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This paper examines the effect of the use of dynamic geometry environments on children’s thinking about 
angle. Using a driving angle model in Sketchpad, kindergarten children were able to develop an 
understanding of angle as “turn,” that is, of angle as describing an amount of turn. Gestures and motion 
played an important role in their developing conceptions. 

.eyZords� Geometry and Geometrical and Spatial 7hinNing� (lementary School (dXcation� Angle� 
GestXres 

Introduction  

7he concept of angle is mXltifaceted and can pose challenges to learners, even into secondary school 
�Close, 1982, Mitchelmore 	 White, 1995�. Despite these difficXlties, children shoZ sensitivity to the 
concept of angle from very early years �SpelNe, Gilmore, 	 McCarthy, 2011�. Angles are normally 
introdXced to children TXite late in formal school settings. For e[ample, in %ritish ColXmbia, they are 
introdXced in grade 6 �12 years old�, even thoXgh stXdents are e[pected to describe, compare, and 
constrXct 2�D shapes, inclXding triangles, sTXares, rectangles and circles in grade 2. 7he strong capacity of 
yoXng children to attend to and identify angles in varioXs physical conte[ts motivated Xs to see Zhether a 
more dynamic conception of angle²namely, angle�as�tXrn²might sXpport their developing Xnderstanding 
at an earlier age. 

We have been investigating other geometry�related concepts at this age too, Xsing DG(s, inclXding 
shape identification, symmetry and parallel lines �Sinclair, Moss, 	 -ones, 2010� Sinclair 	 .aXr, 2011�. 
PrevioXs research reports on the effectiveness of 7Xrtle Geometry �/ogo� for teaching the concept of angle 
�Clements, %attista, Sarama, 	 SZaminathan, 1996� Simmons 	 Cope, 1990�. +oZever, Ze believe that 
DG( might be helpfXl in thinNing of angles as tXrns and rotation more effectively. ,n this paper, Ze report 
on an e[ploratory stXdy condXcted Zith a split class of Nindergarten�grade 1 children �ages 5²6� ZorNing 
Zith angle Xsing The Geometer’s Sketchpad. We focXs on the emergence of the concept of angle�as�tXrn 
and discXss the specific mediating role of the Xse of the softZare on this thinNing. 

Children’s Understanding of Angle 

,n the research literatXre, the concept of angle is shoZn to have different perspectives, namely� angle 
as a geometric shape, Xnion of tZo rays Zith a common end point �static�� angle as movement� angle as 
rotation �dynamic�� angle as measXre� and, amoXnt of tXrning �Close, 1982� +enderson 	 7aimina, 2005�. 
DXe to different prevalent definitions of the term angle, teachers often face difficXlty in NnoZing Zhat 
definition of angle to Xse �Close, 1982�. Mitchelmore �and colleagXes� and Clements �and colleagXes� have 
done abXndant research in the area of angle concept over the past tZenty years. MXch research has been 
condXcted on the development of the concept of angles, focXsing at the grades 3, 4 and higher levels. 
Mitchelmore and White �1995� sXggest that angles occXr in a Zide variety of physical sitXations that are 
not easily correlated. Despite the e[cellent NnoZledge of all sitXations, specific featXres of each sitXation 
strongly hinder recognition of the common featXres reTXired for defining the angle concept �Mitchelmore, 
1998�. Mitchelmore and White �1995� proposed that children initially acTXire a body of disconnected 
angle NnoZledge sitXated in a large nXmber of everyday e[periences� they then groXp sitXations to form 
angle conte[ts sXch as tXrns and corners� and finally they form an abstract angle concept by recogni]ing 
similarities across several angle conte[ts.  

/ater ZorNs of Mitchelmore involved teaching e[periments �White 	 Mitchelmore, 2003� in Zhich 
they divided angle sitXations into three clXsters²2 line angles �corners of room, intersecting roads, pairs of 
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scissors�, 1�line angles �doors, Zindshield Zipers�, and 0�line angles �the tXrning of a doorNnob or a 
Zheel�. 7he sitXation is more problematic for stXdents Zhere the tZo arms �of angle� are not clearly 
visible. 5esearch Xsing Logo shoZs that stXdents tend to visXali]e the tXrn of tXrtle as tXrn of their body 
bXt maNing these tXrns involves Zriting nXmerical commands �Clements, %attista, Sarama, 	 
SZaminathan, 1996�. 7he DG( does not involve the Zriting of the commands and can thXs be Xsed at an 
earlier age to develop more TXalitative Xnderstanding of angle. We believed that the DG( approach ZoXld 
be helpfXl in developing the dynamic as Zell as static concept of angle.  

