive questioning; (b) mathematical explanations; and (c)

E-learning metacognitive feedback. Whereas students in

the EL environment were not exposed explicitly to self-regulation
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activities. They were exposed to a computer-generated result feedback.

S 2
FLTER

The study utilized two measures for the pre-test and posttest:

(a) mathematical test; and (b) SRL questionnaire. ( The study utilized two
measures for the pre-test and post-test; mathematical test and SRL
questionnaire. The mathematical test assessed students’ procedural and
transfer knowledge, and mathematical explanation ability. The SRL
questionnaire assessed students’ problem-solving strategy use and
self-monitoring ability.)

I
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Promote and sustain mathematical problem solving?
The results showed that students exposed to the IMPROVE
self-metacognitive questioning in E-learning (EL1IMP) significantly
outperformed the EL students in problem solving (procedural and transfer
tasks) and mathematical explanations, in particular for providing
mathematical arguments. We also found that the EL1IMP students
outperformed their peers in using self- monitoring strategies but not in
the use of problem-solving strategies. Further analysis indicated
significant correlations between using self-monitoring strategies and
mathematical performance on transfer tasks and mathematical
explanation in the whole groups and particulary in the EL1IMP group.

1. The primary purpose of our study was to investigate students’

procedural problem solving.

—But on the post-test, we found significant differences between the
instructions. EL1IMP students’ outperformed the EL students in
solving procedural tasks.

2. The second purpose of our study was to examine students’ ability to

solve transfer tasks regarding mathematical explanations.

—Findings indicated significant differences on solving transfer tasks for
the main effect for time and for the interaction between instructions
and time. Effect-size indicated that at the end of the study the EL1IMP
students outperformed the EL students on problem solving of transfer
tasks.

3. The third purpose of our study was to compare differences in SRL

regarding strategy use and self-monitoring.

— The findings indicated significant correlations between using
self-monitoring strategies and performance on transfer tasks and
mathematical explanation in the whole group and in the EL1IMP
group, whereas in the EL group significant correlations were found
only with providing mathematical explanations. No significant
correlations were found between using self-monitoring strategies and
performance on procedural tasks

P 52 Fe

There are possible reasons for the beneficial effect of EL1IMP.

1. It seems that the IMPROVE approach might help students: access and
interact with the content functionality, think about the deeper concepts
and structure of disciplinary relations, and avoid superficial details.
Making disciplinary strategies explicit in E-learning with IMPROVE
tools can help students to think about the steps they need to take in
their work, and help their thinking become explicit.
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Harskamp, E., & Suhre, C. (2007). Schoenfeld’s problem solving theory
® 1;% * ik in a student controlled learning environment. Computers & Education,
49(3), 822-839.
In this paper we report on the development and evaluation of a computer
program based on Schoenfeld’s theory of problem solving and his ideas
about adaptive hints to help students solve a mathematics problem. The
program offers a student controlled learning environment with
instructional hints for each episode in problem solving and with different
FF P solution methods to choose from within each hint. By offering different
hints based on informal and formal solution methods all students can
choose a level of instruction that can support them effectively.
The main objective of the study was to assess whether students’
problem-solving skills can be enhanced by means of an adaptive
computer program based on Schoenfeld’s theory of problem solving.
1. Do students actually use hints on different episodes during problem
solving?
3R A 2. During which episodes are these hints most effective?
3. Does a computer program according to Schoenfeld’s theory of
episodes help students to become better problem solvers?
L A pre-test—post-test quasi experimental design study.
[ J#c#2 18 5 (Number & Operations)
Il - #c(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
W7 A+~ 47 5 3 (Data Analysis & Probability)
period 1: Pre-calculus; rehearsal at the beginning of the year;
P period 2: Introduction to Functions and Graphs, Functions and
. derivatives, Exponential functions
period 3: Periodical functions, Probability and Inferential statistics
. BCPESEETE
pre-university classes, aged 15-17
P~ HF2 18 Computer

B % %% (Learning

$OF s

1. Experimental computer program group worked on 35 problems
presented by the computer during three periods of two consecutive
weeks.

2. All students received instruction on these topics from their teacher and
used their textbook to get basic knowledge. In order to practice the
application of knowledge the students in the experimental condition
had to solve problems from the computer program.

activity) 3. Each week students in the experimental condition would fill out a form
with their solution approach to one of the assigned problems. The
teachers checked this work. The students used the computer program
after they had received instructions from their teachers and covered
basic exercises from the textbook. The book offers examples of
solution methods in which procedures with tables and graphs are first
introduced and algebraic procedures in a later stage.
- Pre- and post-tests
FLFR
The results show evidence of intervention effectiveness. The students
who worked with the computer program showed increased
Pris problem-solving ability compared to the students in traditional

mathematics instruction. The use of hints could explain an essential part
of the increase in students’ problem solving skills.
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1.The first question to answer is whether students actually used hints on
different episodes during problem solving

—students on average succeeded to solve 84% of the available 35

problems in the one to three attempts allowed. They fairly often made use

of the available hints. It can be seen that students used hints more often
with an informal approach (e.g. table or graph) to the problems than with

a formal approach (solving equations).

2. The second question raised in this paper is whether the hints students
used in different episodes to solve problems, are helpful in improving
their problem-solving skills.

—This signifies that students who often use hints during one episode also
do so during other episodes. Especially the use of hints concerning the
episodes Plan (make a solution plan) and Verify (checking model answer)
correlates with post-test scores. The negative relationship between
number of correct answers and the hints on Verify show that students do
not always exploit the program fully. As a result high-skilled students
score somewhat lower on the post-test than they would have, if they had
used all available information on the correct solution procedure. This
means that although the program in itself seems effective, some students
use the program more effectively than others do.

3. The next question is whether the hints in different episodes are equally
effective.

— The expectation that especially hints for the episode Plan and hints for

the episode Verify will contribute positively to the post-test scores is in

accordance with the research outcomes.

4. Does the computer program improve students’ problem-solving
behaviour significantly?

—The scores on the solution approach seem somewhat higher in the

experimental group than in the control group. Students in the

experimental group have improved as a result of using the computer
program.

P 52 Fe

Causal analysis provided us with evidence that hints during different
episodes differ in their effectiveness to improve problem solving. Use of
hints that are connected to the solution approach (Plan) and feedback on
the correct solution approach (Verify) were most effective. So, the
program is most effective when students ask for help when planning a
solution approach and when students inspect the correct answer after
completing a problem. The reason for this may be that hints on a solution
approach also entail information relevant to other episodes, providing
students with a helicopter view on solving a specific problem.Students
had the opportunity to select the type of hints that matched their preferred
solution approach. Students who made frequent use of the available hints
benefited from it. Most students used hints with informal solution
approaches as well as hints with formal approaches.
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Erbas, A. K., & Yenmez, A. A. (2011). The effect of inquiry-based
explorations in a dynamic geometry environment on sixth grade students’
achievements in polygons. Computers & Education, 57(4), 2462-2475.

FF P

The purpose of this study was to investigate the effects of using a
dynamic geometry environment (DGE) together with inquiry-based
explorations on the sixth grade students’ achievements in polygons and
congruency and similarity of polygons.

PR

1. What is the effect of using the Geometer’s Sketchpad together with
inquiry-based activities on the sixth grade student’s acquisition and
retention of achievement in and understanding of polygons and
congruency and similarity of polygons compared to teaching with
traditional direct instruction?

2. Do male and female sixth grade students differ on their acquisition and
retention of achievement in and understanding of polygons and
congruency and similarity of polygons?

3. Is there an interaction between gender and treatment regarding their
acquisition and retention of achievement in and understanding of
polygons and congruency and similarity of polygons?

4. To what extend do the computer-based activities contribute to
students’ better understanding of polygons and congruency and
similarity of polygons, especially their prototypical thinking
regarding polygons?

The study was designed as a pre-test, post-test, delayed post-test
experimental-control group study in which two different teaching and
learning environments were utilized; one with traditional and the other
with the incorporation of dynamic geometry activities. While the control
groups were taught in the classrooms, the experimental groups learned
the same topics through dynamic geometry activities at computers in the
computer laboratory. The traditional instructional environment in the
control group was merely based on the official mathematics textbook .
The treatment in the experimental group included exploring and
manipulating concepts related to polygons, regular polygons and their
congruency and similarity. The teacher, students and computer activities
(based on the Geometer’s Sketchpad) interactions were available in
dynamic geometry environment. The activities were prepared to allow
student inquiry, while guiding and helping them to clarify relationships
and make conjectures.

®EE~

[ ]2 i8 & (Number & Operations)

[~ #ic(Algebra)

W 7 (Geometry)

[ ]:p] & (Measurement)

38 4 45 22 #% 7 (Data Analysis & Probability)
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Polygons(= :#47)
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134 sixth grade students of a public elementary school

R FF 25

# i & @ 3048 (Geometer’s Sketchpad)

# 3 &% (Learning
activity)

8 & 1 ¥ % H8 Y (student-centered collaborative
inquiry)

1. The students in the experimental group were taught about the basics of
Geometer’s Sketchpad prior to the treatment by the researcher (the
second author) for two class hours (i.e., 80 min). Two hours was
sufficient as students were introduced basic computer skills in fourth and
fifth grades. During the training, students engaged in activities involving
constructing points and line segments, dragging the objects, measuring
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angles and distances, constructing perpendicular and parallel lines,
constructing a circle and copying polygons and labeling objects in the
Geometer’s Sketchpad.

2. All of the instruction in the experimental groups took place in the
computer lab. Students worked in pairs at the computers since there were
only 20 computers arranged in a U-shape. The researchers designed 10
worksheets, which were adaptations of the inquiry-based activities in the
textbook. In essence, worksheets used in the experimental group and the
activities carried from the textbook in the control group had the very
same learning objectives. The only difference was that the control group
used hands-on materials like ruler and protractor while the experimental
group worked with a dynamic geometry environment, the Geometer’s
Sketchpad, so that the students could discover the properties of
geometrical shapes by measuring, exploring, manipulating, transforming
and reaching to conclusions by themselves. While four of the worksheets
required 20 min to complete, the rest required 40 min. While the first five
worksheets were completed in the first week of the treatment, the rest
was completed in the second week. In each lesson, the researcher (the
second author) helped teacher to make a brief introduction to the new
topic, especially taught certain properties of the Geometer’s Sketchpad
that they were going to use for the activities in worksheets. After this
brief introduction, students were allowed to work on the computers by
using the Geometer’s Sketchpad with the assigned worksheet. As the
students progressed through the worksheets, the researcher asked them to
explain their actions and observations. The researcher offered technical
assistance when a student had any difficulty with using the Geometer’s
Sketchpad. Also, as students worked through the worksheets the
researcher prompted students periodically with comments such as “Think
about what you are trying to do; Describe what you’re observing and try
to make generalizations; Think about how you might test your
conjecture.” When students finished working on each worksheet and
wrote their findings and/or conclusions, a whole class discussion about
the investigations and conclusions drawn was held. After the discussion,
students were allowed to take additional notes and complete the
worksheet if necessary. The same procedure was followed for all
worksheets.
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Pre-test ~ post-test -~ and delayed post-test - videotaped classroom
observations.
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Results of the study showed that the two-week long treatment created
substantial improvement in students’ achievement as compared to that in
the control group, and the difference was significant in favor of the
experimental group. Furthermore, the treatment had a significant effect
on students’ retention as measured by a delayed post-test conducted three
months after the treatment was discontinued. In general, students in the
experimental group showed great interest and motivation in learning
geometry compared to those in the control group whom often showed
lack of interest and curiosity

1. The results show students’ performances significantly changed across
times of testing (i.e., pre-test, post-test and delayed post-test),

2. There was a significant interaction effect between time of testing and
groups.This indicates that student performance across time of testing
was dependent upon the presence or absence of the treatment.
Contrasts were performed comparing students’ scores in experimental
and control groups across the three time of testing.

3. Students in the experimental group were not spectators; all tried to
participate and had insightful discussions with their pairs about the
activities.

4. When the responses of experimental group students in the achievement
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test were analyzed in more detail, it was evident that the treatment
helped them to think beyond prototypes

. The students investigate the given situation and try to discover the

associated structural properties. In doing so they actively collaborated
and thought together as they made conjectures (e.g., opposite sides in a
hexagon are parallel) and tested them through measuring and dragging.
— it is evident that the students went beyond the  ‘empirical’ level,
where properties are  ‘seen’ or ‘measured’” and exploited the
theoretical control offered by the software.

B2 Fe

the dynamic geometry environment allowed students to make
connections between the figures and their properties through
construction, measurement, and dragging.

. the dynamic geometry environment encouraged students to make

connections between the figure and structural properties associated
with it while they are constructing them.

. The Geometer’s Sketchpad allowed students to play with the figures,

construct dynamic and flexible geometric shapes by dragging and
dropping. Also, the students created polygons and transformed them
into irregular forms so that they could discover special cases of their
original constructions.

. The Geometer’s Sketchpad has tools for flexible automaticity in

calculating the measure of angles, sides, areas, and perimeters. Once
computed, the measurements changed in real time as the angles, sides,
areas, perimeters, or any other measurements calculated using these
were stretched, shrunk or moved by the user. Affordances of such
facilities with the Geometer’s Sketchpad provided students with
opportunities to make and test conjectures based on their observations.
Furthermore, interactivity of the software allowed students to check
various cases in a minimal amount of time.

. The dynamic aspect of the software and inquiry-oriented structure of

the accompanying lessons were clearly superior to printed materials.
Unlike the students in the control group, students in the experimental
group could alter, measure, move, stretch, and shrunk the figures
constructed with the software and observe the resulting changes.
Easiness and correctness of such actions were probably even more
critical for students with coordination difficulties.

149




ELT12

Data Extraction Form

1= & A rE
Gurbiz, R., & Birgin, O. (2012). The effect of computer-assisted
® 1;% * ik teaching on remedying misconceptions: The case of the subject
“probability”. Computers & Education, 58(3), 931-941.
The aim of this study is to determine the effects of computer-assisted
FF P teaching (CAT) on remedying misconceptions students often have
regarding some probability concepts in mathematics.
N
The true-experimental research method, a pre- and post-test control group
study was carried out with 37 seventh-grade students-18 in the
experimental group (CAT) and 19 in the control group (traditional
R E S teaching). Participants were randomly assigned to two groups. In one of
the groups, computer-assisted teaching (CAT) (experimental group: E)
was performed, and in the other group, traditional instruction (control
group: C) was conducted.
[ J#c#2 18 5 (Number & Operations)
[ ]+ #<(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
W7 A+ 4~ #7415 3 (Data Analysis & Probability)
KE I probability

FT B

W= R 37
A total of 37 pupils studying at seventh-grade level in a primary school in
the southeastern region of Turkey.

Computer-assisted teaching (CAT) material. (Two different materials
were used in the context of this study. One of these was material
consisting of animations and simulations prepared by using Macromedia
Dreamweaver and Flash MX 2004 software. The other was material
prepared using Java language and NetBeans editor.)

B % %% (Learning
activity)

FF g

The implementations were carried out with students in experimental
group. The students were requested to run the computer animations, and
then they were asked to share their thoughts about probability with their
friends. Moreover, the student groups asked such questions of each other
as “Why are you doing that?” and “How did you get that” or made
statements such as “.oh no, that is not right, because.” and “. but that is
wrong, because .” during the implementations. For this reason, the
teacher refrained from responding to correct answers instead he asked
some follow-up questions in a Socratic dialog fashion. During this
process, instead of just lecturing, showing, giving tests, and evaluating,
the teacher acted as an organizer, facilitator, counselor, cooperator, and
supervisor. As a result, students became more active, improved their
knowledge, questioned the knowledge they received, and were able to
explain what they had just learned instead of behaving as merely passive
receivers.
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Pretests ~ post-tests
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The findings can be summarized in the following way: CAT showed a
positive impact on remedying students’ misconceptions regarding the
subject of probability and enabled conceptual learning. These positive
effects are thought to be obtained by computer-assisted teaching
materials accompanied by a student-centered learning environment.

P 52 Fe

It can be said that the intervention in the experimental group was more
effective in remedying the misconceptions. Several factors are thought to
be effective in this result: students construct their own knowledge in CAT
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environment, misconceptions regarding probability can be remedied by
doing the exercises on the materials, the problems used in this process are
taken from real life, and this process increases student motivation.
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Zurita, G., Nussbaum, M. (2004). Computer Supported Collaborative
Learning Using Wirelessly Interconnected Handheld Computers.
Computers & Education 42(3), 289-314.

We describe how weaknesses in coordination, communication,
organization of materials, negotiation, interactivity and lack of mobility
can be solved with a mobile computer supported collaborative learning
environment with Handhelds interconnected by a wireless network.

In order to understand children’s social interactions and shared learning
of face-to-face CL environments better, first we exhaustively observed
children working with two (math and language) collaborative activities
without technological support. Our approach was to watch the videotapes
repeatedly, with the focus on how the groups behaved during the key
issues. To find weaknesses in: (a) Coordination of the group members,
(b) communication between members, (c) organization of the material by
the members, (d) establishing of negotiation’ instances of the members,
(e) interaction realized by members, and (f) changes in the members’
physical mobility.

* CL(Collaborative learning) activities ¥2 Mobile Computer Supported
Collaborative Learning (MCSCL) activities it i

KEE~

#2715 (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)
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Addition and subtraction operations.
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48 students elementary school.
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i7 # §* & (Mobile Computer Handheld)

B % %% (Learning

activity)

%% ¥ v : Collaborative learning ~ Mobile Computer Supported
Collaborative Learning

The aim is that children work collaboratively on an educational objective,
through the use of their interaction, communication and negotiation
skills, with Handheld support(4 = -] e :& (7 & % F#).

For the math MCSCL activity, groups are made of three and five
members, the activity consists on each group member having a set of
given objects and achieving the specified number for each of the objects
by sending and receiving these from another member of the group. The
child has one orange, three bananas and two apples shown in the central
(blue) box, and has to reach two oranges, four banana and three apples
shown in the upper part of central (blue) box. Each member is identified
by a given color, used as the main background. The others members are
identified by the colors of the buttons on the bottom section of the
display.

The child selects the button that corresponds to the group member from
whom she or he wants to receive an object . The child who sends the
object first selects it from the object windows in the screen center, and
then chooses to which member she or he wants to send it, pressing the
button of the corresponding color. This button will be available for the
child who wants to send an object, only if the other child previously
selected the receiving button from the corresponding color. For example,
purple, when wanting to receive an apple, should specify from whom
wants to receive it, the red one for instance. To perform this action, she or
he should choose to press their red button at the lower end of the display.
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Then red will choose the apple to give, and only with purples
acknowledge to receive. Only then, the give button activates itself to
perform the giving. After choosing the purple button, the quantity of red’s
apples is decreased while the quantity of purple’s apples is increased, and
the state changes to be able to choose new members from whom to
receive an object. On the contrary, if red wants to give an object, then she
0 he should mark the object so that their state changes with the colored
buttons of members who want to receive the object.

It is possible that some members reach their individual goal while others
have not. The fact also shown to the member with purple and green color,
using a red icon with a star in the upper part of the display. Only when all
members reach their goal, the three buttons in the bottom section of the
display appears to all of them, since the aim is the global object, and not
the particular one.
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Quantitative and qualitative data was gathered from video, field notes
and interviews.

The observations and interviews were targeted to analyze the children’s
behavior and the users’ behavior towards other children and towards the
machine.
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For the math MCSCL activity, this shows that the Handhelds are tools
that facilitate coordination of a greater number of members transparently,
apart from transparently supporting mobility to the members who need it.
In a collaborative activity without technological support, the transaction
is guaranteed by a rigid dependence to the roles and rules. These are
frequently not obeyed by all the members, especially when children are
present.

The comparisons showed that in both cases there was as statistical
significant difference with an alpha level of 0.05 between score means of
the tests. Therefore students did improve their knowledge of math and
language with the MCSCL activities

1. Interactivity. To assure interactivity between participants, in the
language activity each member has an object that they require to
construct the common aim, i.e., a syllable. This information must be
shared with the other members to form the words. This forces members
to interact with their partners, avoiding other members to take control. In
the math activity, the teacher determines the number of objects each of
them initially has and to which they have to reach, which forces the
interaction among specific members. In both MCSCL activities, the
members of the group can take the technology with them, which
encourages face-to-face social interactions. The anytime-anywhere
characteristic of Handhelds supports interactivity between members,
when working on MCSCL activities.

2. Mobility. The mobile network facilitates face-to-face work and the
capacity to freely move while the members take their records with them,
which allowed the members to displace naturally. This favors the
mobility of the members of the group while working with the group
partners, in both MCSCL activities.

g1 B2 ek

1. The MCSCL activities support transparently the collaborative work by
strengthening the: (a) organization of the managed material; (b) social
negotiation space of group members; (c) communication among the
group members, through the wireless network that supports the social
face-to-face network; (d) coordination between the activity states; (e)
possibility to mediate the interactivity; (f) encouraging of the members’
mobility. The last two make a difference in how collaboration is
supported between MCSCL and CSCL activities, due to the use of
Handhelds that offer a manageable solution for the coordination,
communication and interactivity, which is possible on PC’s, plus the
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participants’ mobility.

2. MCSCL activities manage and encourage tasks that include: (a)
organization of information, (b) enabling students to collaborate in
groups, (c) monitoring real-time progress with respect to learning
objectives and (d) controlling the interaction, negotiation, coordination
and communication. Handheld computers are emerging as a flexible and
portable solution that provides students with ““at hand” support to engage
in collaborative activities anytime, anywhere.
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Chang, K. E., Sung, Y. T., & Lin, S. F. (2006). Computer-assisted

® 1;% * ik learning for mathematical problem solving. Computers & Education,
46(2), 140-151.

The purpose of this paper is to propose a new system (named MathCAL)
that is based on the four problem-solving stages mentioned:

(1) understanding the problem

(2) making a plan

(3) executing the plan

(4) reviewing the solution.

FF P The system assists in achieving a successful outcome at each stage. The
proposed system was evaluated by conducting an experiment using
fifth-grade students in elementary school as subjects.

The following two issues are explored here:

(1) Comparing problem-solving ability before and after the experiment.

(2) Whether assistance provided at various stages helped students with
their problem solving.

R
This study used a two-way mixed design. The between-group
independent variable was group (or treatment), dichotomized into ‘‘not
using the computer-assisted problem-solving system” (control group) and
“using the computer-assisted problem-solving system” (experimental

Y WE group).
Participants are randomly assigned to two groups. The within-group
independent variable is test, dichotomized into pre- and post-tests. The
dependent variable was student scores in mathematical problem-solving
pre- and post-tests.
#2715 (Number & Operations)
[ ]+ #<(Algebra)

#EHE A [ 14 = (Geometry)
7] £ (Measurement)
CIF#L 4 47 27 4% & (Data Analysis & Probability)
This experiment used a fifth-grade mathematics textbook, from which we
selected problems from six units, namely T the addition and subtraction

KE IR of real fractions ; ~ "the multiplication of fractions ;~ " pi, sectors and
capacity | ~ " the area of triangles ; ~ " unit cost and vertical planes ; ~ " the
area of a trapezium | .

W= R %7

T IEE 49 fifth-grade students selected from four classes in an elementary school

in Taipei
T Computer-assisted system named MathCAL (This system uses the

schema representation to visualize concepts in the problems).

# 3 &% (Learning

FOF g

The experiment spanned 6 weeks, with one pretest, one post-test and
eight problem-solving practice sessions (twice a week, 40 min each).

One week before the formal experiment began, we gave the pretest to the
students in the experimental and control groups (50 min) to test their
mathematical problem-solving abilities, after which the formal

activity) experiment was performed.
The students in the experimental group practiced using MathCAL, and
the control group of students solved 10 mathematical problems on paper
in each session. At week 6 the students in the experimental and control
groups were given the 50-min post-test.

AT B 2 Pretest and post-test

FLER
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The results showed MathCAL to be effective in improving the

performance of students with lower problem solving ability. This

evaluation allowed us to address the problem of whether the assistances

in various stages help students with their problem solving. These

assistances improve students problem-solving skills in each stage.

% Analysis of learning results

1. the pre- and post-test scores in the experimental and control groups.

2. the problem-solving ability in the experimental group was significantly
better than that in the control group.

% Analysis of problem-solving stages

1. Number of problems practiced. On average the students in the

experimental group completed 38.4 of the 80 problems compiled for this

experiment. We discovered that the highest number of problems

completed was 62, while the lowest was 8.

2. Average number of steps for each problem. In the “making a plan™

stage the system provides some built-in problem-solving steps for each

problem, from which the students can select the ones that may help in

solving the problem. Table 3 shows that the number of steps used by the

students for each problem (2.5) and the number of steps in the correct

answer (2.2) were very similar.

3. Highlighting. Table 3 shows that the proportion of students who

highlighted important information was quite low (16.7%). In 63% of

cases this was the entire information, and in 37% of cases this was

numbers or phrasal information. In other words, most cases involved

highlighting in its entirety, which is no better than not highlighting. The

highlighted content showed that some of the students used highlighting to

help them identify the relevant information in the problems

4. Use of calculators. Table 3 shows that only 8% of the students used

calculators during their problem solving

5. Referring to correct answers. Table 3 shows that 46% and 50% of the

students referred to the correct answers in the ““making a plan” and

“executing the plan” stages, respectively. Although the students solved

nearly half of the problems by referring to the system’s built-in answers,

the significant difference between the problem-solving abilities in the

experimental and control groups suggests that self-initiated learning took

place while students were engaged in the process of referring to the

answers.

6. Constructing the solution tree. Table 3 shows that only 42% of the

students constructed complete solution trees, whereas we had expected

that all of the students would review the problem- solving procedures for

each problem through the solution trees after they had completed the

“executing the plan” stage.

* The effectiveness in improving students problem-solving ability

— The empirical results showed that even though the experimental group

practiced with about half as many problems as the control group, the

intervention of a computer-assisted problem-solving system improved

students problem-solving ability.

% The effects of providing assistance at the various stages of the
problem-solving procedur.

— A computer-assisted problem-solving system designed in stages can

provide two advantages:

(1) Decreasing the cognitive load and frustration in learning through the

system’s guidance and feedback.

(2) Improving students problem-solving skills by using a step-by-step

approach.

P 52 Fe

1. Understanding the problem : the system provides a “drawing pen”’
function for the student to highlight important information in the
problem.
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2. Making a plan : The main function in this stage is providing the student
with some built-in possible steps for solving the problem, from which the
student selects the most appropriate one.

3. Executing the plan : the system provides three frames. Each of the
problem-solving steps in the plan generated from the ‘““making a plan”
stage is listed in the “‘planning frame” in the form of a “‘solution step”’
button. In the “planning frame”, there are two ‘““solution step” buttons.
Whenever a student clicks a button, the system displays an empty schema
in the execution frame, in which the student may enter related operands
and an operator into the appropriate nodes. To fill in the operand, the
cursor is moved over the position of the label attribute of the operand
node in the schema. Right-clicking the mouse reveals a list of labels,

one of which is selected and the student fills in a number for the value
attribute. The operator is determined by using the “operator buttons” to
input values into the operator node. After filling in the operands and
operator, the student has to fill in the label attribute of the result node,
and then the value of the result is calculated automatically by the system
and displayed in the result node.After finishing schemas corresponding to
all “solution step” buttons, the system combines the schemas in the
execution frame to form a solution tree

4. Reviewing the solution : In this stage the student fills in the expressions
and answers. After filling in the blanks in the expression in the
“evaluation frame”, the student presses the OK button which triggers the
system to evaluate the results, and messages appear that indicate whether
any mistake was made. Also, the student may press the “demo” button to
see the correct problem-solving steps.
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Chang,K. E., Wu, L. J., Weng, S. E. & Sung, Y. T. (2012). Embedding
game-based problem-solving phase into problem-posing system for
mathematics learning. Computers & Education 58(2), 775-786.

The purpose of the study is to understand the effect of the system on the
problem-posing and problem-solving abilities and flow experiences of
elementary students.

This study proposed a system with four problem-posing phases: posing
problem, planning, solving problem, and looking back, in which the
“ solving problem” phase is implemented by game-scenarios to support
students in the process of problem-posing, allowing them to fully engage
in the problem-posing activities. The study also investigated the effect of
the problem-posing system on students’ problem posing ability,
problem-solving ability, and flow experience by examining the processes
of problem-posing system.

This research we implemented a quasi-experimental design. The
independent variable was the group treatment (that is, the problem-posing
system vs. the traditional paper-based instruction), and the dependent
variables were the posttest scores for the four dimensions of
problem-posing and on overall problem-solving ability.

#2715 (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

The topic used for research was the addition and subtraction of fractions
with different denominators, presented in the form of word problems.

m= ) (RY s ¢
Four fifth grade classes from an elementary school in Taipei, with 92
participants.

A problem-posing system: Four phases including posing problem,
planning, solving problem, and looking back, in which the “solving
problem” phase is implemented by game-scenarios. The system supports
elementary students in the process of problem-posing, allowing them to
fully engage in mathematical activities.

B % %% (Learning
activity)

¥ s

% The experimental group : used the problem-posing system; The
control group followed the traditional paper-based approach.

* Instructions are provided at each interface to help students understand
the process of problem-posing. When they log into the system and enter
the interface of the problem-posing activity, they encounter four further
phases.

1. Posing problems. Students are asked to pose problems in a given range
and type them into the system. They type in the content of their problems
and the correct answers.

2. Planning. After students send out the posed problems, they proceed to
the interface in which the posed problems are verified. All the posed
problems are listed, and students can refine them as they wish. By
clicking on the trial button, students can try out the questions they have
created in the game-based setting. They obtain feedback from their
teacher and judge whether the solution is reasonable. They can use the
refine button to refine their posed problems.

3. Solving problem. In this phase, students solve the posed problems in
the game-based setting. The posed problems and their detailed response
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options are shown on the left of the interface. The game field is displayed
on the right of the interface, with response options embedded into it. The
system contains six interactive games: Coby the Cat, Millionaire,
StarWars, Rescuing the Mice, Uncle Tu Climbingthe Coconut Palm, and
Racers.

4. Looking back. After students complete the phase of solving problem,
they are taken to the feedback interface, which provides immediate
information about their performance, such as the time spent, the number
of correct answers, and the scores on the phase of solving problem. After
the entire phase of solving problem is completed, students get feedback
from their teacher. Finally, students return to the phase of posing problem
and start generating a new problem.

* The experimental classes: Were given an additional 40 min to try out
the system on their own. Next, the experimental classes posed problems
using the system for 20 min, and verified these self-posed problems for
another 20 min. Students got feedback from their teacher and were given
10 min to refine their self-posed problems. They were then asked to put
their revised posed problems into the system again. In the following 20
min, students were asked to solve posed problem in the game-based
setting. Finally, students obtained feedback from the teacher and were
given new ideas to create new problems for 10 min.

The control classes : were involved in the same problem-posing activity
by using the traditional paper-based method. Students in control group
first carried out the paper-based problem-posing activity for 20 min.
Then, they were asked to verify their self-posed problems for 20 min and
revise the questions for another 10 min. For the next 20 min they solved
the posed problems using paper and pencil. Finally, they received
feedback from the teacher, and over the next 10 min generated new
questions.

e B2
Py

Pre- and posttests for problem-posing ~ Pre- and posttests for
problem-solving ~ The Flow Experience Scale.

k!
o+
R
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The results revealed more flow experiences, and higher problem-solving
and problem-posing abilities in the experimental group.

1. Analysis of problem-solving scores:

The posttest performance of the experimental group was better than that
of the control group. The experimental group was found to be more
effective than the control group. In other words, students with lower
pretest scores benefited more from the problem-posing system.

2. Analysis of problem-posing scores:

The overall scores of problem-posing, accuracy, flexibility, elaboration,
and originality were significantly higher in the experimental group than
in the control group.

3. Analysis of the Flow Experience Scale:

Indicated that the flow experience score was significantly higher in the
experimental group than in the control groups.

* Three conclusions

1. The overall scores of problem-posing, accuracy, flexibility,
elaboration, and originality were significantly higher in the experimental
group than in the control group.

2. The results of the Flow Experience Scale indicate that the score of
flow experience was significantly higher in the experimental group than
in the control groups.

3. The problem-posing system was effective at promoting students with
lower problem-solving scores

P 52 Fe

1. The scenarios in the system might provide students with more
opportunities to reflect on their problem-posing techniques by examining
posed problems. The features of the system allowed students to improve
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their problem-posing skills. Students in the experimental group
repeatedly returned to the interface of solving problem to improve their
scores. Once they did so, they had more opportunity to view more posed
problems and solve them. Through system function, comments and
feedback given by the teacher, the student can refine his or her
problem-posing skill. Thus, students in experimental group performed
better in the problem-posing posttest.

2. The motivation of the experimental group might be enhanced by the
system so as to improve their problem-solving ability. Immediate
feedback and reward characteristics from games (for example, the
game scores and rankings) will encourage students to complete the
problem-solving tasks.
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Graham*, T., & Smith, P. (2004). An investigation into the use of
® 1;% * ik graphics calculators with pupils in Key Stage 2. International Journal of
Mathematical Education in Science and Technology, 35(2), 227-237.
The purpose of this study was to look at how pupils would react to the
=R h use of graphics calculators, particularly the use of a simple program, in
1 e e Key Stage 2 mathematics lessons within the framework of the National
Numeracy Strategy.
N
This paper outlines an experiment in which pupils in Key Stage 2 were
B encouraged to use graphics calculators, in particular two simple
1= programs, which helped them develop recall of their tables and allowed
them to practice multiplication.
Wl#c :F & (Number & Operations)
]+~ #ic(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
CIF#L & 47 27 4% % (Data Analysis & Probability)
KE I Multiplication.
A Year 5 class of pupils
R i g Graphics calculators

¥ &% (Learning
activity)

¥ g

The children were given some initial exposure to the calculators to
familiarize them with the layout of the calculator and to allow them to
practise the necessary keying skills. They picked this up very quickly; the
concept of menus didn’t pose any particular problems. They seemed to
follow instructions well, although on occasions some children rushed
ahead and ran into problems. They normally only did this once, the next
time choosing to follow instructions carefully and to follow the teacher,
who was working on the large screen. During these initial introductory
sessions the children worked mainly with the tables program. They also
used a game called ‘The Weakest Link’, in which the calculator was used
simply as a generator of tables questions—the children had to answer
quickly and accurately. They enjoyed this enormously. The calculator
allowed for differentiation and enabled able and less able children to
compete. This and similar activities meant that the calculators soon
became a familiar tool around the classroom. The children also had
individual access to the calculators, working sometimes alone or other
times in pairs. They even started playing their own games of ‘weakest
link’. Once the pupils were familiar with the calculators, the teacher
introduced regular calculator use. The calculators were used in the
classroom for three consecutive weeks. They were used during the
dedicated daily mathematics lesson, most commonly during the mental
oral part of the lesson. They were occasionally used during the main part
of the lesson and plenary. The children also had open access to the
calculators during registration times, where they could run programs
linked to the above key objective.

* The ways in which the graphics calculators were used are summarized
below :

1.Demonstration tool — in conjunction with a palette and OHP, probably
used with the whole class.

2. Mini computer — using programs that the pupils access on an

individual basis, while working individually.

3. Functional tool — for doing arithmetic, creating tables of values, etc. in

161




order to investigate some aspect of mathematics.

s
iR

Questionnaire ~ free answer question ~ Targets relating to performance on
the times tables.

it
o)
R
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% Questionnaire

These were all positive statements about the use of the calculator that
reflected the pupils’ enjoyment, interest and enthusiasm for using the
graphics calculators. They also expressed a strong feeling that the use of
the graphics calculator had helped to improve their understanding of
mathematics.

* Free answer question

The majority of the pupils in the class felt that the graphics calculator did
help them to learn mathematics. That reflect the same sort of enjoyment
and improved understanding that were expressed in the responses to the
statements.

a5z FE

The instant feedback given by the calculator may have had a positive
effect on the pupils learning.
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Lin, C., Shao, Y., Wong, L., Li, Y., & Niramitranon, J. (2011). The impact
B R of wusing synchronous collaborative virtual tangram in children's
(A geometric. Turkish Online Journal of Educational Technology, 10(2),
250-258.
This research was to investigate whether the students can develop
FF P mathematics concepts through playing the Tangram puzzle
collaboratively, and solving problems together through discussion
Ay R
Students were first divided into eight groups of high-, medium- and
low-ability according to the pre-test scores. There were 3 students in each
of those seven groups and 4 students in the last group. The eight consist
FLE 3 of two high-ability groups (Group 1 and Group 2), two medium-ability
groups (Group 3 and Group 4), two low ability groups (Group 5 and
Group 6), and two mixed groups with high-, medium- and low-ability
students (Group 7 and Group 8).
[ J#icg 1 & (Number & Operations)
[ ]+ #<(Algebra)
#EHE A % 7 (Geometry)
[ 1ir] £ (Measurement)
54 4 45 27 4% 7 (Data Analysis & Probability)
#E iy Puzzle- shape solving
25 Grade 6 (11-year-old) students in an elementary school
Group Scribbles (virtual Tangram puzzle)
1.Group Scribbles (GS2.0), a computer-supported collaborative learning
system developed by SRI International, was adopted to conduct small
group collaborative for their puzzle- shape solving.
rrF21E5 2. The interface of Group Scribbles contains three main parts: public

board, group board and private board. The teacher can add, move and
adjust the boards to his/her needs. The virtual Tangram puzzle was added
to the toolkits. Each piece of the Tangram puzzle had numbers on it and
can be rotated and moved freely.

B % %% (Learning

R URNEE ]

1. Group Scribbles warm-up practice (30 minutes): The teacher
introduced to the students the electronic notes, theshared space and the
concept mapping tool to familiarize them with the GS environment. The
students then practiced to make a square with the Tangram puzzle set by
rotating and moving each piece of the Tangram puzzlefreely.

2. Perform the task 1 (40 minutes):Sudents in each group were required
to make a funnel within 8 minutes. The results of each group were shared

activity) in the class and the teacher made some interpretation. During the classes,
the teacher monitored the activities of all the groups and provided
assistance where necessary.
3. Perform the task 2 (40 minutes):All groups practiced piecing up a
sailing boat. Again 8 groups had a competition to complete a ‘sailing
boat’ collaboratively within 8 minutes. Results were shared and peer
assessment took place.

- Pre-test ~ Post-test ~ questionnaire ~ Student interviews ~ videos -

FiER
The results suggest that children’s competency in rotation and space of
shapes had been improved and the scores gap between lower and higher

B achievers had been narrowed. Such a collaborative Chinese Tangram

activity may facilitate peer negotiation, enhance children’s belief toward
problem solving, and benefit each child to share resources, and a positive
interdependent learning context can naturally be developed.
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1. Patterns found in the process of collaborative tangram playing During
the process of this experiment, five patterns were found out from analysis
of field notes and video recordings.

(1) Communication in the group: It was identified that the students had
carried out a mixture of GS-based and face-to face communications. Two
people sitting next to each other often turned aside to watch one screen
together when they had discussion. The third participant sitting opposite
to those two, moved him/herself to the other side to view the same
screen.

—This indicates all group members were engaged in the discussion.
They carried out face-to-face discussion as well as online
communications.

(2) Ways of collaboration: When a member in the group had difficulties
in handling the Tangram puzzle on his/her computer, other members
would move themselves to give help and make demonstration. Such
behaviors helped to establish the sense of positive interdependence and
sharing of failure and success, thus improving the collaboration.
Gesticulating on the screen could be regarded as the replacement of
actual pieces grabbling in traditional tangram. Within a group this
physical behavior could be a great aid for verbal discussion.

(3) Sharing the achievement: One delegate of each group was asked to
interpret their patterns of puzzle shaping and present the achievements of
the group. each group’s work. Students may find out other patterns of
composition constructed by other groups on the public board of GS.

— By showing all groups’ results on the public board through projecting
all students can discuss the work within the whole class, improving their
individual knowledge through the collective knowledge.

(4) Discussion: The teacher explained the concept of poly forms, the
same size in different shapes. The reflection of their problem-solving
process would increase students’ understanding to the Tangram puzzle. In
addition, the teacher interpreted the area concept of square, parallelogram
and quadrilateral. the teacher could demonstrate the concept of area by
both manipulating the virtual Tangram puzzle as well as drawing shapes
on the board. The teacher found it easy to summarize and explain the
geometrical concept based on students’ own collective cognition and
knowledge.

(5) Peer group assessment: After Task 2, all students in the class did a
peer assessment to other groups with ‘sheet’ and ”stamp” in GS in the
scale of 1 to 5. The result of their peer assessment . Each group could
easily obtain peer feedback in this way. That may encourage students to
make rigorous observation which will lead to critical thinking.

2. Findings from the post-questionnaire.

(1) Usability: The mean of Question 1 and Question 2 are 2.84 and 3.48
respectively. Only 12% of the students were not familiar with the touch
pen and it took time for them to get used to. During the post-interviews
that followed, the students complained that their peers in other group
move their Tangram puzzle in the process. We should consider it as a
point to improve the system.

(2) Strategy in problem solving: All students had applied different
strategies such as problematical thinking, trial and error, and peer help
searching to achieve their goal except differed in ways of discussion.

(3) Engagement: Students were very engaged in puzzle piecing and could
help each other. More than 80% of the students held positive view to
collaborative puzzle shaping and struggled for the goal.

(4) Learning activities: Some groups lacked collaborative skills which
had resulted in conflicts. 20% of the students felt being isolated or not
being able to communicate with their group mates whenever a particular
group member started dominating the group. However, 76% of the
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participants believed that playing virtual Tangram would stimulate more
idea exchange and interaction with their group mates. In general, over
70% of students could complete the puzzle shapes and enhance their
understanding of geometric graphics. Over 90% of the students could
reach the goal through collaboration despite that 12% of them were less
actively engaged in the activities and held negative views.

(5) Motivation and interest: More than 70% of the participants stated that
they liked to work with their group mates to solve problems. Over 80%
of them anticipated alternative challenge of puzzle shaping and expected
more interesting collaborative activities like that. This indicates their
strong willingness of learning through playing the tangram and
consequently they were fully motivated to learn.

3. Findings from the interviews.

(1)Impact of collaboration in problem solving: The group strategy to ask
children to challenge jigsaw puzzle as a group demonstrated that in the
cooperative process of discussion and sharing students also created and
exchanged ideas, had their group work skills improved through
interaction, thereby had promoted the motivation and interest of learning
(2) Learning experience: Playing Tangram puzzle collaboratively allows
students to obtain empirical experiences. Students held positive views to
the cooperative Tangram puzzle. They claimed that they could play
puzzle with group members easily and which is more interesting than
individuals. But some of the students had difficulty to use the touch pen,
which get in the way to organize and compose the shape freely.

(3) Learning Gains: By rotating and moving each piece of the Tangram
puzzle, it helps students to understand the geometry and size
composition. Not only can review students’ previous mathematics
knowledge but also stimulate their imagination.

B2 Fek

1. The collaborative virtual learning tool enabled resource sharing and
formed the interdependent learning environment.

2. The collaborative puzzle shaping with the Tangram puzzle can enhance
the shapes rotation and spatial ability. Furthermore, the students’
competency in spatial reasoning and sensing had also been improved.
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Nguyen, D. M., & Hsieh, Y. C., Allen, G. D. (2006, 06). The Impact of
the Web-Based Assessment and Practice on Students’ Mathematics
Learning Attitudes. Journal of Computers in Mathematics and Science
Teaching 25 (3), 251-279.

This study investigates the effects of web-based assessment and practice
on improving middle school students’ mathematics learning attitudes.
The research mainly investigated:

1. The effect of web-based assessment and practice on middle graders
mathematics learning attitudes.

2. The mathematics learning attitudes among students in the web-based
group in terms of genders and different ethnicities.

Quasi-experimental design and combinations of quantitative and
qualitative data collection and analyses.

W7 :# & (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

Four online homework and practice sets were designed for this study.
These sets included practice tasks on fractions and decimals with
randomized items, automatic grading, and immediate adapted feedback.

KT

LR R %7
Participants were 74 seventh graders, 44 males and 30 females, from a
middle school in the Southern Texas.

S IEY

The web-based assessment and practice (WP)

B % %% (Learning
activity)

FOF g

Students in the web-based group (the WP group) worked with online
practice tasks in their school computer lab during the math class periods.
Students in the paper-and-pencil group (the TP group) worked with the
conventional paper-and-pencil practice tasks in the traditional classroom
with their mathematics teacher.