Theoretical Perspective 

,n previoXs research, Ze have foXnd Sfard¶s �2008� ³commognition´ approach is sXitable for analysing 
the geometric learning of stXdents interacting Zith DG(s �see Sinclair, Moss, 	 -ones, 2010� Sinclair 	 
.aXr, 2011�. For Sfard, thinNing is a type of discXrsive activity. Sfard¶s approach is based on a 
participationist vision of learning, in Zhich learning mathematics involves initiation into the Zell�defined 
discoXrse of the mathematical commXnity. 7he mathematical discoXrse has foXr characteristic featXres� 
Zord Xse �vocabXlary�, visXal mediators �the visXal means Zith Zhich the commXnication is mediated�, 
roXtines �the meta-discursive rules that navigate the floZ of commXnication� and narratives �any te[t that 
can be accepted as trXe sXch as a[ioms, definitions and theorems in mathematics�. /earning geometry can 
thXs be defined as the process throXgh Zhich a learner changes her Zays of commXnicating throXgh these 
foXr characteristic featXres. We have previoXsly presented a developmental traMectory related to identifying 
shapes in terms of different levels of discoXrse and noZ Ze are trying to do the same thing Zith angles, bXt 
Ze Zill looN first at hoZ the different components of the discoXrse change as the stXdents ZorN Zithin the 
DG(. We are particXlarly interested in investigating hoZ the stXdents might move betZeen different Zord 
Xses and to e[amine the informal langXage they Xse to talN aboXt angles.  

Similarly, given the importance of gestXres in commXnication of abstract ideas �CooN 	 Goldin�
MeadoZ, 2006�, and their potential to commXnicate temporal conceptions of mathematics �1~xe], 2003� 
Sinclair 	 Gol 7abaghi, 2010�, Ze chose to e[tend Sfard¶s approach to incorporate gestXral forms of 
visXal mediators. Given the fact that Ze are ZorNing Zith very yoXng children Zho have had little 
e[posXre to a mathematical discoXrse aroXnd angle, Ze Zill be interested in seeing Zhether they maNe Xse 
of Nind of ³mismatch´ gestXres that Goldin�MeadoZ �2004� describes as indicating a readiness�to�learn. 
.ita �2000� focXses on the cognitive fXnctions of gestXres, Zhich play an important role in 
commXnication. +e points oXt that the prodXction of a gestXre helps speaNers organi]e rich spatio�motoric 
information, Zhere spatio�motoric thinNing organi]es information differently than analytic thinNing �Zhich 
is Xsed for speech�. We thXs e[pect that children Zill Xse gestXres to convey spatio�motoric information, 
even thoXgh they might not be able to convey the analytic thinNing Xsed in speech. Moreover, children¶s 
gestXre might be non�redXndant Zith their speech. 2Xr goal in looNing at the gestXres Zill be to see hoZ 
they commXnicate different ideas aboXt angles� particXlarly the mobile ones associate Zith angle�as�tXrn. 
We are less interested in classifying the stXdents¶ gestXres in terms of Mc1eill
s �1992� categories than in 
Xnderstanding the embodied, conceptXal basis of the gestXres. 

Exploring the Concept of Angle 

Participants and Tasks 

We ZorNed Zith Nindergarten�grade1 children �aged 5²6� from a school in a rXral loZ S(S toZn in 
the northern part of %ritish ColXmbia. 7here are 20 children Zith diverse ethnic bacNgroXnds and Zith a 
Zide range of academic abilities. We designed lessons related to angle along Zith the classroom teacher, 
Zho has a Master¶s degree in mathematics edXcation and has been developing her practice of Xsing DG(s 
for a coXple of years. 7he teacher and stXdents ZorNed Zith angles in different Zays Xsing SNetchpad for 
si[ lessons in a Zhole class setting Zith an ,W% �,nteractive Whiteboard�. (ach lesson lasted 
appro[imately 30 minXtes and Zas condXcted in a groXp Zith the children seated on a carpet in front of a 
screen. /essons Zere videotaped and transcribed.  
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Dynamic Angle Sketches 

,n this stXdy, Ze Xsed tZo different sNetches to e[plore the concept of angle Zith the children. We 
began Zith a simple angle diagram �Fig.1�. ,n the sNetch, dragging the verte[ of an arm of the angle 
changes the angle. 7he pXrpose of Xsing this sNetch Zas to enable children to focXs on the standard form of 
angle as a geometric shape and to bXild an Xnderstanding of angle throXgh its behavioXral properties. 7he 
research sXggests that children have difficXlty seeing a static angle as a tXrn. 7he sitXation is more 
problematic Zhen the tZo arms of the angle are not clearly visible. 7he second sNetch Xsed is a ³driving 
angle model,´ Zhich shoZs both a static as Zell as dynamic sense of angle �Fig.2a, 2b�. ,t inclXdes a car 
that can move forZard as Zell as tXrn aroXnd a point. 7he tXrning is controlled by a little dial �Zhich has 
tZo arms and a centre�. 1o nXmbers are Xsed. 7here are foXr action bXttons �7Xrn, Drive ForZard, (rase 
7races and 5eset� that control the movement of the car. StXdents can regXlate motion and tXrns to create 
different shapes liNe random paths, sTXares, rectangles, and so on. 