Students participated in this study 30 minutes each day and three times a
week. The study lasted for three weeks. Prior to the study, all students
were asked to complete the presurvey. During the study, both WP and TP
groups practiced four different sets of homework as described in the
homework and practice tasks section. The WP group practiced the
homework in the computer lab. They had an option to check if they got
the correct or incorrect answer for each question. They also received
immediate feedback for each incorrect answer and the total score when
they finished each homework set. Because of the random feature,
students were allowed to practice as many times as they wished. These
students were informed that the highest practice score would be recorded
and reported to the teacher. Every time students repeated each homework
set, the homework items were slightly changed by the random
parameters, such as numbers, words, or choices, but the mathematics
content and concept remained the same.

The TP group practiced the same homework sets as the WP group, but on
printed worksheets. There were two alternative versions of each printed
homework task available. Students in the TP group were encouraged (but
not required) to take these alternative ones for extra practice. If students
had questions, they could get help from their teacher. The students’
homework papers were collected, manually graded, and returned to
students by their teacher. At the end of the study, the WP and TP groups
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both took the mathematics postsurvey.

s
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Survey questionnaires (pre-and-post-surveys) ~ Interviews.
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The results of the study indicate that with the opportunities of drilling and
practicing on the computer and receiving instant scores and adapted
feedback, students had gained interests in doing mathematics, and formed
a perception that they became smarter in problem-solving.

* Students’ Attitude Toward Mathematics Learning and Web-Based
Assessment:

The descriptive analysis and the interview results indicated that the WP
students were generally enthusiastic about their web-based learning
experience. Many of WP students reported that they enjoyed working
with computer assessment, and preferred to have more computer math
practice.

% Comparisons Between the Web-Based and Paper-and-Pencil Drill and
Practice:

It was shown that a majority of participants either agreed or strongly
agreed that they enjoyed doing work on the computer and they preferred
to have more lessons on the computer. The interview notes indicated that
students perceived lessons and assignments on the computer to be clearer
to read, and that the mathematics problems on the computer appeared to
be easier than on printed papers. Students also enjoyed the computer
affordability; that is, easy to type and easy to erase. Students
enthusiastically expressed that they felt smarter while doing mathematics
on the computer, and gained more confidence once provided with
opportunities for multiple practices and receiving immediate feedback for
improvement. These effects reached beyond what paper-and-pencil could
do for all students.

P 52 Fe

1. The immediate feedback and instant scoring appeared to be the most
attractive features of the web-based learning. These features might also
affect the students’ success or failure in mathematics learning. This
finding reinforced the presumption that students highly desire
confirmation of their understanding and knowing their performance.
Students need to recognize their mistakes as early as possible, so that
they can have the chance to correct and adjust their understanding before
they start to forget how they made those mistakes. The immediate
feedback, even though for some particular questions, only telling students
whether their answer is correct or incorrect, is of importance to let
students recognize their misunderstandings and identify the learning
areas that needed to spend more time and effort for improvement. The
feature of web-based practice to mitigate anxiety, and the web-based
immediate scoring for helping their understanding and performance. That
led students to have more control over their work and their effort.
Additional information from the survey questionnaire and interview
results also demonstrated that web-based assessment with features of
immediate feedback, clear instruction, and instant scoring gave students
better guidance to direct their learning.

2. Web-based assessment and practice offered students multiple practice
opportunities that eventually encouraged students to spend more time on
tasks and attain higher levels of achievement. The feature of the
randomized item generation provided by the web-based assessment
system offered students multiple versions of each homework set.
Students could practice as many versions or as many times as possible
when it is necessary. Along with the immediate feedback and automated
scoring, the automatic item generation encouraged students (a) who
highly desire a perfect performance, having an opportunity to reach the
maximum scores, and (b) who are not confident with their understanding,
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| confirming and reconfirming the mathematical concepts and procedures. |
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< B dm Doerr, H. M., & Zangor, R. (2000). Creating meaning for and with the

f graphing calculator. Educational Studies in Mathematics, 41(2), 143-163.
In this study, we seek to describe how one teacher’s knowledge and
beliefs about the graphing calculator were reflected in her pedagogical
strategies. We then describe how these strategies led to the
co-construction, with the learners, of a particular set of ways in which the

=R h graphing calculator became a tool for mathematical learning. We closely

1 examine how the students opted to use the graphing calculator to support
their mathematical learning throughout their year-long pre-calculus
course Lastly, we discuss our findings on how the graphing calculator, as
with any tool or technology, enabled and constrained both pedagogical
practices and student learning.

N
In this paper, we report the results of a qualitative, classroom-based study
that examined
(1) The role, knowledge and beliefs of a pre-calculus teacher.
(2) How students used graphing calculators in support of their learning of
U mathematics.

L (3) The relationship and interactions between the teacher’s role,
knowledge and beliefs and the students’ use of the graphing calculator in
learning mathematics.

(4) some limitations and constraints of the graphing calculator
technology that emerged within the classroom practice.
[ J#c#2 18 5 (Number & Operations)
Il - #c(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)
Pre-calculus curriculum : The classes were observed over three units of
KE i study on linear functions, exponential functions and trigonometric
functions.
Cw\el OEY s e
L e e The classes were taught by the same teacher and each met for five
AR A sessions for a total of 270 minutes per week. One class had 17 students
and the other 14 students, all between 15 and 17 years of age.
k218 Graphing calculator: T1-82 or T1-83 graphing calculators.

¥ &% (Learning
activity)

¥ ins

All of the students had either TI-82 or TI-83 graphing calculators. These
devices are rich in graphing and statistical functionality, although lacking
in symbolic algebra capability. The classroom was equipped with a
computer, printer and a ‘graph link cable’ that could be used to transfer
pictures of the calculator graph to the computer for printing. The link
cable also could be used to transfer data and programs between the
computer and calculator, but this feature was rarely used. On the other
hand, students readily transferred data and programs between calculators
using the calculator-to calculator link cable. The classroom was equipped
with a view screen that allowed the calculator screen (but not the
keystrokes) to be projected using a standard overhead projection unit.

Classroom instructional activities regularly alternated between modeling
problems investigated by the students within a small group and whole
class discussion for sharing progress, discussing solution methods and
extending results. The instructional tasks were designed so that the
students would create quantitative systems which describe and explain
the patterns and structures in an experienced situation and which can be
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used to make predictions about the situation. The students were asked to
interpret data, to find meaningful representations of the data (typically
tables, graphs and equations), and to generalize relationships beyond the
particular situation at hand. The concept of the rate of change of a
function and the transformations of exponential and trigonometric
functions were addressed throughout the problem situations.

S 2
FLTHR

All class sessions were observed by two or more members of the research
team. Extensive field notes, transcriptions of audio-taped group work,
transcriptions of video-taped whole class discussion, and interviews and
planning sessions with the teacher constituted the data corpus for this
study.

i
‘«'F

The results of this study suggest that the role, knowledge and beliefs of
the teacher influenced the emergence of such rich usage of the graphing
calculator. The teacher’s role in encouraging interpretation and
explanation led to a valuing of meaningful mathematical constructions
for equations, to the transformation of rate from a computational task to
an interpretive task, to the valuing of algebraic arguments to support
graphically and numerically generated conjectures, and to a de-valuing of
regression equations or appeals to the calculator as an authority in a
mathematical argument. We found that the calculator as a private device
inhibited mathematical communication in a small group setting, while the
shared screen of the graphing calculator appeared to be a powerful tool
for supporting the comparison and unification of mathematical ideas.

* Five categories of patterns and modes of calculator use by the students.
The focus of our analysis is on how and why these features were used in
the problem contexts and instructional situations. The graphing calculator
can in certain situations take on more than one role simultaneously.

1. The calculator as a computational tool: Evaluating numerical
expressions, estimating and rounding.

2. The calculator as a transformational tool: Changing the nature of the
task.

3. The calculator as a data collection and analysis tool: Gathering data,
controlling phenomena, finding patterns.

4. The calculator as a visualizing tool: Finding symbolic functions,
displaying data, interpreting data, solving equations

5. The calculator as a checking tool: Confirming conjectures,
understanding multiple symbolic forms

PR

2_$rEk

1. The graphing calculator and the attached pressure belt became a tool
that supported the students in controlling the data collection through
cycles of interpretation of the graphical results and purposeful changes to
the physical phenomena of breathing.

2. The graphing calculator provided a visual representation

of the continuous function that described the rate of change in the vertical
motion of the Ferris Wheel. This became the link between the discrete
data table, which was missing a critical data point (the maximum value),
and the physical phenomena, which, from their experience with the
wheel, the students conjectured must reach some unique maximum value.
—The graphing calculator’s use as a visualizing tool was also reflected in
how the students solved equations or inequalities. This visual approach
seemed to support their description of the amount of money in the bank
reaching a given value.

3. Students were free to use their calculators as they wanted and were
actively encouraged to use them to calculate, explore, confirm, or check
mathematical ideas.
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Marrades, R., & Gutiérrez, A. (2000). Proofs produced by secondary
school students learning geometry in a dynamic computer environment.
Educational studies in mathematics, 44(1-2), 87-125.

FF P

The main objective of the study was to investigate how DGS
environments can help students improve their conception of proof in
mathematics and their methods of justification.

3R AL

A hypothesis of this study is that the Cabri environment we have
designed is more helpful than an environment based on non-computer
didactical tools or on the traditional blackboard and-textbook, because
the Cabri environment favours classroom organization to promote active
methodologies. Another hypothesis of our study is that the Cabri
environment we have designed does not impede the improvement of
students’ justification skills.

We employ this framework to investigate ways in which dynamic
geometry software can be used to improve students’ understanding of the
nature of mathematical proof and to improve their proof skills. We
present the results of two case studies where secondary school students
worked with Cabri-Géometre to solve geometry problems structured in a
teaching unit. The teaching unit had the aims of: i) Teaching geometric
concepts and properties, and ii) helping students to improve their
conception of the nature of mathematical proof and to improve their
proof skills. By applying the framework defined here, we analyze
students’ answers to proof problems, observe the types of justifications
produced, and verify the usefulness of learning in dynamic geometry
computer environments to improve students’ proof skills.

KEE~

[ J#c#2 18 5 (Number & Operations)

[~ #ic(Algebra)

W i (Geometry)

[ ]:p] £ (Measurement)

38 4 45 22 #% 7% (Data Analysis & Probability)

Geometry problems. The teaching unit had as main objectives:

1. To facilitate the teaching of concepts, properties and methods usually
found in the school plane geometry curriculum: Straight lines and angles
among them. Properties and elements of triangles (perpendicular
bisectors, angle bisectors, etc.). Congruence and similarity of triangles.
Relationships among angles and/or other elements of a triangle.
Quadrilaterals, their properties and elements. Classifications of triangles
and quadrilaterals. Circles, angles and tangents.

2. To facilitate a better understanding by students of the need for and
function of justifications in mathematics.

3. To facilitate and induce the progress of students toward types of
justification closer to formal mathematical proofs. In terms of van Hiele
levels, with respect to justifications, the objective was to help students to
do, by the end of the experiment, justifications in, at least, the third level.

K7 IEE

(w-] m=e 1% ¢
A group of 16 students in their 4th grade of Secondary School (aged 15—
16 years)

R FF 25

Dynamic geometry software: Cabri-Géométre

# 3 &% (Learning
activity)

FF W

The teaching unit had 30 activities. Each activity was structured in
several phases, beginning with a phase where students had to create a
figure in Cabri and explore it (in a few activities the figure was provided
by the teacher in a file to be opened by the students). In the second phase
students had to generate conjectures (in some activities, the students were
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asked only to check a given conjecture). In the last phase students had to
justify conjectures they had stated (some activities did not include this
phase). Two 55-minute mathematics classes per week were devoted to the
teaching experiment. Students worked on each activity during two
consecutive classes, so the experiment lasted about 30 weeks. During the
first class of an activity, the pairs of students worked autonomously in
solving the activity. The teacher observed their work and answered their
questions. By the end of this class, each pair had to give the teacher their
results written on the worksheets, and also had to save their constructions
in computer files. Each pair had to write one answer, agreed by both
students. At the beginning of the second class, the teacher gave students a
list with their different answers to the problem, and several students
(selected by the teacher) presented their solutions to the group. Then, the
class, guided by the teacher, discussed the solutions presented, the
correctness of the conjectures and the validity of their justifications.
Finally, the teacher made a summary of the activity and stated the new
results students had to learn.

STl 2
FLTH

The answers to the test activities written by the two pairs of students on
their worksheets, plus the files with constructions made in Cabri ~ To
record interactions with Cabri of the two pairs of students ~ Three
semi-structured clinical interviews to the two pairs of students selected.

I
&
o
e
+

Students’ movements from one phase of the solution of a problem to
another describe the process of solution, since such movements are
related to their success in finding a correct answer. T and P’s solutions of
the three problems are a clear example: In the first test activity, T and P
were not able to leave the ascending phase, since their work was based
only on identification of specific examples, and they did not find a valid
conjecture. In the second test activity, they jumped several times between
ascending and descending phases, since they first justified an auxiliary
property and later they justified their conjecture. In the third test activity,
T and P only jumped to the descending phase once, when they completed
their experiments with specific examples and began to construct the
correct figure. In second and third activities, T and P constructed several
figures during the solution, but the difference was that in the second test
activity intermediate drawings helped them discover valid properties or
conjectures, that were justified in the descending phase, while in the third
test activity they found counterexamples for their conjectures,
eliminating the need for justifications in the descending phase.

P 52 Fe

1. ADGS like Cabri may well help secondary school students understand
the need for abstract justifications and formal proofs in mathematics.
Secondary school students cannot make a fast transition from empirical
to abstract ways of conjecture and justification. Such transition is very
slow, and has to be rooted on empirical methods used by students so far.
In this context, DGS lets students make empirical explorations before
trying to produce a deductive justification, by making meaningful
representations of problems, experimenting, and getting immediate
feedback.

2. Dragging is a unique feature of DGS (of Cabri in particular) that
makes DGS environments much more powerful than traditional
paper-and-pencil learning. Dragging lets students see as many examples
as necessary in a few seconds, and provides them with immediate
feedback that cannot be obtained from paper-and-pencil teaching. In our
teaching experiment, dragging helped students to look for properties,
special cases, counter-examples, etc. that could be linked to form a
conjecture or a justification. In particular, the dragging test was used
most of the times as the criterion to accept a figure as correct.
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Jones, K. (2000). Providing a foundation for deductive reasoning:
Students' interpretations when using dynamic geometry software and
their evolving mathematical explanations. Educational Studies in
Mathematics, 44(1-3), 55-85.

This paper reports on data from a longitudinal study of 12-year-old
students’ interpretations of geometrical objects and relationships when
using dynamic geometry software. The focus of the paper is the
progressive mathematisation of the student’s sense of the software,
examining their interpretations and using the explanations that students
give of the geometrical properties of various quadrilaterals that they
construct as one indicator of this. The aim of the study reported in this
paper is to contribute to what is known about enabling more students to
successfully make this transition.

R AT

This paper concentrates on how the students reason about geometrical
objects and relations as they experience them through the dynamic
geometry environment and how the mathematical explanations they offer
evolve as they become more experienced both with geometry and with
the software.

The empirical work for this study was designed to be carried out in the
UK and, following Hoyles (1997), the design was informed by the
structure of the mathematics curriculum experienced by students in the
UK.

KEE~

[ J#c#2 18 5 (Number & Operations)

[~ #ic(Algebra)

W 7 (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

t LR}

Geometrical properties of various quadrilaterals: Some geometry topics
involving area and volume, but not directly about the geometric
properties of quadrilaterals.

KT

Cw\el OEY s e
Lower secondary (junior high) school students (aged 12 years old).

frRF2 1%

Dynamic geometry software : Cabri-géométre version 1.7.

B % %% (Learning
activity)

%8 ¥ % : Small groups (of 3 to 6 students) on a range of problem-based
tasks, some ‘real’ (and similar to those in the RME tradition) and some of
a more ‘pure’ mathematical nature.

A teaching unit was developed in collaboration with the teacher of the
class that would address the properties of quadrilaterals and could be
accommodated in the regular routine of the class. As pairs of students
took turns in using the computers, there might be gaps of up to a week
between sessions that any particular pair of students had using the
software. The teaching unit was prepared to form three phases. During
each of the phases, the students worked in pairs (usually the pairs they
worked in for all their mathematics work).

* Phase 1: The students gained preliminary experience with
Cabrigéomeétre while working through a short series of tasks involving
lines and circles. The aim of the phase was for students to acquire
familiarity with the software interface and be introduced to the constraint
of robustness of a figure under drag. For each task (in phase 1 and in the
subsequent phases) the challenge for the students was to reproduce, using
the software, a figure identical to one provided on paper but which could
not be ‘messed up’. The tasks used in each of the three phases of the
study were so designed that to successfully meet the challenge of
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constructing the figures so that they are invariant under drag, the students
have to analyse the spatial arrangements (taken as a form of
mathematisation) and, as they are novices with the software, work out
how to realise their constructions in the software environment in such a
way that not only does it appear to be correct visually in a static form but
that if any objects (such as points, lines or circles) used in the
construction are dragged, the patterns remain consistent. For most
students, phase 1 took up to three hours of using the software.
% Phase 2 of the teaching unit involved the students working through a
series of three tasks that required constructing the following
quadrilaterals: A rhombus, a square, and a kite. Each task contained a
visual prompt and the challenge to construct the figure so that it was
invariant under drag and explain why the figure constructed is a
particular quadrilateral. In consonance with the idea of progressive
mathematisation, the tasks in phase 2 were designed with the intention
that the students would become more adept at analysing the geometrical
structure provided in the visual prompt and, by having done this.
% Phase 3 of the teaching unit involved the students working through a
series of six tasks that involved relationships between various
quadrilaterals: Tthe rhombus and the square, the rectangle and the square,
the kite and the rhombus, the parallelogram and the trapezium, the
rhombus, rectangle and the parallelogram. Most of the students took up
to three hours on this phase of the teaching unit. For each task, the
students were provided with a visual prompt. The sixth and final task of
phase 3 asked the students to complete a hierarchical (inclusive)
classification of the ‘family’ of quadrilaterals and explaining the
relationships within this ‘family’. In this final task the phrasing used was
that a particular quadrilateral (say a square) was “a special case” of
another quadrilateral. This phrasing was chosen as another way of
expressing inclusive mathematical classification. Through the use of
these different phrasings (that all squares are rectangles, and that a square
is a special case of a rectangle) an attempt was made to take account of
what Hershkowitz (1990, p. 81) calls “the opposing direction inclusion
relationship” between sets and subsets of examples of, say, quadrilaterals,
on the one hand, and the sets and subsets of their attributes on the other.
The impact of this opposing direction inclusion relationship is that, for
example, young children may not entertain a square as a quadrilateral
because a square has four equal sides while other quadrilaterals do not.

ST 2
G

Video and additional audio tape to capture the onscreen work and
student-student\and student-teacher interactions, student written work
(unaided), student software files, the ‘history’ of the student constructions
using the software (a feature available with the particular software), and
researcher field-notes.

k|
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The research study reported in this paper also reveals the mediational
impact of using dynamic geometry software. As documented by this
study (and by other research referred to in this paper), this mediational
impact was in terms of the following:

1. The students’ understanding that the order in which objects were
created leads to a hierarchy of functional dependency within a figure.
2. The constraint of robustness of a figure under drag becoming linked
with using points of intersection to try to hold the figure together.
3. The ‘dynamic’ nature of the software influencing the form of
explanation given by the students.

Thus, when using dynamic geometry software, students need to come to
terms with the notion of a hierarchy of functional dependency within a
figure. The students need to gain an appreciation of the notion of the
constraint of robustness of a figure under drag as a mathematical feature,
rather than, say, as ‘mechanical glue’. The ‘dynamic’ nature of the
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software influences the form of explanation given by the students.

Using dynamic geometry software does provide students with access to
P g the world of geometrical the(_)rems but it is access that is: mediated by

T features of the software environment, certainly in the vital early and
intermediate stages of using the software.
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Sinclair, M.P.(2003). Some implications of the results of a case study for
the design of pre-constructed, dynamic geometry sketches and
accompanying materials. Educational Studies in  Mathematics,
52(3),289-317.

B f R

The study that informs this article was undertaken to investigate the
benefits and limitations of using pre-constructed, web-based, dynamic
geometry sketches in activities related to deductive proof at the
secondary school level. Two distinct themes emerged from analysis of the
results — first, the relationship between the activities and the development
of geometric thinking skills, and second, the relationship between the
design and use of the materials, and the exploration process. This article
focuses on the latter. The activities for the study were designed to help
students notice geometric details, explore relationships, and develop
reasoning skills related to geometric proof.

The research used a case study approach and multiple sources of
information— observation field notes, videotape, audiotape, a student
questionnaire, and interviews with teachers. Collected data were
transcribed, then analysed by coding, developing categories, describing
relationships, and applying simple statistical tests where appropriate.

KEE~

[ J#c#2 18 5 (Number & Operations)

[~ #ic(Algebra)

W @ (Geometry)

[ ]:p] & (Measurement)

CIF L & 47 27 4% % (Data Analysis & Probability)

The study focused on the topic of congruence and parallelism, which was
part of the geometry section.

KT
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Sixty-nine students, aged seventeen to eighteen, in three classes — class A
from school S1, and classes B and C from school S2 — participated in this
study.

N S

Dynamic software : Pre-constructed, web-based dynamic geometry
sketches share some features with sketches pre-constructed with Cabri
Géometre, or The Geometer’s Sketchpad.

B % %% (Learning
activity)

RS

Students worked in pairs. In each class, several pairs were studied in
more depth by audiotaping or videotaping their activities. The students in
the taped pairs were chosen by the teacher to represent the range of
achievement levels within the class, but students in any particular pair
were not necessarily at the same achievement level. Students were asked
to prove triangles congruent, to prove altitudes equal, and to investigate
the question, When do the diagonals of a parallelogram bisect one
another. Each labsheet included: directions for opening and manipulating
the sketch, a statement of the problem, and questions related to the task.
Overview of session tasks:

Three 75 minutes sessions or four 45 minutes sessions were held with
each class. During this time, student pairs worked on four tasks. An
additional task was done as a whole class activity. A very brief overview
of the four main tasks and one of the extra tasks is included here to help
the reader follow the discussion.

* Day 1, task 1

This sketch was developed to introduce students to JavaSketchpad, and
specifically, to address student difficulties with overlapping figures and
selection of triangles. In the sketch, ABC and FCB are reflections of
one another in the perpendicular bisector of BC, which can be toggled on
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or off using the ‘Show perpendicular through H’ and ‘Hide’ buttons.
When the sketch is first opened, point A is red, indicating that it can be
manipulated. As point A is dragged, point F undergoes opposite motion
as a reflection should. The two triangles ABC and FCB can be separated
using an action button with label, ‘Separate ABC and FCB’. The button,
‘Show reflection and mirror,” reflects triangle ABC in a red mirror line.
The button, ‘Match FCB and A’B’C’ causes triangle FCB to move on top
of the reflection of triangle ABC, demonstrating congruency. A reset
button is provided to move triangle FCB to its original position. The
‘Show Given Information’ button controls the display of the markings
that indicate the equality of AB and FC, and ABC and FCB, as well as
the measures of these lengths and angles. As a vertex of the figure is
dragged, the measurements update. The labsheet for Day 1, task 2 (see
Appendix A) asked students to prove ABC congruent to FCB. The proof
could be carried out by a straightforward application of the SSS (side,
side, side) congruency theorem; the task aimed to help students select the
correct sides by providing the tools to separate and reorient the triangles,
and by asking specific questions about observations and results.

% Day 1, task 2

The second task for day 1 was designed to address student difficulties
with overlapping triangles, selection of triangles, and two-step proofs. All
triangle pairs that could be selected were reflections, and congruency
could be established or not established by considering what would
happen if one member of the pair was flipped over. For example, triangle
BEF and BDF can be shown to be congruent using SSS. This implies that
BF is a line of reflection. If BD and EF are produced to intersect at A,
then by the properties of reflection we know that BC is equal to BA and
FC to FA. Since the curriculum focuses on Euclidean proof, study
students were not able to compose a transformation argument such as
this; however, their awareness of symmetry as shown later in this article
suggests that they were ready to consider such an option. This task
inadvertently introduced an element of uncertainty, by including one pair
of triangles (BAF, BCF) that could not be proven congruent with the
given information (i.e., in two steps, although the congruency could be
established through carrying out an additional congruency proof). This is
not usually done in textbook problems. It was expected that students
would prove the pairs congruent in the following ways: BDF, BEF —
SSS; ADE, CED — ASA; BDC, BEA — ASA. The labsheet encouraged
students to examine each pair by using the separate, join, and hide/show
commands.

% Day 2, task 1

This task gave students the opportunity to apply properties of parallel
lines and to investigate a problem using a rotation. The triangles to be
proven congruent were coloured to attract student attention. When a
vertex of quadrilateral ABCD was dragged, AD and BC appeared to
remain equal and parallel, as did AB and DC. When the ‘Show Given
Information’ button was used, students could deduce that ABCD was
indeed a parallelogram since opposite sides were marked equal. It was
expected that students would use ASA (angle, side, angle congruency
theorem) to prove that _AMD and _BNC were congruent: AD = BC
(given), _ DAM= _ BCN (parallel line law), and _ MDA = _ NBC;
however, students could also investigate the relationship between the two
by superimposing an additional given triangle over _ABC and then
rotating it to fit over _CDA. This movable triangle was a tool for testing
whether _AMD and _BNC were congruent; however, it could also be
used to demonstrate the fact that congruent triangles have congruent
altitudes (i.e., _ABC and _ADC are congruent, which implies that AM
must equal BN). Questions on the labsheet such as: “What do you notice
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about the new triangle?” and “How can the information provided by
these images be used to explain why DM = BN?”, were aimed at helping
students notice and address the information provided in the sketch.

% Day 2, task 2

This task was designed to help students investigate the question: “When
do the diagonals of a parallelogram right bisect one another?”” The sketch
included parallelogram ABCD, with diagonals AC and BD. The opposite
sides were marked with arrows, the traditional markings for parallel lines.
Measurements of the sides, diagonals, and semi-diagonals could be
toggled on or off using Show/Hide buttons. Since it can be frustrating to
drag an angle until the measurement is precisely 90e, the button ‘Show
Perpendicular’ produced a line perpendicular to AC. Students could drag
the diagram until BD was aligned with the perpendicular — a slightly
easier task. Day 2, task 2 was undertaken after a short class session on
conjecturing. Since the task involved knowing the term ‘right bisector’,
the first section of the labsheet asked questions about the meaning of
‘bisect’, ‘right bisect’, and ‘right bisect one another’. The labsheet then
asked students to drag the diagram and to conjecture a response, to
develop a proof of the conjecture and then to outline an alternate proof.

% Day 1, task 3

One of the extra tasks provided for students who finished early, Day 1,
task 3, invited students to examine a sketch that looked like two nested
isosceles triangles JCL and ECG. It asked the students to prove that
triangle CJL was isosceles. When the sketch was opened J, E, G, and L
were collinear; however, students were able, using the Show More
button, to examine a second situation in which these points were not
collinear, and thus to consider why it is important to clarify initial
assumptions. If the points are collinear, then the two triangles are
isosceles. If the points are not, then the outer figure is not even a triangle.

Observation field notes, videotape, audiotape, a student questionnaire,
and interviews with teachers.

it
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An analysis of the data showed that task question and sketch provision
must work together to create an environment for exploration. It also
indicated that explicit attention to visual interpretation and exploration
using change is required in order for students to benefit fully from their
experiences with pre-constructed dynamic geometry sketches. The
following analysis looks at the data regarding the study materials from
two perspectives:

1. How students responded to particular question ‘types’ and sketch
provisions.

2. How particular results highlighted elements that were missing (and
needed) or poorly designed.

* Noticing

Colour drew attention — students noticed items that were coloured and
sometimes missed those that weren’t. The ability to toggle colours off
and on helped students to select and describe particular figures. Colour
was also used as a simple and effective means of referencing objects in
discussion.

The ability to display an accurate image is commonly assumed to be a
benefit of dynamic geometry software — it seems reasonable to conclude
that the task of noticing and interpreting relationships between objects is
easier if figures are drawn to scale. However, the study results showed
that students do not automatically understand that the onscreen image is
accurate

—the tendency of study s.tudents to gloss over measurements is in stark
contrast to their awareness of colour and motion. It is of concern because
the ability to explore using change requires focused attention to details
that update under the operation of dragging.
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% Taking action
Once students have focused their attention on a particular object they
need to do something meaningful. All students responded to this type of
question/instruction by examining the sketch and discussing their
answers. The pre-constructed web-based sketches supported their
investigations by providing dragging capabilities, onscreen data, and
familiar labels and marks.

—the study results show that students usually stopped dragging after a

short time and concentrated on interpreting the static figure. | believe this

indicates several things:

(1) that the provision of the dragging capability is not enough to help
students interpret pre-constructed dynamic figures and that in order to
make effective use of dynamic diagrams students must be able to
direct their use of dragging, i.e., they must learn to use change to
explore; and

(2) that task designers must focus on developing questions specifically
about the motion.

* Surprise
One question which was only intended to prompt students to gather
evidence for congruency generated a great deal of discussion and
investigation. In fact, there were not always three pieces of information —
a situation that created uncertainty and surprise. It was this ‘rug-pulling’
question that first made me aware of the strong relationship between
students and materials.While surprise can be a powerful way to engage
students, if this surprise is initiated by a dynamic image — especially one
that the student did not construct—in a non-teacher directed activity,
materials should incorporate some question or statement that hints at the
possibility of a surprising result to avoid causing undue frustration for
students.
* Inviting
Inviting questions such as the following, were more open-ended than the
prompting questions mentioned earlier. These questions asked students to
use their observation and interpretation skills, and to look at the problem
from a different perspective. To answer, students needed to explore
alternative paths. The need for alternatives highlights an important design
consideration. In order for students to explore uncharted territory, a
pre-constructed web-based sketch must provide options. Nevertheless,
providing options is only part of the issue. All of the study sketches could
be dragged into configurations that went well beyond the needs of the
particular assignment. Measurements of various sides and angles were
provided, even when they were not strictly required. And although
students usually carried out traditional congruency proofs, all sketches
could be explored via transformation relationships. However, many
students did not know how to make use of these provisions. I contend
that this problem had nothing to do with their computer skills and
everything to do with their inability to pose their own questions. Help
students move through an investigation the task creator can include

(1) General exploration directives and suggestions, especially those
related to using motion.

(2) Statements that encourage students to pose their own questions about

visual information.

* Transformations and visual ideas

Many students showed that they appreciated the significance of

reflections in this sketch; nevertheless they were unable to construct a

satisfactory transformation-based explanation in answering the question.

These impoverished conversations about transformations highlight

students’ unfamiliarity with describing visual information in precise

terms. The study students had worked on symmetry and transformations
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in earlier grades, but most of the emphasis had been on recognising and
reproducing transformed shapes; the development of deductive proof had
avoided transformations completely. The experience of the study students
is not atypical. In the study sketches, transformation capabilities, while
interesting to students, were not as effective as | had hoped in helping
students develop their geometric skills because labsheet questions — and
the students’ curriculum — emphasised Euclidean-based methods. If we
want to encourage transformation-based approaches to working with
dynamic sketches methods must be developed to help students:
(1) Learn to use transformation concepts to monitor how isual elements
are changing in relation to one another,
(2) Develop facility in writing transformation-based proofs.
* Explaining
Every labsheet included questions that asked students to explain their
reasoning, but responses were usually sparse.
% Avoiding trivial responses
Some questions on labsheets were more effective than others. The study
students did offer trivial responses, but | contend that instead of a
simplification of the mathematics, they needed explicit work on visual
reasoning skills to help them focus on details, follow chosen elements
across the screen, and use transformation concepts and other
mathematical principles to organise information.
* Sketch-Labsheet links
Study results show that the materials used in a geometry investigation
involving pre-constructed sketches strongly impact the student. If we
examine each statement or question in a task in terms of its function we
find that some closely parallel the interventions used by a teacher.
—provisions that will help students learn how to use change to explore,
and how to extend their visual interpretation skills. An analysis of the
data showed that task question and sketch provision must work together
to create an environment for exploration. In addition, student responses
clearly indicate that explicit attention to visual interpretation and
exploration using change is required in order for students to benefit fully
from their experiences with pre-constructed dynamic geometry sketches.

P 52 Fe

1.A sketch allowed students to use rotation to explain why two segments
were equal, instead of deducing the result via a triangle congruency proof
2. A pre-constructed web-based sketch must provide options. All of the
study sketches could be dragged into configurations that went well
beyond the needs of the particular assignment. Measurements of various
sides and angles were provided, even when they were not strictly
required.

3.Using transformation relationships to organise dynamic visual
information. Since transformations can help us make sense of what we
are viewing, they should be emphasised in any dynamic task.
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Kordaki, M. (2003). The effect of tools of a computer microworld on
students' strategies regarding the concept of conservation of area.
Educational Studies in Mathematics, 52(2), 177-2009.

In this paper, the effect of the tools of this microworld on students’
constructions is investigated. More specifically, | explore the following:
1.Students’ strategies regarding the concept of conservation of area and
their development while interacting in the context of the computer
microworld;

2.Students’ thinking on the concept of conservation of area in classes of
equivalent triangles and parallelograms with common bases and equal
heights;

3. The role of the tools that are offered by the computer microworld
regarding students’ strategies.

This study focuses on students’ approaches (in the sense of students’
conceptions) to the concept of conservation of area used in their
strategies in solving the problems of transformation and of comparison
within the context of the C.AR.ME. microworld. This work is part of an
extensive formative evaluation of the above microworld designed to
investigate students’ strategies related to the concepts of conservation of
area and its measurement.

In terms of methodology it is a qualitative study as well as adopting a
phenomeno graphic approach to evaluation. In interpreting this approach
I focus on the variety of relations/interactions realized by the students
with the tools of C.AR.ME. as well as on the different ways that these
students approach the concept of conservation of area using these tools.
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Secondary school of Patras, Greece. A complete class consisting of thirty
2nd grade students (14-year-old) participated in a problem-solving
activity.

S P

The ‘Conservation of Area and its Measurement’ (C.AR.ME.)
microworld : has been designed as an interactive, open, problem solving
and exploratory environment to support students in constructing actively
their own approaches to the concepts of conservation of area and its
measurement. In this context a variety of tasks can be posed by the
teacher and a number of different epresentations of the above concepts
can be constructed or explored by the students. The microworld intends
to encourage students to be responsible for their learning process, by not
providing the ‘right’ answers but by offering intrinsic visual feedback to
their actions.

# 3 &% (Learning
activity)

FKE RG2S EY

* This activity involved the conservation of area and its measurement
concepts and was not part of students’ normal classroom experience. In
this experiment students were asked to face two tasks in the context of
C.AR.ME. The duration of each task was commensurate with the
students’ needs. Each student spent on average about two hours per task.
A familiarization phase using the tools of C.AR.ME, took place before
the students commenced the main study. The aim was to familiarize the
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students with the tools of the microworld and not to get them involved in
the solving of specific task processes. The need for this phase emerged
from the pilot study and was realized by asking the students to try
consecutively all the operations provided by this microworld. For
example, ‘draw a polygon’, ‘draw a segment’, ‘save your work’, ‘rotate a
shape’, ‘select the rectangular grid’, ‘copy a shape’, ‘paste a shape’ were
some typical examples of the tasks posed. Students worked in a computer
laboratory, consisting of three computers where they worked in rotation.
They worked individually except during the familiarization phase where
they worked in pairs. The researcher participated in the study as an
observer with minimum intervention. All interventions realized by the
researcher are reported with reference to the specific cases in the results
section of this paper. The whole learning context consisted of the
computer environment, the researcher, the students and the tasks they
performed during the experiment.

* The tasks

Two tasks were assigned to the students during this evaluation study. The
first was the task of transformation of a non-convex polygon to another
polygon with equal area and the second was the comparison of a
non-convex polygon to a square, not easily comparable by ‘eye’. All the
shapes to be studied were drawn on the computer screen by the
researcher, and the instructions were presented verbally to the students.
In the first task students were asked to: “transform this polygon into
another polygon with equal area in any possible way”. Those students
who automatically transformed the non-convex polygon into other
equivalent geometrical shapes or classes of shapes of the same form were
asked: a) “what do you think about the areas of these shapes?”, “are they
equal or not?”, “justify your answer”. These questions were asked to give
students the opportunity to express their thinking about the concept of
conservation of area in classes of equivalent parallelograms and of
triangles with common bases and equal heights. For those students who
did not use these automatic transformations, the researcher intervened by
performing them. Then these students were also asked the questions
mentioned above. By allowing and asking for a variety of solutions to the
given tasks students were encouraged to construct their own individual
approaches to the concepts of conservation of area and its measurement
and to express different areas of knowledge they possess regarding these
concepts. The above tasks have been considered by other researchers as
essential for the students to construct in a qualitative way the concepts of
conservation of area and its measurement. The nature of these tasks
allows the students to construct their own individual approaches to the
relative concepts, to express their intuitive knowledge as well as to
develop multiple and different solution strategies.

AT 2.
BT

The data resources are the log files containing the history of students’
interactions with the tools of C.AR.ME., the electronic snapshots of
students drawings, the audio recordings of all verbal interactions and the
field notes of the researcher
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% Categories of students’ strategies

G1: Transforming and comparing areas by using the tools for automatic
transformations. Students transformed the non-convex polygon by
performing the following strategies.

G2: Transforming and comparing areas by using the tools that simulated
the students’ sensory-motor actions. Most students (27 students)
transformed the non-convex polygon by performing strategies
included in this category.

G3. Transforming and comparing areas by using the tools that simulate
the students’ sensory-motor actions in combination with the tools for
automatic transformations.
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G4. Transforming areas by using the tools that support the operation of
area measurement using spatial units in combination with the tools
for automatic transformations.

G5. Transforming areas by enclosing the non-convex polygon in its
minimum convex super set using the drawing tools in combination
with tools that simulate the students’ sensory-motor actions.

G6. Transforming areas by enclosing the non-convex polygon in its
minimum convex super set using the drawing tools in combination
with the simulations of students sensory-motor actions and the tools
for automatic transformations.

G7. Comparing areas by enclosing the non-convex polygon in a
minimum rectangular/square super set in combination with the
operation of area measurement using spatial units.

G8. Transforming and comparing areas by enclosing the non-convex
polygon in a minimum convex super set using the drawing tools in
combination with the operation of area measurement using spatial
units and area formulae.

G9. Transforming areas by using the automatic area measurement
operation in combination with the area formulae and automatic
transformations.

% Students’ strategies across categories

These strategies were developed mainly later on during the process of

students’ involvement in both tasks and show students’ mathematical

progression regarding the concept of conservation of area to a more
advanced level. In my view, this fact shows, that the nature of these tasks
in which students are asked to solve them ‘in any possible way’ and the
availability of a variety of tools that support the construction of different
solution strategies of the same problem, can inspire the students to move
to more advanced mathematical constructions regarding the above
concept.The analysis of students’ work illuminated the possibilities of the
tools of the microworld providing students with the opportunity of
exploring this concept in specific classes of equivalent shapes, of
expressing their own knowledge to this concept, of expressing different
pieces of knowledge they possess constructing a variety of approaches, of
building interrelationships between the various aspects of area and
overcoming certain difficulties. It also shows the important role of the
tasks that the teacher can plan to support students’ involvement in this
environment.

52 Fe

1. Tools that simulate the students’ sensory-motor actions.

These tools can be used for conserving areas by manipulating them
without the use of numbers. A variety of different representations of
equivalent areas can be created in two ways: first, by changing only the
position of a figure while conserving its shape and second, by splitting a
figure into its non overlapping parts and recomposing the parts to form a
new equivalent shape.

2. Tools for automatic transformations.

A number of different tools (presented under the ‘Automatic
Transformations’ column) are provided for the students to automatically
transform areas already drawn, to equivalent ones. The above tools were
designed to help students to study the concept of conservation of area in a
dynamic way. Students can draw the base of a representative for each one
of the above classes using the drawing tools of C.AR.ME. Then, students
can produce a number of equivalent shapes belonging to each class by
using the appropriate tools. By altering these bases, a number of different
classes of equivalent shapes of the same form can be produced.

3. The use of area measurement tools:

Tools to construct a variety of spatial units and grids. Students used these
tools to conserve areas in a more sophisticated way by splitting them into
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equal parts and recomposing them to produce equal areas. By
experiencing the above concept using different units or grids as
representation systems, students were helped to form this concept in a
more abstract way.
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Abu-Naja, M. (2008). The influence of graphic calculators on secondary
B R school pupils' ways of thinking about the topic " Positivity and negativity
(A of functions”. International Journal for Technology in Mathematics
Education, 15(3), 103-118.
Our research project examined the effects of graphic calculators amongst
ninth grade pupils from Arab society in the Negev area in Israel. The goal
FF P of this research was to discover and characterise the ways of thinking in
this population about the concept of positivity and negativity of
functions.
N
To perform this investigation we compared two groups of pupils: the
experimental group (n = 95) studied the topic by means of graphic
U calculators, while the control group (n = 89) studied the same topic in the
1= traditional way. For the purpose of this research we developed a
questionnaire based on the material studied in class, such that each
question could be answered using either method.
[ J#c#2 18 5 (Number & Operations)
Il - #c(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
(3 4 4 45 22 4% 7 (Data Analysis & Probability)
#E iy Graphs and function(B] 2 £7 = 4% ;%)
. EEEN CENSEE
Ninth grade (secondary school)
BrEF2z 1L Graphic calculators

B % %% (Learning
activity)
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* The experimental group:

The pupils studied the following topics related to the concept of function
with the aid of graphic calculators : drawing graphs of functions,
findings the zero points of functions, determining the domain of
positivity and negativity of functions. An examination of graphs of
functions by means of the “trace” operation enables the presentation of
values of the function at all points where the trace is performed. Pupils
from the experimental group were loaned graphic calculators for their use
during the entire year. They received guidance and encouragement in the
use of the graphic calculators during mathematics lessons, for homework
and while solving the questions of the questionnaire.

% The control group:

Studied the same subjects in the traditional way(without graphic
calculators). They prepared table of values in order to plot the points of
graphs of functions, performance of calculators to fill the table. Errors in
calculations cause the production of incorrect graphs and also incorrect
conclusions for these graphs. The time spent in drawing functions was
less than that of the experimental group, because drawing of functions
required more time for performing the calculations.

Al 2
P

Questionnaire(pupils’ responses)
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The pupils in the experimental group understood the concept of positivity
and negativity of functions better than did the pupils of the control group.
We found that the use of graphic calculators encourages the development
of significant thinking.

1. The graphic calculator helps the pupils determine numbers whose
image is negative(or positive below). Use of the “trace” cursor enables
tracing over the surface of the graph of the function and obtaining the
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values of x and y for each point on the graph.

2. This apparently indicates that study with the aid of graphic calculators
helps the pupils locate the intersection of the graphs with the axes when
the graph is provided.

3. The use of graphic calculators gives an advantage over the traditional
method in the execution of tasks when the graph of the function is
provided to the pupils.

4. The pupils from the experimental group had the opportunity to see the
function in several windows, as desired. It is also possible to view the
table of values on the screen of the calculator, which gives the values of x
and y in steps determined by the user at any time required. These are
likely to aid the pupils of the experimental group to think about the “life
“ of the function beyond the provided drawing.

5. That study with the aid of graphic calculators does not give any
advantage over the traditional method when the question is about a part
of the graph of the function which is beyond the domain provided. Pupils
from the experimental group did not think of the “life” of the function
beyond the drawing give any more than did the pupils of the control

group.

B2 Fe

1. The aid of graphic calculators helps the pupils locate the intersection
of the graphs with the axes when the is provided.

2. Pupils who used graphic calculators could see parts of the graph in
several windows, whose dimensions could be determined by the pupils,
at any time as needed. The technological possibility allows the pupils to
see the values of the function in more than one winds.
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Guven, B. (2012). Using dynamic geometry software to improve eight
® 1;% * ik grade students' understanding of transformation geometry. Australasian
Journal of Educational Technology, 28(2), 364-382.
The purpose of this study is to determine the effect of the DGS Cabri
=R h (http://lwww.cabri.com/, Turkish language version) on eighth grade
1 students' academic achievement and levels of understanding in
transformation geometry.
What is the effect of using DGS on eight grade students' academic
3R A achievement and levels of understanding of geometric transformations
compared to paper and pencil methods?
1. A pre- and post-test quasi-experimental design.
Y WE | 2.The experimental group : was taught using DGS the control group : was
taught using isometric and dotted worksheets.
[ J#ce2 18 5 (Number & Operations)
[ ]+ #<(Algebra)
#EHE A % 7 (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)
KE I Transformation geometry
KR BEEN CINNEE
BrRE21L Dynamic geometry software: Cabri

¥ &% (Learning
activity)

%4 ¥ % ' Exploratory approach

1. Before the treatment, students in the DGS group were trained on how
to use Cabri software since it was new for them. Students learned the
functions of the buttons, such as how to draw a line, segment, and form a
polygon etc.; how to drag and construct bisectors; and how to measure
length, area, angle, etc.

2. The teacher spent four class hours on teaching Cabri. During this four
hour period, no application regarding geometric transformations was
made with learners. Only technical characteristics and basic use of the
software were summarised in the courses.

3. The students in this group used the features of Cabri software to study
the worksheets that were handed out for lessons. Also, these students
studied their own transformations on the computer independently from
the worksheets.

4. Direct information was not presented on the worksheets which were
given to students. The students were supposed to perform transformation
applications and observe their effects. Also, they were supposed to write
the observation results in the related places on the worksheets. In this
group an exploratory approach was followed according to the features
of transformation. During the course of application made with
experimental group, learners studied in groups with two learners due to
the limited number of computers. learners experienced:

*Step by step construction of a transformation in the Cabri environment
in accordance with the instructions written on worksheets.

*Dynamic observation of the transformation by dragging geometric
objects (e.g. changing symmetry line or point or rotation angle).
*Exploring the characteristics of the transformation, confirmation of the
exploration and explanation in the relevant section of the worksheet.
*Discussion of the obtained results in the classroom.

*Making the transformations written in worksheets according to the
information obtained after classroom discussion and confirmation with
Cabri.

DGS was used as an instrument to explore the characteristics of the
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transformation, test the discovered characteristics and observe the
transformation dynamically over the course of applications. Besides,
learners were granted with the opportunity to practise and test what they
learnt on computer screen and check their learning accordingly. In this
process, the classroom teacher acted primarily as a facilitator with the
role of organising the classroom discussions.

AT B 2 Transformation Geometry Achievement Test (TGAT) ~ Learning Levels
AR of Transformation Geometry Test (LLTGT))

The result of covariance analysis showed that the experimental group
PR outperformed the control group not only in academic achievement but

also in levels of learning of transformation geometry.

P 52 Fe

1. The dynamic feature of the software enabled students to easily study
the different type of transformations and observe the dynamic effects of
change on the main object on the image object.

2. The processes of controlling of their own learning pace and carrying
out their ideas and actions on a computer screen can positively affect
students' learning. In the DGS learning environment students can easily
change the symmetry lines, symmetry centre points, geometric shapes
and rotation angles. They also can observe the effects of the changes on
symmetry and enabled the students to understand and interiorise the
nature of change.

3. Studying transformations designed by themselves without reference to
worksheets, choosing and designing the elements necessary for
performing a transformation on a computer screen such as screen angle
measure and symmetry line, can lead students to develop an advanced
understanding of transformation.

4. Students could define their mistakes by observing the coherence
between the geometric shape they obtained on the computer screen and
their expectations before the application. They received feedback from
the computer and could discuss this feedback with the classroom teacher.
5. Students have opportunity to generate their own feedback on computer
screens.

6. Students were able to make many different transformations on the
same geometric shape in succession. Many students increased their
competence in understanding combinations of transformations and
making connections between transformations.

7.The opportunity to observe dynamically the features of geometric
transformations in an exploratory environment increased students'
understanding.
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Roschelle, J., Rafanan, K., Bhanot, R., Estrella,G., Penuel, B.,
Nussbaum, M., Claro, S., (2010) Scaffolding Group Explanation and
Feedback with Handheld Technology : Impact on Students' Mathematics
Learning. In Educational Technology Research and Development, 58(4),
399-419.

Will group-level feedback (as scaffolded by TechPALS’ package of
handheld software and Cooperagents training) increase student
engagement in explaining mathematics to each other (and related positive
social learning behaviors) and consequently increase student learning.

* We designed a randomized experiment.

The study team randomly assigned students to solve fractions problems
using either TechPALS or a commercial software application that
provided students with solo practice opportunities with individual
feedback. We compared TechPALS to alternative software so as to rule
out the possibility that any differences in learning were caused by
students’ excitement about technology (a potential Hawthorne effect) and
to make sure both conditions received feedback. For our control
intervention, we selected iSucceed Math (formerly Larson Intermediate
Math), a widely used commercial-grade software. To encourage
TechPALS students to engage in explanation and other appropriate
collaborative behaviors, we developed The Cooperagent, a short
multimedia presentation and storybook about an agent who learns
cooperative learning behaviors. The Cooperagent presents two scenarios
showing Cooperagents, characters who are about 12 years old, in groups
of three using key cooperative learning behaviors of asking and
answering how and why questions while trying to solve math problems.
The story’s characters modeled and emphasized the importance of
eliciting and providing explanations (‘‘ask and answer how and why’")
rather than merely asking for and giving the answers. We introduced The
Cooperagent in the beginning of the intervention and relied on teachers to
reinforce the behaviors throughout the intervention. Students also
received print collateral to which they could refer back.
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We recruited two classrooms of fourth-grade students from each of three
elementary schools.

R BN

The TechPALS intervention comprised a database of content specific to
fractions, Eduinnova software for handheld devices, and training modules
on cooperative learning for both teachers and students.

# 3 &% (Learning
activity)

¥4 K v : Cooperative learning

* For the portion of the class period devoted to student-centered practice,
we randomly assigned half the students from one teacher to exchange
classrooms with half the students from the second participating class.
Students were given a pretest on the first day of the experiment and an
identical posttest on the last day of the experiment, with approximately
12 days of instruction and practice in between.

* Three activities drew our attention as fitting our target domain of
fourth-grade fractions:

189




Consensus, Exchange and Aiming Between.

% Consensus

In the Consensus activity, each student in the group of three receives the
same multiple-choice question at the same time. Each student enters an
answer independently (individual accountability); however, the system
requires that students agree on an answer and provides feedback only at
the group level. If students do not choose the same answer, the software
tells them they must agree, which generates much discussion. Once
students agree, the software tells them whether they were all right or all
wrong (formative assessment). If wrong, they must try again, while the
software makes the previously incorrect choice unavailable so that
students individually select a different answer until they select the correct
one.

% Exchange

In the Exchange activity, each student receives two representations of a
fraction, such as a numeral representation and a pie representation. Each
student’s goal is to match the representations on his or her screen. A
match is achieved if the representations depict equivalent fractions. To
achieve a match, students exchange representations within their group
(positive interdependence). When all three students think they have a
match, they check their answer. Similar to Consensus, the software tells
the students only that all the matches in the group are correct or that at
least one student does not have a match (formative assessment). The
students determine who has the mismatched representations. Because of
the need to both exchange representations and find mismatches, students
have to engage in cooperative negotiations. Further, because one student
may have the numeral 5/6 and another student a pie showing 10 of 12
shaded sections, the students are encouraged to explain to each other why
particular representations are or are not equivalent.

* Aiming Between

The Aiming Between activity consists of two parts: Generating a unique
fraction and evaluating fractions on a number line. Each student in the
group of three receives the same representation of a number line with a
target interval highlighted. The number line always starts at 0 and ends at
1; however, it varies in terms of target interval length and location as well
as the number of tick marks, which are always in equal intervals. Each
student constructs a fraction that would fall within the highlighted target
interval After each group member enters an answer independently
(individual accountability), the system verifies that each student has
submitted a unique fraction (equivalent fractions are accepted). If a group
member enters an answer that was already given, the system instructs the
member to submit a unique answer. Once each member submits a unique
answer, the system allows the group to proceed to an evaluation screen.
Each group member evaluates whether each of the three answers fall
within or outside the target interval. The system instructs the group to
come to a consensus whenever there is disagreement in the evaluation,
and the activity proceeds much in the style of Consensus. Again,
feedback occurs only at the group level; students must agree (positive
interdependence); and the software indicates correctness while also
providing the opportunity to revise incorrect responses (formative
assessment).

Observation protocol ~ Student fractions knowledge test: Observed

AT B 2. frequencies of behaviors and pre-post gain scores on the student fractions
By knowledge test. After discussing the equivalence of groups on the
fractions test at pretest.
1. Found that behaviors compatible with social processing of feedback
PriE occurred significantly more frequently in the TechPALS condition. These

include reading a problem aloud, asking a mathematical question, giving

190




an explanation, making a collaborative move, directing a peer, and
disagreeing with another student. The only behavior that occurred
significantly more often in the control condition was raising a hand (to
call the teacher). Consequently, it seems plausible that any observed
gains in the treatment group could be produced by an increase in social
processing of group feedback, including such behaviors as asking a math
question, giving and explanation, and discussing a disagreement.

2. Analysis of the impact of TechPALS on students’ fractions knowledge :
It is worth noting that the TechPALS condition supported learning for
students with either low or high pretest scores. Students do not need high
incoming content knowledge to benefit from small group work.

52 Fe

1. That TechPALS could benefit students because of its support for group
feedback and social processing. Our observational measures support the
interpretation that group feedback and social processing was a significant
component of the intervention; feedback and social processing behaviors
occurred far more frequently in the TechPALS condition than the control
condition.

2. TechPALS using handhelds to scaffold small group learning may be an
important approach to explore further, because technology can socialize
learning, encouraging positive behaviors such as asking questions, giving
explanations, and discussing disagreements. These social behaviors, in
turn, may engage students in connecting conceptual and procedural
aspects of mathematics content.
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Ubuz, B., Ustiin, 1., & Erbas, A. K. (2009). Effect of dynamic geometry
environment on immediate and retention level achievements of seventh
grade students. Eurasian Journal of Educational Research, (35), 147-164.

FF P

The purpose of this study was to compare the effects of instruction
utilizing a dynamic geometry environment (i.e., Geometer’s Sketchpad)
to traditional lecture-based instruction on seventh grade students’
learning of line, angle, and polygon concepts.

7R

A pre-test, post-test and delayed-post-test experimental-control group
design was utilized. One of the two seventh grade classes in an
elementary school was randomly assigned as the experimental group and
the other as the control group. There were 15 girls and 16 boys in the
experimental group and 17 girls and 15 boys in the control group with
ages ranging from 12 to 14 years. A geometry achievement test covering
seventh grade geometry topics was prepared to investigate students’
achievement in geometry. The pre-test was given prior to the intervention
and two posttests after the intervention.
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Line, angle, and polygon concepts.
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63 seventh grade students in a public elementary school.
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Geometer’s Sketchpad

B % %% (Learning
activity)
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The treatment in the dynamic instructional environment included
exploring and manipulating geometric concepts (lines, angles, and
polygons) based on productive three-way interactions among teacher,
students, and computers through subsequent open-ended exploration
activities, called sketchsheets. Students worked on these activities at
computers provided at the computer lab. Treatment for the EG. Prior to
the treatment, hands-on instruction and practice were given at the
computer lab to familiarize the EG students and their mathematics
teacher with GSP and its uses. A two-hour training session was adequate
for the students as they had been taking the Computer Literacy course
since the sixth grade. At the end of this training, all students were
proficient at constructing points, lines, angles and polygons with GSP.
The teacher, however, did not have as much computer experience. At the
end of the training, the teacher was not yet proficient with Sketchpad,
requiring additional GSP support during the study period. Thus, the EG
students were co-taught by the second researcher and the classroom
teacher. To control the implementation threat, the role of the researcher
was limited to only providing technical assistance and guidance for the
things that students wanted to do with GSP but were unable to do without
additional assistance. No extra information or material was given to
students by the researcher in the labs. This was crosschecked by the
teacher, who was present at all of the computer labs. Students spent
approximately four hours each week working with Geometer's
Sketchpad, working for approximately three class hours in a computer
lab and one hour in the classroom. Students worked in pairs at the
computer lab where there were 18 computers arranged in a U-shape.
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Eighteen” sketchsheets” were developed by the first two researchers to be
used in conjunction with GSP. The materials were designed to allow
students to develop their own understandings of various geometric
concepts through active exploration, manipulation and transformation of
geometric shapes. The majority of the sketchsheets required students to
work in an investigative manner, employing inquiry and
guided-discovery techniques to uncover specific geometric relationships
or small sets of properties. Sketchsheets were distributed to the students
in each computer lab session. Students were asked to complete the
sketchsheets with GSP, writing their findings directly on the sheets. After
students completed their investigations, the researcher asked students to
comment on their mathematics findings and conclusions. All alternative
findings were written on the board so that the students could discuss and
interpret classmates' results. This cycle was repeated for all sketchsheets.
Following the class at the computer lab, the students and their teacher
discussed findings from the computer-based activities. Afterwards, the
teacher typically introduced new topics in the regular classroom.
kipdle

The traditional instructional environment was based on the chapters
related to lines, angles, and polygons from the textbook used by the
seventh graders at the study site. Treatment for the CG. The general
method of instruction used in the CG was traditional lecturing with the
aid of the textbook. In general, the teacher explained the concepts by
writing them on the board, then allowed students to copy them in their
notebooks. At the beginning of each lesson, the classroom teacher always
reviewed the previous lesson by writing the important rules, formulas, or
procedures on the board. Then, the lesson continued with students
completing exercises from a previous lesson or writing a new rule or a
new definition. The teacher typically used a ruler to draw lines and a
protractor to measure angles. Students mimicked these sketches, drawing
them in their notebooks using the same instruments. For some exercises,
student volunteers were called up to the board to show their solutions.
This was typically followed by teacher-led discussions of
student-generated solutions. The teacher assigned homework from the
textbook each time a topic was completed. The students in both groups
were taught the same content at the same pace for five weeks. Students
met four times each week in four separate 40-minute sessions.

e B 2
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pre-test ~ post-test ~ delayed post-test.
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After controlling for initial differences, comparison of pretest and
post-test scores indicated that the students in the experimental group
significantly outperformed those instructed in the traditional
environment. However, delayed post-test scores indicated that the
achievement difference between the groups was not enduring.
Furthermore, although female students retained their knowledge better
than male students, no significant treatmentxgender interaction was
found.

P B2 Fe

During the treatment, students in the EG experienced numerous
non-prototypical instances of shapes as they dragged and dropped objects
within the DGS. By modifying the objects of the constructions, the
students developed more mature understandings of connections between
the figures and their properties while forming hierarchical relationships
between different classes of shapes.
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Lee, C. Y., & Chen, M. P. (2009). A computer game as a context for
non-routine mathematical problem solving: The effects of type of
question prompt and level of prior knowledge. Computers & Education,
52(3), 530-542.

The purpose of this study was to investigate the effects of type of
question prompt and level of prior knowledge on non-routine
mathematical problem solving. A computer game was blended within the
pattern reasoning tasks, along with question prompts, in order to
demonstrate and enhance the connections between viable
problem-solving strategies and the content knowledge in a visible
manner. The question prompts in this study referred to a set of questions
that were domain specific and metacognitive-like, prompting students to
attend to important aspects of a problem at different phases and assisting
them to plan, monitor, and evaluate the solution process.

PR

The study examined the following questions:

1. Does the combination of question prompts and prior knowledge have
an affect on students’ problem-solving performances in non-routine
mathematical tasks?

2. Does the use of specific prompts have more positive effect than
general prompts on students’ problem-solving performances in
non-routine mathematical tasks?

3. Do students with high prior knowledge outperform those with low
prior knowledge on their problem-solving performances in non-routine
mathematical tasks?

A quasi-experimental, 2 x 2 (question prompts prior knowledge)
factorial, design was employed to investigate the impact of question
prompts and prior knowledge on students’ non-routine mathematical
problem-solving performances. Participants were randomly assigned to
the specific-prompt group and the general-prompt group to receive the
one-hour weekly treatment. In the general-prompt group, procedural
prompts were offered to help students complete the basic procedures of
non-routine problem solving, while in the specific-prompt group, the
supplementary elaboration and reflection prompts strongly related with
the major tasks were provided to prompt students to articulate thoughts
and elicit explanations.
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applications of pattern reasoning and arithmetic sequences
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Seventy-eight 9th graders from two classes of a public junior high school.

R RF2 1%

Problem-solving gaming model with reflection support (PSG)

# 3 &% (Learning
activity)

%% ¥ v : Non-routine mathematical problem solving.

* Two major tasks

Task 1: If there are n frogs in the left group and n frogs in the right group,
how many times do you move the frogs to finish the game?

Task 2: If there are n frogs in the left group and m frogs in the right
group, how many times do you move the frogs to finish the game?

* The purpose of

Task 1 :was to evaluate students’ predictions, generalization, and proof
for pattern reasoning.

Task 2 :was to evaluate students’ pattern reasoning for two variables and
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the application of comprehensive comparison after getting an algebraic
expression..

% Under the instructor’s guidance, all participants finished the
corresponding worksheets in accordance with the tasks and prompts
given by the teaching websites. After the participants finished the task,
they had to send their worksheets to the teacher. Then solutions could be
provided for each prompt and the next task would be carried on.
Therefore, participants’ problem-solving performances could be
measured based on the evaluation of these worksheets. Students’
mathematics average score of previous five semesters in junior high
school (CMA) was collected prior to the treatment. The teacher
administered the MAS and PRT as the pretests. Participants were
randomly assigned into two groups, the specific-prompt group and the
general-prompt group. The experimental study was administered by the
researcher and one of his colleagues in six sessions allotted equally to six
weeks. All the study sessions were conducted in a classroom equipped
with personal computers and the LCD projector. At the beginning, the
participants were told to work on the frog leaping online game and to
find the solution. The tasks and the question prompts were posted on the
teaching websites. General prompts were provided to the general-prompt
group while specific prompts were given to the specific-prompt group. At
the same time, students needed to fill in the worksheets separately
designed for the two groups. The participants followed the question
prompts and the teacher’s guidance to finish the two tasks and reported
their findings on their worksheets. Then their worksheets could be
evaluated by the teacher to get the scores for students’ problem-solving
performances.

Pattern reasoning test (PRT) ~ Mathematical attitude scale (MAS) -

it

e

The results revealed that (a) the interaction of question prompts and prior
knowledge was not significant, and (b) for the problem-solving
performances, the specific- prompt group outperformed the
general-prompt group and the high prior-knowledge group outperformed
the low prior-knowledge group. Further, students receiving specific
prompts outperformed those receiving general prompts in the
problem-solving performance: reasoning for two variables. Students with
high prior knowledge outperformed those with low prior knowledge in
the two problem-solving performances: reasoning for one variable and
reasoning for two variables. It was also found that prior knowledge and
comprehensive mathematical ability were important predictors for the
two problem-solving performances: reasoning for one variable and
reasoning for two variables. However question prompts and mathematics
attitude were not significant predictors for predicting the problem-solving
performance of reasoning for one variable. Lastly, implications for these
results and recommendations for future research were discussed.

1. This means that the effect of question prompts in problem-solving
performances was not significantly different for the high prior knowledge
students than it was for the low prior knowledge counterparts. Therefore,
the combination of question prompts and prior knowledge did not have
an affect on students’ problem-solving performances in non-routine
mathematical tasks.

2. It implies that different types of question prompts influenced students’
problem-solving performances. Therefore, the use of specific prompts
had more positive effect than general prompts on students’
problem-solving performances in non-routine mathematical tasks.

3. It shows that overall prior knowledge influenced students’
problem-solving performances. Therefore students with high prior
knowledge outperformed those with low prior knowledge on their
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problem-solving performances in non-routine mathematical tasks.
Further, univariate tests of between-subjects effects revealed significant
effects of prior knowledge in the following two problem-solving
performances, reasoning for one variable and reasoning for two variables.
A stepwise multiple regression method was utilized to construct
regression models to predict students’ problem-solving performances by
using prior knowledge, comprehensive mathematical ability,
mathematical attitude, and question prompts as predictors. The regression
results indicated that prior knowledge and comprehensive mathematical
ability were important predictors on the two problem-solving
performances: reasoning for one variable and reasoning for two variables.
Finally, question prompts and mathematics attitude were the significant
predictors on predicting only one problem-solving performance:
reasoning for two variables. In another word, question prompts and
mathematics attitude did not significantly predict the problem-solving
performance, reasoning for one variable.

% In this study, four findings were concluded.

Firstly, regardless of the simple task (Task 1) or difficult task (Task 2),
students with high prior knowledge outperformed those with low prior
knowledge in problem-solving performances. Secondly, specific prompts
did not have a more positive effect than general prompts in solving the
simple task (Task 1). Thirdly, students receiving specific prompts
outperformed those receiving general prompts in performing the difficult
task (Task 2).Finally, question prompts and mathematics attitude were
not the significant predictors on predicting the problem-solving
performance of simple task (Task 1) but they could predict the
problem-solving performance of difficult task (Task 2).

e Lz Fe

1. This indicated that specific prompts provided more explicit representatiq
might concentrate their more attention on the effective and correct ways
to problem solving than those in the general-prompt group. Specific
prompts provided more substantial efforts of instruction to bridge the gap
between students’ prior knowledge and non-routine problem-solving
skills when executing more difficult and complex tasks. Therefore
specific prompts should be designed to enable students to apply and
adapt a variety of appropriate strategies to solve problems as well as to
use representations to model and interpret physical, social, and
mathematical phenomena
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Forster, P. A. (2007). Technologies for teaching and learning about box
plots and statistical analysis. International Journal for Technology in
Mathematics Education, 14(3), 137-146.

FF P

The purpose of the study reported in this section of the paper was to
investigate the use of technologies for teaching and learning statistics.

7R

Two teachers and their Applicable Mathematics’ class for 17 year old
students participated. The teachers were selected because they had
extensive experience in teaching with technologies and their past students
had a record of achieving high scores in public examinations. The classes
were in different All-girl schools. Data were collected during units of
work on descriptive statistics that extended over 16 consecutive lessons
in the one class and 17 consecutive lessons in the other. Observe
whole-class discussion and discussed students’ work with them during
seatwork. The lessons were video-recorded with displays from projection
technologies in the field of view. Copies of handouts to students and
assessment tasks were collected and students’ assessment script were
photocopied. Made field notes in class and during informal interviews
with the teachers after lessons, when discussion the conduct of the
lessons.
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Box plots
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Graphics calculator ~ the Minitool 2 Java applet ~ sampling software

B % %% (Learning
activity)
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1. A homework exercise was set at the end of the class’s first lesson on
statistics. The lesson had been given over to : brainstorming the meaning
of “statistics”, generating data by playing a game, and displaying the data
on a stem-and-leaf diagram. The homework was on a worksheet and
students were to: draw dot plots for given datasets, partition the points on
each plot into four equal groups, and determine summary statistics using
a graphics calculator. The worksheet gave an example of what was
expected, axes for the plots, and instructions for operating the HP39G
calculator. The class had calculated median and quartile values for listed
data and constructed box plots by hand in Year 10 but had not previously
produced statistics or box plots on their calculators.

2. Next lesson, the teacher led discussion on ways to display data. As part
Autograph to generate the dot plot for one of the homework datasets,
projected it onto the whiteboard, and quizzed students on the by-hand
construction of the box plot for the data. She requested the median and
quartile values that students had calculated for homework, circled four
groups of data on the dot plot, and spoke about the correspondences
between the median, quartiles and boundaries of the grouped data. She
constructed the box plot for the dataset, next to dot plot, naming and
labeling the statistics during the construction.

3. The class drew the box plots for the homework datasets, on the number
lines on their worksheets.

4. The teacher generated the box plots on Autograph, together with dot
plots of data, projected them onto the white board, and led discussion on
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them. This brought the class’s second lesson on statistics to a close.

5. The teacher led the class in producing box plots on their graphics
calculators. Which one student's calculator linked to the view screen.

6. Students created data sets with a mean of 8, and calculated the median
and interquartile range for several of the sets, which was the context for
revising quartile calculations for any number of data.

7. Students investigated transformation effects using box plots, for
homework. A worksheet gave directions to operate on data (+,-, X),
calculate summary statistics, draw box plots for data before and after
transformation, and gerenalise the result. Scales and instructions for
operating on datasets on the graphics calculator were provided on the
worksheet.

8.Un class, the teacher projected the homework worksheet onto the white
board from her computer, asked the class about the transformatons, drew
box plots on the projected display to illustrate answers, and led class
discussion on them.

9. Texbook exercises on box plots were set but they were not discussed in
class.

10. An assessment test on statistics had one question that tested
understanding of box plots. It asked students to compare the weights of
free range eggs and eggs from caged chickens, with respect to central
tendency and dispersion. The weight information in grams was shown on
two box plots.

% Overview of instruction

Teacher students introduced students to box plots by specifying how to
construct them by hand from summary statistics, and students drew box
plots for listed data. Later in teaching the unit of work, the teacher
implemented interpretation activities and graphics calculators were used
in one of these. The teacher led the class through producing box plots on
their calculators. The teacher projected the display of an HP39G
calculator emulator from a lap top, and this setup allowed him to point to
the keys on the calculator through which the graphing was achieved.
Then, he asked the class to explain the shape of the plots, both of which
had missing “whiskers”. The missing :whiskers” attracted the class’s
attention and, in discussing them, some students moved back and forth
between the graph and table screens on their calculators.

ST B 2 Video - field-notes ~ assessment-script data.

Ll i

o Ambiguity in conversation was reduced when the students and teacher
[

pointed to the displays so others could see what they were talking about.

P 52 Fe

1. Autograph plots were more precise than is possible for hand-drawn
graphs on the board something that may have assisted interpretation.
2. Technologies which display dot plots and corresponding box plots
would support such analysis. Having the plots together affords students
the opportunity to notice patterns in data and relate these to the box plot
structure, or they can conjecture patterns in data to match the box plot
structure and check their conjectures against the dot plot.

3. With Autograph, the box plot the appears above dot plot; with Minitool
2, bars partition data on a dot plot into four equal sized groups, and a box
plot can be superimposed on the plot in the revised version of the applet.
The dot can be removed on both Autograph and Minitool 2, leaving only
the box plots.

4. The software have comparable capabilities. Multiple same-sized
samples can be displayed on a single screen to allow comparison.

198




51911

Data Extraction Form

¥ - A rE
Kordaki, M., & Balomenou, A. (2006), Challenging students to view the
< B dm concept of area in triangles in a broad context: Exploiting the features of
(A Cabri-Il, International Journal of Computers for Mathematical Learning,
11(1), 99-135.
This study focuses on students’ conceptions and their evolution
concerning the concepts of area and perimeter in triangles while
interacting with the Cabri-tools described in the previous section. Student
FF P conceptions were expressed through their strategies in solving the
problems of construction of pairs of equivalent triangles and of
performing sequences of transformations (in terms of modifications) of
an original triangle into other equivalent ones.
Our main hypothesis claimed the possibility of the enhancement of
R student knowledge of a learning concept by using a rich set of relevant
1 tools provided by Cabri while performing appropriately-designed
learning activities.
This research is a qualitative study focusing on the variety of interactions
U realized by students working with Cabri tools as well as on the different
1= ways that these students approached the conservation of area in triangles
using these tools.
[ J#c#2 18 5 (Number & Operations)
[ ]+ #<(Algebra)
#EHE A % 7 (Geometry)
[ 1ir] £ (Measurement)
CIF#L 4 47 27 4% % (Data Analysis & Probability)
KE I geometrical concepts
(w-] WY 1% ¢
KT IFE Secondary school : eight 1st grade students (13-years-old), nine 2nd grade
students (14-years-old) and eight 3rd grade students (15-years-old).
R i g Cabri-Geometry software

B % %% (Learning
activity)
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Two tasks were assigned,

1. The first being (a) to “construct pairs of equivalent triangles, in as
many ways as possible” using Cabri tools (at this point, students were
informed, by the researcher, that equivalent triangles are triangles with
equal areas), (b) to “‘justify your solution strategy’ and (c) to explain
“what you think about the relation of the area and perimeter of these
triangles”. When the students seemed to be on the point of giving up, the
researcher intervened, involving them in the task and encouraging them
to continue by asking: “try another way of constructing another pair of
triangles with equal areas. You can use other tools and the different kinds
of knowledge you possess”. Students worked in groups of three to
perform this task, so as to exploit the advantages of cooperation. The
learning aims of this task were to enable students to (i) advance smoothly
from the notion of congruent triangles to the notion of equivalent
triangles, beginning with the expression of their previous knowledge
regarding congruent triangles and then enhancing their knowledge by
exploring the equivalence in triangles using the ° ‘drag mode”
operation, (ii) distinguish the concepts of area and perimeter in triangles
by studying these concepts in relation to each other, and (iii) link
different kinds of knowledge about the concept of area through using the
diversity of the tools provided, at the same time developing a broad view
of this concept.

2. In the second task, students were asked to ““construct a triangle and to
perform any possible sequence of modifications to produce other
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triangles equivalent to the original”. More specifically, students were
asked to (a) “construct an original triangle, then modify it into another
equivalent triangle, using the Cabri tools”, (b) “justify your solution
strategy’” and (c) “consider the produced triangle as the original triangle
and repeat (a) and (b) as many times as you can, using different ways of
modification”. The researcher intervened by encouraging the students to
continue, as before. Students worked individually while performing the
second task and it was decided to investigate how each individual student
had perceived the learning experience of the first task after participating
in the aforementioned group activity. The additional learning aims of the
second task were to enable each individual student to (i) construct
individual approaches to the concepts of area and perimeter in triangles,
(ii) integrate different pieces of knowledge they possessed regarding the
concept of area, by combining different strategies regarding the
modification of a triangle into other triangles with equal area, (iii) to
develop a broad view of the concept of area and its invariance by
constructing a class of triangles equivalent to an original triangle through
a sequential process of modification.

Data resources in this study include the electronic files of students’ visual
geometrical constructions, the video recordings of all interactions
performed and the field notes of one of the researchers.
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The results of both tasks are presented in terms of

(a) categories of strategies

(b) strategies across categories and

(c) group strategies across grades

% Task 1: Constructions of Pairs of Equivalent Triangles Performed by
the Students “in as Many Ways as Possible” using Cabri- Geometry Il
Tools.

(a) Categories of Group Strategies : 10 categories

Using the “eye” ~ Preserving lengths or lengths and angles of the
original  triangle -~ Using Cabri-commands for geometrical
transformations ~ Splitting polygons ~ Forming geometrical constructions
producing pairs of congruent triangles ~ Using the “drag” mode in
combination with automatic area measurement ~ Conserving the length of
the base and its distance from its opposite vertex in a triangle ~ Splitting a
triangle using a median ~ Measuring areas using area-units ~ Using area
formulae.

(b) Group Strategies across Categories

All groups performed strategies leading to the construction of both
congruent and equivalent but not exclusively congruent triangles. The
most common group strategies for the construction of congruent triangles
were based on the use of isometries while those for equivalent but not
exclusively congruent triangles were constructed through experimenting
with the “drag mode” operation.

* Task 2: Sequences of Modifications of an Original Triangle Performed
by Students using Cabri-tools.

(a) Categories of Student Strategies

Transforming an original triangle into other, equivalent ones by splitting
polygons.

(b) Student Strategies across Categories

The most common strategies that students performed were (a) isometries:
almost all students performed more than one different strategy in this
category, while the students’ first, second and third transformation
strategies mainly fall into this category, (b) almost all students also
performed strategies which lead to the construction of noncongruent but
equivalent triangles through dynamic transformations based on the use of
the “drag mode” operation in combination with the display of area,(c) a
considerable number of students (16 out of 25 students) performed
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strategies leading to equivalent but non-congruent triangles, where area
formulae and area measurement using area-units were combined with
the ”drag mode” operation.

B2 Fek

1. All students were attracted by the “drag mode” operation and
experimented with it in combination with the display of area. By using
these features, all students constructed an abundance of equivalent but
non-congruent triangles, at the same time recognizing that the area of a
triangle can be conserved despite the fact that its figure can be altered.
Some students also progressed in their understanding of the concept of
area and its invariance by using the “drag mode”’ operation dynamically
to construct families of equivalent triangles with common bases and
equal altitudes.The ““drag mode” provided by Cabri in combination with
display of area and display of perimeter, students were helped to progress
from the notion of congruence to the notion of equivalence and could
primarily discriminate between the concepts of area and perimeter.
Students also developed new modes of justification for their strategies,
based on the use of these tools. (c) representations of area: numerical and
visual, and (d) linking representations of area: by exploiting the Cabri
capability for continuous transformations.

2. Students enhanced their knowledge of area formulae in triangles by
observing visual dynamic representations in a large number of triangles
with common bases and equal altitudes; these students appeared to link
conservation of area with area formulae. In addition, some students
proceeded to construct equivalent triangles by using area measurement in
terms of area-units with the use of grid in combination with the use of the
“drag mode” operation. In this way, conservation of area was connected
with area measurement using area-units. Equivalent triangles were also
constructed by splitting a scalene triangle using a median. By
dynamically altering the figure of a triangle using the “drag mode”
operation, provided as a basic option by Cabri, and automatically
measuring its area, students had the opportunity to investigate the
invariance of area in a large number of equivalent triangles of different
figures and to move from the notion of congruence to the notion of
equivalence in triangles.

3. Giving a variety of meanings to the area of a triangle using different
measurement representation systems : Students had the opportunity to
give a variety of meanings to the concept of area in triangles by
studying its conservation in the context of different measurement
representation systems, such as (a) the automatic area measurement
system, where areas are represented as numbers, (b) the area-unit
measurement system, where visual representations of area are produced
using the provided grid and (c) the symbolic representation system of
area-formulae, where areas are represented in terms of their basic linear
elements.

4.In the Cabri environment, its dynamic character and the automatic
measurement tools provided as well as its capability for continuous
modifications makes it a powerful environment for both the teaching and
learning of the concept of area in triangles as well as the study of this
concept in relation to the perimeter of these shapes.
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Hurme, T., & Jarvela, S. (2005). Students’ Activity in Com-
B R puter-Supported Collaborative Problem Solving in Math-ematics.
(A International Journal of Computers for Math-ematical Learning ,10(1),
49-73.
The aim of this study was to consider the applicability of the networked
=R h learning environment to mathematics learning. A secondary aim was to
1 examine the metacognitive processes used in computer-supported
collaborative learning projects in mathematics.
N
The network-based learning environment Knowledge Forum (KF) was
used to support students’ collaborative problem solving. The data consist
of 188 posted computer notes, portfolio material such as notebooks, and
U observations. The computer notes were analysed through three stages of
1= qualitative content analysis. The three stages were content analysis of
computer notes in mathematical problem solving, content analysis of
mathematical problem solving activity and content analysis of the
students’ metacognitive activity.
[ J#icg 1 & (Number & Operations)
[ ]+ #<(Algebra)
#EHE A % 7 (Geometry)
[ 1ir] £ (Measurement)
W7 A+ 4~ #7415 3 (Data Analysis & Probability)
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13-year-old Finnish secondary school students (N = 16)
The network-based learning environment Knowledge Forum (KF): The
rrE21E5 KF is a second-generation Computer-supported Intentional Learning

Environment (CSILE) product.

g

¥ % # (Learning
activity)

¥ & §{ & . Computer-supported collaborative learning (CSCL)

1. In the Geometry project, KF was used primarily as a discursive tool
and in Probability it was used to support the students’ inquiry process.
In the lessons the students were given a task or a problem by the teacher,
and were encouraged to use KF and make their thinking as visible as
possible, comment on each other’s notes and develop alternative
solutions into discussions. The networked discussions were
asynchronous, and this gave the students time to think.
2. Geometry project

The Geometry project was divided into three different phases. In the first
phase, Geometry 1 (three lessons), the students were given an inquiry
task about a polygon, which they investigated using the KF database.
They were asked to find a definition, formulas for counting the area and
perimeter, and to create at least one example or problem. Students
worked in pairs and had some prior knowledge of polygons. There were
eight polygon inquiry tasks in total, and the products of the inquiries
were posted as computer notes on the KF database. The students were
asked to post comments on the content of the inquiry notes. They were
particularly encouraged to discuss alternative ways of solving a problem
and the correctness of an example and to ask for help for their inquiry
task. The second phase, Geometry 2 (four lessons), of the Geometry
project concerned geometric construction problems. This was a new topic
for the students, so the teacher began by explaining the method used to
solve these problems. The students went on to solve 15 geometric
construction problems (created by the teacher). The students were also
given paper copies of the problems and worked as individuals using a
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pair of dividers, a ruler, and paper and pencil to solve them. They were
encouraged to utilise KF to elaborate their problem solving processes by
composing notes to ask for help while working, or to provide
explanations and alternative solutions for the given problems. During the
last two lessons, Geometry 3, the students invented their own geometric
problems and posted them as notes to KF.

3. Probability project

The Probability course was taught over 16 lessons, in five of which the
students worked with KF. The other lessons consisted of classroom
instruction and exercises. In the Probability project the students worked
in pairs. Two or three pairs formed a group, which specialized in one of
the following topics: lottery, marbles and rolling dice. This “expert-like”’
method was chosen to give students the opportunity to focus on one
content area and so be more specific in their networked argumentation
and discussions. The teacher gave the student pairs one of the topics,
such as chances to win in the lottery, picking up the marbles or rolling
dice for an inquiry. The inquiry process consisted of planning the
investigation, performing the experiment, and composing a final report.
The networked learning environment was used to enable the discussion
between the pairs about their probability inquiry.

*In the Geometry project the data consist of students’ posted computer
notes in networked discussions, portfolio materials such as notebooks,
and observation. The notebooks included students’ own solutions to
geometric construction problems. Observations were used to augment the
researcher’s interpretations of the students’ networked discussions.
*In the Probability project the data consist of the students’ computer
notes, including their investigation plans and final reports, and
observations. The data were collected in order to examine the content of
networked discussions and to analyse the students’ metacognitive activity
in computer-supported mathematical problem solving

it
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The results of the content analysis of the students’ metacognitive activity
revealed that the students use metacognitive knowledge and make
metacognitive

judgments and perform monitoring during networked discussions.

1. The quality of students’ computer notes.

The results of content analysis of the students’ networked discussions
vary between the Geometry 1, Geometry 2 and Probability projects. The
majority of the notes (65%) were identified as mathematical knowledge,
mathematical question and relevant note. During the projects, there were
only 17 questions concerning mathematics and 33 relevant notes.

2. The results of mathematical problem solving activity.
In Geometry projects KF was used more as a discursive tool. The
students were encouraged to use networked learning environment to
make comments to each other’s notes and explain their thinking. In
Geometry 1, the students discussed the problematic features of their
inquiry task notes. In Geometry 2, the students had to solve geometric
construction problems and provide solution methods. In the Probability
project KF was used to support the students’ inquiry and they worked
with a problem of calculating the probability.

3. Students’ metacognitive activity during networked discussions:
The findings of the qualitative content analysis of computer notes
describe the students’ networked interaction during the projects. The
students shared mathematical knowledge and questions (although there
were some trivial notes). The students regulated their peers’ completed
notes and ongoing problem solving processes by providing alternative
solutions. Furthermore, some metacognitive activity was made visible by
students whose computer notes referred explicitly to either the task
performed or to the networked discussion.
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1. The appropriate domain-specific graphical representation tools could
promote the construction of shared knowledge. That is to say, the use of
symbolic language should be more supported by the technological
infrastructure in CSCLin mathematics.

2. The students brought their knowledge of mathematical concepts,
strategies and heuristics, into socially shared discussions in KF. To sum
up the results, it seems that the instructions given to students have played
an essential role in the projects. The students intended to use networked
technology as they were encouraged to: they commented each other’s
notes (e.g., Geometry 1), provided alternative solutions (Geometry 2) and
supported each other’s inquiry project (Probability). The results of the
qualitative data analysis indicate that utilising networked technology
provides opportunities for students to use mathematical concepts and
explain their solutions.
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Tabach, M., & Friedlander, A. (2008). Understanding Equivalence of
Symbolic  Expressions in a Spreadsheet-Based Environment.
International Journal of Computers for Mathematical Learning, 13 (1),
27-46.

The overall purpose of this paper is to consider the conceptual aspects of
learning a transformational skill (use of the distributive law to produce
equivalent algebraic expressions) in a learning sequence composed of
both spreadsheets and paper-and-pencil activities. This study is part of a
longitudinal research study that investigates learning processes of
beginning algebra (13-year-old) students. The overall purpose of this
paper is to consider he conceptual aspects of learning a transformational
skill (use of the distributive law to transform algebraic expressions) in a
learning sequence composed of both spreadsheets and paper-and-pencil
activities.

PR

We conducted a sequence of classroom activities in several classes, and
analyzed the students’ work on a spreadsheet activity and on an
assessment activity by both qualitative and quantitative methods. This
study are part of the Compu-Math curriculum project for middle school
mathematics. This project is based on a learning environment
characterized by rich social interactions supporting high-level discursive
activities, and by the extensive use of multi-representational computer
software. The Compu-Math students usually work in small groups on
open-ended activities that are conducted in several phases: an
introductory classroom forum, work in small groups, and a whole-class
summary discussion. About a third of the learning time is spent in a
computer laboratory
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The middle school mathematics The same learning sequence was given
for two consecutive years to six classes of seventh grade algebra students.

B gcgsan

Spreadsheets: Rich social interactions supporting high-level discursive
activities, and by the extensive use of multi-representational computer
software.

# 3 &% (Learning
activity)

KF R

% The Compu-Math students usually work in small groups on
open-ended activities that are conducted in several phases: an
introductory classroom forum, work in small groups, and a whole-class
summary discussion. About a third of the learning time is spent in a
computer laboratory.

* A learning sequence of six class periods, which included a
spreadsheet-based activity called Identical Columns, followed by short
paper-and-pencil exercises, and an assessment activity called Return of
the ldentical Columns. The sequence, which related to the symbolic
aspects of the distributive law, was conducted as part of the regular work,
around the middle of the first year of a beginning Algebra course. The
design of the sequence was influenced by the following considerations :
e Up to this learning sequence, Compu-Math students worked in a
combined spreadsheet and paper-and-pencil environment, on about ten
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generational activities, based on geometric or numerical patterns of
quantitative variations. Throughout their work, the students used in
parallel two notation systems: the standard algebraic notation and the
spreadsheet (Excel) format Thus, at this stage, the students are familiar
with both the concept and the syntax of spreadsheet formulas and regular
symbolic expressions.

« The first spreadsheet-based activity in the sequence was included as a
transition between the familiar generational activities and the
paper-and-pencil, symbolic transformational activities. The combined
symbolic and numerical representations inherent in the spreadsheet
environment of the first activity were also intended to evoke students’
global/meta-level activities, such as predicting, generalizing, or
justifying, and thus to strengthen the conceptual aspects of the
transformational skills learned. The other activities that followed were
transformational in nature; they focused on symbolical representation and
were performed in a paper-and-pencil environment. By the end of the
sequence, a final assessment activity was administered to the students.
% The Spreadsheet Activity—Identical Columns

The work on this activity was in pairs, in a computer laboratory. In the
first task, the students were required to fill in spreadsheet Columns A and
B with two given sets of numbers arranged in arithmetical sequences.
The choice of arithmetical sequences was not inherent to the task, but
since the students were familiar with this feature, they were offered the
option of filling in the spreadsheet table by using formulas, rather than by
introducing discrete numbers. Next, the students were asked to construct
in Column C, the sum of the corresponding numbers given in Columns A
and B (A + B), and then to construct in Column D the sum 2A + 2B.
Thereafter, the students were asked to use Columns A, B, or C in order to
create two other columns of their own that are identical to Column D.
The purpose of this task was to stress the symbolic equivalence between
the expressions 2A + 2B and 2(A + B)—i.e., the symbolic representation
of the distributive law. The expected spreadsheet formulas were 2(A + B),
A+A+B+B,A+B+C,or2C. The request to create two (rather than
just one) columns was intended to encourage students to think about
general relationships, rather than look for idiosyncratic numerical
connections. In the second task of this activity, students were asked to
write in Column G the formula 10(A + B) and again, to use Columns A
and B in order to create two columns of their own that are identical to G.
The expected spreadsheet formulas for this task were 10A + 10B, or (A +
B)10. Note that the two tasks required the consideration of the
distributive law, in different ways, by factoring out or by expanding an
algebraic expression. The use of spreadsheets in this activity was
intended to provide students with numerical support for symbolic
transformations, to enable them to produce their own expressions, and to
test their hypotheses using the resulting numbers. In these tasks,
obtaining identical number columns indicates the equivalence of
symbolic expressions, whereas a mismatch indicates the need for
additional adaptations of the employed formula.

* Paper-and-Pencil Exercises

During the following three lessons, the students were given
transformational tasks, based on the distributive law, which were
presented in a symbolic representation (for example, expanding the
expression 3(x + 5) or factoring out the expression 4x - 12).
* The Assessment Activity—Return of the Identical Columns
The spreadsheet-based and the assessment activities were similar in
structure. The assessment activity was given in a paper-and-pencil
environment. Students worked on it individually; they were required to
construct two identical columns (i.e., two equivalent expressions) for 2(A
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+ B) and two other (equivalent) expressions for -2(A - B). Compared to
the spreadsheet activity, this activity was more transformational in its
nature—the numbers involved were likely to be treated less intuitively,
the students were expected to demonstrate transformational skills, and
the results were not supported by the spreadsheets’ numerical
feedback.

% Teaching Sequence

The teaching in all classes followed a similar sequence:
The spreadsheet-based activity (90 min): In the introductory phase, the
teacher presented on the board a set of given numbers, in Column A, of a
simulated spreadsheet table. These numbers were substituted in the
expression 2A, and the results were written in Column B. Next, the
teacher asked the students to find other expressions that will produce
number columns identical to Column B. Some expressions suggested by
the students were correct (e.g., A+ A or A 0:5) and others were incorrect
(e.g., 1 + A). Next, the students worked in pairs on the spreadsheet-based
activity. The teacher moved between the pairs, and helped them in their
work. In the summary phase, the teacher led a class discussion on
student strategies, on the concept of symbolic identity and equivalent
expressions. Paper-and-pencil exercises (135 min): During the next three
lessons, the students worked on expanding and factoring out symbolic
expressions, by using the distributive law in a symbolic representation.
The assessment activity (about 45 min): Finally, the students were given
an assessment activity, similar to the initial spreadsheet-based activity.
The purpose of this activity was to assess students’ ability to apply, in a
meaningful way, symbolic aspects of the distributive law, in a
paper-and-pencil environment.

STl 2
FLTH

The data collected from 136 students included

(1) 41 Excel files of 74 students who worked (most of them in pairs) on
the spreadsheet-based activity.

(2) Audio-taped work of four randomly selected pairs of students on the
spreadsheet activity.

(3) The individual work of 136 students on the assessment activity.
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1. Use of spreadsheets allows students to implement an operative and
intuitive aspect of symbolic equivalence.

2. Students tend to consider spreadsheet activities as generational.

3. The learning sequence allowed students to approach a basic symbolic
concept using a variety of learning trajectories.

4. Spreadsheets serve as a validating tool.

5. The learning sequence, based on both spreadsheets and
paper-and-pencil, allowed for a gradual transition from generational to
transformational activities

6. The characteristics of spreadsheet-based feedback pose some
pedagogical and cognitive concerns.

P 52 Fe

1. Work in a spreadsheet environment enables students to employ
symbolic expressions (Excel formulas) as tools that produce numerical
sequences. This feature strengthens the numerical meaning of symbolic
expressions in general and their equivalence in particular. Moreover, it
makes the task of finding equivalent expressions more meaningful; thus,
it increases student involvement in an otherwise abstract symbolical task.
2. It created a laboratory environment by allowing students to test and
validate their solutions.
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Koklu, O., & Topcu, A. (2012). Effect of Cabri-assisted instruction on
secondary school students’ misconceptions about graphs of quadratic
functions. International Journal of Mathematical Education in Science
and Technology, 43(8), 999-1011.

FF P

This study investigates the effect of Cabri-assisted instruction on the
misconceptions among secondary school students.

3R AL

1. What is the relationship between Cabri-assisted instruction and
misconceptions of graphs of quadratic functions at the secondary school
level?

2. What is the relationship between Cabri-assisted instruction and
achievement related to graphs of quadratic functions at the secondary
school level?

A quasi experimental research was designed.

[ J#ce2 18 5 (Number & Operations)

B~ 3i<(Algebra)

L1 o (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

The topics that students had studied in the previous unit were the
existence of real roots and the number of roots (no real root, one and two
different roots) of quadratic equations; generating quadratic equation
using roots; and quadratic inequalities

KT
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44 tenth grade students at an urban public secondary school

el S

Dynamic geometry software: Cabri software

B % %% (Learning
activity)
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% The treatment group received Cabri-assisted instruction, and the
control group received traditional instruction.

* Students in the experimental group were given four additional lessons
on how to use Cabri tools and menus, specifically how to draw a graph of
a line, analyse its points on a coordinate plane, and use the ‘dragging’
feature.

* In the control group : following traditional means of instruction, the
lessons included lectures, practice using rules and theorems on
well-chosen problems, discussions of formulae and summarizing what
was learned.

In the experimental group : a similar lesson included Cabri-assisted
instruction; in other words, the teacher used the Cabri environment on a
white board while lecturing, practicing and discussing. In addition, the
students had opportunities to use the Cabri environment in the laboratory.
The practice problems were the same as those for the control group.

ST 2
G

The data analysis was conducted in two stages: First, students’ previous
exam scores, MS scores and achievement scores for the two groups were
descriptively compared. Second, since a combination of variables usually
results in a more accurate prediction than any single variable, a
regression analysis, chosen for its versatility and precision, was
conducted using the Enter method for the MS and achievement scores.
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The results indicate that Cabri-assisted instruction did not have a
statistically significant effect on their misconceptions, but the
misconception scores of the experimental group were better than those of
the control group. Also, there was a significant difference between the
achievement scores of the two groups. Scores of the experimental group
on a quadratic functions test were significantly higher than those of the
control group. The treatment group’s achievement scores on the quadratic
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functions test are significantly higher than those of the control group.

High level of support for visualization is one of the Cabri’s leading
advantages, which helps students to understand the mathematical
concepts. Thanks to the ‘dragging shapes’ property, students can discover
1Bz ek how the entire construction changes dynamically. In this way, Cabri
might provide a model of meaningful relationships that are not specified
by symbols or represented by graphs. Visualization in geometry is a
necessity for enhanced learning outcomes.
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Leng, N. W. (2011). Using an advanced graphing calculator in the
teaching and learning of calculus. International Journal of Mathematical
Education in Science and Technology, 42(7), 925-938.

The purpose of this study was to investigate how the use of
TI-NspireTM, an advanced graphing calculator from Texas Instruments,
could enhance teaching and learning of calculus.

The design and conduct of a TINspire TM intervention programme for a
class of 35 Secondary Four students (15-16 years) from a school in
Singapore. Use of TI-NspireTM was integrated into the teaching and
learning of calculus concepts with the aid of TI-NspireTM Navigator, a
wireless classroom network system which connects students’
T1-NspireTM handhelds equipped with a wireless cradle to the teacher’s
computer and projector. It facilitates transfer of documents among the
teacher and learners and allows the teacher to capture students’ handheld
screen images to ensure everyone is on task, and collect and analyse
student work to assess student understanding. This study employed a
design experiment methodology that involved the preparation, design,
implementation and retrospective analysis of a teaching experiment. A
design experiment is an iterative process that features cycles of invention
and revision. The participating teacher worked in close partnership with
the author to incorporate the use of TI-NspireTM in lessons, examining
the strengths and limitations of existing pedagogy and practice and
acknowledging areas for future development with the TI-NspireTM
technology.
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14 e (Geometry)

[ ]:p] £ (Measurement)

38 4 45 22 #% 7% (Data Analysis & Probability)

Calculus concepts: The topics covered were Differentiation by First
Principles, Equations of the Tangent and the Normal, Rate of Change,
Stationary Points, Derivatives of Trigonometric Functions, Derivatives of
Exponential and Logarithmic Functions, Integrations and Indefinite
Integrals, Definite Integrals, Integration of Trigonometric Functions,
Integration of Exponential Functions and 1/x, and Area of a Region.

T IEE
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A class of 35 Secondary Four students (15-16 years) 35 fourth year
students from a secondary school

/w

R RF2 1%

T1-NspireTM Navigator

# 3 &% (Learning
activity)
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% The TI-NspireTM learning activities in the intervention programme
can be broadly classified into two categories.

1. In the first category, the activities focused on introducing mathematical
concepts through exploration using TI-NspireTM. Students were
encouraged to first examine the setting of a given problem or manipulate
the parameters of a simulation in a TI-NspireTM document that was
pre-loaded onto their handhelds. They were asked to formulate
conjectures and examine and confirm those conjectures, culminating in
the derivation of a formula, the generalization of the results or the
summarization of the underlying concepts. A worksheet was designed to
accompany these activities to facilitate guided discovery and inquiry
learning

2. In the second category, the students were assigned tasks to reinforce
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their conceptual understanding using TI-NspireTM. In a typical activity,
an exercise consisting of problems related to the concept being taught
was assigned and a preprepared TI-NspireTM document sent to the
students, who were required to complete the exercise with the aid of
TI-NspireTM.

ATk 2
i

Qualitative data were collected in the form of classroom observations,
self-reflections and interviews. Observation, taking of field notes and
video recording were carried out during each lesson. Students were also
asked to write down their reflections on a reflection form designed by the
author to determine which features of TI-NspireTM they had used and
the difficulties that they had encountered in using TI1-NspireTM.
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Overall, the findings of the study indicate that TI-NspireTM is an
effective tool to develop mathematical concepts and promote learning
and problem solving.

* Students’ verbal responses

(1) Master the use of TI-NspireTM, which in turn helped them to learn
calculus concepts.

(2) Better visualize problems and calculus concepts;

(3) Connect graphical and algebraic representations of calculus concepts;
(4) Identify the application of calculus concepts from simulations
designed in T1-NspireTM and employ an alternative problem solving tool
using a graphical method.

* Analysis of the interviews with the eight students revealed several
indings.

(1) The dominant conceptual understanding of the derivative at a point
was that it is the gradient of the tangent line at the point.

(2) Students were able to use the algebraic and graphical methods to
solve derivative problems.

(3) Students were able to connect their conceptual understanding of the
derivative concept with numerical and algebraic representations.

(4) Students were not able to use a symbolic definition of the derivative
at a point that involved the concept of limits.

(5) The dominant approach to solving derivative problems was the
algebraic method.

(6) Most of the students were unable to make a connection between their
understanding of the derivative and the instantaneous rate of change.

% The students used TI-NspireTM as a tool in several different ways.

Six ways of using TI-NspireTM as a tool in the mathematics classroom
were identified in this study. In the intervention programme,
TI-NspireTM was used as an exploratory tool, graphing tool,
confirmatory tool, problem-solving tool, visualization tool and
calculation tool.

P B2 Fe

1. TI-NspireTM gave the students the means not only to explore the
concepts of calculus, but also to communicate those concepts
mathematically. With the use of TI-NspireTM Navigator wireless
network in the classroom, the students were able to present their solutions
and to provide feedback to the participating teacher during the lesson.
The TI-NspireTM Navigator, which creates a wireless network in the
classroom, promoted communication in the learning process, and hence
supported the classroom learning community. The use of TI-NspireTM
Navigator in the classroom also raised the level of participation of the
students during the lessons and strengthened their commitment to the
learning process.

2. The visual and numerical representations of the derivative at a point on
TI-NspireTM helped the students to develop their conceptual
understanding.The students were able to form connections between the
different representations of the derivative in calculus using TI1-NspireTM,
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which helped them to develop a conceptual understanding of the
derivative. The use of a graphing calculator can change the teaching and
learning of calculus concepts from relying solely on algebraic method to
encompassing numeric, algebraic and graphical methods. The graphing
calculator provides a better connection between algebraic and graphical
representations.
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S e R Song, K. S. and W. Y. Lee. 2002. A virtual reality application for geometry
(N classes. Journal of Computer Assisted Learning, 18 (2), 149-156.
This paper describes the use of the Virtual Reality Modelling Language
AP (VRML) to visualise 3-D objects for middle school geometry classes in a
networked environment and shows its usefulness for both teacher and students.
N
A comparison of the test results from VRML-based geometry classes and
PR traditional classes, that solely depend on verbal explanation with paper and
1 pencil. Two groups of classes were created; one using networked VRML
materials, and the other taught in the conventional way.
[ J#ice? 1 & (Number & Operations)
]+~ #ic(Algebra)
HwEE~ % 7 (Geometry)
[l £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)
P Three main geometric topics: Oservation of plane figures, the properties of
- plane figures and observation of solid figures.
. W= (Re s
KTIEE The 6th grade Korean
BrHF2 1l Virtual reality

g ¥ &% (Learning
activity)
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1. To introduce the concept of ‘a point is not sufficient to define a plane’, the
teacher uses the VRML object. If the teacher clicks on the point with the mouse,
three planes appear and cross that point

2. After the three planes have appeared, the teacher explains the following:
‘when any plane crosses a point in any direction, it is not sufficient to compose
a plane with a point.’

3. The teacher can manage the three VRML planes on the computer screen and
can explain the situation repeatedly. The planes can be displayed repeatedly by
controlling buttons, the dynamic images gather attention from the students and
increase their active participation in the class. It is frequently reported that
students get bored very easily with given courseware due to the lack of variety.
Providing VRML objects as class support material to imitate ‘physical reality’
as ‘virtual reality’ allows both teachers and students can share ideas and their
understandings very actively through manipulating VRML objects. Also, the
teacher can use these figures as new media to deliver axiomatic ideas.
% The VRML group classroom was equipped with computers and audio-visual
facilities. The teacher used VRML objects for scheduled teaching, and students
were allowed to explore VRML objects with their computers in the third class
as a way of self-study.

* the traditional approach group students did problem solving in the third class
after two teaching classes. After tutoring the subjects, both groups were tested
with the same questions in the last class. The chosen method was student
knowledge of taught geometry subjects.
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RML-based class was analysed by applying statistical differences of correct
answer rates for given questions between the two groups.
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The application of VRML based 3-D objects has a positive effect on students’
learning of geometric topics.

P Bz e

1. The VR application used in this study does not have such powerful dynamics
of interaction with other objects, but can show geometrical objects in 3-D and
allows students to explore them by rotating, moving and zooming.

2.The advantages of the VRML-based geometry classes can be summarised as
follows.

(DIt provides a virtual reality of figures and objects that cannot easily be

213




described verbally.

(2)The web application of VRML materials can be effectively used for teaching
or learning purposes in class.

(3)Any geometry figure can be easily modelled into VRML drawings.
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C.-K. Looi &K.-S. Lim. (2009). From bar diagrams to letter-symbolic
é[ﬁ%?&‘})ﬁr algebra: a technology-enabled bridging. J. Comp. Assisted Learning,
25(4),358-374.
Our goal is to conduct rigorous and reflective inquiry to test and refine
FF P innovative learning environments, as well as to refine new learning
design principles.
Our research questions are:
1.does our bridging pedagogy help students to better learn letter-symbolic
R algebra?
1R 2.How does the enacted bridging pedagogy help students to better learn
letter-symbolic algebra?
3.How does technology (ALGEBAR) enhance the bridging pedagogy?
S
[ J#ce2 18 5 (Number & Operations)
Il ~ #<(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
(3 4 4 45 £ # 7 (Data Analysis & Probability)
The unit taught was the use of algebra to solve problems in whole
P numbers, fractions, ratios and percentages. The objectives were to teach
- the students to define an algebraic variable and to formulate the
equations.
. BEFN TENSEEN.
Secondary 1 for purposes of this research.
BrEF2z 1L software tool : AlgeBAR

B % %% (Learning
activity)
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The experimental class was taught using the software AlgeBAR for 1 h
each week in the computer laboratory. The objective of the intervention
was to enhance the students’ ability to define variables algebraically and
to formulate algebraic equations before proceeding to solve the problems.
The experimental class has an hour in the computer laboratory
usingAlgeBAR for the 4 weeks of intervention. A typical lesson would
have the teacher demonstrate using one or two examples before the
students were tasked to work in pairs on randomly generated questions.
The teacher would walk around to monitor students’ progress and correct
their mistakes. It was observed that for ordinary problems involving
whole numbers, the students were competent in using AlgeBAR to draw
models and were able to define the variables and formulate the main
equations. When the class moved on to problems involving fractions and
ratios, students were observed to have difficulty drawing models for
more difficult questions and were inevitably unable to define the
variables and main equations. When students were finally able to
construct the models, they somehow seemed to be in a better position to
define the variables.

e B 2
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For data collection, pre- and post-intervention clinical interviews.
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The test scores for the experimental class (M = 50.35, sd = 19.77) were
significantly higher than for the control class. The students’ PSLE
Mathematics grades, the experimental class (adjusted M = 49.93) still
performed significantly better than the control class (adjusted M = 31.25)
in the post-test [F(1, 65) = 19.9, P < 0.001, partial eta-squared = 0.23].

* Observations from pre-intervention and post-intervention clinical
interviews with students:

The first observation from the pre-intervention quiz and interview
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indicates that the students are familiar with the model method, especially
in solving routine questions. The second observation indicates that when
the problem demands more sophisticated model drawing, as in
pre-intervention quiz question 2, students are unable to translate the
problem into model, and thus, are unable to proceed further. Only one
student was able to draw the model for this question, and it was only
partially labelled too. Equipping the students with algebra will help them
solve problems that do not lend themselves to model drawing easily.

The third observation from post-intervention interview, and supported by
the post-test, indicates that after 4 weeks of intervention, the stronger
student is able to define variables and formulate equations, the average
student is able to define variables and formulate equations for routine
questions, but the weaker student is only able to define variables
correctly. All the three students interviewed associate algebra with ‘using
letters to substitute for unknowns’. They have modest confidence in its
use as it is a relatively new topic. They believe that algebra is a powerful
tool that can help to solve problems efficiently, but they have not fully
grasped its concepts. When given a problem, only the stronger student
(one out of three) indicates readiness to use algebra, and the other
students are likely to fall back on model method or other heuristics.

B2 Fek

1. AlgeBAR also helps students to check for consistency in the model
and equations. This checking mechanism provides scaffolds for the
students, letting them know if they are on the right track. It enables the
students to explore and attempt the questions with less help from the
teacher.

2. AlgeBAR has benefited students in some ways. It helps students to
understand the problem better and faster. This is because it facilitates
model drawing, the process of which helps students to visualize the
problem faster and better.
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Kramarski, B., & Ritkof, R. (2002). The effects of metacognitive and

® 1;% * ik emails interactions on learning graphing. Journal of Computer Assisted
Learning, 18, 33-43.
The main purpose of the study was to investigate the differential effects
of the use of EXCEL software embedded with EMAIL vs. EMAIL +
META interaction on students’ graph interpretation and graph
construction.

FF P The purpose of this study was twofold:
1. To investigate the effects of metacognition and email interaction
between teacher-student on learning to interpret and construct graphs.
2. To describe the email interaction on three levels of interaction: tutorial,
metacognitive and life.

N
One class (n = 25) was exposed to EXCEL software embedded within
email interaction (EMAIL) and the other class (n = 25) was exposed to

U EXCEL software embedded within email interaction and metacognitive

1= instruction (EMAIL + META). Three measures were used to evaluate

learning graphing: a graph interpretation test, a graph construction test
and levels of interactions in emailed messages.
[ J#c#2 18 5 (Number & Operations)
Il - #c(Algebra)

#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
CIF#L 4 47 27 4% % (Data Analysis & Probability)

#E iy S AR B

. O mA° 3
50 ninth-grade students

BrrRF21E EXCEL software ~ EMAIL

g

¥ % # (Learning
activity)

%4 ¥ % . Metacognitive instruction

One class (n = 25) was exposed to EXCEL software embedded within
email interaction (EMAIL) ; the other class (h = 25) was exposed to
EXCEL software embedded within email interaction and metacognitive
instruction (EMAIL + META).

% EXCEL and email interaction:

All students were exposed to learning about graphs by EXCEL software
embedded within email interaction with the teacher. The main purpose
was to use advanced technologies for learning. In particular, in all
classrooms students studied: (a) presenting information by graphic
representations and how to make decisions about the appropriate graph;
(b) quantitative and qualitative methods of graph interpretation; and (c)
drawing conclusions from graphs. In all classrooms the unit was taught
one hour a week for seven weeks. At the beginning of the unit the teacher
introduced the principles of constructing graphs with EXCEL software
and strategies of graph interpretation such as using tables, algebraic
formula and verbal explanations. All students in both conditions practiced
graph construction and graph interpretation strategies with the same
tasks, and all used the same booklets. In addition, the students were
taught how to send/receive emails and how to send/open file attachments.
Moreover, students were encouraged at any time to ask the teacher
questions or send comments by email.

* The metacognitive instruction used a series of four self-addressed
metacognitive questions: comprehension questions, connection questions,
strategic questions and reflection questions

1. The comprehension questions were designed to prompt students to
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reflect on the problem/task before solving it. In addressing a
comprehension question, students had to read the problem/task, describe
the concepts in their own words, and try to understand what the concepts
meant. The comprehension questions guided students to interpret the
graph at both the local-to-global dimension and the
guantitative-to-qualitative dimension.

2. The connection questions were designed to prompt students to focus
on similarities and differences between the problem/task they were
working on and the problem/task or set of problems/tasks that they had
already solved. The connection questions referred to questions that
guided students to find similarities and differences between the graph at
hand and graphs they had already interpreted, and to compare different
intervals on the same graph or different representations for the same
graph solution.

3. The strategic questions were designed to prompt students to consider
which strategies are appropriate for solving the given problem/task and
for what reasons. Strategic questions referred to strategies that students
could use in interpreting the graphs which include using data-tables or to
referring to the algebraic representation of the graph.

4. The reflection questions were designed to prompt students to reflect on
their understanding and feelings during the solution process. The
metacognitive questions were used in students’ small
group/individualized activities, and in writing in their booklets. In
addition, the teacher modelled the use of the metacognitive questioning
when she introduced the new concepts to the whole class, reviewed the
materials, and helped students in their activities. Students were told that
asking and answering the metacognitive questions would help them to
understand the mathematics presented in the class and in life.

* EMAIL + META condition:

The students studied according to the IMPROVE method described
above. For practising that method the students were asked to send the
teacher by EMAIL the solution of five graph tasks, and to describe in
writing the solution process. In their EMAIL interaction they were
encouraged to use the metacognitive questions: comprehension guestions,
connection questions, strategic questions and reflection questions. They
were also encouraged to ask the teacher for help when they encounter
difficulties in understanding and to correct the graphs, if needed, after
receiving feedback by EMAIL from the teacher.

% The EMAIL condition:

The students studied the same as under the

EMAIL + META condition but they were not exposed to the
metacognitive instruction. Students were asked to send the teacher the
solution of five graph tasks by EMAIL and to describe the solution
process in writing. They were encouraged to ask the teacher for help by
email when they encountered difficulties in understanding and to correct
the graphs, if needed, after receiving feedback by EMAIL. Appendix 2
presents an example of how the graph tasks were introduced in the
EMAIL + META vs. EMAIL conditions.

e B 2
Gl

Graph interpretation test ~ Graph construction test ~ Levels of interactions
in emailed messages.

k|
o5y
R
*:n

Results indicated that the EMAIL + META students significantly
outperformed the EMAIL students on graph interpretation and graph
construction. In particular the effects were observed on students’ ability
to explain mathematical reasoning and on reducing misconceptions
regarding graphs. Furthermore, qualitative analysis of the EMAIL
messages indicated that the EMAIL + META students frequently used
different levels of interaction in their email interactions than the EMAIL
students.
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1. Graph interpretation

It was found that the EMAIL + META students significantly
outperformed the EMAIL students on graph interpretation. It significant
differences between treatment groups were found at the end of the study
controlling for pre-treatment differences for mathematical explanations
and reducing misconceptions regarding graphing.

2. Graph construction

It was found that the EMAIL + META students significantly
outperformed the EMAIL students on graph construction.

3. Levels of interactions in emailed messages

Qualitative analysis of the email messages indicated that more students of
the EMAIL + META condition used significantly different levels of
interaction than did the EMAIL students.

a5z FE

It seems that the EMAIL + META condition succeeded in building a
mathematical community where students expressed their mathematical
ideas fluently and flexibily using various levels of interactions (tutorial
and metacognitive). By formulating written explanations, students
learned valuable lessons about the need for accuracy, precision and
completeness in their answers.
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Chen, Y.-H., Looi, C.-K., Lin, C.-P,, Shao, Y.-J., & Chan, T.-W. (2012).
Utilizing a Collaborative Cross Number Puzzle Game to Develop the
Computing Ability of Addition and Subtraction. Educational Technology
& Society, 15 (1), 354-366.

In this study, we explore a collaborative way for students to learn these
skills in a technology-enabled way with wireless computers. Two classes,
comprising a total of 52 students in Grade 4 (ages 10 or 11) participated
in the study. This paper investigated the benefits of learning addition and
subtraction through the game “Cross Number Puzzle” on Group
Scribbles. Our observations and investigations of the two classes who
played the game individually and collaboratively respectively showed
some interesting differences.

7R

We conducted a study on two classes of students to explore different
collaborative learning patterns that involved students working together on
solving arithmetic problems. We also examined differences between
individual learning and collaborative learning. In this research we
explored the effects of “Cross number puzzle” game applied in learning,
which was designed to provide the feedback mechanism. We had two
experimental classes: students in Class A played the“Cross number
puzzle” game in small groups, and students in Class B played the game
individually The study for both classes lasted for four weeks. In the first
week, a session for 30-minute pre-test and 20-minute training was
executed. Students were asked to be familiarized with GS and the
operation of the game with simple exercises. In the second week, the
game was played in one lesson lasting for 60 minutes, followed by a 30-
minute post-test and a 20-minute questionnaire in the third week. In the
fourth week we interviewed the teachers and students. A pre-activity and
three learning activities were included in this study.

KEE~

Wl#c 7 1 & (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] & (Measurement)

(38 4 45 22 #% 7 (Data Analysis & Probability)

}F A4

Arithmetic problems : addition and subtraction

KT

W= (R? s ¢
Fifty two students in Grade 4

N S

Scribbles software : “Cross Number Puzzle” that was designed with
the “feedback” mechanism to assist students’ problem solving. Group
Scribbles (GS) is a computer-supported collaborative learning system.

# 3 &% (Learning
activity)

%4 ¥ % . Computer-supported collaborative learning

* In one class, students played the game individually and in the other
class, students played the game collaboratively.

% Students were asked to be familiarized with GS and the operation of
the game with simple exercises.In the game playing session, three tasks
were designed and implemented in collaborative group (Class A) and
individual group (Class B) separately. Students were asked to fill in the
operator in an arithmetic equation in Activity 1. Activity 2 is about filling
in the unknown number while in Activity 3, students were asked to
estimate using trial-and- error methods to solve the problem. Group
members could use their private boards for sketches and confirmatory
calculations. Then they could post their sketches or results to the public
board.

Sl 2

Pre and post-tests, collected questionnaires, did ideo-recording of their
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activities in classes and tracked their screens in the process of game
playing.

it

e

1. pre-tests and post-tests

This indicates students in Class A made greater progress than those
students in Class B through playing the game collaboratively. Further
observation of these collaborative groups suggests that the low
math-achiever students made the most significant progress, which can be
easily gathered from the following table. The striking result to emerge
from the data is that the collaborative group had much greater
improvement than the individual group in this study although they played
the same game.

2. Questionnaire

Students tried to do cooperation and discussion before they submitted the
answer when they played the “Cross number puzzle” game. There was
one high-achiever student who did not discuss with others when he did
his calculations. Students claimed that it was much easier to complete the
calculations with collaboration than doing them individually. Those
students without confidence in mathematics found it easier to share their
own ideas with others and complete the calculations together. All
students agreed that they derived benefits from discussion with other
classmates

3.”Tips” usage in Class A and Class B

That when a student encounters problems and difficulties and in the
situation where there is no help from peers, he or she would search help
from the “feedback” system. On the other hand, students in Class A
would discuss their strategies to solve the problem within a group first,
allocating cooperative work among group members. They only referred
to the “feedback” system when every student in the group was uncertain
on how to proceed They used the “tips” less often then students in Class
B. Students in Class B seldom initiatively asked for help from their
classmates but only referred to the tips when they encountered
difficulties. However either in Class A or Class B, high-achiever students
seemed to have used the “tips™ far less than low-achiever students. Low
achieving students relied more on “tips”.

1. Learning Activity 1: Remove the operator. Four different patterns of
collaborative problem solving were found in their activities of “remove
the operator”: whole-group-deciding, two-member-deciding,
leader-deciding and individual deciding.

2. Learning Activity 2: Fill in the figure in the formula sentence some
insights of methods of students’ collaboration and their strategies to
complete the calculation.

(1)Individual calculation: Group members did the calculation by
themselves individually. Little collaboration occurred.

(2) Comparison: Started from different thread and compare each other’s
result at the intersection

(3) Relay: One finish one section and another take over to continue
calculating

(4) Assisted calculation: One of the group members is in charge of all
calculation and other members checking his/her calculating process

(5) Through-out calculation: Some members calculate from the beginning
to the end and other members calculate from the end to the beginning
then they compare at the intersection.

3. Learning Activity 3: Fill in Multi-unknown student’s working path,
trace group’s problem solving strategies

(1) Individual calculation : Group members did the calculation by
themselves individually

(2) Cross calculation : Started from different paths and compare each
other’s result at the intersection
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(3) Reverse calculation : Some members calculated following vertical or
horizontal paths, other members calculated from the result to get the
answers.

4. video recordings of the students’ activities together with the recording
of computer screens, different interactive patterns in eight groups were
identified:

(1) Unresponsive: The leader communicates with other members but they
do not respond;

(2) Unsocial: There is no interaction among the group members;

(3) Dominant leader: The leader communicates with group members who
revere and follow the leader;

(4) Tete-a-tete: Every member interacts with his/her neighbors, which
may lead to emergent sub-groups;

(5) Fragmented, cliquish: Fragmented interactions within individual
sub-groups but no interaction at the full-group level;

(6) Stilted: Each and every member interacts with his/her neighbors; the
interactions have yet to reach an ideal status albeit some individuals have
opportunities to interact with each others.

(7) Ideal: All the group members actively interact with each others, and
there are multiple communicative paths.

* Collaboration also plays an important role in enhancing learning in
Class A with the incorporation of the “feedback system” and
collaboration strategies

%* The students had five methods of calculations: individual calculation,
comparison, relay, assisted calculation and through-out calculation.
Students also showed four different ways of calculation: free calculation,
calculate from the top, calculate from the bottom and calculate from both
the top and bottom. They did the calculation in three different
collaborative ways: each student calculates the whole thing him/herself;
one student started from the top and the other started from the bottom;
and they did backwards calculation for checking

Feedback mechanism :

When the students complete the calculation, they can fill in the answer
box and press OK button under the question area to submit. If the answer
is correct, there will be a brief description of the key points. If the answer
is wrong, the system will execute a step-by-step tip based on the number
g Bz ek of errors from the user inputs (Figure 8, a popup box with tips shown in
individual area). The action repeats until the maximum number of errors
reaches the upper limit. Then the system will show the correct answer
and the methods of problem-solving. The “feedback” system because
they could get help from group members. However, in both classes, the
low-achiever students had the highest demand for “tips” for help.
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Yelland, N. (2002).Creating Microworlds for exploring mathematical

é[ﬁ%?&‘})ﬁr understandings in the early years of school. Journal of Educational
Computing Research, 27(1), 77-92.

=R h This study explored the strategies and interactions of children in a

1E e computer based microworld related to the concept of length.

N
Describe the strategies and interactions of pairs of Year 2 children
(average age 7 years 4 months) while they worked on novel tasks in a
computer microworld embedded in a mathematics curriculum. The
curriculum encouraged the active exploration of ideas in both on and off
computer tasks, which complemented each other. Observations of the

Y WE | children supported the notion that the active construction of knowledge in
a computer supported collaborative learning context, enabled the children
to engage with powerful ideas and use metastrategic strategies. Further
their spontaneous comments and persistence with tasks indicated a high
level of interest and enthusiasm for these tasks in preference to those that
traditionally characterize mathematical activity.
[ J#icg 1 & (Number & Operations)
[ ]+ #<(Algebra)

#EHE A [ 14 = (Geometry)
7] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)

KE 5 concept of length

e e Ome O
Year 2 children (average age 7 years 4 months)

BrEF2z 1L Geo Logo

B % %% (Learning
activity)

¥ & ¥ % . Computer supported collaborative learning.

% 28 children in the study who worked in pairs.

1. The sequence of tasks in How Long? How Far?

The content of the unit pertains to the exploration of linear measurement
and involves the processes of determining, analyzing, and comparing
both arbitrary and standard units of length.

2. In the sequence of activities that were used in this study, the children
first played turtle with their partner in order to experience giving
commands that involved both distance and turning movements. They
then completed a non-computer task that required them to find and sort
items that were; about the same as, longer than and shorter than 3 strips
of paper/ string that were of various lengths.

3. In the first computer based task, called Steps, the pairs of children took
turns to direct their individual turtle to a randomly generated item with
steps of the same size. In the next activity, Giant Steps, although their
items were placed at an equal distance from each turtle, they had to use
different sized steps in order to reach the item. Next there was a maze
task in which the children were required to collaborate in order to take a
mother turtle to her baby, located at the end of the maze. Three sizes of
the steps were randomly generated and the players were shown which
size was being used in any particular game. Additionally, in this activity
there was a meter located at the top of the screen, which indicated how
much energy, the turtle was using in order to move through the maze. If
the energy level was depleted the activity was considered to be over. The
final two activities of the unit were completed first off the computer and
then on it. They involved directing an ant and turtle respectively around a
make believe town in order to visit various locations. An integral part of
the task was that the turtle had to be  “recharged” at a battery stop after
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ten distance moves. If the turtle ran out of energy it could not move any
distance at all.

S 2
FLTER

The data source was rich since it included video tape of the computer
screen with an insert of the children in the top right hand section so that
extensive analsyses of their strategies and interactions could be made
with reference to specific aspects of the task that they were in the process
of solving.

it
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At all times the children were engaged with the ideas that were embedded
in the tasks and revealed a high level of interest and enthusiasm
throughout the study. It was apparent that the children were working
mathematically using the ideas inherent to the concept in effective ways
and indeed able to examine their actions in detail and develop skills in
metastrategic thinking during their problem solving.

P B2 Fek

The microworld not only provided an important link between the real
world and classroom activity, but it also afforded the opportunity to
actively construct units of measure and change them in a dynamic and
interactive way. Working in the microworld enabled the pairs of children
to engage in critical discussions, which impacted on their understandings
in various ways, and they were also able to generate hypotheses, test
them out and immediately modify strategies and opinions about concepts
of length.
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Figueira-Sampaio, A. S., dos Santos, E. E. F., & Carrijo, G. A. (2009). A
® ;;Jeié;‘)%r constructivist computational tool to assist in learning primary school
mathematical equations. Computers & Education, 53(2), p484-492.
The objectives of this study were
(1) develop a computational tool to replace a conventional balance in
practical mathematics exercises thereby solving two material challenges
for Brazilian teachers: verifying the accuracy of balances and the lack of
=R h student physical and social activity through direct participation.

1 (2) determine how substituting the conventional balance with a
computational tool for the solution of first degree polynomial equations
affected the aspects inherent in the learning process like motivation,
cooperation, dialogue, discussion, reflection, reciprocity, negotiation and
responsibility.

N
A case study: This research is of an exploratory and descriptive character.
Exploratory research helps develop a general vision with certain
U phenomena in perspective, with the goal of identifying relevant variables

L that should be considered in the research. Whereas descriptive research
seeks, based on well defined objectives, to expose the characteristics of
the phenomena or establish relationships between variables.

[ J#c#2 18 5 (Number & Operations)
Il - #c(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
CIF#L & 47 27 4% % (Data Analysis & Probability)
Ei A Polynomial equations of the first degree
the 6th year of a public elementary school
R i g Computational tool

B % %% (Learning
activity)

FF g

Group A was taken to the computer laboratory to use the virtual balance.
Group B was taken to the mathematics laboratory to use the conventional
balance. In the computer lab, two students were placed at each computer
in order to analyze interpersonal skills. Because of the pedagogic—
didactic principles of the school, it was not possible to have another
group that only participated in the classroom but not in a laboratory

In the laboratories, students were presented with five first degree
polynomial equation problems of various levels of difficulty (x + 4 = 10
+4;5x+1=35+1;2x+5=10+x;3x+12=12 + 13 + 2x; 5x + 50 =
3x + 290). They were also provided with a balance and a teacher was
present. In the computer laboratory, the equations were presented and
solved in the computational tool. While, in the mathematics laboratory,
the professor wrote the equations on the blackboard so that the students
could follow the solution with the conventional balance.

* While in the mathematics laboratory (Group B), students could not
explore the balance and the objects on the balance because it needed to
remain accurate for the completion of the activity. Only the teacher had
direct contact with the educational activity, since there is only one
balance for classes that have an average of 24 students. The teacher had
to carefully manipulate objects on the balance and try not to affect the
accuracy of the balance while trying to re-establish equilibrium. The
students observed the equilibrium and disequilibrium of the balance and
recorded what happened in their notebooks. There was a lot of unrelated
conversation among the students because they were not participating
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directly in the experiment. This dialogue among students, far from being
useful in terms of achieving goals, was a deviation since the students
were not actually involved in the activity. This resulted in constant
interruptions during the class as the teacher requested attention and
silence.

% In Group A, through socializing, each pair of students was responsible
for their own learning and pace of learning. The students had to organize
and manage their time to complete the activity. Using the computational
tool, each pair of students solved each of the five proposed equations in
different time intervals. The pairs started the activity at the same time in
the computer laboratory. However, it was observed by the monitors of the
computers that the pairs were solving different equations or at different
stages of the same equation. Despite the fact some pairs were solving
equations ahead of other pairs, all the pairs worked at the activity for the
50 min permitted for the completion of the five equations.

Data collection was accomplished through non-participatory observation
while the students executed tasks, with the intention of identifying the
possible contribution of the computational tool on the learning process.
Observations of what was seen and sensed during the activities were
recorded as detailed field notes. Practical classes in both the
computational laboratory and the mathematical laboratory lasted 50 min.

it

e

The student pairs utilized all the available time for an activity does not
invalidate the fact that the progress in an activity was based on the
students’ own learning rates. Through experimentation provided by the
computational tool, students began to take in what they had learned. This
was observed as the students progressed through the different levels of
complexity of the equations. The actions taken to solve each subsequent
equation were more confident. In most cases, the discussions and
questions between the students in each pair were different from those
observed during the solution of the previous equation. Previously
observed errors ceased to happen. In some pairs, it was also observed that
after solving the first two or three equations the students were able to
solve subsequent equations by means of mathematical-logical actions
before manipulating the virtual objects.

In Group A, it was observed that the interaction permitted by the tool and
students working together in pairs at a computer brought the students
together during the activity and created an environment for mediation
between them encouraged by the teamwork and dual responsibility of
completing the activity. Students took turns solving the equation: one
student would address the disequilibrium from the right side of the
balance and the other student from the left. Attempting to solve the
equation alone was not observed in any of the pairs. Differences between
students did not impede completion of the activity. Differences were
accepted in a positive way. The students began to communicate by
listening to suggestions or posing questions to their partners. Cooperative
work awakened concern about the learning of others. Students with
greater ability served as direct guides for less able students while solving
equations and even while operating the computational tool. Faced with a
misstep, it was common to hear one student asking another: “You
removed “x” from the left side of the balance and now the balance is not
in equilibrium”, “Click here”, “The balance is in disequilibrium”, “The
equation in the visual panel shows that we removed “weight” from the
right side. What should we do now?”, “The light on the balance is green.
Can we continue?”, “Do you want me to explain again?”’.

* The results indicate that the cognitive computational tool met the
challenges of Brazilian teachers. First, because it lacks mechanisms that
need to be verified for accuracy in order to demonstrate equilibrium.
Second, because it allows the direct participation of students (physical
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experience) and the use of the tool in small groups (social experience).
The hands on completion of the activity, realistic appearance, the
interaction with the tool, visual feedback on the panel, and two students
using the same tool awakened moativation, responsibility for completing
the activity, dialogue, cooperation, discussion and reflection. Doing the
experiment with others aroused concern about the learning of others and
reciprocity of knowledge for the improvement of the procedure to be
constructed for solving 1st degree equations.

a5z FE

1. Experimentation combined with manipulation, visualization and
reasoning using the computational tool to solve a real world problem
allows an exchange of opinions and integration of different points of
view. Since students were able to use the monitor to follow each executed
action and the effect of this action in real time. Feedback in the visual
panel, which shows partial results at each step of the solution of the
equation, allowed the students to detect errors and reflect on the
subsequent action. For each action, students reflected on and discussed
the next action to be executed. They no longer solved equations through
trial and error. Consequently, teaching became more dynamic.

2. Direct experimentation awakened motivation, responsibility and
activity coordination. Two students using the same computer contributed
to the proximity between them and awakened qualities such as
communication, negotiation, cooperation, reflection, discussion and
reciprocity. These aspects are identified in the constructivist theories of
Piaget and VWygotsky. This lets the teacher take on the role of facilitator of
mathematics education.
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Harries, T., & Suggate, J. (2006). Exploring links across representations
of numbers  with young children. International journal for technology in
mathematics education, 13(2).53-64.

The specific purpose of this project is to use a suite of IT programmes
which will allow pupils, particularly those who are having difficulty with
mathematics:

- to explore a variety of ways of representing numbers.

- to explore ways of undertaking addition and subtraction operations.

+ to explore ways of undertaking multiplication and

division operations.

For the purposes of this study the emphasis is on external representations
which may help pupils to develop flexible and powerful ways of working
with concepts and operations

7R

Numbers can be represented in a variety of ways — through pictures,
diagrams, symbols. Each representation highlights different features of
the number and the number system. This study aims to explore pupil
understanding of number both within and across representations. A
computer environment (suite of programmes) was created within which
representations could be generated and manipulated. This study focuses
on one of the programmes within which activities were developed for
pupils in years 1, 2 and 3 of English primary schools (ages 5 to 8 years).

KEE~

#2715 (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

®ELE

Addition and subtraction operations ~ multiplication and division
operations.

Eel RN

m= ) (R? s ¢
Years 1, 2 and 3 of English primary schools (ages 5 to 8 years).

B gcgsan

IT programmes: the programmes provide the opportunity for
communication and discussion between pupils and between pupil and
teacher about the work. Since the programme ideas make transparent the
structural aspects of number work, the characteristics of different
representations are highlighted and hence the role of representations as
mediators for developing meaning can be developed.

# 3 &% (Learning
activity)

FF R

The pupils were introduced individually to the programme, Number 1-99.
They were first shown the representations. They were then asked to
choose two representations. The researcher constructed a number in the
first representation. The pupil constructed the same number in the other
representation. In each case the pupil works in tens and units. This
exercise was repeated twice with a different pair of representations each
time, but with the pupil now constructing the number in both
representations. Thus each pupil had direct experience of six
representations and each time would see on the screen a pair of
representations. Following this exposure to the representations and the
programme itself, the pupils were shown a different number in each
representation and asked to identify it. The order of the representations
was randomly chosen for each pupil but the numbers used were the same
each time. The pupils’ answers were noted together with any relevant
observation (such as, pointing, eye movement, vocalisation). The pupils
were also asked how they had obtained their results. The accuracy of the
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answer was not the only focus of interest but any common errors were
also noted as these might indicate where particular care is needed in
teaching.

ATk 2
i

In the first section the analysis simply explores the results of the study
using percentage scores.

In the second section the analysis will be conducted in relation to a Rasch
model.
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Essentially the two analyses suggest that there are five main findings:

1. Not all representations are equally well understood (the number line
seems to be especially difficult particularly for low attaining pupils).
Indeed there is a clear hierarchy of difficulty associated with the
representations used.

2. ‘Reading figures’ accurately, which is a skill that virtually all pupils
can accurately employ, comes before an understanding of place value.

3. Over the first three years of schooling there is a great improvement in
understanding all representations except the number line and the beads.
There is a substantial difference between the responses of the high
attainers and the other groups — particularly in the first year. Generally
the greater change is through the first year.

4. An ability to count in tens and ones is associated with greater
understanding of many representations.

5. Low attainers are not only liable to make more errors but they are also
more likely to offer no response.

P 52 Fe

That these representations have to be viewed as abstract conceptual
frameworks through which pupils can construct understandings of
number and operations and not just as illustrative mediators. The
representations need to be seen as tools through which understanding

can be constructed. The facility to see through the representations can
help pupils to build their sense of a number and numbers in general.
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Suh, J., Moyer, P. S., & Heo, H. J. (2005). Examining Technology Uses
< B dm in the Classroom: Developing Fraction Sense Using Virtual Manipulative
(A Concept Tutorials. The Journal of Interactive Online Learning, 3(4),
1-22.
This project explored ways in which virtual manipulatives could facilitate
=R h the connection between conceptual and procedural understanding by
1 capitalizing on the graphic/nonlinguistic features of the virtual fraction
manipulatives.
What learning characteristics are afforded by the use of the virtual
3R A fraction manipulatives for understanding fraction equivalence and
addition?
7= ;L* =k
Wl#c :F & (Number & Operations)
]+~ #ic(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)
KE I Fraction equivalence and addition of fractions with unlike denominators.
e mE - OmY O3 ¢
46 fifth-grade students in three classes at the same elementary school
Virtual manipulative(two virtual manipulative applets from the National
rrE21E5 Library of Virtual Manipulatives (http://matti.usu.edu/nlvm/index.html)

and one applet from the NCTM electronic standards (http://nctm.org))

¥ &% (Learning
activity)

FF g

Each lesson began with an introduction to the virtual manipulative applet
that would be used that day and several mathematical tasks for the
students. On each day in the computer lab, students received a
teacher-made task sheet that provided instructions for using the virtual
manipulatives, several problems, and space to record work. These
directions focused students on the mathematical tasks during the lessons.
The teacher reviewed the instructions with the class and modeled how to
use the virtual manipulatives before students worked independently on
the activities.

e B 2
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Observation field notes, student interviews, and classroom videotapes.

k!
o+
R

;{l,x:

The results below focus on the observations, student interviews, and
videotapes of students’ interactions with the virtual manipulatives during
the project to determine the learning characteristics of the technology that
may have supported student understanding.

Task 1: Finding Equivalent Fractions

1.Discovery learning: This fraction applet features an arrow button that
enables students to experiment with various visual representations of the
denominator up to 99. When using this applet, students are able to view
multiple visual images of different fractions very quickly. They can see
what each fraction looks like in both its symbolic and pictorial modes in
the on-screen presentation. The connection of these visual and symbolic
models through experimentation allowed students to rapidly view many
different fractions from halves to 99ths.

2. Making conjectures: While using the Renaming Fraction applet,
students were able to test what would happen to the visual images of the
fraction pieces as they pressed the arrow keys up and down. This allowed
them to test their hypotheses about fractions they thought might be
equivalent to a given fraction. As they viewed numerous different visual
images of the fractions, the applet may have facilitated their ability to
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look for and identify patterns in the fractions. This feature may have led
them to a conjecture about a working rule for the patterns they were
seeing.

3. Mathematical relationships. Students observed that the lines on the
fraction applet that divided the whole region would not line up evenly
when the pieces in the region were not divided by a common multiple.
Each time students viewed a new fraction, the applet reinforced this
mathematical principle. After working at their own pace with numerous
fraction examples provided by the applet, students began to see
mathematical relationships related to the factors and multiples of the
numbers they were given.

Task 2: Adding Fractions with Unlike Denominators

1. Linking symbolic and iconic modes: On this fraction applet, the
symbolic and iconic manipulations are closely tied together during each
step of the process. Students frequently have difficulty associating their
manipulations with fraction pieces to the symbolic process of using
algorithms. Although they may be successful manipulating physical
fraction pieces, they may be unsuccessful at manipulating numeric
representations because they see these as two separate processes. The
addition of fractions using the virtual fraction manipulatives connected
the processes students were using in finding common denominators and
combining fraction pieces with the symbolic representation of these
concepts. The first screen of the applet shows two fraction pieces with
unlike denominators, which students rename using arrow keys. Students
type in the numeric representation of the renamed fractions, and the
screen changes to allow the student to perform the addition in both
symbolic and iconic forms. After students type the numeric
representation into the addition sentence, they receive feedback on the
accuracy of their response

2. Preventing a common error pattern. One common problem in the
addition of fractions with unlike denominators is known as the “add
across” error where students add both the numerators and the
denominators (Ashlock, 2002) (i.e., 1/3 +2/6= 3/9). Using this fraction
applet, students are guided through the problem with the support of a
visual model. In each problem, the concept tutorial does not allow
students to add the numbers erroneously and waits until the two fractions
have a common denominator. Only after students find common
denominators are they permitted to begin the addition process. Within the
addition mode, the ability to drag the shaded fraction pieces to the sum
square/sum circle further reinforces the idea of combining like pieces to
determine the numerator. Another feature is that the sum square/sum
circle names the total divided parts of the denominator. Students using
the concept tutorial to practice addition of fractions cannot make this
common mistake because of the step-by-step process that includes both.
Task 3: Fraction Track Game

1. Student-to-student communication.: The Fraction Tracks Game is
designed for students to play the game in pairs. By allowing the students
to work in pairs, students had the opportunity to talk about the
mathematics involved in the game. The virtual environment served to
facilitate students’ interactions with each other and with the computer.
When one student made a move on the Fraction Tracks game board, the
student’s partner occasionally questioned the student’s move. This led
students to justify their choice of move and to explain why the move was
mathematically accurate. Much of the mathematics talk during the class
session focused on students’ agreement on whether or not a move on the
Fraction Tracks board was legal mathematically.

2. Application of previously learned skills: Students used the skills of
renaming fractions, finding common denominators, and fraction addition
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to play the Fraction Tracks Game. The students learned and reinforced
these concepts by playing the game because it allowed them to rehearse
and play several times to develop their strategies. During this rehearsal
they began to recognize that they could use previously learned skills to
improve their performance during the game and so they applied these
skills. This enabled many of the students to attach meaning to
equivalence and addition of fractions. However, although it was evident
to the observers, it was not immediately obvious to students that they
were applying previously learned skills to the new mathematical
situation.

e Lz Fe

1. One characteristic afforded by the virtual manipulative concept
tutorials used in this project was their design that combined both visual
and symbolic images in a linked format. This may have encouraged
students to make connections between these modes of representation and,
thereby, developed students’ representational fluency, particularly for
visual learners

2. Another characteristic of these virtual fraction manipulatives was that
the applets allowed students to experiment and test hypotheses in a safe
environment. The guided format features of the applets allowed guessing
and trial-and-error, and at the same time, would not allow students to
submit an incorrect response.

3. Virtual manipulative technology is a promising tool for improving
students’  visual and conceptual abilities in mathematics.

4. The dynamic nature, along with color, graphics, and interactivity can
capture and hold the attention of students so that they persist in
mathematics tasks.
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Wei, C. S., & Ismail, Z. (2010) Peer Interactions in Computer-Supported

® 1;% * ik Collaborative Learning using Dynamic Mathematics Software. 8 (1),
600-608.
We designed and implemented a systematic observation of students
trying to cope with non-routine problems concerning the area of irregular
plane figures either with or without the support of a computer with

FF P dynamic geometry software. The main idea was to pose non-standard
problems in both environments, the paper-and-pencil and the
computational ones, aiming to produce a feeling of need for verification
in order to explore and compare the ways students respond.
1. To what extent does the above-mentioned computational environment
allows the development of verification processes in greater frequency and

R in a wider variety than in a typical paper-and-pencil situation?

1 2. Are these processes based completely on empiricism or not?

3. In case of processes that are not based on empiricism, could we order
them according to their mathematical ‘significance’?

L S
#2715 (Number & Operations)
[ ]+ #<(Algebra)

#EHE A % 7 (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)

T The topic was the calculation and comparison of areas of irregular plane

- figures

W= R 37

5T FEE 52 students of the 5th grade and 46 students of the 6th grade of a primary
school

B E L The 5th grade used MSPaint (v.5.1) and GeoComputer (v1.0.); The 6th

grade used Cabri Geometer (v.1.2.4.8.).

g

¥ % # (Learning
activity)

$OF s

Two tasks for the 5th grade and two tasks for the 6™ . There were separate
sessions for each group and the students had a session of 45 min per task.
Each student worked individually on his/her own computer or his/her
worksheet. In the case of the laboratory the students did not have the
opportunity to choose the appropriate software.

AT 2
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1. In the computer environment, aiming to record how the students used
the technological tools for verification purposes, we used the Camtasia
Studio, a software for screen capturing.

2. To follow the students’ attempts to verify their solutions audio-taped
interviews were used after the completion of each task so as to use more
direct questioning concerning parts of their work that were less clear.
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Analysis resulted into three main categories into which the recorded
verification strategies were classified. These categories were:

1. Empirical strategies

(a) Visual verification:

Students who employed this strategy accepted with no doubt the
legitimacy of their results and this habit made them ignore results that
would not stand logical analysis

(b) Adaptation-based verification:

In the laboratory students had the ability to make direct comparisons and
to find relations between what they thought or what they expected as a
result and what they saw on their computer screen. visualizing the results
of their activities on the screen, they could immediately react to them so
as to ultimately reach the correct result. In this process each step towards
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the solution of the problem is completely determined by what can be seen
on the computer screen. This visual impression forces the students to
react.

2. Numerical strategies

(a) Formula-based verification:

Using the tool “Calculate” of the software and applying the known
formula. in the technological environment the formulas are written in a
linear manner which demands more parentheses and makes the arithmetic
operations which have to be done less obvious

(b) Outline and auto-measure verification:

This strategy emerged as an answer to the limitations posed by the
software at a technical level. The “Area” tool of Cabri would give the
students an answer concerning the area of the whole shape. They thought
then to re-draw these sub-shapes by using certain tools.Working like that
they made them recognizable to the program and now they were able to
use the ‘Area’ tool to verify whether they correctly calculated the
sub-areas.

3. Idiosyncratic strategies

(a) “Copy—Paste” verification:

This strategy was applied during the process of problem solving to verify
intermediate results or statements. Students changed the orientation of
these triangles so as to fit one to the other. Thus, they verified their initial
thought which they had used for the calculation of the area of the initial
shape, that the combination of these triangles would result in a whole
square unit

(b) Verification through erasing-and-redrawing:

This technique could be regarded as an extension of the previous strategy
of Copy—Paste.

(c) Transformation-based verification:

In this strategy the students tried to transform an unfamiliar shape to a
familiar one: a triangle, square, or rectangle. The strategy of
transformation is conducted through successive cut and paste actions
which implies that one is familiar with the idea of the preservation of
area.

(d) Properties-based verification:

It would be considered as an intermediate verification that facilitated
students in deciding how to proceed in order to achieve sub-goals.

P 52 Fe

1. What they ‘see’. The image itself can justify the students’ choices. This
becomes more powerful in the computer environment since the students
can manipulate the image in various ways

2. Visualizing the results of their activities on the screen, they could
immediately react to them so as to ultimately reach the correct result. In
this process each step towards the solution of the problem is completely
determined by what can be seen on the computer screen. This visual
impression forces the students to react.
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Ozgun-Koca, S.A. (2008). Ninth Grade Students Studying the Movement
of Fish to Learn about Linear Relationships: The Use of Video-Based
Analysis Software in Mathematics Classrooms. Mathematics Educator,
18(1), 15-25.

The present study focused directly on the effects of the linking property
of the software on students’ learning. The goal was to see how this
feature of the software affected their learning and understanding of the
relationships between the representations and the mathematics content
itself.

The major aim of this paper, however, is to present an activity for both
linked and semi-linked versions of the software in order to demonstrate
the use of the software with the aim of connecting practice with research.

7R

This study used a mixed method design. In an eight-week period, 20
Algebra | students, separated into two groups, used VideoPoint: one
group used linked representation software and the second group used
semi-linked representation software. Four computer lab sessions were
spaced out during the data collection period. Because this particular
school schedules its classes for 78 minutes, one group was taken out of
the classroom for a 35-minute computer lab during the first part of the
class; then during the second part, the other group went to the computer
lab.

KEE~

[ J#c#2 18 5 (Number & Operations)

I~ 3<(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)
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Linear Relationships

KT

OR mR* O3 °
Ninth Grade Students

B FE2 1L

Multi-representational software

B % %% (Learning
activity)

¥OF irs

% An activity using multiple representational software.

The parallel tasks for the linked and semi-linked versions are displayed in
two columns. The activity included five main sections: namely an
introduction section; three sections that focus on the graphical, tabular,
algebraic representations separately; and a general questions section at
the end. Two students’ responses are provided, one using the linked
version, the other student using the semi-linked version of the software.
Even though just two students’ responses are displayed below in the
tables, general conclusions from the larger study and general comments
about the use of different versions are also included in the narrative.

The lab activity started by watching a movie: two fish swimming at a
constant rate across the screen towards each other. The fish movie was
obtained from Graph Action Plus. A grey fish (the fish at the bottom of
the screen) swims from right to left and a striped fish (the fish at the top
of the screen) swims from left to right. Students were asked general
questions about the movie, such as, “How does the distance between the
two fish change as they swim?” At this point, only the movie window
was open on the screen. Typical responses included, “At first they got
closer and closer together and then they got farther and farther away.”
The second part of the activity focused on the graphcal representation
(see Table 1). First students were asked to create the graph of the
phenomenon by paper and pencil after watching the movie. Before seeing
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the computer-produced result could be very effective in creating
environments for students to construct linkages among representations
(i.e., between the movie and the graph in this case). This approach was
used throughout the activity with all representations. After making their
predictions, students opened and observed the computer-produced graph.
This gave them a chance to check their work; differences existed between
both students’ hand-produced graphs and the computer-generated graphs.
The linked group student’s graphs were switched. The grey fish was the
one whose distance was decreasing whereas the striped fish was the one
with increasing distance. The semi-linked group student, on the other
hand, provided increasing graphs for both fish. Because of these
discrepancies, the students may have experienced disequilibrium and
needed to accommodate this new information. With the help of the
software, the linked group student used the linkage and accommodated
the new information. Even if the version of the software did not provide
linkages among representations for the semi-linked group student, the
information provided by the representations helped him to re-think his
prediction and compare them with the computer-produced representation.
In the next task, students were asked to identify and describe the point on
the graph that represents where the two fish meet. The linked group
students could use the linkage and identify the point on the graph without
needing more explanation. They sometimes only referred to the movie,
saying something like, “Just look at the movie. This is the

point where the two fish meet,” after double clicking on the graph. The
semi-linked group students, on the other hand, did not have this kind of
opportunity. This lack of linkage between the movie and the graphical
representation seemed to force some of the semi-linked group students to
provide richer explanations such as, “They are at the same place at the
same time.” A similar approach was followed for the tabular
representation. First students were asked their predictions about the table
of values. Then they were asked to complete a table by reading values for
the graph. Both students in Table 2 had the same trouble—reading values
from the graph. For instance, after the linked group student located the
time that the striped fish was 50 pixels away on the graph successfully
she was asked to locate the distance of the grey fish at that time (approx.
0.42 seconds). Instead of moving vertically to the point labeled # 2, she
moved her cursor horizontally to the point labeled as #3 to read the
distance of the grey fish at 1 second. The linkage could be helpful to both
students. If the linked group student used the linkage and clicked on the
point # 1, point #2 would be circled. However, the linked group student
did not think of using the linkage at this point, and the semi-linked group
student did not have this option. When students were asked to identify
and discuss the point in the table that represents where the two fish meet,
the semi-linked group student was able to construct a linkage by using
the information provided by the multiple representations. He used the
graphical representation (that he used previously to answer a similar
question) in order to interpret the tabular representation more effectively.
The linked group student, on the other hand, attended to the distances of
both fish from the left-hand side of the movie screen. At one data point,
one fish was closer to the left-hand side of the screen and then at the next
data point the other fish was closer to the left-hand side of the screen. So
she concluded that the fish should meet between those data points.

The third section of the activity focused on the algebraic representation.
Students were asked to make predictions about the symbolic
representation of this phenomenon. This part was the most difficult
section for the students. The two students in Table 3 were representative
of many students who could not predict or even start to think about the
symbolic form. Whereas linked group students had easy access to the
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algebraic form, the semi-linked group students needed to predict the
coefficients of the equation. When the semi-linked group students entered
their predictions, the line for their last two predictions appeared on the
graph window. This feature of VideoPoint showed students how well
their predictions fit the data points and how the changes in the algebraic
form affected the graph. Because the computer software creates linkages
between the symbolic and graphical representations, students can focus
on how manipulating the algebraic form in a specific way causes changes
in the graph. Many students had difficulties interpreting the algebraic
form and using the equations to predict the time where the two fish meet.
When finding the time that the two fish meet by using the graph or the
table, students were able to make connections to the context (movie)
more easily than when asked to use the algebraic form. The interpretation
of the algebraic model and the symbolic manipulation required are
possible reasons that students struggled more in this part of the activity.
The final section included a general question, such as identifying the
distance between the two fish at the beginning of the movie. The students
were allowed to use any representation they wished to answer this
question. Students reported the representation they used and were
encouraged to use other representations to answer the same question. The
linked-group student used a table effectively to answer this question.
When asked to use the graph, she used the linkage, clicked on the data
point on the graph and saw both points circled at the same time. The
semi-linked group student also approached the question using a tabular
representation: “You could subtract these two distances [pointing to the
first distances at the table].” When he was asked to use the graph, he said,
“You would take the beginning from right here [pointing to the first data
point of the striped fish on the graph] and that beginning right up there
[pointing to the first data point of the gray fish on the graph] and subtract
them.”

e B 2
PR T

Data collection methods included mathematics pre-and post-tests,
follow-up interviews after the mathematics post-test, clinical interviews
in the computer lab at the end of the treatment, classroom and lab
observations and document analysis (classroom materials, computer
dribble files, exams, and assignments). A grounded survey was conducted
at the end of the study in order to see students’ opinions about
mathematics, representations in general, and the computer environment.
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% This study focused on the effects of the use of a multiple
representational computer environment on students’ learning.

Results suggested that in a semi-linked environment, students seemed to
rely mainly on their own existing knowledge with the help of the
software to respond to a question. Although this environment did not
provide such rich feedback as in the linked environment, ready-made
graphs or tables presented powerful visual information/feedback for
students to use while answering the questions. The software could have
served as helper, record keeper, or representation provider for the
students. Without the linkage, students seemed to provide more
mathematically based explanations rather than movie-based explanations
and constructed the linkages between representations for themselves.
They were seen to be in a more active role mentally as learners.

g1 B2 ek

Semi-linked representations can be as effective as linked representations
for mathematical concept development. The most beneficial usage could
come from using a linked version to introduce a mathematical idea and
help students construct their schema. Once accomplished, the linkage
could be removed and the semi-linked version could be turned on in
order to make students use their newly constructed schema.
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Lan, Y.-J,, Sung, Y.-T., Tan, N.c,, Lin, C.-P., & Chang, K.-E. (2010).
Mobile-Device-Supported Problem-Based Computational Estimation
Instruction for Elementary School Students. Educational Technology &
Society, 13 (3), 55-69
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This study implemented a three-stage problem-based estimation
instruction scenario and combined it with mobile technology to provide
elementary teachers with an effective e-tool for observing student
estimation and leading effective class or group discussions on the
selection and assessment of appropriate strategies for solving daily
estimation problems

7R

This study adopted a mixed research approach, simultaneously gathering
both qualitative and quantitative data. Randomly sampled and assigned to
two groups: the experimental group (problem-based estimation
instruction using mobile devices) and the control group (problem-based
estimation instruction without mobile devices).

KEE~

#2715 (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

®ELE

Four units teaching the following estimation strategies: front-end,
clustering, rounding, compatible numbers, special numbers, and initial
estimate adjustment and refinement.

KT

W= ORY s
Twenty-eight fourth graders

el G

Mobile-Device : The Group Scribbles platform. Group Scribbles (GS)

B % %% (Learning
activity)

% & ¥ % : problem-based instruction

* The experimental group (problem-based estimation instruction with
mobile devices) ; the control group (problem-based estimation
instruction without mobile devices), each of which thus contained 14
students.

The experimental group :

Received 30-minutes of training on using the Tablet PC and GS system,

after which all students were administered a pre-test involving CEA

assessment. Then four units, each lasting 80 minutes, were taught during
the 4-week experiment. Each unit comprised three instruction stages:
strategy introduction, individual practice, and group cooperation. Each
student in the experimental group was equipped with a Tablet PC. The
students logged into GS, and the teacher then grouped them into small
estimation groups of three or four members. During the strategy
introduction stage, were embedded in various learning activities
following a “personal estimation — whole class judgment” cycle. The
teacher first presented a problem-based story to the class and led them in
helping the main character in the story to solve problems. After the
character encountered a computational estimation problem, the teacher
asked each student to estimate the solution. Students wrote or typed their
ideas or estimates on the e-sticky notes and dragged them to the public
area for sharing with the whole class. Subsequently, the class discussed
various estimation strategies and selected the best. Once the class reached
agreement, the teacher continued the story and led the class to solve
another problem to help the students practice estimation and learn the
target estimation skills. The story was followed by a series of practice

238




problems, comprising the individual practice stage. All students were
asked to solve the estimation problems and shared and discussed their
solutions with the class. The group cooperation stage followed soon after
the individual practice stage, during which students learned the target
skills contained in a single unit. During this stage, the teacher presented a
real world problem and asked students to cooperate to develop a suitable
solution. Each member of each small estimation group wrote down their
estimate on an e-sticky note and then dragged it to the group area to show
their groupmates . The group members then discussed and tried to reach
agreement on a strategy to be shown in the public area. The teacher then
led the class in assessing the estimates of the various groups.

% The control group

Received estimation instruction materials and instruction flow identical
to those described above, but simply wrote down their estimates on the
sticky notes.

e B 2
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1.The qualitative data:

Two observers recorded the treatment activities using two digital video
cameras (each camera focused on one of the small estimating groups).
After completing each unit, the two observers compared their observation
results. Furthermore, following treatment the observers reviewed the
videotapes of the group estimating process, focusing their observations
on the following: (a) individual estimation, (b) self-reflection regarding
their estimations, and (c) group cooperation to solve real world
estimation problems.

2. The gquantitative data:

This study adopted an experimental design. All participants were
administered a computational estimation test before and soon after
treatment. Student test scores were gathered and analyzed to check
whether the two groups performed or progressed differently in terms of
computational estimation skills. Furthermore, to understand whether
students selected appropriate estimation strategies or problem solving;
following the post-test all the students were asked to write down the
strategies they used to solve a real world problem which is described in
the section on the assessment instruments.
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The analytical results demonstrated that problem-based estimation
instruction could effectively help students learn computational estimation
skills. Moreover, using mobile devices for problem-based computational
estimation instruction appeared to help students discuss and cooperate
with others, and moreover the mobile-device-supported problem-based
estimation scenario helped students develop metacognition knowledge of
estimation strategies.

P 52 Fe

The blending this scenario in a mobile-device-supported cooperative
learning environment helped students cooperate and thus appears to
benefit not only the development of estimation skills in elementary
students, but also that of metacognition knowledge of estimation
strategies.

239




54148

Data Extraction Form

1= & A rE
Hwang, W.-Y., Su, J.-H., Huang, Y.-M., & Dong, J.-J. (2009). A Study of
< B dm Multi-Representation of Geometry Problem Solving with Virtual
(A Manipulatives and Whiteboard System. Educational Technology &
Society, 12 (3), 229-247.
The proposed system was evaluated with one pilot study to investigate its
= h perceived ease of use and usefulness. Furthermore, students’ solving
1 strategies were analyzed using their manipulations in the 3D space and
solutions recorded in the whiteboards.
N How the VMW system supports multi-representation transformation?
Twenty three 6th grade elementary students participated in this research.
The students followed their Math teacher’s instruction to solve eight
Y WE | geometry problems. The perceived acceptance of the proposed VMW
system and its influences on geometry concept learning were
investigated.
[ J#c#2 18 5 (Number & Operations)
[ ]+ #<(Algebra)
#EHE A % 7 (Geometry)
[ 1ir] £ (Measurement)
CIF L & 47 27 4% % (Data Analysis & Probability)
T Geometry problem posing and solving (area and volume reasoning
- problems)
Twenty three 6th grade elementary students
BrEF2z 1L Virtual Manipulatives and Whiteboard, or VMW. In the VMW system

B % %% (Learning
activity)

¥ #& ¥ % : Two pedagogical concepts, constructivism and multiple
representation transformation,

* Since the proposed VMW system can be accessed from a website,
teachers and students can easily engage themselves in problem solving
anywhere and anytime if Internet access is available. In the beginning,
teachers organized and stacked geometric objects to build geometry
problems in the 3D space and gave problem descriptions on a virtual
whiteboard. Students then started to solve problem and to express their
solutions on their own virtual whiteboards. When students completed
their answers, a peer review session was started. In this session, students
were asked to review the answers of others and to critique their work
using the virtual whiteboard. Students could therefore continually revise
their answers, affirm or refute the work of others and engage in
discussions of the work until the next problem was posed.

1. In the beginning, teachers first posed a new geometry problem with the
VWM system, in which a 3D theme was built, with a problem description
given in the whiteboard. All students studied the new geometry problem
given by teachers and gave their answers by clicking a circular icon
Students could also revise their solutions many times by replying their
previous answers or by giving comments to others solution via others’
discussion thread. The VMW system, combined with discussion thread,
provides an asynchronous collaboration model. Its implementation is
easier than a synchronous model.

2. Students can study the problem by manipulating 3D objects, and then
choose appropriate viewpoints to create their own translucent
whiteboards. The whiteboards can help them to find out the solutions via
observation of the manipulated 3D theme behind of the whiteboards.

3. After the teacher initiates a new question, students can collaboratively
discuss the question by generating their own translucent whiteboards
combined with 3D scene behind. One was created by the teacher and two
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were created by students. Teacher used one whiteboard to describe
geometry problems, while on the students’ whiteboards they discussed
how to solve the problem together.

ATl 2
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perceived acceptance questionnaire ~ interviews
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1. It was found that most subjects agreed that the VMW can help them to
use different representations for solving geometry problems as well as
facilitating and broadening their thinking from different viewpoints in the
3D theme. Meanwhile, they think the VMW can help them to show their
solutions more completely.

2. The high scores on the perceived usefulness questionnaire showed the
proposed system and the multi representation transformation mechanism
were considered to provide some help in geometry problem solving by
students. Most questions for assessing usefulness of the system were
related to multi-representation, such as using 3D block as the concrete
representation and using the multimedia whiteboard for expressing
ideas with abstract symbols.

g ’}‘r]i

1. Students felt more comfortable when they used pen and paper for Math
reasoning work. To promote students’ use of the whiteboard tool in
addition to pen and paper, researchers have decided to implement some
calculating widgets to help with Math reasoning in a future release of the
VMW system.

2. The students were highly motivated by the interesting, fresh, new 3D
manipulative software. Such an effect may have caused students to put
more effort than usual into using the tools to explore geometry problems.
Therefore a longer study is needed to determine if student enthusiasm
and interest stemming from the novelty of the new tool was more
responsible for improved performance than the tool itself.

P 52 Fe

1. The ability to share their ideas, and to affirm, refute and respond to the
work of their peers, as facilitated by the VMW system, helped the
students to clarify their thinking about mathematical problem solving.

2. With the asynchronous discussion board and teacher’s encouragement,
most students were willing to use the system to describe their ideas and
solutions clearly and thoroughly. Through this kind of interactive
communication, more correct answers and meaningful responses to
others’ comments or queries were derived.
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Scheiter, K., Gerjets, P., & Schuh, J. (2010), The acquisition of
< B dm problem-solving skills in mathematics: How animations can aid
(A understanding of structural problem features and solution procedures,
Instructional Science, 38(5), 487-502.
For the purpose of exploring the potential of animations to counteract
FF P these problems associated with learning from worked examples, hybrid
animations were developed.
we tested the assumption that hybrid animations, where a realistic
animation of the problem statement is morphed into a more abstract
3R A representation of the problem statement and of subsequently carried-out
solution steps, can improve problem-solving performance compared to a
text only version of the instructional materials.
L The experiment was divided into two phases, a learning and a test phase.
[ J#ce2 18 5 (Number & Operations)
Il - #c(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)
KE I solve algebra word problems
. Oe w0 _
32 pupils (9th grade) from a German high school
BrRE21L Hybrid animations

B % %% (Learning
activity)

# & ¥ % : Worked examples combined with hybrid animations ~
problem-solving skills.

During the learning phase pupils were asked to read three textbook
chapters on different school subjects, namely biology, chemistry, and
politics, which were presented on the computer screen. Embedded in
each of the three chapters were three algebraic worked-out examples that
illustrated how to solve specific problems in these domains. For each of
the nine worked-out examples the solution formula as well as each step
of the solution procedure were presented. Within each chapter, the three
worked-out examples differed with regard to the complexity of their
underlying solution procedure and required a different algebraic formula.
These three formulas were identical across the three school subjects.
Thus, participants read nine worked-out examples embedded into three
different domain contexts (variation of superficial example features) and
they were confronted with three different algebraic formulas (variation of
structural example features). Depending on the experimental condition
the worked-out examples were either presented as text-only or they were
accompanied by a dynamic visualization of the problem statement and
the respective solution procedure.

e B 2
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An analysis of the frequency of retrieving animations for the nine
examples
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Learners with hybrid animations showed superior problem-solving
performance for problems of different transfer distance relative to those
in the text-only condition. (There was a significant overall difference
between the two instructional conditions, revealed that the effects in
favor of hybrid animations became stronger with increasing transfer
distance.)

P 52 Fe

Effectiveness of hybrid animations was explored, which explicitly show
the transition from a concrete representation of the problem statement to
the abstract representation necessary to construct a problem model.
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Wong, W.-K., Yin, S.-K., Yang, H.-H., & Cheng, Y.-H. (2011). Using
Computer-Assisted Multiple Representations in Learning Geometry
Proofs. Educational Technology & Society, 14 (3), 43-54.

This study investigates how students would react to the use of multiple
representations such as proof tree, formal proof and dynamic geometry
figure when they read a proof and construct a proof in the system.

1. Which representations students prefer when they perform tasks related

to theorem proving in MR Geo?

2. After using MR Geo, will students’ attitudes towards learning
geometry undergo any change? Which types of students benefit more
from multiple representations in MR Geo?

In order to understand the effect of MR Geo on junior high school
students’ learning of geometry proofs, we conducted an experiment that
spanned six weeks. This experiment used materials on parallelograms
and triangles from textbooks and reference books for grade nine
mathematics that covered basic algebraic concepts (such as equality
axiom), properties and elements of geometry (such as perpendicular
bisectors, angle bisectors), and similarity and congruence of triangles.

FFE A

[ J#c#2 18 5 (Number & Operations)
[+ #(Algebra)
W # # (Geometry)
[ ]:p] £ (Measurement)
CIF#L 4 47 27 4% % (Data Analysis & Probability)

$F 1A

Geometry proofs

KT

(=) mRe s ¢
96 ninth grade students selected from three classes in two public junior
high schools in southern Taiwan.

A computer-assisted learning environment called MR Geo is proposed to
help students in learning to do theorem proving, with the help of multiple
representations including problem description, static figure, dynamic
geometry figure, formal proof and proof tree.

B % %% (Learning
activity)

FF g

Task 1

Finding missing inference steps: To recover the missing nodes of a proof
tree, the students can interact with the problem, the formal proof, the
static figure, or the dynamic geometry figure. By observing the mutual
correspondence among these representations, the students might improve
their comprehension of the formal proof. In particular, if a student can
translate the formal proof into a proof tree, she should be able to recover
the missing nodes.

Task 2

Local theorem proving: Some steps in the formal proof are missing. In
the form of multiple-choice questions (select one of 4 choices), the
system asks students to fill in the missing deductive steps. students can
obtain relevant information by reading the proof tree and dragging the
dynamic figure to check candidate propositions. The main purpose of this
task is to help students complete a formal proof after they have read and
understood the proof tree.

Task 3

Translation of a proof tree into a formal proof: Students are asked to
construct a formal proof by dragging nodes of the proof tree and drop
into rows of the formal proof frame. Moreover, they can reorder the rows
by dragging them around. In this way, they can explore different
orderings of the steps. They can interact with the problem representation
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or the visual representations whenever they want to check any geometric
features or propositions. The major purpose of this task is to improve
students’ understanding of how to write a complete formal proof.

Task 4

Concept testing: The main purpose of this task is to test students’ basic
geometric concepts. Students are asked to pick geometric objects from a
figure or answer multiple-choice questions. Consider the question in as
an example: ‘“Please indicate on the figure a pair of alternate interior
angles in the top right frame of the screen.” Students can use the mouse
to select a geometric object such as “line”, “angle” by clicking at the
object on the static figure.

ST B 2
i Fe

Questionnaire survey
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Empirical results indicated that medium-achievement students enjoyed
most in interacting with these representations and found them most
helpful in learning geometry proofs while low-achievement students
changed their attitudes of hating geometry theorem proving.

3 I f&# #x(Representation); 3¢ :

Problem -~ Static figure ~ Dynamic geometry figure ~ Formal proof ~ Proof
tree ~

1. Students’ Interactions with Representations in MR Geo :

In problem representation, students usually spent little time to review the
question after them have read and understood the given conditions and
goal condition. Although students could consult the static figure to check
given conditions, they were unable to manipulate the static figure freely
like dynamic geometry figure. The interaction frequency of dynamic
geometry figure was significantly lower than the other three
representations. These numbers showed that MG students interacted with
representations most frequently, followed by LG students and HG
students. MG students interacted more with multiple representations, they
had more chances to build up the connections between these
representations. Their learning may benefit most from these interactions.
This is an interesting problem worthy of further study.

2. Students’ Preferences of Representations :

HG and MG students liked the formal proof and proof tree more or less
the same. This indicates that HG and MG students might know that these
two representations express similar information and they can be
translated into one another. However, for LG students, a graphical proof
tree seems to be more revealing and a better alternative to a formal proof.
Students’ relative preferences in dynamic geometry figure are quite
interesting. For both HG and MG students, dynamic geometry figure is
much less attractive than formal proof and proof tree. In contrast, LG
students preferred dynamic geometry figure, formal proof and proof tree
in this order. HG students could understand formal proof and proof tree
well enough that they did not need to consult the dynamic figure. MG
and LG students did not know how to check the validity of geometric
conditions with a dynamic figure. LG students liked to play with dynamic
figure because they were attracted by the intriguing dynamics. Although
playing with a dynamic figure did not help their understanding of a proof
in general, a DGE could make geometry more interesting and attractive
to them.

3. Students’ Reactions to MR Geo

The results also indicated that over 85% of the 96 ninth grade students
agreed that proof tree can help them better comprehend a geometry proof.

P 52 Fe

1. MG students interacted more frequently with representations than HG
and LG students: HG students were more comfortable in using a forma
proof so their interactions with other representations were not as frequent
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as MG students. LG students, with a weaker background in math, might
not improve their performance by much even with more interactions with
the representations. In this way, MG students might benefit most from
their interactions with the representations in MR Geo.

2. Multiple representations improved students’ perspective of geometry
proof: Problem description, static figure, dynamic geometry figure,
formal proof and proof tree had different effects on students. In
particular, problem description and static figure could assist students’
understanding of the problem context and only a few HG students said
that dynamic geometry could help them confirm or reject a proposition.
The connection between formal proof and proof tree raised students’
comprehension of geometry proof. Some LG students indicated that after
understanding the geometry proving process, they no longer hated
geometry classes. The above results indicated that MR Geo might offer
an attractive, alternative approach to geometry education with multiple
representations in a computer-assisted learning environment, comparing
to traditional classroom teaching.
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Burns, B.A., Hamm, E.M. (2011). A comparison of concrete and virtual
® 1;% * ik manipulative use in third and fourth grade mathematics. School Science
and Mathematics Journal (111)6, 256-261.
The primary purpose of this classroom experiment was to examine the
effectiveness of concrete (hands-on) manipulatives as compared with
FF P virtual (computer-based) manipulatives on student review of fraction
concepts in third grade and introduction of symmetry concepts in fourth
grade.
N
A pretest—posttest design was employed with a sample of 91 third-grade
R E S students and 54 fourth-grade students who were randomly assigned to
complete a lesson using either concrete or virtual manipulatives.
Wl#c :F & (Number & Operations)
]+~ #ic(Algebra)
#EHE A % 7 (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)
= # % the fraction unit (primarily equivalent fractions,
ELg- A ordering fractions, and mixed numbers)
& 5 8  fHE(symmetry)
s e Ome e
Third- and fourth grade students , elementary school
BrEF2z 1L virtual manipulative(from Web sites)

B % %% (Learning

activity)

KE R HFETY

ZE&

Pairs of students .The virtual manipulative group was directed to two
different Web sites: www.visualfractions.com, a tutorial that models
fractions with number lines or fraction circles; and nlvm.usu.edu, a site
linked to NCTM standards from which students explored renaming
fractions using fraction squares or fraction circles. Both sites provided
immediate feedback as students worked through problems. Although not
utilized by the students for this class lesson, both sites contained tutorials,
games, and links to additional math resources, which could be used to
reinforce skills. In addition to the Web sites, the fraction bars activity
from the software program Hands-on Math (Ventura, 2001) was also
used. All students were responsible for completing the same worksheet
based on their work with manipulatives; however, the worksheets were
not graded and the students were aware that the worksheets were for the
in-class activity only. Each group had approximately 20 minutes per
activity for a total class time of one hour.

T E &

Students work in pairs. The virtual manipulative group was directed to
two different Web sites to complete activities, whereas the concrete
manipulative group worked on activities with the manipulative Mira.
Web sites used were nlvm.usu.edu, where students explored the sketch
pad to learn about reflection symmetry, and www.mathsnet.net, in which
students explored transformations-reflections through a hit the target
activity and a playing-with-reflections activity. groups worked on their
respective activities for 60 minutes while completing a nongraded
worksheet.

pretest to posttest

Results of the posttest suggest that student learning was unchanged by
lesson condition.
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Virtual third-grade manipulative groups showed improvement from
pretest to posttest, there was no statistically significant difference in the
pretest and posttest scores of third graders’ fraction knowledge.

T E A

Fourth-grade students also demonstrated posttest gains for both
manipulative groups with the concrete group outperforming the virtual
manipulative group in mean test scores; however, this difference was also
not statistically significant.

a5z FE

Virtual manipulatives is the immediate feedback available to the student.
This may be especially important for independent class work or
homework. The feedback can potentially allow the student to self-correct
in a nonthreatening environment.
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Biza, | (2011). Students' Evolving Meaning About Tangent Line with the
Mediation of a Dynamic Geometry Environment and an Instructional
Example Space, Technology, Knowledge and Learning, 16(2), 125-151.

The study presented in this paper focuses on the evolution of students’
personal meaning of tangents in a classroom discussion through the
mediation of the inscription of local straightness in the DG environment
and the instructional example space prepared especially for the needs of
the teaching experiment.

In this paper | report a lengthy episode from a teaching experiment in
which 15 Year 12 Greek students negotiated their definitions of tangent
line to a function graph. In this paper | presented an episode from a Year
12 teaching experiment that focused on the introduction to the tangent
line of a function graph, and its relationship to the derivative. The
teaching experiment had the characteristics of the diagnostic teaching
methodology proposed by Bell (1993). According to this approach,
firstly, key conceptual points and misconceptions regarding tangent line
of function graph should be regarded through reference to existing
research and by testing directly the students to be taught. Then the
teaching is designed to focus on the above points, giving the students
challenges, provoking cognitive conflict by exposing potential
misconceptions, and resolving them through discussion.

KEE~

[ J#c#2 18 5 (Number & Operations)

I~ 3<(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

1. Examination of generalisable properties of tangency (e.g. the tangent
ine as the limiting position of secant lines and the linear approximation of
the curve) in the case of circle.

2. Examination of the above properties in the case of semicircle.

3. Introduction to the definition of the derivative and the tangent to a
function graph.

4. Establishment of these definitions in classroom discussion through
critical examples of function.

KT

Cw\el OEY s e
15 Year 12 students (aged 17-18 years) of a Greek secondary school

N S

EucliDraw(Dynamic Geometry software with Function Grapher
tools) : Dynamic Geometry software(that combines Dynamic Geometry
(DG) and Function Grapher (FG) facilities, was employed)

B % %% (Learning
activity)

$R g

The students worked in groups of three in each of the five computers and
they kept notes on worksheets prepared for the needs of the experiment.
During the experiment | was operating the sixth computer connected with
the projector, keeping notes on the blackboard and wandering around the
class in order to monitor the progress of group work and orchestrate the
classroom discussion.

“ife B 2
G

Data was collected through pre- and post- teaching experiment
guestionnaires, audio recording of the whole-class discussion during the
experiment, students’ responses on the worksheets and my notes.
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The analysis indicated that the evolution of students’ meanings towards a
more sophisticated understanding of tangency was not linear. Also it was
interrelated with the evolution of the meaning they had about the
inscriptions in the electronic environment; the instructional example
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space; the classroom discussion; and, the role of the teacher. According to
these results, students’ perspectives about tangents were expected to be
strongly influenced by the mathematical contexts and the representational
systems in which they had met the notion before.

a5z FE

The electronic environment should facilitate students in:

1.Their transition from the geometrical context to the analytical context
and the connection between these contexts.

2. Their exploration of mathematical properties across different but
connected representations (e.g. graphical and symbolic).

3. Their access to different mathematical aspects of the same concept, in
this case the tangent line.

To meet the above aims we needed an electronic environment that:

1. Offers a friendly interface that integrates geometrical (DG) and
analytical (FG) properties.

2. Offers different and connected representations

3.Facilitates the easy access to accurate, or as accurate as possible in an
electronic environment, inscriptions of different aspect of the same

notion and in different example.

%* The dynamic aspect of the instructional example space implies that the
set of example needs not only to be well prepared and rich but also to be
flexible enough to adjust to unpredictable students’ responses.
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Kong S. C. (2008) .The development of a cognitive tool for teaching and
® 1;% * ik learning fractions in the mathematics classroom: A design-based study.
Computers & Education, 51(2),886-899.
An evaluation in the form of pre-test-post-test control group,
FF P quasi-experimental study was conducted afterwards to investigate the
effectiveness of the enhanced GPM.
Three research questions were posed in this empirical study:
1. What are the learning achievements of students of varying
B mathematical abilities after using the GPM for learning?
1 2. What are the justifications of teachers for the use of the GPM in
teaching?
3. What is the preference of students for the use of the GPM for learning?
A quasi-experimental study of the enhanced CT derived from the second
P o cycle of design-based research, this article reports the findings of a
L pre-test—post-test control group empirical study using the enhanced CT in
the classroom.
7 1 & (Number & Operations)
[ ]+ #<(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
CIF#L 4 47 27 4% % (Data Analysis & Probability)
P Fraction equivalence and addition and subtraction of fractions with like
- and unlike denominators.
KT B W LR F e
Senior primary mathematics
A web-based CT called the “Graphical Partitioning Model (GPM)”: The
rrE21E5 GPM is a graphical model, a rectangular bar that represents both the

part-whole perspective and the measure perspective of fractions.

¥ &% (Learning
activity)

$F g

* The experimental group: Which was called the GPMGp group; the
control group which was called the TradGp group.

% The major learning and teaching activities for students in the
experimental group:

The major teaching materials for the experimental group of students
included the GPM and a set of activity worksheets that guided students to
explore the subject with the GPM. Each student was assigned a desktop
computer to access the GPM which was located in a web server. The
majority of class time was spent on the use of the GPM for the
completion of the activity worksheets. Initially, the use of the GPM was
introduced to students by teachers. Students were subsequently asked to
explore the concepts of the target topic and complete the questions on the
activity worksheets with the use of the GPM. Guidance and probing
questions were given by teachers. Reciprocal tutoring among students
was encouraged before checking the answers. In the answer-checking
sessions, teachers asked some students to explain their answers. Class
discussions and small group tutorials were occasionally conducted for
students to consolidate their knowledge. The major learning and teaching
activities for students in the experimental group in this study :

1. Brief of the functions of the GPM: The teachers introduced the use of
the GPM.

2. Exploration of the target subject and completion of activity
worksheets: Students were asked to use the GPM to explore the subject
of common fractions and fraction operations by completing activity
worksheets in each lesson. Relevant guidance and probing questions were
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offered occasionally by the teacher during these sessions.

3. Reciprocal tutoring: Students who completed the activity worksheets
were asked by teachers to help their less capable classmates to finish the
learning activities.

4. Answer check: Students were requested by the teachers to give
answers and corresponding explanations for the tasks on the activity
worksheets. Class discussions and small group tutorials were
occasionally conducted for students to consolidate their knowledge.

% The major learning and teaching activities for students in the control
group:

The major teaching material was the school textbook. The learning and
teaching activities for the students in the control group focused on
traditional, teacher-centred instruction of fractions. The majority of class
time was spent on the completion of class work consisting of questions
from the textbook. Initially, teachers either used diagrams or paper
folding to explain the concept of fractions, or wrote examples on the
blackboard to illustrate steps in fraction operations. Students were then
asked to complete questions in the textbook. Guidance and probing
questions were occasionally given by teachers. In the answer-checking
sessions, students were selected by teachers to explain their answers. The
major learning and teaching activities for students in the control group:
1. Instruction in the target subject: The teachers either used diagrams or
paper folding to explain the concept of fractions, or wrote examples on
the blackboard to illustrate steps in fraction operations.

2. Completion of class work: Students were asked to complete questions
in the textbook. Relevant guidance and probing questions were offered
occasionally by the teachers.

3. Answer check: Students were selected by the teachers to share their
answers and provide corresponding explanations. The selected students
were normally asked to write their work on the blackboard for class
discussions.

e B 2
G

Pre-test and post-test - teachers for the use of the GPM in teaching,
semi-structured, individual interviews with the teachers ~ students for the
use of the GPM in learning, a questionnaire.
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The results indicate that there were no statistically significant differences
in learning outcomes between the exploratory learning approach, using
the CT, and the traditional direct teaching approach. The CT enabled
students to generate a procedural knowledge of adding and subtracting
fractions with like and unlike denominators through an exploratory
learning process. Teachers asserted that the CT was effective for
stimulating reciprocal tutoring among students, and students were
enthusiastic about using the CT as an educational tool. Hence, the CT has
potential for further development as a tool for promoting collaborative
learning in the classroom.

P B2 Fe

The GPM is a graphical model, this graphical representation aims to
facilitate the students’ initial understanding of the part-whole view of
fractions since the parts in the rectangular bar are evident. The graphical
model also allows students to associate fractions as parts of an extended
set of whole number because the linear-shaped rectangular bar links the
fraction representations with a linear measure of rational numbers.
Consequently, the graphical model serves well to provide meaningful
referents for the comprehension of the abstract meaning of rational
numbers, and for the reflection of the structure of mathematical
operations of rational numbers. The GPM has three key features for
learning fraction equivalence. The three elements aim to facilitate
students’ understanding of adding and subtracting fractions with like and
unlike denominators.
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1. The first feature demonstrates the comparison of the equivalence of
fractions. This feature is developed in response to the difficulties
encountered by students who do not think to represent fractions with the
same unit to compare their value. An animation that shows the direct
comparison of the equivalence of two fraction bars is triggered by
dragging a fraction bar and dropping it onto another bar. The animation is
designed to allow an extra comparison of fraction value, in addition to
the visual inspection of the two separate fraction bars. This feature
affords students multiple opportunities for comparing fraction
equivalence in an interactive way.

2. The second feature is a graphic that illustrates the partitioning of a
number into parts, or fractions. The graphic allows students to choose
between an intentional slow-motion animation showing the partitioning
or regrouping process, and an instantaneous change that shows the results
of the partitioning or regrouping process. The graphical simulation of the
partitioning process addresses the inabilities of those students who have
difficulty representing fractions in a form conducive to comparing their
value. It also addresses their failure to recognise the inverse relationship
between the number of parts and the size of a part of a unit. This feature
allows students to partition fractions by clicking the graphical
representations of those fractions according to their abilities. Students
who are more adept are able to generalise their understanding by viewing
the instant partitioning model. Less capable students are able to
comprehend the concept by activating the slow-motion animation of the
partitioning process.

3. The third feature involves hypothesis-testing, with the interface , and
addresses the problems of students who lack the ability to find equivalent
fractions systematically. The hypothesis-testing interface asks students to
test possible fraction equivalent states by adjusting parameters ¢ and d,
and allows them to compare fraction equivalence using the
aforementioned comparative animation by dragging the fraction bar of
the hypothesised fraction and dropping it onto the fraction bar of the
original fraction.
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Ivy Kidron, and Nurit Zehavi.(2002). The role of animation in teaching
® 1;% * ik the limit concept. International Journal of Computer Algebra in
Mathematics Education. 9(3), 205-27.
The study examined the effect of using animation generated by a
Computer Algebra System in understanding the limit concept in an
=R h experimental course given to eleventh grade high school students.

1 Investigation into how animation was used to improve student’s
comprehension of the limit concept in an experimental course in which
main topic were Approximations if Functions by Taylor Polynomials.

R What extent did the use of dynamic graphics help the students develop a

1 formal understanding of the limit concept ?

7= ;L* =k

[ J#ce2 18 5 (Number & Operations)

Il - #c(Algebra)
#EHE A [ 14 = (Geometry)

[ 1ir] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)
Ei A The limit concept : Approximation and Interpolation.
. O OR° ms°

Eleventh grade high school students.

BrRE21L Computer Algebra System

¥ &% (Learning
activity)

REUE

The students used animations in two different ways:

1.Using animations demonstrated by the teacher

The students were required to describe what they see in the dynamic
picture. In order to do so they had to understand the sensible way in
which the static pictures were related ti each other. The students were
also asked to understand the syntax of the animations and to translate
visual picture to analytical language.

1.1 Visual confirmation of the results obtained by computations of the
approximating polynomials.

1.2 View of the dynamic process of convergence as a general property.
1.3 Computational reasoning to clarify the visual illusion of “completing”
the ongoing process of convergence.

1.4 Algorithmic reasoning in building the animation’s commands that
illustrate the convergence process.

2.Building new animations

The students tried different examples. They changed the value of the
parameter of the animation. In the case of animation on the domain, the
aim was to learn about the global behaviour of given function f(x) when
X tends to 0. The purpose was to enable the students to visualize the
process described by the formal definition of the limit concept.
2.1 The class discussion

2.2 Tami’s Mathematicas files

Students’ questions and remarks during the sessions ~ The Mathematica
files of the students’ examples - Written tests without the use of
Mathematica.

Computer Algebra System help students reconstruct math concepts and
have new learn experiments. That help students to learn.

P 52 Fe

1. In the discussion the students used the dynamic graphical feedback to
try other examples and to understand the surprising effect. It enable the
students to overcome the misconception mentioned.

2. The students interacted also with the dynamic graphics, generating and
exploring, reflecting, and revising. They acted on the dynamic
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representation like changing parameters, choosing other functions and
changing the commands. In this way, the students tried to have some
control over the dynamic representations.
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Tsuei, M. (2012). Using synchronous peer tutoring system to promote
elementary students' learning in mathematics. Computers & Education,
58(4), 1171-1182.

FF P

This study was aimed to explore the effects of the synchronous peer
tutoring system on children’s mathematics learning.

3R AL

1.What are the effects of the G-Math peer tutoring strategy on students’
mathematical learning?

2. What are the effects of the G-Math peer tutoring system on
self-concept and attitude toward mathematical learning?

3. What are the associations between students’ characteristics and
learning outcomes in the online peer tutoring environment?

4. What are the associations between students’ characteristics and math
reasoning skills? And, what is the effect of grouping students with
differing abilities on math reasoning skills?

A quasi-experimental design, two classes were assigned to the
experimental group and one class was assigned as the control group.
There were three math sessions (40 min each) per week. In the first two
sessions each week, students in both the experimental and control groups
received whole class instructions. In the third session, students in the
control group worked face-to-face in dyads using the collaborative
learning strategy, while students in the experimental group worked in
dyads online using the G-Math system in the computer lab.

KEE~

#2715 (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)
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Eighty-eight children (aged 10-11 years) from three classes in an
elementary school in Taipei, Taiwan participated in the study for two
semesters from the spring semester of third grade to the fall semester of
fourth grade in 2009.

This paper proposed the multi-user G-Math Peer Tutoring System
(G-Math) and investigated the effects on children’s mathematics learning
in face-to-face CSCL environment.

¥ &% (Learning
activity)

%8 ¥ % Peer tutoring strategy in the CSCL mechanisms.
Computer-supported collaborative learning (CSCL)

The experimental group:

Students were paired randomly by the G-Math learning activities
management system every other week. The teachers also used the
Mathematics Tutoring Activities Module to add math problems according
to the lesson for the week. A role-rotation strategy was used. Students
alternated between taking on the role of tutor and tutee. When the tutor
pressed the “next question” button, the G-Math randomly selected one
question from the item bank database. The tutor used the objects and
symbols to solve the problem and post the answer in the tutoring area.
Next, the tutor assigned the next problem to the tutee to solve by clicking
the tutee’s avatar. The students were given the opportunity to use various
communication and scaffolding tools. They were able to discuss their
answers face-to-face as needed. The peer-rating system and experience
value mechanism were used when a student solved a problem completely.
The teacher observed student tutoring behaviors and corrected
misconceptions as needed.
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The control group:

Teachers assigned students to pairs and distributed a math problem
booklet to each pair, according to the lesson for the week. Students
worked in pairs to solve math problems for 30 min. During the last 10
min of a section, the teacher asked students to explain their answers to
the class.

The web-based CBM (ECBM) ~ The Self-Concept Scale for Children ~
questionnaire ~ semi-structured interview.

it

e

The results indicated that the longer the vulnerable pupils engaged in
peer tutoring online, the more they benefited from the process. The
finding suggests that students demonstrate different mathematics
reasoning skills when they are paired with peers at different levels of
ability. These findings demonstrate that the synchronous peer tutoring
system is an effective tool to enhance elementary students’ learning in
mathematics, as well as promote positive self-concepts.
1. Longitudinal changes in math learning:
The results indicated that AA and LA students in the GMath experimental
group showed a significantly greater increase in CBM scores as
compared to AA and LA students in the control group.
2. Performance of students in the G-Math system:
Indicate that students gradually performed faster to solve the application
and concept problems in both semesters. It appears, therefore, that
students decreased manipulation of objects as they became more
comfortable with the peer tutoring strategy.
3. Assessment of students’ self-concept and attitude toward mathematics
learning:
Students in the G-Math group indicated higher intrinsic goal motivation
than the control group. Self-efficacy however, did not differ significantly
between the G-Math and the control group. This result may be due to the
belief held by G-Math students that the increase in achievement scores
relied entirely on the teacher’s instructions. Examples of frequently cited
reasons for an enhancement of attitude toward math learning brought
about by the G-Math system included: (1) the use of math objects
provided by the system to explain the problem-solving process,
especially on the application problems, (2) G-Math offers a different and
interesting way of learning mathematics, (3) the peer learning process
leads to an increase in thinking about why and how to solve problems
and (4) G-Math aids in problem-solving strategy recall when taking
paper-and-pencil tests.
4. Associations with changes:
These clusters were labeled “quick responders” and “slower learners”.
Quick responders scored higher on the baseline achievement test,
self-concept test, and attitude toward mathematics learning and were
faster at solving online math problems than the slower learners. The
“slower learners” showed a higher growth rate in mathematics learning
compared to the “quick responders.
5. Effects on mathematic reasoning skills:
These results indicate that most of the students were at the second level
of math reasoning skills (the procedure argument level). Students’
mathematics reasoning skills correlated significantly with increased
scores in self-concept and attitude toward mathematics learning. The
results of ANOVA analysis indicated that there was a significant
difference in mathematics reasoning skills when students were paired
with different ability peers. Students participating in the G-Math group
showed significantly greater increases in overall math scores, especially
in arithmetic and application problems, and significantly greater
increases in self-concept and intrinsic goal orientation than students in
the face-to-face control condition.
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1. The G-Math peer tutoring environment provides a context in which
students can practice mathematics while engaged in cognitive
construction and sharing. The online reciprocal peer tutoring setting
provides students with a synchronous problem-solving process to
facilitate students’ learning.

2. Online peer tutoring is an effective strategy for helping students
increase math learning. In light of the persistent difficulty some students
demonstrate in mathematics, our findings are notable. They suggested
that the online peer tutoring is one effective strategy for getting these
children off to a strong start. The G-Math peer tutoring system provides
various communication and scaffolding tools to facilitate tutoring
strategies in mathematics peer learning. The tools are located at the
bottom of the screen. Students may communicate with each other on the
chatting area by typing or face-to-face discussion.

3. The G-Math system provided various CSCL tools for the facilitation of
tutoring strategies in mathematics learning including math objects,
guiding sentences, a peer-rating system, feedback, and reward
mechanisms. G-Math provided thirteen categories of 220 math learning
objects for children to manipulate (e.g. symbols, integer concepts and
operations, fractions, and pencil tools). Guiding sentences were provided
in order to enhance participation and question-posing skills. Feedback
was provided by emoticons, a peer-rating system, and an experience
value mechanism. The experience values mechanism was based on the
number of correct math questions that students solve online.

4. The G-Math system provided students with guiding sentences in the
chatting area for peer-instruction. The guiding sentences are
frequently-used sentences such as “this is a very import step for solving
this problem.” or “I do not understand your answers, please show me
again.” These features were included in the program to help with
typing speed and reduce errors at the elementary student level.

5. The emoticons are also designed for enhancing online interactions
during peer tutoring activities .When students choose an emoticons, it is
displayed on the right side of their avatar.

6. G-Math provides the correct answer for student reflection on their
solutions after peer-rating to encourage metacognitive thinking.
Experience value and expert level modules were designed to provide a
“game-like” atmosphere in the G-Math system. These features were also
created to enhance motivation. Students gain one point of experience
value when they solve a problem correctly. Five experience values lead to
an increase in expert level. The G-Math system uses different images to
correspond to experience levels which are displayed beside the student’

s avatar.
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Kynigos,C. and Latsi, M. (2006) Vectors in use in a 3D Juggling Game
Simulation, International Journal for Technology in Mathematics
Education, 13(1), 3-10.

In our study we were we were interested to see what meanings our
students would generate through the use of the game and their
collaborative discussions in their attempt to explain what was happening.
The aim of this research project was to understand the interactions
between the intuitive, the formal and the procedural aspects concerning
vectors in the process of playing the “Juggler game”.

In our analysis we used a design-based research method (Cobb & all,
2003) which entailed the‘engineering’ of tools and task, as well as the
systematic study of the forms of learning that took place within the
specific context defined by the means of supporting it. Initially the aim
was to develop the software and the task in order to improve the
educational process and to bring about new forms of learning, based on
prior research and our theoretical framework. In retrospect research
method aims both at improving the initial design and at resulting in a
situated understanding of the relationship among theory, designed
artifacts and practice.

KEE~

[ J#c#2 18 5 (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

7 £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

®E L

\Vectors

KT

Cw-] =Y 1% ¢
A high school in Athens. In total eight 13 year- old students.

el G

Juggler game: Could be considered a micro-world

B % %% (Learning
activity)

% % ¥ v&: Our approach in studying students’ learning integrates
constructionist , and socio-cultural approaches. Students construct their
knowledge and understanding of the world not just through direct
personal experience and discovery, but also through the intellectual
sharing, challenge and support of those around them.

In particular here we have focused on the way children manipulated and
understood vectors and their properties while playing with a ball in the
hands of the juggler in the framework of the given task in groups of two.
Students could control vectors as well as the hands of the juggler in the
3D space using specific buttons of the keyboard. The micro-world shows
an icon of a green vector for the ball’s velocity (the resultant) and three
red vectors, each signifying the vector’s projection on the 3 axes. The
students could manipulate the green vector by means of the arrow buttons
and observe all the vectors changing accordingly. Moreover an excel
spreadsheet was at their disposal with the values of time, X, Y, Z
position, velocity and its components in the X, Y, Z axes. Once the run
button was pushed, measurements of the above quantities in small
constant time intervals appeared on the excel sheet. The students could
thus use the vector icon both to control the velocity of the ball and to
observe the changes of the vector as the ball volleyed during the running
of the game.

L Ee:
7= ;L* ,:}.L

bid

A team of two researchers participated in each data collection session
using one camera and two tape-recorders.

3

g
R
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In the ‘Juggler’ micro-world students generated and used visualizations
about the properties of vectors, interpreting the visual aspects by means
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of notions abstracted within specific situations involving playing of the
game. It seems that in the context of this computer game students
gradually discriminated some properties of vectors, they controlled them
in a dynamic, kinesthetic way and they were able to form conjectures
about the ball’s trace. After a few trial and error attempts students
appreciated the importance of the resultant of velocity and its
determinative effects on the ball’s trace, as well as the fact that it was the
composition of the three other vectors. However they had difficulties or
were uncertain about the role of arrows that represented the velocity’s
components. Taking into account that students are not yet encultured in
the scientific vocabulary and that they don’t have the formal, analytic
tools to be systematic and specific, it could be pointed out that their
comments and their figurativeness were quite insightful and indicative of
their progressive awareness of the components’ properties.

52 Fe

1. It offers multiple 3D external representations, analogical to some
aspect of the physical world.

2. Students can dynamically control the vectorial representation of
velocity through manipulation of keyboard buttons or use
logo-programming so as to control the simulation, to question the laws of
motion or the behaviour of the moving agents by changing the respective
code in the program.
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McLeod, J., Vasinda, S. & Dondlinger, M.J. (2012). Conceptual Visibility
< B dm and Virtual Dynamics in Technology-scaffolded Learning Environments
(A for Conceptual Knowledge of Mathematics. Journal of Computers in
Mathematics and Science Teaching, 31(3), 283-310.
This study consider achievement a baseline and evaluated the
manipulatives from the perspective of the student, examining aspects of
FF P the virtual manipulatives that led to self-regulated learning behaviors,
discovery and learning of the underlying mathematical concepts under
study, constructive emotional connections to learning and more.
One research question from that qualitative case study examined
3R A students’ conceptual knowledge building when using these five virtual
manipulatives.
Qualitative case study. Semi-structured interviews in which students were
U asked to describe their learning with the manipulatives, including what
L drew them into the work and how and why they continued to explore and
learn when the work was complex or challenging
7 1 & (Number & Operations)
[ ]+ #<(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
CIF#L 4 47 27 4% % (Data Analysis & Probability)
KE 5 Proportional thinking
W= R 37
7w FE R Sixth grade students at a Title | elementary school in a North Texas
suburban town
BrrRF21E five different virtual manipulatives from four different websites

B % %% (Learning
activity)

¥E g

1.first week :

(1)students were beginning to learn ratios and proportions, a new concept
in sixth grade that builds upon past learning of fractional and decimal
equivalents. After demonstrating an understanding of ratios, students
moved to conceptual understanding of proportions as two equivalent
ratios using the virtual manipulative displayed -

(2)During their interaction with these virtual manipulatives, students
connected proportions with photography and decided whether a targeted
ratio or enlarged photograph was equivalent to the original ratio or
original photograph. This manipulative includes a multiplier across the
top of the workspace which connects the students to the mathematics
necessary to decide whether ratios are proportional. Students also
received visual mathematical feedback when they clicked a multiplier
and the outline of the photograph responded. Duringthe interviews, this
work was called “Resizing Images.”Once students conceptually
understood the definition of a proportion, the next virtual manipulative
assisted students in building a model of using proportions to solve for an
unknown. MathPlayground.com hosts the Thinking Blocks manipulative
for this work. The manipulative first presents students with a problem
and prompts them to build a model of the ratio that they then label and
use to solve the problem.

2.second week :

(1)students learned about percents as a ratio and also modeled percent,
decimal and fractional equivalents. To help students develop a mental
model of a percent, the teacher used the virtual manipulative -
(2)Students were presented with a blank ten by ten grid and the
manipulative asked students to model a certain percent and provided
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feedback on their answers.

(3)During the interviews, this work was called “Percent Grid.” This same
grid with 100 squares was used throughout the week to continue to
develop and reinforce students’ conceptual knowledge of a percent.
(4)After students gained an understanding of a percent, they needed to
incorporate this understanding into their existing knowledge of decimals
and fractions. Earlier in the year, students had studied decimal and
fractional equivalents and built mental models of those concepts. For this
work, students used the NLVM manipulative for representing decimals.
This manipulative offered students random decimals that they modeled.
Then, they sketched the model of the decimal along with the percent
model using the hundreds grid. They also wrote the decimal and the
percent.

3. Finally, students incorporated their models of fractions into their new
percent knowledge using a virtual manipulative on Shodor.org. Students
were presented with a fraction. They then used the next blank box to
create their percent grid by making 10 rows and 10 columns. As they
shade their percent model, the arrow on the number line moved to offer
mathematical feedback as to the size of the model they created. Once
students had an equivalency match between the fraction and the percent
models, they documented their work by sketching their results on paper.

STl 2
FLTH

student interviews : students were asked to describe their learning with the
manipulatives, including what drew them into the work and how and why
they continued to explore and learn when the work was complex or
challenging.

I
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1.Self-regulation:

Seemed to have a positive effect on learners’ self-regulatory behaviors.
2.Discovery & Learning:

Ultimately their discovery and learning.

3.Digital tools:

Students were using to help construct that knowledge. This coupling
indicate to us that building conceptual knowledge requires multiple and
varied opportunities for learners to test hypotheses and continue to
reshape their mental models.

4.Emotional Connections:

Some virtual manipulatives fostered positive emotional connections to
learning.

P 52 Fe

1. Technology-based Scaffolds :

(2)visual modeling : benefits of “seeing” the mathematical concept or
model using visual vocabulary in their statements. When students
adopted the stance that tasks can be completed more easily, quickly and
efficiently if they use technology to complete it or described technology
as compelling, authentic or realistic

(2) material intelligence : material intelligence means that “thinking,
problem solving and knowledge are ‘stored’ in material objects and the
environment. This frees learners to engage their minds with other things
while combining the results of their own thinking with the knowledge
stored in material objects and the environment to achieve yet more
powerful effects.

(1)(2): Allowed students to explore the limits of the mathematical
concept and provided important mathematical feedback to students along
the way ; scaffolds embedded into the environment did not necessarily
provide mathematical feedback, but offered students clues as to how to
proceed or to solve. The up arrow button on the percent grid
manipulative and the multiplier button on the resizing images work.

(3) amplification of effort : provided in the resizing images and the
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percent grid manipulatives, which allowed students to explore
purposefully and to use their cognitive energy for other learning
activities.

2. Visibility of the conceptual metaphor

When students stated that a manipulative helped them “see” a
mathematical concept, they found that the manipulative helped build their
mental models and deepen their understanding of the concept.

3. dynamics of virtual manipulation.

The interactive, dynamic nature of a virtual manipulative allows students
to see changes in the digital display as they manipulate variables or other
input. This dynamic affordance allows them to test their own theories and
intuitions and get immediate mathematically based feedback. From this
feedback, learners can modify their conceptions, generate new theories,
and then test their understanding again. Allowed them to play with the
concepts as they learned their limits

4. the virtual manipulatives can enable the discovery of laws and
properties. Afforded trial and error which allowed her to proceed
even when students were stuck.
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Data Extraction Form

B P %
Suh, J. & Moyer-Packenham, P. (2007). Developing Students’
B R Representational Fluency Using Virtual and Physical Algebra Balances.
(A Journal of Computers in Mathematics and Science Teaching, 26(2),
155-173.
=R h students with different algebraic models and encourage students to use
1E e informal strategies to represent their relational thinking
R
U The project involved two groups of third-grade students in a week-long
1 oe unit focusing on algebraic relationships.
[ J#ice 1 & (Number & Operations)
Il - #c(Algebra)
HEHE A~ [ 14 = (Geometry)
[ 1] £ (Measurement)
5 4L 4 45 27 4% = (Data Analysis & Probability)
#E iy Algebraic relationships(solve simple linear equations)
W= (Re s
BT IEE Third-grade students in a week-long unit focusing on algebraic
relationships.
B E L Virtual manipulatives(Virtual Balance Scale applet on the National

Library of Virtual Manipulatives (http://matti.usu.edu/nlvm/nav/)

B % %% (Learning
activity)

FE RS E RS

1. students were given opportunities to work with multiple
representations to build representational fluency. As a class, the teacher
and students worked together to show how this problem could be written
as an equation .Students were shown simple models of algebraic
relationships using arithmetic sentences (i.e., 2 + 3 = 5) on the balance
scale.

2. When the teacher introduced the idea of x as the unknown, teacher
used a box with an x written on it and placed it over the number 3 to
represent the missing addend. She wrote 2 + x = 5 and asked students to
determine the value of the unknown.

3. Students had opportunities to translate algebraic expressions into
manipulative models. Students using the virtual balance scale set up the
algebraic expressions shown on the computer screen and used the blocks
to solve for x. And the virtual balance applet helped students represent
the written expressions of quantitative relationships using manipulative
models.( the link between the symbolic and manipulative representations
was more closely tied together in the virtual manipulative environment,
because the symbolic expression was on the screen during the process.)
4. Students kept a record of their mathematical procedures using
drawings and written expressions. In the virtual manipulatives group,
students worked on the problems online and recorded the arithmetic
operations on the task sheet while working with the balance scale applet.
After several problems, students were asked to print out three screen
shots of the work from the virtual applet.

5. Students were asked to verbalize the steps they took to solve the
problems.

6. At the end of each lesson the teacher closed with a whole-class
discussion that focused on questions such as: (a) What were ome
strategies you used to find the value of x? (b) How would you describe
he rules for finding the value of x to someone who doesn’t know
algebra?

e B 2
Gl W

Pretest and posttest ~ field notes, interviewed students, and videotaped
class sessions
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Result from the pre and posttest measures showed that students in the
virtual manipulative environments gained signifi cantly in achievement
and showed fl exibility in translating and representing their
understanding in multiple representations: manipulative model, pictorial,
numeric, and word problems.

42 ¢ (Unique Features of the Representations that Promoted Student
Learning)

The virtual environment also had unique features that promoted student
thinking such as:

(a) Explicit linking of visual and symbolic modes

(b) Guided step-by-step support in algorithmic processes

(c) Immediate feedback and self-checking system.

P 52 Fe

Identify unique features of the learning environments. The virtual
environment had unique features that promoted student thinking:

1. Explicit linking of visual and symbolic modes:

One of the features of the virtual balance scale was that it explicitly
linked a dynamic picture of the balance scale with the symbolic
representation of the algebraic equations that were presented on the scale.
students typed in a symbolic command such as “subtract 3x from both
sides,” the dynamic feature of the applet removed three of the x boxes
from both sides of the balance scale and simultaneously displayed a new
equation on the screen. The equation window tracked moves made by the
student, thereby scaffolding the process of solving for x, and explicitly
providing the connection between the equations and the actions of the
balance scale. During class sessions, when the teacher asked students to
explain their solution processes, students were observed using the
equation window, which is where these processes had been recorded by
the virtual applet

2. Guided step-by-step support in algorithmic processes:

Another feature of the virtual balance applet was a built in constraint
support system that emphasized the guided, step-by-step process for
solving the equations. The balance scale placed an emphasis on
subtraction and division as solution routes for balancing the equations.
For example, guidance would be given such as, “You can’t subtract 4x
from both sides unless here are at least 4xs on each side.” Because of
these features, students were required to choose an operation and perform
the operation while the applet displayed each equation during the solution
process. Teaching cues were provided to ensure that students performed
the procedures accurately.

3. Immediate feedback and self-checking system:

Students received immediate feedback while they were solving the
problems and were able to use a self-checking feature to determine the
accuracy of their solutions. For example, if students made an error, the
computer would prompt, “The two sides don’t match the equation.” This
self-checking system kept students from practicing erroneous solution
routes and allowed them to check their own answers. Students liked the
way the balance scale tilted and balanced based on the equations. They
commented, “I like the way the balance scale shows me I have set up the
right number sentence by balancing itself. If I don’t do it right, one side
slants down.” The teacher’s observational notes also highlighted this
feature: “One advantage that | saw with this tool was that the balance
scale tilted as blocks were removed. This feature showed students the
inequality and equality of an equation by the tilt of the balance scale.
Virtual environments were effective in supporting students’ learning and
encouraging relational thinking and algebraic reasoning.
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WL N7
Sedig, K. (2008). From Play to Thoughtful Learning: A Design Strategy
< 1;% * ik to Engage Children With Mathematical Representations. Journal of
Computers in Mathematics and Science Teaching, 27(1), 65-101.
The purpose of this research is to investigate whether and how games can
FF P be designed to help children learn mathematics in an enjoyable and
motivating way.
N
A quasi-experimental nonequivalent pretest-posttest group design.
G1: AT, using ST + mediation, AT, fi lling out DQ
Y WE | G2: AT, using ST, AT, fi lling out DQ
G3: AT, using ST — embellishments, AT, fi lling out DQ
G4: AT, no treatment during the period in which other groups used ST, AT
[ J#ice? 1 & (Number & Operations)
]+~ #ic(Algebra)
#EHE A % 7 (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)
KE I Geometry concepts
BT e LR -W‘* - .
Upper-middle-class school (students in grade 6)
Game(Super Tangrams: is an interactive game designed to initially
motivate children (grade 6+) to engage with the environment in a playful
rrE21E5 fashion and to gradually shift their attention towards nontrivial aspects of

two-dimensional transformation geometry concepts through thoughtful
engagement with visual representations of these concepts.)

B % %% (Learning
activity)

¥ & { & experiential learning environment

Groups G1, G2, and G3 spent 10 sessions, approximately 40 minutes in
length, using the software in pairs, where subjects were paired by the
teachers according to any criteria they saw fi t. These sessions were held
during school hours when children were scheduled to study mathematics.
Subjects would leave their classes and come to the room in which the
computers and the software were set up. Each pair of students was
assigned a computer to work on. At the beginning of the first session, a
researcher gave a brief overview of the goal and rules of the program and
how to operate it. During the subsequent sessions, since the program kept
a log of the last puzzle the subjects had solved, subjects would continue
from the last puzzle in the game that they had solved. During all sessions,
a researcher was always present in the room, but no teachers were
present. Subjects in group G1 who needed help would raise their hand to
receive assistance; the researcher would answer procedural questions
related to the operation of the program, but would not provide direct
instruction on test-related content. Subjects in groups G2 and G3,
however, had to figure things out on their own and were advised that
answers to their questions could be found in the program. Group G4 did
not know anything about ST and simply continued with their normal
school work during the course of the study.

e B 2
Gl

Two sources of data were used to study the effectiveness of ST and its
design: an achievement test and a design questionnaire.
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1. Overall Achievement Results :

That each one of the three treatment groups (mediated, without
mediation, and without mediation and embellishments) exhibited
improvement after interaction with the learning environment.

2. Analysis of Grouped Questions :

There is marked improvement on the posttest. This pattern was repeated
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for all other sets of grouped questions.

3. Motivation Results :

These results suggest that being perceived as “full of math” did not have
a negative motivational effect on the children.

The results of the study suggest that, despite theexplicitness and
difficulty of the mathematical concepts involved, children found the
learning process fun and engaging. Furthermore, children exhibited
significant improvement in their knowledge of transformation geometry
concepts.

a5z FE

Children need to interact with the visual representations of the
transformation concepts. That is, the representations mediate between the
children and the game. The representations are transparent, and children
do not need to be thoughtful and conscious of their presence.
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Wu, Y. & Wong, K.Y. (2007). Impact of a Spreadsheet Exploration on
< 1;% Kk Secondary School Students’ Understanding of Statistical Graphs. Journal
of Computers in Mathematics and Science Teaching, 26(4), 355-385.
This case study investigated the impact of a spreadsheet (EXCEL)
FF P exploration on the understanding of statistical graphs among twenty
Singapore secondary school students of average ability.
1. Do secondary school students have a better understanding of statistical
graphs after they have worked with EXCEL, which was chosen for this
3R A study because it is widely available in Singapore schools?
2. What strategies do these students use when they explore statistical
graphs embedded in EXCEL templates?
L A case study research design is suitable for this exploratory study.
[ J#ce2 18 5 (Number & Operations)
]+~ #ic(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
W7 A+ 4 47 5 3 (Data Analysis & Probability)
These four topics were selected: (a) the starting point of a vertical scale
in a bar graph, (b) effects of different parameters of the vertical scale on
ELg- A the appearance of a line graph, (c) three-dimensional pictures used to
display numerical quantity in a size pictogram, and (d) cumulative line
graph.
s g e Cw-] =Y 1% ¢
i (Grade 8,9)
Spreadsheet (EXCEL):
EXCEL template is designed to begin with a realistic problem embedding
rrE21E5 an error or a misleading situation about statistical graphs. (Templates

Template 1: Zero in scale ~ Template 2: Effect of scale ~ Template 3: Size
pictogram ~ Template 4: Cumulative line graph.)

B % %% (Learning
activity)

®F K

Four pedagogical principles were considered for the EXCEL exploration:
(a) confronting cognitive conflicts

(b) building relationships

(c) constructing knowledge

(d) learning collaboratively.

1. templates Template 1: Zero in scale

(1) the first worksheet asks students to judge whether or not Mike has
twice as many stamps as Jane based on a bar graph whose vertical scale
starts from 8 instead of 0. Clicking the No button will show a pop-up
question asking for an explanation. The Yes button will show the pop-up
question asking students to read from the graph the number of stamps
Mike and Jane had, to alert them to a conflict between the graphical
features (G, heights of bar graphs) and the numerical values (N, number
of stamps).

(2) the second worksheet, students enter values for Maximum, Minimum,
and Unit to arrive at a suitable vertical scale for the given data.

(3)In the third worksheet, they complete the same task involving a larger
collection of stamps.

2. Template 2: Effect of scale

Requires students to explore how different parameters of the scale of the
vertical axis affect the appearance of a line graph (G) and the meaning
conveyed(M), in this case, little or drastic changes in the temperatures
given(N).

(1) Worksheet 1 presents two line graphs of the same data with different
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scales. Students are asked to judge whether the temperature patterns
shown in these two line graphs are the same or different. Placing the two
graphs side by side provides a conflict that the students have to resolve
(2) worksheet 2, they explore the effects of different values for
maximum, minimum, and unit on the appearance of the line graph.

(3) Worksheet 3 requires students to check the scale used in a line
graph to depict a new context

3.Template 3: Size pictogram

Addresses the common misuse of size pictogram when the reader is led
to focus on the volume conveyed by a graphic rather than its linear
dimension.

(1)worksheet 1, a number pictogram and a size pictogram are given, and
students are asked to judge whether each pictogram has represented the
data correctly, thus creating potential cognitive conflicts

(2) worksheet 2, students are directed to take note of the side and the
volume of the two cubes and reconsider whether or not the size
pictogram is correct.

(3) worksheet 3, students are to construct a correct size pictogram by
relating the graphical feature (G, volume of a cube) to the numerical
value it is supposed to represent (N, sales of cereal).

4.Template 4: Cumulative line graph

Creates a conflict when students interpret a cumulative line graph as a
normal line graph if they do not pay attention to the stated context of “the
total number of books sold from Monday morning up to the end of each
day.” To resolve this conflict, the students need to link the graphical
feature(G, increasing trend) to the number of books sold (N) in terms of
the underlying concept of cumulative frequency (M).

(1)Worksheet 1 : find out students’ interpretation of the cumulative line
graph, where numerical values are not given in the graph.

(2)Worksheet 2 requires students to enter the number of books sold in
each day until they arrive at a graph that matches the given cumulative
line graph.

1. Observation of students’ interactions with the EXCEL templates by the
first researcher who took field notes of these sessions.

2. The students were encouraged to talk aloud when they worked on the
EXCEL templates and these dialogues were audiotaped and transcribed.

;Ei_}i 3. Students’ online work was recorded using macros and saved as
1R computer files. These files were played back later, and the findings
checked against the field notes and audiotapes.
4. Pre and post-TUSG. This provides a measure of quantitative changes
in students’ understanding of statistical graphs.
Three quarters of the students showed gain scores in the posttest,
Pris suggesting positive impacts of this exploration on students’

understanding of statistical graphs.

P B2 Fe

1. Instant and accurate calculation.

2. Powerful capability in constructing different types of statistical graphs.
3. Students had focused on graphical features that led them to arrive at
trivial conclusions. Those who arrive at trivial conclusions will then be
able to move in the right direction. Having students present their findings
to the whole class will also help them develop communication skills to
explain their work to others.

4. Dynamic link between data and graphs understanding statistical graphs
is to be able to establish meaningful connections between graphical
features, numerical values of the data, and the meaning related to the
context of the graphs. Understanding statistical graphs is to be able to
establish meaningful connections between graphical features, numerical
values of the data, and the meaning related to the context of the graphs.
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5. Macro programming. Students can give fuller attention to making
sense of the screen output and relating it to the desired learning

objectives.
6. The interactive feature of EXCEL allows the students to self-check

their responses.
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Moyer-Packenham, P. & Suh, J. (2012). Learning Mathematics with
< B dm Technology: The Influence of Virtual Manipulatives on Different
(A Achievement Groups. Journal of Computers in Mathematics and Science
Teaching, 31(1), 39-59.
This study examined the influence of virtual manipulatives on different
FF P achievement groups during a teaching experiment in four fifth-grade
classrooms.
1. How does the use of virtual manipulative fraction applets during a unit
on fraction addition and equivalence influence students’mathematics
achievement for students of different achievement levels?
2. What are the effects on average achieving students during a unit on
7R A fraction addition and equivalence for students who use the virtual
manipulative fraction applets and those who do not?
3. How do the virtual manipulatives influence the way that students of
different achievement levels experience the learning of fraction addition
and equivalence?
One low achieving, two average achieving, and One high achieving
FLE group participated in two instructional treatments (three groups used
virtual manipulatives and one group used physical manipulatives).
#2715 (Number & Operations)
[ ]+ #<(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
CIF#L 4 47 27 4% % (Data Analysis & Probability)
P Two rational number concepts (fraction equivalence and fraction addition
- with unlike denominators)
BT e -WI Ome g+
Fifth-grade classrooms.
Virtual manipulatives applets. (From the National Library of Virtual
ErrF21 5 Manipulatives website (www.nlvm.usu.edu) and the National Council of

Teachers of Mathematics electronic resources (www.nctm.org))

B % %% (Learning
activity)

¥F g

1. Lessons in the computer lab began with an introduction to the virtual
manipulative applet; this was followed by several mathematical tasks for
the students to complete independently.

2. Each day, students received teacher made task sheets with instructions
for using the virtual manipulatives and space to record their work.

3. The teacher modeled how to use the virtual manipulative applets
before students worked independently.

4. Lessons in the regular classroom began with an introduction to the
mathematics topic for the day; this was followed by several mathematical
tasks where students used physical manipulatives. Students completed
worksheets and teacher-made task sheets that provided practice with the
physical manipulatives.

5. At the end of each computer lab and classroom session, the teacher
used the last 10 minutes of the class to hold a discussion with the students
to elicit thinking and connect ideas that students explored during the
sessions.

Pre- and post-tests of students’ mathematical content knowledge and
videotapes of classroom sessions.

- ~F v
1. There was a significant gain overall for the students participating in the
virtual manipulatives treatment. The low achieving students benefited

most from their participation in the virtual manipulatives treatment, with

270




statistically significant gains as an individual group.

2.There were no significant differences between the average achieving
student groups in the virtual manipulatives and physical manipulatives
treatments.

g ?‘r]v}_

l.indicated that the different achievement groups experienced the virtual
manipulatives in different ways:

% The high achieving group : recognizing patterns quickly and
transitioning to the use of symbols

% The average and low achieving groups : relied heavily on pictorial
representations as they methodically worked step-by-step through
processes and procedures with mathematical symbols.

[ Day 1] Fractions—equivalent and fractions—visualizing applets.

All achievement groups contained several students who explored with the
applet to determine how many pieces they could break apart each region
on the applet. Once one student began this exploration, other students
around the student also wanted to see how many pieces they could make
with the applet.

% The high achieving group : creating multiple visual images of the
fraction representations rapidly, going beyond the applet requirement of
finding only two equivalent fractions. students quickly recognized
numerical relationships among the numerators and denominators of the
equivalent fractions, and no longer needed to manipulate the fraction
regions to find an equivalent fraction; they could create the equivalent
fraction using mental math.

% The average and low achieving groups : use the region models as
support to find equivalent fractions throughout the tasks. They relied
more on the visual aspects of the applet and used counting strategies,
rather than recognizing the proportional relationships.

[Day 2] :

Fractions—comparing applet.

% The high achieving group: used their knowledge of multiples and
numerical relationships to determine common denominators to compare
the two given fractions on the applet.

% The average and low achieving groups : slower and more methodical as
they clicked through the possible choices of multiples on the applet to
find a common denominator. the average students : knew the multiples,
but they used the applet to confirm their thinking. They appeared less
confident of their knowledge of the multiples. The applet directions ask
studentsto  “find different names”  for the two fractions that are given
in order to compare the two fractions. The low achieving group : observed
finding equivalent fractions to the given fractions, but not common
denominators.

[ Days 3 and 4] Fractions—adding applet.

All groups were influenced by the built in constraints in the applet that
did not allow students to add the two fractions together until they
renamed each fraction using a common denominator.

* High achieving students : quickly the addition procedure and provided
guidance and immediate feedback that confirmed that students were
following the procedures on the applet. Students did not need the visual
models to find an equivalent fraction, so they simply entered in the
numbers on the applet. They also did not need to move the fraction pieces
on the applet to the sum circle or square because they quickly observed
the sum of the two fractions without employing this step.

* The average achieving students : developed some efficiency strategies.
they were observed writing multiples of given denominators on their task
sheets or typing in the numbers for common denominators on the applet
first and then using the applet models to check their thinking
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% The low achieving students : engaged in multiple trial and error
interactions. They entered multiple wrong answers into the applet and
through guidance and feedback provided by the applet, the low achieving
students experimented until they understood the addition procedure. they
could not use these equivalent fractions in the applet because of the
built-in constraints. This individual struggle seemed to help them learn
the procedure for finding the common denominator. This trial and error
process helped the low achieving students learn the procedures at their
own pace.

[Day 5] Fraction track game. There were observable differences
among the groups.

*The high and average achieving groups: recognized the equivalent
fractions and could u se this knowledge to be strategic in the game. Not
only did they recognize the amount they had on the number line in the
applet, but they also recognized the amount that remained (the residual)
to get to one whole. Both groups used some mental addition and
subtraction strategies.

% The low achieving students : did not connect their work with equivalent
fractions to the activities in the game.The low achievers often filled up
each line on the board and then waited to get the exact remaining amount
(rather than using an equivalent amount);they did not know what to do
when they got a number that did not complete any of their remaining
lines on the game board.

% The high achieving group: used more mental math strategies, identified
multiples and factors, saw patterns more quickly, sometimes ignored the
pictorial models in the applets, recognized equivalence and proportional
relationships, applied equivalence understanding to use as a strategy in
the fraction game, and focused on symbolic features in the applets to
complete mathematical tasks.

% The average achieving group: used some mental math strategies later
in the fraction unit, used a step-by-step methodical process to find/check
multiples and common denominators, relied on the pictorial models in
the applets, used counting strategies rather than proportional
relationships, recognized equivalence relationships later in the fraction
unit, applied equivalence understanding to use as a strategy in the
fraction game, and relied on pictorial and symbolic features in the applets
to complete mathematical tasks.

% The low achieving group used a step-by-step methodical process to
find multiples and common denominators, relied heavily on the pictorial
models in the applets, used counting strategies rather than proportional
relationships, did not recognize equivalence relationships, experienced
confusion with common denominators, and engaged in multiple trial and
error interactions with the pictorial and symbolic features in the applets
to complete mathematical tasks.

P B2 gk

1. Efficient precision: the virtual manipulatives contain precise
representations allowing accurate and efficient use. This affordance
seemed to be most influential and beneficial for the high achieving
students. The high achieving groups were able to recognize patterns
quickly and then proceeded to skip or ignore pictorial and guiding
features in the applets. The applets contained efficiency features that
allowed the user to quickly produce multiple examples or to skip
elements within the applet (e.g., students did not need to use the pictorial
elements to get the numerical elements correct). The applets allowed the
high achieving students to learn the mathematical concepts and
processes, see patterns and relationships, and wuse the virtual
manipulatives with efficiency.

2. Focused constraint : in which the virtual manipulatives constrain
student attention on mathematical objects and processes, seemed to be
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most influential and beneficial for the average and low achieving
students. The average and low achieving students used multiple
trial-and-error attempts to determine common denominators and to find
common denominators so that they could add two fractions together. The
constraining, guiding, and feedback features supported the low and
average achievement groups throughout their mathematical interactions.
The guiding and support features were available to students as long as
these support features were needed. This was especially evident for the
average achieving students, who seemed to rely on the pictorial and
symbolic models initially, and during later class sessions, they did not
need this pictorial support at the same level as they had on Days 1 and 2.
A constraint-support structure in a virtual environment “frees the
student to focus on the connections between the actions on the two
systems [notation and visuals], actions which otherwise have a tendency
to consume all of the student’ s cognitive resources even before
translation can be carried out”. The high achieving students were freed to
focus on the connections and relationships, which they did rapidly, while
the average and low achieving students received sustained support from
the constraints in the applets throughout the fraction lessons. The
methodical trial and error activity of the low and average achieving
students provided multiple examples that students could work through at
their own pace.

3. Applets may provide higher achieving students with multiple examples
so that they can quickly recognize patterns, while other applets can
provide constraints and guiding feedback for lower achieving students
who need more support and guidance. In addition, there are virtual
manipulative applets that contain multiple affordances.

4.The multiple affordances built in to the virtual manipulatives provide
“something for everyone” and a way for students at each achievement
level to learn the mathematical concepts and procedures. The different
impacts on students of different achievement levels may be a factor that
is important for the design of mathematics instruction that uses
technology. These different effects may have been caused by the
visual/pictorial models that helped students to understand the concepts.
Or students may have been helped by the pictorial models being linked
with the mathematical symbols so that they saw two different forms of
representation while students were working

5. The virtual manipulatives also provided opportunities to practice using
a visual model that could be changed and manipulated.

273




%6157

Data Extraction Form

¥ - A rE

Suh, J.M. (2010). Leveraging cognitive technology tools to expand
o g opportunities for critical thinking on data analysis and probability in

< lﬁ’c Xk . .
elementary classrooms. Journal of Computers in Mathematics and
Science Teaching 29(3), 289-302.

The focus of the present study was to examine and describe the process

=R h of designing mathematical tasks which used technology to both expand

1 access and provide opportunities to elicit critical thinking and reasoning
with diverse learners.

1. What affordances exist in a technology-filled learning environment

B that promote mathematical thinking?

1 2. What mathematical processes become amplified by the use of
technology tools?
Case studies.
R E S Case Study 1: Teaching and Learning Data Analysis Using Technology.
Case Study 2: Probability Experiments Via Technology Tools.
[ J#c#2 18 5 (Number & Operations)
[ ]+ #<(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
W7 A+ 4~ #7415 3 (Data Analysis & Probability)
Data analysis and probability concepts.
Case study 1: Statistical data to understand mean, median and mode.

ELg- A Case study 2: The initial recognition of the nature of random processes -
the exploration of the concept of chance through games and experiments ~
the comparison of the likelihood of theoretical and experimental events.

KT B o AR L L
Fifth grade at a Title | elementary school

R TN & # % £ (from the National Library of Virtual Manipulatives

(http://nlvm.usu.edu/)

B % %% (Learning
activity)

$F g

Case study 1

In a 5th grade classroom, students experimented with statistical data to
understand mean, median and mode. To begin the lesson, the class
collected information about the number of letters in their names. Their
initial data showed that their results ranged from 3 to 11. The class used
the box plot applet from the National Library of Virtual Manipulatives
(http://nlvm.usu.edu/) to record their data and then discussed the various
aspects of the box plot and the measures of central tendency that were
displayed on the screen. The mean appeared as 5.41. A quick glance at
the data chart showed that 5 was the mode. The box also indicated that
the 50% of the class names were between 4 and 6 by looking at the lower
and upper quartiles. Based on this information, students agreed that the
best way to measure the central tendency was to use the mode of 5 since
having 5.41 letters was not logical. After interpreting and discussing the
results of the box plot, the teacher posed the following problem. Students
began to think critically about the relationships between each point of
data and the mean, median, and mode. After allowing students to make
conjectures and list their ideas on the board, one of the students entered
the number 50 into the data set and clicked the UPDATE BOXPLOT
button. Students looked intently at the new box plot and confirmed and
refuted their prior conjectures. The discussion led to the extremely
important idea of what happens with the presence of outliers; a term
introduced after much discussion about the “extreme number”. Students
engaged in a lively discussion about which was a better measure of
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tendency when extreme outliers were present. Many students stated
that the new mean, which was 7.2, was misleading since 50% of the data
centered around 4 and 6. Additionally, students agreed that the mode of 5
and the median were the measures of central tendency that best
represented the data.

Case study 2

A 5th grade classroom studying the concept of probability engaged in an
experimentation using handmade spinners and virtual spinners. The class
activity was called “Mystery Spinners”, ten spinners were distributed,
one to each pair of students. Students were asked to independently look
at their spinners, predict the outcome, spin their spinner 30 times and
finally record the results as a bar graph. Once the teams of students
finished conducting their experiment, their bar graphs were displayed for
all to see. The teacher then mixed up the ten spinners and posted them on
the board. Students were challenged to match the spinners displayed on
the board with the bar graph that they thought was the most likely
outcome of the spinner. In the case of many of the spinners, students
were able to make accurate matches. However, two spinners resulted in
similar outcomes in which each of three colors, green, blue and red had
approximately equal amounts. Students argued that spinner A should
have had 25% (7 or 8 out of 30) red, 25% blue (7 or 8 out of 30), and
50% green (15 out of 30) because it was % red and % blue and % green.
The students also felt that spinner B should have had 33.3% red (about
10/30), 33.3% (10/30) blue and 33.3% (10/30) green since it was 1/3 red,
1/3 blue and 1/3 green. This led to a great discussion about theoretical
and experimental probability. The next day, students went to the
computer lab and were introduced to the adjustable spinner applet from
NCTM’s [lluminations website. Through experimentations, students were
able to see that with a minute number of trials, an individual could be
easily misled as to the composition of the spinner; as in the following
illustration with only 10 spins.

ST B 2 The analysis of students work, the researcher’s memos and narrative
Py Ea reports from the teachers.
1.Specific opportunities that technology rich mathematics environments
afford teachers and students are the abilities to:
(2) build representational fluency by making connections among multiple
representations
(2) experiment and test out conjectures which efficiently develop
reasoning and proof
(3) facilitate the communication of mathematical ideas through problem
PriE solving.

2. The technology “enforced the mathematical rule of behavior” of the
mathematical concept of the law of large numbers. By setting the
technology function to take larger trials into consideration, students were
able to see how the experimental graph became more like the theoretical
graph. These tasks were specifically designed to provide students
opportunities to draw logical conclusions and justify both answers and
solution processes by explaining why, as well as how they were achieved.

P B2 Fe

1. The ease of representing different box plots with such efficiency
allows for a higher mathematical complexity than merely creating box
plots. With the use of technology tools, an increased amount of
experimentations and additional time for deeper analysis are incorporated
into the learning environment.

2. The technology affordances of the spinner applet amplified the
mathematical learning opportunities available by allowing the students
the ability to adjust the number of spins, to create, and test conjectures,
and also appreciate the power of the law of large numbers.
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3. Technology applets with dynamic objects and visual tools offer
learners multiple representations to consider while learning mathematical
concepts. The dynamic spinner “enforced the mathematical rule of
behavior” of the mathematical concept

4. Students were able to see how the experimental graph became more
like the theoretical graph. These tasks were specifically designed to
provide students opportunities to draw logical conclusions and justify
both answers and solution processes by explaining why, as well as how
they were achieved.

5. The ability to manipulate the data to see how the mean, median and
mode were affected allowed for students to gain a deeper understanding
of and differentiate among the central measures of tendency.
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Bolyard, J. & Moyer-Packenham, P. (2012). Making Sense of Integer
< B dm Arithmetic: The Effect of Using Virtual Manipulatives on Students’
(A Representational Fluency. Journal of Computers in Mathematics and

Science Teaching, 31(2), 93-113.

Aim(z= 5 B )

investigated how the use of virtual manipulatives, representing two
different models for integers,impacts student achievement for integer
addition and subtraction. Also of interest in this study was the influence
of virtual manipulatives on students’ ability to create and translate among
representations for integer addition and subtraction.

3R AL

1. Integer addition and subtraction impact students’ achievement in
computation?

2. Are there differences in achievement among the three treatment groups
using each web-based virtual manipulative?

3. How does the use of web-based virtual manipulatives for integer
addition and subtraction influence students’ creation of and translation
among representations during task solutions?

74 = i (Method)

1.Quasi-experimental pretest-posttest design.

2.Six classes (99 + ) were randomly assigned to one of three treatment
groups: Virtual Integer Chips (VIC), Virtual Integer Chips with Context
(VICC), and Virtual Number Line (VNL).

#2715 (Number & Operations)
[ ]+ #<(Algebra)

#EHE A [ 14 = (Geometry)

[ 1ir] £ (Measurement)

(5 4 4 45 22 4% 7 (Data Analysis & Probability)
KE I Addition and subtraction of integers.
. EERN TRENEE

Ninety-nine sixth-grade students participated two public middle schools

f~ 7§ 21 % (Tool)

Virtual manipulatives (web-based virtual manipulatives: Virtual Integer
Chips (VIC), Virtual Integer Chip with Context VICC), and Virtual
Number Line (VNL).)

g % & ¥ (Learning
activity)

1. Instructional activities using the VNL model used the metaphor of
walking along a line a specified number of spaces in the direction
indicated. Instructional activities using the VIC and VICC models
employed the metaphor of debts and assets. These metaphors were used
during all classroom discourse as well as on all instructional handouts.
2. During instruction, introductory activities focused on establishing the
respective metaphor using related physical and pictorial models.

3. Students also participated in extended computer lab sessions (30 to 40
minutes) in which they used the virtual manipulatives to explore integer
addition and subtraction.

4.Following each computer session, students engaged in follow up
discussions focused on articulating their observations.

g 2
Ll

Integer addition and subtraction pretests and posttests and student
interviews.

k|
o5y
R
,Fa

Students increased in integer computation achievement and demonstrated
facility with pictures and written representations.

- ~ -g L

1.All treatment groups showed a significant increase in student
achievement.

2.There were no significant differences among the groups for addition or
subtraction

= ~ F4£  (How does the use of web based virtual manipulatives for
integer addition and subtraction influence)
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1.Analysis of Students’ Work with Representational Forms for Integer
Computation: These interviews revealed that students were generally able
to work flexibly within the written/metaphorical and picture
representational forms for integer addition and subtraction.

2.Facility with Representational Forms: Pictures and
Written/Metaphorical : Students were successful in evaluating integer
addition and subtraction items presented in written/metaphorical and
picture representational forms. Further, the students were generally
successful in translating items to written/metaphorical and picture forms.
(1) Students demonstrated significant gains in computation achievement
after using three different virtual manipulative applets during instruction
of integer addition and integer subtraction concepts.

(2) There were no statistically significant differences in achievement
among students using three different virtual manipulative applets
designed for integer instruction.

(3) Students successfully translated between pictorial and
written/metaphorical representational forms for integer addition and
subtraction. Students were able to make personal connections to the
metaphors based on the frequency with which students created
personalized stories. And students showed evidence of making
connections among the words in the story and the images in the pictures
to the values of the integers used in their mathematical sentences

B2 Fek

Virtual manipulatives shared several key features

(1) dynamic linked representations

(2) interactivity

(3) multiple representations

(4) immediate feedback)

some features that were unique to each virtual manipulative
(Dtype of user input required

(2) degree of guidance provided by the applet

(3) problem presentation

Virtual manipulatives had a larger impact on students’ learning of integer
computation than those that were unique to any one specific tool.
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Steen, K., Brooks, D. & Lyon, T. (2006). The Impact of Virtual
Manipulatives on First Grade Geometry Instruction and Learning.
Journal of Computers in Mathematics and Science Teaching, 25(4),
373-391.

FF P

Investigated the impact of virtual manipulatives on first grade students'
academic achievement as well as on student
attitudes, behaviors, and interactions.

B f R

1. What differences exist among the academic achievement of first grade
students who use the virtual manipulatives and those students who use
the traditional text-recommended practice activities?

2. What are the treatment teacher's impressions and observations on
student attitudes, behaviors, and interactions when using the virtual
manipulatives?

Thirty-one (31) first grade students were randomly assigned to either a
treatment or control group. Both groups studied identical objectives, but
the treatment group used virtual manipulatives for practice.

KEE~

[ J#c#2 18 5 (Number & Operations)

[+ #(Algebra)

W 7 (Geometry)

[ ]:p] & (Measurement)

CIF#L 4 47 27 4% % (Data Analysis & Probability)

Identify spheres, cylinders, rectangular prisms, cones, and pyramids;
copy a plane shape and be able to transform a shape into a larger/smaller
shape; draw a plane shape with a given number of sides; draw a shape
with a given number of corners; identify and draw plane shapes that are
the same size and shape; state a rule for a given pattern; use problem
solving strategies to continue a pattern; draw lines of symmetry; and
identify and show equal parts in a plane shape.

mE /e [

Virtual manipulatives that were created or reviewed by the MarcoPolo
Educational Foundation (http://www.mped.org). This included virtual
manipulatives from the National Council of Teachers of Mathematics
Illuminations site (http://illuminations.nctm.org/), the National Library of
Virtual Manipulatives (http://nlvm.usu.edu/en/nav/index.html), Arcytech
(http://lwww.arcytech.org/), and Math Cats (http://www.mathcats.com/).

B % %% (Learning
activity)

o

% The control group

Used their student textbooks for instructional purposes, and used physical
manipulatives and corresponding worksheets for practice.

% The treatment group

Used the same textbooks for instructional purposes, but used virtual
manipulatives for practice. If a virtual manipulative was not available for
an objective, the students in the treatment group completed the same
worksheet activity as the control group. However, they never touched an
actual physical manipulative throughout this study. Each treatment group
student had a Macintosh@ iBook® laptop computer that was connected
to the Internet by way of a wireless network. The computers were only
used during the designated math time. The treatment group teacher was
provided with a laptop connected to a projector for instructional use
during math only.

Al 2
P

The tests and assessment activities

3

o+
R
,\:ﬂ

- ‘;‘E_L_YL%/‘]M

Posttest results showed that the treatment group outscored the control
group on both grade level tests, though not at a significant level (p >
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http://nlvm.usu.edu/en/nav/index.html

0.05). The treatment group had significant improvements (p < 0.05) on
both grade level tests, while the control group only had significant
improvements (p < 0.05) on the second grade level of testing.

S FRFHR FARY RRRETRE PEY FR DT A Y
E W AR o

The virtual manipulatives kept students focused,increased the quality and
quantity of practice, adapted to appropriate difficulty levels, and had
other features not available when using traditional paper and pencil or
actual manipulative activities.

P 52 Fe

1. Instant feedback. Students did not have to wait for Karla to check their
work. With the click of a button, the computer directly and immediately
indicated if they were correct. The virtual manipulative allowed a student
to ask for a hint if needed. Students did not have to wait for Karla to offer
advice. Features such as use of colors on the virtual geoboard and the
ability to mark sides and comers on the shape spinner provided indirect
feedback for the students.

2. While such features didn't provide direct feedback on the students'
accuracy, they definitely made it easier for the students to self-regulate
and make adjustments individually and privately. Karla also noted that
these same indirect features made it easier for her to check their work by
quickly glancing at the computer screens as she moved around the
classroom.

3.Students did not have to clean-up rubber bands from geoboards, they
did not have to put away pattern blocks, they did not have pass out
manipulatives, and re-doing an activity was not an ordeal. The benefit of
this time saved was the increased amount of time-on-task and increased
number of repetitions of a practice activity. Karla often noted that her
students were able to do more practice with the virtual manipulatives
than her previous classes had done when using actual manipulatives.

4. Flexibility of the virtual manipulatives

(1) Several of them were used for more than one objective. As the
students became more comfortable with using the virtual manipulatives
and the computers, they were able to spend less time learning simply how
to use them, and could focus more on the objectives for the lesson.

(2) Allowed students to go more in-depth than previous classes had done
without the virtual manipulative: Students were able to see how a
three-dimensional shape was comprised of several individual faces that
were comprised of the sides and comers they were identifying.

(3) The virtual manipulatives allowed students to adapt the activity to
meet an appropriate level of challenge: While using the pattern blocks
virtual manipulative, students could create patterns ranging from simple
to complex. Either way, it was the students' private choice. More often
than not, Karla noted that students challenged themselves to higher
levels, using the features of the virtual manipulative.

5. Virtual manipulatives was that they allowed for every child to have
equal access to the same high quality lessons and activities. Students did
not have to wait to take turns to share actual manipulatives, which again
increased time-on-task and number of repetitions. In terms of educational
equity, if these virtual manipulative were used in an entire school district,
it would mean that all children would have equal access to high quality
and effective materials.

6. Difficulty with the motor skill of writing were able to easily use the
virtual manipulatives. This allowed them to focus on the math objective
instead of on the difficulty of using a pencil or stretching a rubber band
across an actual geoboard. Karla reported that these two students
typically struggled in math. These students excelled when using the
virtual manipulatives.
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Santos-Trigo, M. (2004). The Role of Dynamic Software in the
® 1;% * ik Identification and Construction of Mathematical Relationships. Journal of
Computers in Mathematics and Science Teaching, 23(4), 399-413.
this study is to investigate aspects of reasoning exhibited by high school
FF P students while using dynamic software to construct and examine a set of
geometric configurations.
- What features of mathematical thinking do students exhibit when they
FARAL use dynamic software in their problem solving approaches ?
Eighteen high school students participated in a problem-solving course
B during one semester, meeting four hours a week. An important goal was
1= to ask the participants to use Dynamic Software to work on a series of
activities that involve.
[ J#c#2 18 5 (Number & Operations)
[ ]+ #<(Algebra)
#EHE A % 7 (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)
KE I Geometric configurations
s g e Cw\el OEY s e
AL high school students
BrrRF21E Dynamic software

B % %% (Learning
activity)

%% ¥ & problem solving instruction - Participants had access to a
computer but they were encouraged to work in pairs or small groups of
three. We also suggested a particular pedagogic approach to encourage
students to learn through an inquiry process.

1. The instructor introduces the task to the students and asks them to
work on the task in groups of two or three students for about 20 minutes.
The role of the instructor is to monitor students’ work and help them
clarify (via questions) the statement of the task. Each small group hands
in a written report showing the students’ approach to the task.

2. The instructor asks some small groups to present their work to the
whole class. During each small group presentation, the rest of the group,
including the instructor, asks questions to clarify what may not be clear
or may need some elaboration from the small groups presentation.

3. The instructor identifies strengths and limitations associated with each
small group’s presentation and discusses with the whole class
mathematical ideas, strategies, concepts and distinct representations that
are relevant to students’ solutions to the task. In addition, the instructor
may introduce a new concept or analyse extensions or possible
connections to the original statement of the task or problem.

4. Students are asked to individually revise the initial task. Here each
student has the opportunity to incorporate new ideas, concepts, or
strategies that he/she has judged to be relevant during the development of
the session.

e B 2
Gl

REBRE L B2 E

k|
o5y
R
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What features of mathematical thinking do students exhibit when they
use dynamic software in their problem solving approaches? (focus on the
behavior of a small group of students during the presentation of its work
to the whole class.)

1. The presenter added new elements to this simple initial configuration
and begin to identify and explore particular relationships among the
components of the emerging construction.
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2. Students used to support this result was based on using a result that
they had previously studied.

3. Students not only carefully examined the construction, but also
participated in the process of justifying properties that first appeared only
visually. Students eventually recognized that it was important to provide
arguments to support their conjectures.

4.Students developed a certain kind of ability to add other elements to the
configuration when there was a possibility of generating interesting
relationships.

5.4 &% frRgpF > A B KeE

(1)Trial and error strategy : it helps to measure particular parts of the
configuration and observe whether any selected point of the hyperbola
holds its definition.

(2)1dentify the main elements of the figure through the conic command:
to associate the shown locus with the corresponding conic (selecting five
points of the locus and the command conic). Here, the software can also
provide the corresponding equation

B2 Fek

1.Visually: Students have an opportunity to observe and identify
properties attached to different components of the figure in order to pose
and pursue particular questions. Visually identified as a particular figure
actually held mathematical properties that define that figure. In particular,
the use of the software seemed to help students orient the process of
searching for arguments to support their conjectures.

2. Contents or theorems that students used to relate particular subjects
(triangles, bisectors, with Euclidean geometry and conics with analytic
geometry) together now seem to appear connected. In fact, students not
only reconstruct some particular relationships but also investigate and
document new ways to generate particular figures. In addition, students
are able to study properties attached to those figures

3. The role of dynamic software becomes an important tool for students
to guide the exploration of mathematical relationships. In some cases, the
use of the software provides evidence about the existence of particular
relationships. The goal here is to show a mathematical argument to
justify such existences. In other cases the software itself functions as a
tool to generate figures (loci) that later need to be examined in terms of
their properties. Another important factor is that the use of the software
allows students to quantify or measure elements involved in the figure
(lengths, areas, perimeters) and document their behavior as a result of
moving or changing other components within the same configuration
4.dynamic representation : Students themselves get the opportunity to
reconstruct or discover new theorems or relationships. A crucial aspect
that emerged in students’ problem solving instruction is that with the use
of dynamic software they had the opportunity to engage in a way of
thinking that goes beyond reaching a particular solution or response to a
particular problem.
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Data Extraction Form

1= & A rE
Reimer, K. & Moyer, P.S. (2005). Third-Graders Learn About Fractions
® 1;% * ik Using Virtual Manipulatives: A Classroom Study. Journal of Computers
in Mathematics and Science Teaching, 24(1), 5-25.
Examining how the use of the virtual manipulatives might enhance
= h students’ learning of fractions beyond what students had learned through
1 EE the teacher’s use of physical manipulatives and other instructional
strategies.
1. What impact do virtual fraction manipulatives have on students’
R conceptual and procedural understanding of fractions?
1 2. What are students’ attitudes about using virtual fraction manipulatives
during the learning of fractions?
This action research project provides a glimpse into a third grade
classroom showing how virtual manipulatives impacted teaching and
R E S learning in this setting. The project serves as an impetus for teachers and
researchers to use virtual manipulatives in teaching mathematics in other
classroom projects
7 1 & (Number & Operations)
[ ]+ #<(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
CIF#L 4 47 27 4% % (Data Analysis & Probability)
P Parts of a whole, parts of a group, comparing fractions, and equivalent
- fractions.
L R W= [Re s
AL 19 third-grade students.
B E L Virtual manipulatives (From the Grades 3-5 strand located on the

National Library of Virtual Manipulatives website (http://matti.usu.edu).)

B % %% (Learning
activity)

$F g

1. The physical environment of the classroom was organized for
cooperative learning with desks placed in groups of five and students of
different abilities at each table. teacher to focus students on features of
the virtual fraction manipulatives that would be used during each
lesson.

2. Students interacted with the virtual manipulatives in the computer lab
on four consecutive days. Student worked independently at their own
computers during the virtual manipulative activities. Interviewers were
present in the computer lab during these sessions.

3. During the first week students were also introduced to the virtual
manipulative applets. The teacher chose to introduce students to the
virtual manipulatives by using the base-10 blocks applet. Allowing
students to use this virtual manipulative prior to the study was to give
students the opportunity to become familiar with computer applets.

4. During the second week of the project the teacher taught a unit on
fractions in the computer lab. Each lesson began with an introduction to
the virtual manipulative applet that would be used that day and several
mathematical tasks for the students. On each day in the computer lab,
students were given a teacher-made worksheet that provided instructions
for using the virtual manipulatives and prompted them to complete
several mathematical tasks. The teacher reviewed the instructions with
the class and modeled how to use the virtual manipulatives before
students worked independently on the activities

“ife B 2
G

Data sources in the project included a pre and posttest of students’
conceptual knowledge, a pre and posttest of students’ procedural
computation skills, student interviews, and a student attitudes survey.
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1. Statistically significant improvement in students’ posttest scores on a
test of conceptual knowledge, and a significant relationship between
students’ scores on the posttests of conceptual knowledge and procedural
knowledge.

2. The majority of responses from students on their experiences with the
virtual manipulatives was positive.

= ~ F i ¢ Interaction Interviews(# # &2 g 4tk & 2 T #)

Student interviews and attitude surveys indicated that the virtual
manipulatives (1) helped students in this class learn more about four
consistent themes throughout the interviews :

1. Virtual manipulatives were helping students learn about fractions.

2. Students liked the immediate feedback they received on the virtual
manipulative applets. On these applets, the computer indicated when
students’ responses were correct or when they needed to be revised.
Some applets also told students specifically which aspect needed to be
changed.

3. The virtual manipulatives were easier and faster to use than
paper-and-pencil. These ideas centered on the notion that the student was
able to move quickly through the mathematical tasks the teacher
assigned.

4. Enjoyment. This theme was indicated by comments that showed
students had a positive experience while working with the virtual
manipulative.

Overall, these four themes were positive and indicated students felt
successful during their mathematics experiences. Students indicated that
the virtual manipulatives were helping them learn, they were easy to use,
they gave specific feedback, and they were enjoyable to use.

1.The virtual manipulatives the students used were dynamic visual
images of fraction amounts. Practicing with the visual computer images
could have enhanced students’ abilities to explain and represent their
thinking using pictorial models. The virtual manipulatives also provided
opportunities to practice using a visual model that could be changed and
manipulated. Students do not have this opportunity for practice with
dynamic visual representations when they view pictorial images on
textbook pages or worksheets.

2. Student improvement may have been attributed to the immediate and
specific feedback students received while using the virtual manipulatives.
These specific instances of feedback in written form on the computer
may have served the function of correcting or highlighting students’
errors, making students more aware of their own misconceptions. This
feedback served as a model for students that indicated how to write
fraction notations accurately using numbers and words.

3. The virtual manipulatives also allowed for accommodations and
differentiation of the different ability levels of the learners in this group
of students. Students were able to work at their own pace; therefore, more
able students completed many more tasks than students who did not work
at this rapid pace. This kept the advanced students interested and engaged
4. Multiple representations on these applets also supported students with
learning disabilities. The virtual manipulatives often included
representations in the form of visual objects, written words, and
numerical symbols. All of these representations provided support and
scaffolded learning for the less able students in the group.

These instances of individual feedback, multiple representations for
support, and a variable pace for completing tasks may have been an
important aspect in the differentiation of instruction during these lessons
in the computer lab.
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Data Extraction Form

1= & A rE
Iskander, W. & Curtis, S. (2005). Use of Colour and Interactive
® 1;% * ik Animation in Learning 3D Vectors. Journal of Computers in Mathematics
and Science Teaching, 24(2), 149-156.
=R h This study investigated the effects of two computer-implemented
1E e techniques (colour and interactive animation) on learning 3D vectors
N
U The students were then divided into four groups. Each group was
1 oe allocated to a different version of software for learning 3D vectors.
[ J#ce2 18 5 (Number & Operations)
]+~ #ic(Algebra)
HEHEA [ 14 = (Geometry)
7] £ (Measurement)
CIF#L 4 47 27 4% % (Data Analysis & Probability)
KE I 3D vectors
s g e U= CJ|Y s e
AL High school students
Educational mathematics software: For learning 3D vectors — colour
B E L and interactive animation: Colour and interactive animation~ Non-colour

and interactive animation ~ Colour and static images ~ Non-colour and
static images)

¥ &% (Learning
activity)

HF g

1. During which no lessons on 3D vectors were taught, students attended
one of four separate sessions in the school’s computer laboratory,
according to group. Each student viewed the software at her own pace,
and saw only the version of the software for her group.

2. After viewing the software, the students were given a post-test in 3D
vectors, similar in structure and difficulty level to the pre-test. Students
were also given a questionnaire, which was designed to explore attitudes
towards the use of computers in learning mathematics, in particular the
topics of graphics and colour.

e B 2
Gl

Pre-tested(questionnaire) ~ post-test

k!
o+
R

;{l,x:

All students improved their overall test scores, with no significant
difference between the groups. However, test scores on the visualization
questions differed noticeably, with the groups viewing animated versions
scoring higher than the groups seeing static versions.

1. Asignificant difference in test scores from all four groups

2. No effects that resulted from either the interactivity or colour were
detectable.

3. No effect resulting from colour was detectable, there was a small
difference (p = 0.16) according to interactivity.

4. All students who used the interactive versions were neutral or positive
about the animation and 3D figures. In contrast, 86% of the students who
saw the static images thought that they would learn better from 3D
representations of vectors.

P 52 Fe

1. Visualization: students viewing interactive software might be expected
to produce better results(there was a small positive effect of the
interactive animation)

2. Interactive: positive effect on learning 3D vectors, it would be
beneficial to undertake a similar study using a greater number of students
and with greater attention paid to the visualization questions.
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Data Extraction Form

B

2o

P %

AR

Martin, P., & Velay, J. L. (2012). Do computers improve the drawing of a
geometrical figure for 10 year-old children?. International Journal of
Technology and Design Education, 22(1), 13-23..

FF P

Would children learn to draw more easily and more efficiently if they
were taught with computerized tools? To answer this question, we made
an experiment designed to compare two methods for children to do the
same drawing: the classical ‘pen and paper’ method and a CAD method.

3R AL

The present study was devoted to this question:

1. Would children learn to draw more easily and more efficiently if they
were taught with computerised tools?

2. What would the advantages and disadvantages of their use be?

3. Would using a computerised graphics tool influence children’s drawing
skills?

4. Do these new digital tools enhance or reduce drawing abilities in terms
of planning actions and conceptualising spatial relationships?

Made an experiment designed to compare, in children, two methods for
producing the same drawing: the classical ‘pen and paper’ method and a
computerised method. Objectively quantifying the ‘quality’ of a drawing
is a very difficult issue, even the technical quality, if the subjects of the
drawings are different.

KEE~

[ J#c#2 18 5 (Number & Operations)

[~ #ic(Algebra)

W 7 (Geometry)

[ ]:p] £ (Measurement)

CIF#L 4 47 27 4% % (Data Analysis & Probability)

®E L

Draw a geometrical figure: the Rey- Osterrieth Complex Figure (ROCF).

KT

W= (Re s
4th and 5th grade pupils in a primary school.

R FF2 1%

Computer aided design (CAD) software

B % %% (Learning
activity)

¥F g

We asked two groups of children to draw the ROCF. The first group drew
it with a pen on a sheet of paper (‘paper’ group) and the second on a
computer screen with design software (‘computer’ group).

% Computer drawing

Using a mouse the children were equipped with a pen tablet (Wacom
intuos 2) and a pen. The children were seated at a table, in front of a
computer screen. The model (ROCF) was presented on a piece of paper
(21 9 29.5 cm) placed at the side of the computer screen.

“Adobe Flash Player” was used because its graphic simplicity makes it
easy for 10 year-old children to use. On the screen, a white surface,
representing the sheet of paper, was shown. Both drawing surfaces, paper
and digital, were of identical size. Children had to look at the model on
the paper and copy it on the screen. No constraints were imposed
regarding the order of the strokes. When the child drew a wrong stroke,
he/she could cancel it using an eraser. We did not use the animation tools
which are available in “Flash Player” but we restricted its use to the
graphic tools. Children were allowed to use the ready-made shapes
(square, rectangle, circle and ellipse) and the basic ‘stroke’ tools. For
strokes and free form drawing, they could use the ‘pencil’ tool which is
quite similar to a real pencil. They then had the possibility to straighten
or to reshape the forms in order to get precise geometrical forms from the
previous rough ones. For directly drawing perfect straight and curved
lines or geometrical forms, they could use the ‘plume’ tool and the
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‘ellipse’ or “rectangle” tools respectively. In order to avoid favouring the
‘computer’ group, the practice was very short. Individual periods of 5
min were dedicated to the description by the experimenter of the various
possibilities of the software. The child was asked to observe and to
identify every icon associated with the drawing tools which were
available. Children were tested individually. The instruction was simply
to copy the figure which was on the paper. They had exactly 3 min to do
it. Immediately after that, they were asked to reproduce the same figure
from memory as completely as possible.

% Paper drawing

The children were seated at a table with a blank sheet of paper (21 9 29.5
cm) in front of them. The model (ROCF) was presented on a sheet of
paper (21 9 29.5 cm) placed at their side. Children had to look at the
model and copy it onto the blank paper. No constraints were imposed
regarding the size of the figure and the order of the strokes. The children
were given a ruler and an eraser and they were encouraged to use them
when necessary. This procedure was different from the standard ROCF
procedure in which ruler and eraser were not allowed. However, since
our aim was to compare with software in which these tools were
included, it was important to make them available to the ‘paper’ group.
Immediately after the 3 min copy, the experimenter gave the children a
new sheet of blank paper and asked them to draw the figure from
memory as completely as possible.

ST B 2 Pre-tests ~

Gl W
These preliminary results suggest that using a CAD tool could help
children while they copy a model, but that it does not improve their
ability to draw the same figure using their own, internal model.
sk Computer vs. paper

PriE The analysis showed that the scores were higher for children who used

the computer than for those who used the paper.

% Copy vs. memory

The mean scores in the ‘copy’ situation were higher than those in the
‘memory’ situation.

P 52 Fe

1. With the available tools for line drawing or the geometrical shapes
library, it is easy for children to draw straight lines and squares with exact
right angles or perfectly round circles.

2. It occurred that something was not correct, the “‘undo’ procedure
allowed instantaneous erasing without too much loss of time.

3. The children probably hesitated less when beginning their drawing
because they could easily start from a given shape, and either erase it, if it
was not suitable, or update it.

4. This artefactual environment helped them to anticipate and thus
facilitated their work. Thanks to this device, which allowed them to reach
their goal step by step, the children were able to manage their learning,
even if some of the underlying concepts were only partially understood.

287




%6506

Data Extraction Form

B

[

* kKR

Hwang, W.-Y., Chen, N.-S., Dung, J.-J., & Yang, Y.-L. (2007). Multiple
Representation Skills and Creativity Effects on Mathematical Problem
Solving using a Multimedia Whiteboard System. Educational Technology
& Society, 10 (2), 191-212.

The aim of this study is to explore student multiple representation skills
and creativity in solving mathematical problems when supported by a
multimedia whiteboard system. This study explores how primary school
students use multiple representations including text, graphs, symbols,
rules, and formulas in mathematical problem solving; and how a
multimedia whiteboard system can be used to support students in doing
multiple representations. This study also wants to examine the
relationship between student creativity ability and multiple representation
skills and the impact on mathematical problem solving.

R AT

1. How does student multiple representation skills affect mathematical
problem solving using a multimedia whiteboard system?

2. How does student elaboration ability in creativity affects their multiple
representation skills in mathematical problem solving?

3. What are the advantages and disadvantages of using a multimedia
whiteboard in mathematical problem solving?

The students were classified into different groups according to their
solution representation styles. T test and One-way ANOVA were used to
analyze the differences in solution, criticism and academic achievement.
Pearson Correlation analysis was conducted for representation skills and
creativity.

KEE~

#2715 (Number & Operations)

[+ #(Algebra)

W i (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

e R

Numeric problems : contain the concepts about arithmetic series,
geometric shapes, factors, multiple items and number applications.
Geometric problems : contain the concepts of volume, area of surface.

KT

mE o ORe (8

25 six-grade primary school students

B gcgsan

Multimedia whiteboard system: Has drawing tools, voice recording tools
and editing functions. Students write down and modify their solutions
and explanations on their own whiteboards, which then stores this
information in the form of a discussion forum on a web site. The
multimedia whiteboard system has the following functions: the drawing
tools include the line, circle, rectangle and text. The editing functions
including copy, paste, cut, move, undo and redo and the voice recording
function.

# 3 &% (Learning
activity)

%8 ¥ % . Multi-modal learning simply means using many ways to
learn. Multi-modal learning promotes the use of new media and methods
designed and offered by communication and computer technology.

The students participated in two math class sessions for a total of 80
minutes every week. In the experiment, students were first given two
week tutorials to learn how to use the multimedia whiteboard system.
After that, one week is given for solving problems followed by another
week for mutual criticizing and response activities until the end of the
semester. The math teacher supervised and guided the students in the
class learning activities using the multimedia whiteboard system. This
included solving problems, criticizing other students’ solutions and
responding to comments made by other peers.
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QCAI Evaluation (QUASAR Cognitive Assessment Instrument)

I
&
&
i
=

1. Representation Skills of T(Text or Voice Representation) and G(Graph
or Symbol Representation ) Are the Keys to Mathematical Problem
Solving: Most students could easily apply formulas to get their first
solution without any detailed explanation. However, many students
obtained good solutions with enhanced T and G representation skills after
participating in the criticism and response activities. The T and G
representation skills play the most important roles in linking the learning
process among ‘remembering’, ‘understanding’ and ‘applying’. We
conclude that T and G representation skills are the keys to successful
mathematical problem solving for students.

2. Profound Effect of Elaboration Ability in Creativity on Multiple
Representation Skills: The students with high elaboration ability could
manipulate T and G representation skills well in problem solving.
Students with high elaboration ability could take better advantages of
peer interactions and teacher guidance to generate more diversified ideas
and solutions in problem solving. In contrast, students with low
elaboration ability had great difficulty in manipulating their
representation skills well. We conclude that elaboration ability in
creativity is one of the critical factors that affects student multiple T and
G representation skills in mathematical problem solving.

3. Advantages and Disadvantages of Using Multimedia Whiteboard in
Mathematical Problem Solving: Applying multiple representation skills
to solve mathematical problems using the designed multimedia
whiteboard system with mutual criticism was helpful in stimulating
students with prosperous perspectives on problem solving and criticizing.
Students enjoyed using the multimedia whiteboard and felt it was very
interesting and useful for them to solve mathematical problems.They
were highly engaged in problem solving in the computer classroom. Even
in the criticism activity, they paid good attention to giving comments to
others. When the students explained their solutions, criticized others’
solutions and responded to others’ comments using text, voice, graph, or
symbol, they had the chance to reflect on whether they really understood
the problem. The teachers were able to identify students that
misunderstood points in each component of problem solving, and provide

immediate assistance and suggestions.

P B2 Fe

When using the multimedia whiteboard system, the students can be
stimulated to try their best to solve problems actively, so that several
innovative and excellent solutions could be generated. Many students do
not use just the known formula to solve a problem but also derive
fantastic solutions using their reasoning and creative thinking. Using the
Multimedia Whiteboard System to facilitate students learning
mathematical problem solving can stimulate students to generate more
creative solutions.
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Data Extraction Form

1= & A rE
Topcu, A. (2011). Effects of using spreadsheets on secondary school
® 1;% * ik students’ self-efficacy for algebra. International Journal of Mathematical
Education in Science and Technology, 42(5), 605-613.
This study is an investigation of the effect of instruction that includes
3 p spreadsheet-based purposeful activities on secondary school students’
self-efficacy beliefs for algebra.
N
Experimental group (EG): 42 were placed in an which received
Y WE | spreadsheet-based instruction in algebra control group (CG): 40 were
placed in a which received conventional instruction without spreadsheets.
[ J#ce2 18 5 (Number & Operations)
Il - #c(Algebra)
HEHEA [ 14 = (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% & (Data Analysis & Probability)
P The topic of instruction in the CG and the EG was graphing quadratic
- functions and related problems.
. O® L OR* ms’
82 10th grade students at a public secondary school
R i g Spreadsheet

¥ &% (Learning
activity)

FOF irs

Students in the EG were given additional instruction on how to use a
spreadsheet in mathematics, specifically how to enter data, draw a graph
of a line and analyze its points on a coordinate plane. In the second hour
of eight of their lessons, the students in the EG used a readymade
template for a spreadsheet-based purposeful task. They worked on
problems related to the purposeful task by entering data into the cells in
response to facilitating questions provided by the teacher. Such a task
provides opportunities to ask the sort of ‘what-if” questions described by
Abramovich and Roblyer, and the spreadsheet enables student to see
‘what will happen if’. After these initial explorations, the teacher asked
the students to develop their own spreadsheet based template for the
purposeful task. In the CG, on the other hand, the teacher taught the topic
in the conventional way. In the second hour of each lesson, the students
worked on problems related to the purposeful task without the use of a
spreadsheet.

AT 2
G

Self-Efficacy for Math (SEM)

k|
oy
R
,Fa

Analysis of the data indicated that students who received
spread-sheet-based instruction had significantly higher self-efficacy for
algebra than those who received conventional instruction.

The EG showed significantly higher ratings for SMS than the CG.

For low performers and for high performers, the SMS mean difference
between the two groups was not significant. On the other hand, it was
significant for medium performers. In the EG, high and medium
performers had significantly higher SMS than did low performers, but the
SMS mean difference between high and medium performers was not
significant. In the CG, the only significant SMS mean difference was
between high performers and low performers. The self-efficacy scores of
students in the PMP two-to-three range in the EG were significantly
higher than the self-efficacy scores of students on the PMP two-to-three
range in the CG.

P 52 Fe

The study found that the self-efficacy of medium performers in
mathematics was most affected by the treatment. The reason for this
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finding might be that the medium performers had learned to rely on the
spreadsheet as a validating tool for their solutions to problems when they
had lingering questions or misunderstandings about them.
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Data Extraction Form

WL N7
AKTAS, M. BULUT, M., YUKSEL, T. (2011). The effect of using
< B dm computer animations and activities about teaching patterns in primary
(A mathematics, . The Turkish Online Journal of Educational Tehcnology,
10(3),273-277.
=R h In this study it is investigated that teaching of different pattern types by
1 using computer animations and activities.
1.1s reminding has an effect, according to presentation styles of 8th grade
students, in their performances with mathematical patterns by using
YR computers? - :
2. Is there a significant relationship between performances regarding
mathematical patterns according to presentation styles of patterns at the
reminding in 8th grade students by using computer?
U The one group pre-test post-test design was used for research
to” methodology.
W7 :# & (Number & Operations)
[ ]+ #<(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)
Ei A Linear pattern
. O mA? 3
28 eighth grade students
R i g Microsoft PowerPoint

B % %% (Learning
activity)

FF g

The application was carried out for four hours with 28 students in the 8th
grade in a primary school chosen for the application. In the first lesson
pretest was applied. Students knew pattern presentation styles which
could be shown in three different ways comprising shape, number
sequence and table. During the application students were educated for
two hours by using computer in a way to remind presentation shapes. The
presentations which were used during the application were prepared by
the scientists in accordance with the curriculum by scanning necessary
literature. Different examples belonging to three different presentation
styles were solved with the students and the application was completed
and following this a post test was applied.

AT B 2.
BT

Data were collected by pre-test and post-tests which were developed by
researchers and it was revised in terms of reliability and administered to
the students. The subject was showed by using computer to the students
after pre-test. At the end of the teaching, that achievement test was
applied on the group as the post-test.

k|
o5y
R
*:n

Quantitative methods were used. According to the findings; academic
performance of the students increased by using computer animations and
activities about patterns. Also, it is found that there was a significant
difference between academic performances of students about different
pattern types.

1. This finding shows that the reminder, made by computer, has a
significant effect on increasing the academic achievement of the 8th
grade students in linear increased pattern.

2. The finding shows that the students are more successful with the figure
presentation and number sequence presentation style than that of form
presentation style.

P 52 Fe

Enabling active participation and addressing more than one feeling at
the same time, computer makes the learning states more dynamic and
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colourful. Because of all these reasons, it is thought that computer aided
teaching can be used effectively with many lessons including even
mathematics.
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Data Extraction Form

WL N7
P. A. Forster. (2006). Assessing technology-based approaches for
® 1;% * ik teaching and learning mathematics. International Journal of Mathematical
Education in Science and Technology, 37(2), 145-164.
=R h The research purpose was to investigate the use of technology for
1 teaching and learning statistics
The unit of analysis in the account below is the class: opportunities for
R learning are described, but understanding is not claimed for all students.
1 The extent to which activities resulted in successful learning is indicated
by assessment test evidence.
The setting was an all-girls’ private school in Western Australia. The Year
12 class was studying Applicable Mathematics [42], a tertiary entrance
examination (TEE) subject for which graphics calculators are mandated.
There are three TEE mathematics subjects: Calculus, Applicable
Mathematics and Discrete Mathematics. Applicable Mathematics is the
U second in mathematical demand after Calculus. Some students study both
1= Applicable Mathematics and Calculus. Seventeen consecutive lessons
were observed during the teaching of descriptive statistics. Measures of
central tendency, dispersion and correlation, the effects on them of
changes in origin and scale, least squares regression, and analysis of
residuals were addressed. Boxplots, and graph for the least squares
regression line, and residual plots were introduced.
[ J#c#2 18 5 (Number & Operations)
Il - #c(Algebra)
#EHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
LI #L 4 47 27 4% % (Data Analysis & Probability)
#E iy Calculus, Applicable Mathematics and Discrete Mathematics.
s g e Cw\el OEY s e
AL Year 12 class
R G g ) Graphics calculators ~ Java applets

B % %% (Learning
activity)

R EUE

Students used their graphics calculators in solving textbook questions but
the collected data does not support an analysis of mathematical
understanding developed through that work.

1. Least squares regression: the activity

The class was working with a set of (height, thickness) data relating to
scallop shells. The teacher-led discussion on covariance and correlation
for the data. Students calculated the measures by hand and accessed the
values on their calculators. Then, the teacher led the class in producing a
scatter plot on their calculators (see figure 1) and posed the question of
how to predict the thickness of a scallop shell given its height. The class
had drawn scatter plots on graph paper and fitted lines to data by eye in
lower-secondary school, and had used the lines for prediction, but they
had not calculated and predicted off the regression equation. Before any
discussion on the prediction, the teacher moved to project the display
from his laptop onto the whiteboard. He accessed a Java applet off the
web. Statistics, including the correlation coefficient, mean values, and the
equation for the regression line, were displayed below the graph. The
teacher added points to the graph by clicking in the graph space. The
regression line and statistics were automatically updated. Class
discussion on the graph resulted in the least squares regression
relationship being partially defined. A more complete definition was
obtained through discussion that centred on two other graphs. The
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teacher drew one of these on the whiteboard was on a second Java applet
off the web. This applet allowed the teacher to add points, drag points,
and drag the line so that the area of the squares on the residuals was
minimized. A numerical expression below the graph showed the sum of
the squares.Students moved from mentioning elements on the graph to
specifying the calculation in terms of distances, which were not
represented in any lasting, material way on the graph. Thus, they moved
to abstract thinking in terms of distance. The definition of a method for
calculating the line became more precise through the visual stimulus, and
through the teacher asking questions and seeking explanation.

Then the teacher asked which distances to use and no-one offered an
answer. A typical intuitive interpretation is that the distances are diagonal.
The teacher’s response was to sketch a graph on the whiteboard and draw
in the conventional distances—in the y direction. Students responded
appropriately to the teacher’s questions, and the description of how to
calculate the line was advanced. Students suggested using absolute values
of distances, then squares of the distances, and to sum these. The teacher
dragged points on the graph and dragged the line to change its gradient
and y intercept, and asked how to calculate the best line for a given set of
data. Students said to ‘lessen’ and ‘minimize’ the sum and, when asked,
gave suggestions on how to achieve this (increase/decrease the gradient
and/or the y intercept of the line). Thus, they articulated what was
involved in minimising the squares. The teacher finished by naming the
method as the least squares regression method. After the demonstration,
the teacher directed students on the procedures for producing the
regression line on their calculators for the scallop shell data.

2. Least squares regression: an overview.

From an analytical viewpoint, the students could see the applet graphs
being transformed (points were added and graphical effects on the mean
point, line, and squares on the residuals were visible); and they could see
changes in the graph translated to numerical and algebraic forms. Seeing
the transformations and end products of translation allowed but did not
guarantee discernment of their basis (the regression principle).

With the first graph, students focussed initially on the mean point, the
data and the line, which were all visible. Distance was not represented
and was mentioned only after questioning by the teacher. As noted by
others the visible elements on the display, and the nature of the icons
used, the intervention by the teacher, influence strongly what students
notice and infer. Using the three graphs and asking students to make the
connection with the concept of standard deviation allowed progression
from known concepts to a new concept and from imprecise to precise
definitions of regression, and therefore could be seen to be consistent
with a constructivist view of learning, where students construct their own
understandings step-by-step.

3. Other knowledge construction activities.

Other than for linear regression, the teacher used class discussion,
diagrams on the whiteboard, and gesture when introducing new statistics
constructs, for example, measures of dispersion and correlation, change
of origin and scale relationships, box plots and residual plots. Calculation
and graphing activities, including on the calculator, followed the initial
introductions. The purposes for the calculator activities were
consolidating and expanding initial understandings. As well, they
addressed misunderstandings that were voiced by students. With box
plots, the teacher asked the class to plot test results for two groups of
students, and to explain the shape of the plots. The plots had missing
whiskers. The problem had arisen that students were overinterpreting the
information that is available on box plots. The extraordinary missing
whiskers seemed to motivate correct interpretation: students seemed to
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realize that little can be said about the number of data points and the
distribution of data from inspection of a plot. Checking the box plot
output against the tabulated data seemed to assist understanding.

4. Discussion

The box plot and summary statistics activities required students to
reconstruct processes performed by the calculator. Students discussed
their work, and as well there was whole-class discussion. One student’s
calculator was connected to the view screen throughout the activities and
this arrangement seemed to provoke discussion. Students checked
outputs on their own calculators against the projected display, asked
questions about discrepancies, and whole-class discussion was centred on
the display. Reconstructing the box plots involved checking the extreme
values, and median and quartile values on the plots against (a) extreme
values in the numerical data and (b) quartile and median values which
students calculated for the data. The students had practised the
calculations previously and reconstruction was relatively simple. They
seemed to cope well with the activity.

e B 2
G

Data included: field notes made in class; video-recordings of lesions,
with the view-screen and data-projector displays in the field of view;
photocopies of assessment tasks and students’ assessment scripts; as well
as notes made during informal interviews with students as they worked,
and notes made during interviews with the teacher after lessons and in
relation to initial analyses.

I
&
o
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All students judged correctly that randomness in the residuals indicated
that a regression model was valid. The properties discussed in relation to
the missing whisker box plot and the ability to detect outliers were not
tested.

a5z Fe

1.Direct manipulation of the graphs was possible, so students could see
the graphs being transformed dynamically.

2. The graphs were linked to other representations and the linked
representations could be viewed simultaneously, which facilitated
comparison of changes in them.

3. The graphs included visual clues (the mean point and squares on the
residuals) which pointed to the inference that was intended.
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Tajudin, M., Ahmad Tarmizi, R., Wan Ali, W. Z., & Konting, M. M.
< B dm (2007). The Effects of Using Graphic Calculators in Teaching and

(A Learning of Mathematics. Malaysian Journal of Mathematical Sciences,
1(1), 45-61.

The main purpose of this study is to investigate the effectiveness of using
graphic calculators (T1-83 Plus) in teaching and learning of mathematics
on Form four secondary school students’ mathematics achievement and
their metacognitive awareness in the learning area of Relation and
Function. Students’ views about their experiences, benefits and
difficulties in using graphic calculators in learning of mathematics were
sought. Specifically, the objectives of this study were:

1. To compare the effect on students’ mathematics achievement during
the study of straight lines using graphic calculators and the conventional

=R h methods.

R 2. To compare the effect on students’ metacognitive awareness during
problem solving of straight line problems between the graphic calculator
group and the conventional group.

3. To describe students’ views from the graphic calculator group on:
(1) Their experiences using graphic calculators during the study of the
straight line.
(2)The benefits of using graphic calculators during the study of the
straight line.
(3) The difficulties experienced during the use of graphic calculators
during the study of the straight line.

3 KA

B o Design of the study. This study employed the quasi-experimental,

to” non-equivalent control posttest design.

[ J#c#2 18 5 (Number & Operations)
Il - #c(Algebra)

HEHE A [ 14 = (Geometry)
[ 1ir] £ (Measurement)
CIF L 4 47 27 4% & (Data Analysis & Probability)

%5 a4E straight lines
LR R %7

KT B The sample for this study consisted of two classes of Form four students
from one of the secondary schools.

k218 Graphic calculators (T1-83 Plus)

# 3 &% (Learning
activity)

R EUE

The instructional materials for this experiment consisted of six sets of
lesson plans of teaching and learning about Straight Lines. The format of
each lesson plan includes activities for the following phases: set
induction, acquisition, practice, closure and evaluation phases. In the
acquisition phase, the experimental group was first introduced to the
concept of each subtopic of the straight lines using the TI-83 Plus
graphing calculator. The main features of this phase were that they
highlighted exploratory and discovery learning of the topic. This was
followed by the practice phase: first, they were required to solve the
given problems using a graphic calculator, and second, they were not
allowed to solve the given problems using the graphic calculator. The
practice phase was followed by the closure phase where the important
concepts learnt were highlighted. At the end of the lesson, each student
was given an evaluation. Two questions were posed. For the first
question, the students were asked to solve the problem using a graphic
calculator, and for the second question, they were to solve the problem
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without using the graphic calculator.

The control group was also guided by the same instructional format with
one exception. The conventional mathematics instruction method did not
incorporate the use of T1-83 Plus graphic calculator. It was a whole-class
instruction with the following activities:

+ Teacher explains the mathematical concepts using only the blackboard.
+ Teacher explains how to solve mathematical problems related to the
concepts explained.

- Students are given mathematical problem solving to solve them
individually.

« Teacher handles discussion of problems solving.

- Teacher gives the conclusion of the lesson.

AT B 2 Straight Lines Achievement Test (SLAT), a Metacognitive Awareness
AR Survey (MCAS), and a Graphic Calculator Usage Survey (GCUS).
1. Student’s Achievement
The use of graphic calculators can enhance learning performance among
students.
2. Student’s Metacognitive Awareness Level
PriE There was insufficient evidence to conclude that the use of graphic

calculators in teaching and learning mathematics can boost students’
metacognitive awareness level during mathematical problem solving.

3. Majority of the students responded positively and favorably towards
using graphic calculators in teaching and learning about Straight Lines.

P 52 Fe

1. The use of graphic calculators helped them to understand the straight
lines concept better. They claimed that graphic calculators enhanced
student performance, helps in determining the value of gradient easier,
draws graphs easier, helps in solving problems, and provides information
and various graphing capabilities.

2. The use of graphic calculators helped them to get accurate answers
faster. In addition, they can save time and papers when doing problem
solving.
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S.C. Kong, L.F. Kwok. (2005). A cognitive tool for teaching the
é[ﬁ%?&‘})ﬁr addition/subtraction of common fractions: A model of affordances.

Computers & Education, 45(2), 245-265.

The aim of this research is to devise a cognitive tool for meeting the
diverse needs of learners for comprehending new procedural knowledge.
A model of affordances on teaching fraction equivalence for developing
procedural knowledge for adding/subtracting fractions with unlike
denominators was derived from the results of a case study of an initial
prototype of a graphical partitioning model.

In order to study the capability of the model of affordances for teaching
knowledge of fraction equivalence and to investigate the relationship of
these capabilities with the ability of learners to generate procedural
knowledge for adding/subtracting fractions with unlike denominators, the
CT needs to be evaluated.

The purpose of this study is to establish a model of affordances on
teaching fraction equivalence for developing procedural knowledge on
adding/subtracting fractions with unlike denominators.

1. What are the learning outcomes of learners after working with the CT?
2. What is the relationship between the knowledge of fraction
equivalence and the capability of learners to generate procedural
knowledge for adding/subtracting fractions with unlike denominators
3R A by using this CT?

3. Do different groups with different mathematics ability differ in their
learning outcomes? Do different groups with different mathematics
ability differ in their modes of interaction with the model of affordances?
Is there any evidence on tool-affordances?

This study uses a quasi-experimental design to study knowledge
generalized by learners after working with the CT. The pre-test—post-test
control group design is adopted to study the performance of the
experimental group. For both the experimental and control groups a
quantitative pre-test and a post-test were administered to measure the
learners knowledge of fraction equivalence and their procedural
knowledge for adding/subtracting fractions, before and after the
experiment, respectively. One class of 12 students in the experimental
. group used the CT for learning fraction addition and subtraction. Another
LS class of 12 students in the control group received no treatments. There
were a total of 48 subjects with 24 in the experimental group and 24 in
the control group. All the learning and teaching activities were
video-recorded and tracked. The major interactions of the learners with
the features of the CT, such as dragging a fraction bar for comparing
fraction equivalence, were tracked by the CT and recorded on a database
server. Learners were also interviewed on their views of the helpfulness
of the support offered by the CT. The following section reports on the
experimental data.

Wl#c 7 1 & (Number & Operations)

]+ #<(Algebra)

KEHE~ [ 15 e (Geometry)

[ ]:p] & (Measurement)

CIF #L A 47 22 4% & (Data Analysis & Probability)

k¥4 % Fc4e 2 (adding/subtracting fractions)

- i g m® ) OR* Oz
Ry the fourth grades

o EF21E cognitive tool: Graphical Partitioning Model

g% &S (Learning | % Hk ¢
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activity)

Each learner worked with an assigned computer in the learning sessions.
The researcher and assistants coordinated the learning and teaching
activities, which included learning and engaging with the CT, completing
worksheets, explanations, instructions, discussions and assessment.
1. Represent fractions in geometrical forms as part of a partitioned whole
and vice versa. Learners have to observe: (a)inverse relationship between
number and size of subparts of a unit, and (b) same unit size for the
comparison of fractions. CT for associating fraction symbols with
graphical representations
2. Add/subtract fractions with like denominators and attempt to relate the
operations to the concept of measurement. CT for developing concept
and procedural knowledge on adding/ subtracting fractions with emphasis
on adding/subtracting unit fractions.
3. Develop knowledge of fraction equivalence by formulating the concept
of fraction equivalence in an area model and associating it with
computational skill. CT for developing concept of fraction equivalence.
4. Develop knowledge of equivalence between mixed fractions and
improper fractions. CT for realizing equivalence of mixed and improper
fractions in graphical form by partitioning an integral unit into a
fractional whole.
5. Add/subtract fractions with unlike denominators and introduce the
“borrowing” concept for subtraction when insufficient fractional parts in
the subtrahend. CT for developing concept and procedural knowledge on
adding/ subtracting fractions with emphasis on finding common
fractional parts and sufficient subparts for subtraction by partitioning

e B2
F

Pre-test and post-test.

k!
o+
R

;{l,x:

Results of the study indicated that the model afforded learners, with
various abilities for learning, knowledge of fraction equivalence. The key
for mediating the generation

of procedural knowledge for adding/subtracting fractions with unlike
denominators in working with our cognitive tool was the concept of
fraction equivalence and the capability of computing this.

1. The experimental group performed significantly better than the control
group after controlling for the pre-test scores in both the learning
outcomes — on developing the concept of fraction equivalence, and in
gaining procedural knowledge on adding/subtracting fractions.

(1) The model of affordances enabled learners to develop the concept of
fraction equivalence.

(2) With the mediation of the CT, learners were able to generate
procedural knowledge on adding/subtracting fractions with unlike
denominators.

2. Knowledge of fraction equivalence and procedural knowledge
generation. Procedural knowledge on adding/subtracting fractions with
unlike denominators would be likely generated by learners working with
our CT if knowledge of fraction equivalence were developed from a
conceptual understanding of its meaning.

3. Group differences on learning outcomes and tool-affordances

(1)The CT enabled learners with high and medium mathematics abilities
to generate a strong concept of fraction equivalence and procedural
knowledge on adding/subtracting fractions with unlike denominators.

(2) However, the CT enabled only a handful of learners with low
mathematics ability to generate the procedural knowledge because the CT
could not help them in general to generate the concept of fraction
equivalence.

4. There was no evidence in this study of differences in the different
mathematics ability groups in the learners modes of interaction with the
model of affordances for learning fraction equivalence.
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There was evidence of tool-affordances. The feature of dragging the
fraction bar for comparing equivalence was well perceived by learners.
The popularity of this selection reflected the tool affordances design of
this feature. There was also evidence of the tool-affordances of the
feature for the further partitioning of a fraction bar into equivalent
forms, as they were used according to design. However, the feature on
dragging the hypothesized fraction bar for comparing equivalence needed
further study to investigate its affordances.

a5z FE
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Healy, L., & Hoyles, C. (2001). Software tools for geometrical problem
solving: potentials and pitfalls. International Journal of Computers for
Mathematical Learning, 6(3), 235-256.

We explore the role of software tools in geometry problem solving and
how these tools, in interaction with activities that embed the goals of
teachers and students, mediate the problem solving process. Our aim in
this paper is to examine in detail how student strategies for constructing,
conjecturing about and proving geometrical relationships are mediated by
Cabri tools.

3R AL

1. Will students’ use of Cabri tools help them to make transitions to and
from theoretical constructs and their empirical manifestations?

2. Will students simply bypass mathematics and come to rely solely on
empirical feedback to make judgements and solve problems?

3. Will the use of tools lead students down into mathematical cul-de-sacs
from which they can neither progress nor backtrack?

Our goal was therefore to design construction activities in which students
had to attend to and make explicit the relationships they used in their
constructions — the ‘given’ properties and relationships — and distinguish
these from properties that could be deduced as necessary, after observing
their invariance on dragging in Cabri.

To achieve this goal, we organised the computer activities into a teaching
sequence comprising four phases. In the first phase, students were
required to construct a geometrical figure with Cabri, identify and
describe the properties and relations they had used in their constructions,
use the computer tools to generate and test conjectures about further
properties that might also be true, and finally make informal explanations
of why they might be true. During this phase of work, the role of the
teacher was to facilitate and prompt rather than to instruct. In the second
phase, the teacher played a more directive role, bringing the students
together to introduce them to writing proofs. Students were helped to
organise the explanations they had generated during the computer
activity into logical deductive chains. The third phase was essentially a
repetition of the first phase with the added requirement to write a proof of
one conjecture. In the final phase (the core of this paper), the students
were given a challenging problem, in which they were asked to construct
a figure with Cabri using any of the tools with which they had become
familiar, and identify, explain and prove any of its properties.

®EE~
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Dynamic geometry software
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In the first phase, students were required to construct a geometrical figure
with Cabri, identify and describe the properties and relations they had
used in their constructions, use the computer tools to generate and test
conjectures about further properties that might also be true, and finally
make informal explanations of why they might be true. During this phase
of work, the role of the teacher was to facilitate and prompt rather than to
instruct. In the second phase, the teacher played a more directive role,
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bringing the students together to introduce them to writing proofs.
Students were helped to organise the explanations they had generated
during the computer activity into logical deductive chains. The third
phase was essentially a repetition of the first phase with the added
requirement to write a proof of one conjecture. In the final phase, the
students were given a challenging problem, in which they were asked to
construct a figure with Cabri using any of the tools with which they had
become familiar, and identify, explain and prove any of its properties.

% In the first phase of the teaching sequence, we introduced the students
to a set of tasks involving congruent triangles. Our aim was that students
would discover the conditions for congruency by finding out whether or
not pairs of triangles, one given and one constructed according to certain
conditions (for example with equal sides, or with two equal angles and
one pair of equal sides), remained exactly the same, or congruent, under
dragging. The students opened a file containing a general Cabri triangle,
ABC. They were then asked to find minimum sets of properties required
to construct a triangle congruent to ABC. To help them specify the
properties, we added two construction tools, or macros, to the Cabri
construction menu. The first macro, compass, allowed a user to construct
line segments equal in length to a given segment; the second, angle-carry,
enabled them to do the same for angles. Hence triangle DEF in Figure 1
was constructed by using the compass tool to copy the lengths AC and
CB and the angle-carry tool to copy the angle A® CB. Students could
verify whether or not the second triangle, DEF, was always the same as
the first under dragging and so could convince themselves that the two
triangles were congruent or not. In addition to the dragging test, students
could make use of various other tools during their verification activities:
they could ask for measures of any segments and angles to check
invariant relationships, or they could use the Cabri tool, check-property.
We encouraged students to use this latter tool, as it required them to
declare explicitly their conjectured relationships between objects and to
test whether visually-apparent properties (such as equality) were true in
general. Additionally, we thought that by providing a counter-example to
illustrate when conjectures were not true, the use of this tool would assist
in the students in ‘seeing’ important relationships The check-property
tool is one of the tools that has changed with the advent of Cabri Il; the
counter-example feature has gone and properties are declared true only
on the basis of specific cases. As well as verifying their constructions, we
required students to identify explicitly the properties they had used to
build their second triangle, and so wished to take advantage of the tools
Cabri provided to facilitate communication. We conjectured on the basis
of our Logo experience, that tools that described the construction process
in linguistic terms would take on special significance when construction
was achieved by a set of physical manipulations. Two tools were
available in Cabri I, but not in Cabri Il. First, a user could replay the
entire construction process using the history tool, which included a
step-by-step description of the macros used. For the congruent triangles
tasks, this level of detail of steps in the macros turned out to obscure the
pertinent triangle properties. Second, with the exposition tool, the user
could display a symbolic description of the menu selections and mouse
clicks used. Since this output closely matched what we required, we
encouraged the students to use it as a means to help them to reflect on
their constructions and decide on the properties necessary and sufficient
for congruency.

* In the second phase of the teaching sequence, the teacher (one of the
authors) introduced the students to writing formal proofs. The students
were brought together in a group away from the computers, and asked to
share their explanations of what had happened on the computer. They
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were then shown how to organise these explanations into logical
deductive chains of argument. The students then experimented with more
Cabri construction tools, including parallel and perpendicular lines and
angle bisectors, before working on the next set of constructing and
conjecturing activities in phase three. These activities involved the
construction, exploration and deduction of properties of familiar
quadrilaterals (for example, parallelograms, rectangles, squares and
rhombi). The students were asked to construct each quadrilateral and
identify the properties that they had chosen to use in order to define it
(what we called, the givens). Next, the students explored their Cabri
quadrilateral by dragging, in order to isolate further properties that
always appeared to hold true. Theo, for example, noted that the opposite
sides of his rectangle were always of equal length. Finally, the students
had to select one of the deduced properties (DPs) from their list, and
write a proof to show how it could be deduced from the properties they
had declared as their givens. After the first three phases of work, the
students were comfortable using Cabri and were becoming accustomed to
the requirements of the activities; that is to experiment, conjecture,
explain and finally transform explanations into logical deductions. They
then moved to the final problem solving phase, where we hoped they
would bring together all their knowledge of the tools of Cabri to solve a
new challenge.

% In the final activity in the teaching sequence, the angle bisectors
construction, the students were again asked to construct a quadrilateral,
but this time, the quadrilateral was one with which they were not
familiar. Students were given a property of this unknown quadrilateral,
namely that the angle bisectors of two adjacent angles crossed at right
angles, and asked to construct it. Their challenge was to discover other
properties that also had to be true if the quadrilateral was to satisfy its
initial conditions, by experimentation with any Cabri tools they wished,
and then to put together a logical argument starting with the initial
conditions and deducing these new properties.

We present some of the students’ strategies in response to this task to
illustrate how interactions with the Cabri tools on some occasions
facilitated transitions to and from conjectures to proofs.

Successful Student Responses: Smooth Transitions between Creation,
Construction, Conjecture and Deduction. Interacting with Cabri can help
learners to explore, conjecture, construct and explain geometrical
relationships, and can even provide them with a basis from which to
build deductive proofs. Less Successful Student Responses: Constructing
the Givens and Reaching an Impasse.

P 52 Fe

Tools to Assist in ‘Seeing’ the Necessary Relationship : Students that they
use Cabri tools to keep track of the locations of the vertices A and D that
produced the required perpendicularity in the figure, to help them notice
the required relationship. Students combined geometrically-based
constructions with visual methods to come up with conjectures, to ‘see’
how they might be explained, and finally, with the help of measuring
tools, begin to formulate a proof.
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Tabach, M., Hershkowitz, R., & Arcavi, A. (2008). Learning beginning
algebra with spreadsheets in a computer intensive environment. The
Journal of Mathematical Behavior, 27(1), 48-63.

We focus on the ways students (from two different seventh grade classes
throughout 2 consecutive school years) worked on a problem situation
within the CIE. The work of the students in this problem situation serves
as a window to examine, characterize and analyze (both quantitatively
and qualitatively), the kinds of mathematical activity which took place in
this CIE for beginning algebra. One of the goals of this study is to
illustrate and discuss the function of a CIE in a beginning algebra
classroom with learning materials designed ad hoc—where the
computerized tools (mainly spreadsheets) are available to the students at
all times.

7R

The study reported in this paper is part of a longitudinal research on
students’ learning processes of beginning algebra in a CIE, and it focuses
on the description and analysis of: (a) an example (one problem situation)
of how seventh graders function in a CIE, (b) issues of beginning algebra
with a functional approach using spreadsheets, and (c) the processes of
instrumental genesis thereof. This paper focuses on the qualitative and
quantitative analyses of students’ work on one problem, which serves as a
window through which we learn about the ways students worked on
problems throughout the year. The analyses reveal the nature of students’
mathematical activity, and how such activity is related to both the
instrumental views of the computerized tools that students develop and
their freedom to use them. We describe and analyze the variety of
approaches to symbolic generalizations, syntactic rules and equation
solving and the many solution strategies pursued successfully by the
students. On that basis, we discuss the strengths of the learning
environment and the open questions and dilemmas it poses.
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1. Initiation. The teacher read a loud a problem situation from the
textbook, made clarification remarks as needed, and checked for students’
understanding of the task. This part took approximately 5 min, and then
the students proceeded to work.

2. Students at work. Students worked either in pairs or alone, as the
teacher circulated among them, asking about their approaches, processes
and thinking strategies and answered technical questions regarding use of
the computer. When a pair of students had a question and the teacher was
not available, they turned to their neighbors for help. Occasionally the
teacher initiated clarifying dialogues with pairs that she knew might need
special help.

3. Summary. About 20 min before the end of lesson, the teacher asked the
students who worked on the computer to save their work, and proceeded
to conduct a whole class discussion. During the class discussion, the
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teacher invited students to share their working strategies, and requested
the students comment and present alternative approaches (which she saw
developing). Strategies were examined for correctness, efficiency and
originality. The collective discussion of both fruitful and unfruitful (or
incorrect) solution paths were intended to encourage and support
reflection, awareness of advantages and pit falls of various strategies,
mutual respect and the development of productive socio-mathematical
norms. When needed, the teacher introduced relevant formal terms or
concepts that she considered relevant for the summary.

4. Homework assignment. After each lesson, homework was assigned
based on classroom related work. Some of which students submitted via
electronic files or by e-mail.

The possibility of using the computer at all times for different purposes
was introduced to students from the very beginning of the school year.
Functions of spreadsheets were introduced during the second lesson of
the course with a guided task (many students were acquainted with the
tool from previous years). Graphical representations and the way the
spreadsheet processes them was introduced during the third lesson.
Savings is a concatenated sequence of three tasks (each of them intended
for a 90min session), in which students have to explore the growth of
different kinds of savings during each of 52 weeks. In the process,
students learn (in context) the roles and meanings of constants and
variables, by wusing verbal, numerical, graphical and symbolic
representations and by comparing different kinds of growth phenomena.
These tasks exemplify the design and implementation of the function
approach to algebra in which growth and change can be expressed by
symbolic or “semi-symbolic” rules with or without spreadsheets, and
supported by verbal and graphical representations. When Savings was
administered (in the fourth week of classes and over a period of 2 weeks),
students had had a gradual acquaintance and some experience with
different representations, and with the use of spreadsheets.

The first task presents four linear ways of saving pocket money on a
weekly basis. Each way is presented in a different representation, and
students are asked to compare the four ways. Students may choose their
“favorite” representation and translate to it the four ways in order to
enable an easy comparison.

The second task describes in words a fifth way of saving money, starting
with an initial small amount which grows exponentially. Representing
exponential change with an explicit symbolic model is beyond the
algebra knowledge of beginners. However, the availability of a tool like
spreadsheets enables students to focus on the recursive relationship
(between two consecutive elements), and use the “dragging” capability to
get a numerical and a graphical representation of the phenomenon over a
certain period of time. Exponential change is surprisingly different from
linear change for most students. They are asked to hypothesize and then
to investigate (using spreadsheets) the question of whether (and if so, by
how much?) an amount of money (saved according to the given
exponential rule) reaches or exceeds the amounts saved and explored in
the first task. The third task starts by focusing on symbolic manipulations
of linear expressions. When this task was administered (during the fifth
week of the course), the students had not yet learned how to add two
symbolic expressions of the form ax + b. Hence, their work was intended
to be driven by the meanings of these expressions within the situation,
rather than by following syntactic rules. At this stage of their learning, the
students were able to perceive the expressions mostly as a compact way
of stating a verbal sentence, i.e. the expression 30 + 12x stands for the
savings at a certain point in time (week x), namely as the sum of the
initial 30 NIS3 and the 12 NIS which are added weekly.
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The second part of this task brings implicitly to the fore the concept of
equation. Students are required to distinguish between increasing and
decreasing savings based on their symbolic representations, in order to
find which combination will first reach a needed amount. For that
purpose, their attention should be turned to both the initial condition (i.e.
the starting amount expressed by the constant in the formula y = ax + b)
and the rate of change (expressed by the coefficient of the variable).
There are no instructions or suggestions for using the computer to work
on this task; students are allowed to follow their own initiative, based on
their previous class experiences, preferences and expectations. From this
point onward, we will focus on the third task, qualitative and quantitative
data analyses of the students’ work and we will refer to it as “the task”

Working files of all 21 teams ~ Audio-recordings from the work of 10
teams (5 from each cohort, randomly selected) ~ A video-recording of one
team of the first cohort (due to practical constrains video could not be
used further) - The teacher’s diary with entries before, and immediately
after each lesson (describing the learning goals, plans, expectations,
including the lesson description, informal perceptions, surprises and
post-hoc reflection) ~ Field notes taken by another researcher during the
first year. (In the second year only the first author was present in the
classroom.)

it
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* Analysis of the five pairs of students’ work on both parts of the task:

1. The diversity of approaches and the different instrumental views
chosen by different teams working on the same task and with the same
tool is noticeable. As expected by the researchers’ intentions behind the
design of these tasks, students resorted to the contextual meaning of the
problem situation to advance their knowledge (of algebra). Also, the
availability of appropriate working tools allowed students the autonomy
to decide when to use the tool and, on the basis of such a decision, also to
choose the kind of symbolic generalization. These findings seem to show
that, in a class with these characteristics, students can be introduced to
algebra respecting their idiosyncratic ways of sense making: arithmetical
(adding columns), recursive (local generalization), and explicit (global).
These idiosyncratic ways are supported by tools which can become
flexible instruments for bridging between numbers and symbols.

2. Students used the tool after they identified a need, and envisioned that
some functions of the tool may be useful (or “convenient”) to meet it.
This is related to their instrumentation processes, of which we saw a
variety of examples.

3. In spite of the diversity of the ways in which students solved the
problem situation, all of them seem to have grasped the idea of
phenomena of growth and change.

4. Students’ translations between the verbal and the symbolic
representations were central to their progress. The situation

itself (Savings) became a leading representation which served as the
meaningful anchor against which students checked their progress with
the symbolic representations, and thus led the choices of when, and how
to use the tool and even to suggest new questions to explore.

5. One of the instrumental uses of spreadsheets was to contrast results
against expectations (like Gal and Oryan, or Yishay and Nissim). This
meta-cognitive function was for many students a central feature of their
instrumental genesis, fueled by their strong desire to keep close to the
meaning of the problem situation.

* Quantitative analysis

1. There are field-notes from one pair of students showing that they
explicitly expressed their willingness to “see graphically the savings of
each child”. These students first created a numerical representation of the
savings over time using a recursive symbolic strategy, and then
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proceeded to create the graph. This piece of data is not only another
confirmation of the variety of approaches, but it is also an indication that
students exerted their autonomy and felt it was legitimate to proceed on
the basis of their curiosity using specific (graphical) features of the
computerized tools.

2. We found three interesting strategies for the instrumental generation of
a tabular representation. One team of students expressed the individual
savings with explicit expressions, but used a recursive expression for
each of the combined amounts, showing a mixed perception of the
instrument as supporting both recursive and explicit expressions. Three
teams used explicit expressions to represent the individual savings, and
did not use spreadsheets to represent the combined amounts. Two other
teams represented explicitly the individual saving growths in
spreadsheets, and then chose to add these columns cell by cell (bypassing
the use of algebraic symbolism) to obtain the combined amount over time
(e.g. Danielle and Amelia, see Fig. 6 above).

B2 Fe

The environment, by including a powerful tool like the spreadsheets, also
allowed students to lean back on numerical strategies when they felt the
need to do so. Thus students were able to produce numerical and
symbolic strategies for a same problem and to back them by verbal
contextual explanations which enriched the solution approaches and at
the same time allowed to smooth the usually abrupt transition from
arithmetic to algebra. In the process, students adopted and adapted the
tools to their needs.
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Ke, F., Grabowski, B. (2007) .Game playing for mathematics learning:
® 1;% * ik cooperative or not? British Journal of Educational Technology, 38(2),
249-259.
The purpose of this research was to explore whether computer games and
FF P cooperative learning could be used together to enrich K-12 mathematics
education.
1. TGT cooperative gameplaying would result in significantly greater
maths performance and maths attitudes than with competitive
gameplaying, and both would perform significantly better than the
iR no-gaming group. o
2. Gameplaying would result in significantly greater performance and
more positive maths attitudes for boys than for girls, and for
economically disadvantaged students than economically normal students
in the control group.
Employing a pretest—posttest experimental design, the study examined
P o the effects of cooperative gameplaying on fifth-grade students’ maths
L performance and maths attitudes when compared to the interpersonal
competitive gameplaying and control groups.
#2715 (Number & Operations)
Il - #c(Algebra)
#EHE A [ 14 = (Geometry)
7] £ (Measurement)
CIF#L 4 47 27 4% % (Data Analysis & Probability)
These games contained a variety of problems, including measurement,
%53 comparing whole numbers, solving simple equations and mapping x and
y coordinates.
s g e W= R 37
KTIFE six fifth-grade
BrRE21L ASTRAEAGLE: a series of web-based computer games.

B % %% (Learning
activity)

%% %% ! individual ~ cooperative ~ cooperative learning.

Participants of the two gameplaying groups took two orientation sessions,
during which they read the guidelines and tried each web-based game.
They were then required to play one maths game during two 40-minute
sessions each week for 4 weeks. Participants were seated in their own
classrooms, each with an Internet connected laptop. The teachers
administered the treatments, setting up in-class gameplaying sessions and
monitoring the participants’ activities. The teachers also had a 1-hour
training session and were given administration job-aids. The researchers
observed most gameplaying sessions. For the TGT cooperative
gameplaying, a close simulation of the TGT structure was used.
Specifically, students were stratified by their maths-ability level and
gender, and then randomly assigned to a four-member team. At the
beginning of each game session, students collaborated for 10 minutes in
pairs, practicing with the game, discussing questions and solutions and
correcting each other’s misconceptions. For the remainder of the 30
minutes, class teams then competed against one another; each team
member held a laptop and was assigned to a tournament table to play
against representatives of the other teams. At any tournament table, the
students were roughly comparable in achievement level. At the end of
every two gaming sessions, the players at each table compared their
gaming scores to determine their rank order which was then converted
into points. The points that the players earned were added to compute a
team score. The individual and team scores were ranked and listed in a
newsletter, and distributed to the class at the beginning of every treatment
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week. In the newsletter, individuals were identified by pseudoidentities
(IDs) known only to themselves and their teammates, which was
intended to ensure the individual accountability in cooperative learning
(by having each team be aware of its members’ contribution), whilst
avoiding interpersonal competition. During interpersonal competitive
gameplaying, students were seated at their own desks and played games
against the computer. At the end of every two gaming sessions, individual
scores were compared against others in the class. Their individual
percentile ranks, identified by their own names (so everyone could
compare him/herself with other individuals), were announced in a
newsletter every week.

ATk 2 pretest and posttest.

P
1. The gameplaying was more effective than drills in promoting maths
performance, and cooperative gameplaying was most effective for
promoting positive maths attitudes regardless of students’ individual

P differences.

2. Maths gameplaying did promote test-based cognitive learning
achievement. Additionally, gameplaying context (TGT cooperative or
interpersonal competitive) played a significant role in moderating the
effect of educational gaming on affective learning outcome.

P 52 Fe

1. TGT cooperative gameplaying and competitive gameplaying shared
the first two motivational features (fantasy and relevance), hence this
would engage learners more than in the no-gaming group

2. Cooperative gameplaying helped socio-economically disadvantaged
students more in terms of facilitating positive maths attitudes.
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Nguyen, D.M., & Kulm, G. (2005). Using web-based practice to enhance
mathematics learning and achievement. Journal of Interactive Online
Learning, 3(3), 1-16.

This study was designed to explore (1) accessibility issues of the WebMA
instrument at the middle school level, (2) the extent that web-based
practice affects students’ mathematics learning and achievement, and (3)
the differences on students’ achievement between web-based and
paper-and pencil practice.

This study took place in two different middle schools in Southeast Texas.
Since the information gathered from the state report card on the diversity,
end-of-course exams, and school classification and ranking were similar,
they were combined for this study. There were 95 students from six math
classes participating in the study. There were 50 seventh and 45 eighth
graders; 41 were females and 54 were males. Students from the six math
classes were randomly assigned to one of two treatment groups within
each class. Half of the students in each class participated in Web-based
Assisted Learning and Practice (WALA) and spent their in-class practice
time in the school computer lab. The other half remained in the
classroom and did paper-and-pencil practice — Traditional Assisted
Learning and Practice (TALA) with their mathematics teacher during the
homework practice time. These practice sessions lasted about 30 minutes
each day, three times a week. The study was conducted in three weeks.

FFE A

#2715 (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

LI #L 4 47 27 4% % (Data Analysis & Probability)

$F 1A

A it R

KT

L= mme* L%

Middle schools: seventh and eighth graders.

R FF2 1%

Web-based Assisted Learning and Practice (WALA)

B % %% (Learning

REUE

The WALA students did their practice homework in the computer lab
under the supervision of the first author. They had the option to check if

activity) they got the correct or incorrect answer for each question. They also
received adapted feedback for each answer, and the total score when they
finished each assignment.

AT B 2. Pre- and posttests ~ WALA Survey Questionnaire

LS i
1. The mathematics achievement of students who participated in the
web-based approach was significantly higher than that of their classmates
who received the same items using paper-and-pencil.
2. The WALA students enjoyed working with the web-based tasks and
desired to have more of this kind of interactive practice.

Pris 3. Students in the web-based group were provided with a new experience

with computers to complete mathematics assignments, with help and
feedback provided, and the opportunity of more practice for better scores.
Those factors would ultimately affect the WALA results of having higher
scores on the posttest by exposing them to more practice in comparison
with their counterpart.

P 52 Fe

1. The randomized items with contexts changing on each assignment
provided the opportunity for enriching practices. Students taking the
web-based practice were able to take and retake each homework task as
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many times as they wished. Every time they retook each homework task,
the wording or numbers used in the items as well as the required
computational procedures were slightly different, but the mathematical
content and concepts remained the same. Therefore, these students
experienced a greater number of different items on the same
mathematical procedures in various contexts. On the other hand, the
TALA students perceived the alternative homework sets as additional
work and were not motivated to complete them.

2. The immediate feedback was the most attractive feature of the
web-based delivery instrument. The immediate response in this study not
only let students know whether their answer was correct or incorrect but
also provided students with adapted feedback and guidance, encouraging
students to examine their own mistakes and adjust their procedures.
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Stohl, H., & Tarr, J. E. (2002). Developing notions of inference using
probability simulation tools. The Journal of Mathematical Behavior,
21(3), 319-337.

Our research sought to determine how technology tools enable and
constrain students’ development of the notion of inference from
probabilistic situations. In this paper, we report how two students used
software tools to formulate and evaluate inferences based on data
randomly generated from simulations.

3R AL

1. How do these students use Probability Explorer tools to simulate
experiments and analyze data as part of their meaning-making processes
in solving a variety of probability tasks?

2. How do these students develop an understanding of the interplay of
theoretical probability, empirical probability and sample size, and use
these understandings and computer-based tools to formulate and justify
inferences based on data?

This research report focuses on two average-level sixth-grade students
who participated in a larger study of 23 sixth-grade students in an
average-level mathematics class in an urban, southern public middle
school. Prior to instruction, in collaboration with the regular classroom
teacher, we purposely selected Manuel (Hispanic male) and Brandon
(Caucasian male) to serve as one of three case-study pairs. These students
were chosen to reflect the ethnic and socioeconomic diversity within the
class and were representative of average-level mathematical achievement
based upon scores on standardized tests in mathematics as well as a
pre-instructional test in probability.

KEE~

[ J#c#2 18 5 (Number & Operations)

[~ #ic(Algebra)

14 e (Geometry)

[ ]:p] £ (Measurement)

W7k A 4727 1% % (Data Analysis & Probability)

t LR}

Probabilistic reasoning and notion of inferences in a variety of contexts
with random phenomena (e.g., coin tosses, selecting marbles from a bag,
catching fish from a lake).

KT

W LR s

The public middle school: sixth-grade students

frRF2 1%

Software simulation tools: Probability Explorer software

¥ &% (Learning
activity)

R EUE

% The design of each of our tasks included students use of PE tools for
simulation, analyzing data, and making inferences based on data.
Students to model the phenomena, carry out simulations using PE, and
collect, display and analyze data in order to draw appropriate inferences
and formulate convincing arguments based on data.

1. The first two tasks were designed to help students make connections
between random events with familiar objects to the random events
generated in PE. These tasks purposely posed questions to elicit students’
intuition about fairness, randomness, and theoretical probability so we
could build upon those intuitions in developing deeper understanding of
probability concepts throughout the unit. These tasks also involved
students in re-presenting the data; by hand and in PE in a variety of
representations (e.g., bar graph, pie graph, pictographs, table). The
students were able to use the representations to analyze the distribution of
data and begin discussions about the role of sample size, number of
outcomes (two outcomes with coins vs. six outcomes with a die) in the
distribution and variation in results.
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2. After students had analyzed data from simulations with these first two
tasks, we posed a task designed to provide students a situation with an
unknown sample space. We intended for them to use simulations and data
analysis to infer information about the contents of a bag of marbles when
they only knew that the bag had x number of marbles and any number of
six possible different colored marbles. We purposely designed the first
part of the Mystery Marble Bag task with x = 10 marbles to promote
students’ use of percents or proportional reasoning to infer the contents of
the bag. The second part of the task had x = 12 marbles to provide a
situation in which proportional reasoning was not as transparent. In this
regard, we would be able to distinguish whether students were actually
using proportional reasoning to make inferences from data. As students
worked on this task, it became apparent that only some students were
using proportional reasoning, and that most students were using a
technique that involved running simulations with the number of trials (n)
equal to the number of marbles in the bag (x). This n = x strategy
facilitated arguments based on small sample sizes. Thus, we needed to
create a task that would induce a perturbation in the students’ thinking
about how to determine the number of trials to run and when they would
know that they had collected enough data. The task we designed was the
Mystery Fish in a Lake task.

3. In the Mystery Fish in a Lake task, students were challenged to
determine the probability of catching a certain type of fish if they knew
only that the lake had just been stocked with two types of fish for a
fishing contest. Not only did the task have an indeterminate population
size X, the students were asked to make inferences about a probability
rather than merely the counts of each type of fish. Eventually almost all
groups ran significantly large numbers of trials (e.g., 500 or more) and
made informed and reasonably accurate inferences about the probability
of catching a “Green Gill” fish. For most students, the Mystery Fish in a
Lake task accomplished the goal of having students realize how
collecting large amounts of data can allow one to notice trends in data
and make inferences about the population in question. In the Designing a
Model task, students were given a situation and had to build a model
based on theoretical probabilities and use empirical data to test the
“goodness” of their model. Thus, these two tasks together helped students
develop an understanding about the bi-directional relationship between
empirical and theoretical probability and the role of sample size in that
relationship. We felt that having a robust understanding of this
bi-directional connection was important in order for students to develop
notions of inference.

4. The final task of the unit, Schoolopoly, posed a situation in which
students were asked to investigate several die companies that were
rumored to produce biased dice. Each group of students investigated a
different die company using a PE file that was pre-designed to simulate
rolls of a die. We purposely designed the files so different companies’
dice were weighted with varying degrees of bias—some biases were
easier to detect than others. Each group of students was charged with the
task of investigating the company’s die to: (1) determine if the die was
fair, (2) recommend whether the school should buy dice from this
company for the production of their Schoolopoly game, (3) provide
convincing evidence (e.g., data, graphs) to support their recommendation,
(4) make an estimate of the probability of obtaining each number on the
die, (5) create a poster with information on the previous 1-4 tasks, and
(6) present the poster and make an argument to support their claims to the
class.

e B 2
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Manuel and Brandon’s laptop computerwas connected to a PC-to-TV
converter in order to video-record their computer interactions while
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microphones captured their conversations.We used video recording
because it is particularly helpful in trying to access students’ construction
of mathematical understandings and it provided us with a direct record of
how the students used the computer tools. For this paper, additional data
gathered from the instructional sequence was used in the analysis. In
particular, the whole-class video, students’ written class work and
homework assignments comprised the data corpus.
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Our research indicates that students’ work with the instructional tasks and
PE tools successfully fostered their ability to make appropriate inferences
based on data. In particular, Brandon and Manuel’s use of PE tools,
coupled with social interaction, enabled them to make connections
between simulation data (empirical probabilities) and weights in the
Weight Tool or marbles in a bag (theoretical probabilities). Although
there were certainly instances when their use of PE tools constrained
their thinking, the tools more often enabled them to explore the various
probabilistic situations in an open-ended manner. They were able to
choose how many trials to run and which representations they wanted to
use to analyze the data. The visual displays of data often gave them a
focal point for discussions and were used to support their inferences.

P 52 Fe

Visual representations : PE tools (e.g., pie graph, bar graph, data table)
provided visual representations of the data that facilitated their analysis,
and helped challenge their initial beliefs regarding the die’s fairness.
They learned to value sample distributions generated from larger sets of
data.
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