 

           

Figure 1: Angle as a Shape                           Figures 2a and 2b: Driving Angle Model 

7he traces offer a visible, geometric record of the amoXnt of tXrn. 7he pXrpose of this sNetch Zas to 
move to a more dynamic presentation of angle related to a real life conte[t, Zhere the focXs of the children 
ZoXld be more on the continXoXs behavioXr of the tXrning Zheels and ZoXld enable them to see the 
process of tXrning along Zith the final prodXct �position after a specific angle tXrn�.  

Classroom Discussion   

7he classroom teacher tried to sXpport the discoXrse of angle�as�tXrn as she ZorNed Zith the sNetches. 
,n Zhat folloZs, Ze report on the children¶s ZorN Zith the first sNetch and then their developing sense of 
angle as they ZorNed Zith the second one.  

Introducing the angle as a geometric shape. 7he teacher began by shoZing the children the sNetch in 
FigXre 1 and asNing them Zhat they saZ. ,nitially, the stXdents attended to the featXres of the figXre liNe 
points, circle etc. 2ne stXdent Xttered the Zord ³angle,´ althoXgh, Zhen prompted, didn¶t elaborate. 7Zo 
stXdents, Colin and -asmine, compared the sNetch Zith triangle. .ristian Zas the first to impose motion on 
the diagram� 

Teacher: Kristian, what do you see? (Pointing towards figure1 on the screen)  
Kristian: I see the point is going back and that point is going up…Inaudible… 

.ristian focXssed here on the tZo arms of the angle, not mentioning e[plicitly the point at Zhich they 
meet. 7he teacher asNed aboXt other similar e[amples and the children described Zhat they saZ in terms of 
concrete obMects liNe a sZing, slide, the letter ³Z,´ a hoXse, the bottom of a hill, and a nose in their 
responses. 7hXs, initially their discoXrse Zas dominated by everyday langXage and they made little or no 
Xse of mathematical Zords²and their comparisons involved very loose visXal resemblance. FolloZing 
initial discXssion, the teacher dragged the verte[ of one arm of the angle.  

Teacher: What happens if I do this? (dragging one vertex of one arm of the angle)  
Will: It turns wider 
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Teacher: It does turn wider. What about if I do this? (dragging the vertex further) 
Morris:  It widens even more now. 
Teacher: It widens even more. What am I doing if I am moving this line? What kind of movement is 

that? 
Jasmine, Will, Kristian: Square, it’s a clock 
Teacher: It’s a clock movement?  
Students: Yeah 
Teacher: What am I doing to the line?  
Students: Moving, clock. 

When the teacher drags the verte[ of one arm of the angle to maNe it Zider, Will and Morris describe 
the change in terms of Zidening� Will also Xses the Zord ³tXrn´ to describe the motion. Several stXdents 
describe the movement of the arm of the angle as the movement of the clocN. 7his is the first instantiation 
of angle�as�tXrn, Zhich the stXdents associated Zith a clocN. 1ote that they do not e[plicitly Xse the Zord 
³angle,´ bXt they talN aboXt the same diagram they saZ before, noZ Xsing an entirely neZ comparison, 
Zhich becomes shared Zidely. 7he teacher finishes the lesson by talNing aboXt the space betZeen the tZo 
arms and shoZing them hoZ to marN an angle betZeen tZo arms in Sketchpad, Zhich can be done Xsing 
the MarNer tool.  

Introducing driving angle model. ,n the sXbseTXent lesson, the teacher presented the driving angle 
model to the stXdents and asNed them Zhat they saZ. ,nitially children focXsed more on featXres liNe color 
of lines, circle and points. 7he teacher prompted them to find the similarity betZeen the tZo sNetches 
�FigXres 1 and 2a�. Most of the stXdents focXsed on describing the absence of the car in first sNetch �Fig.1� 
and the presence of the circle in the second sNetch �Fig. 2a�. DXring comparison, only the second sNetch 
Zas displayed on the ,W%. 

Will: And there is a blue one on this one 
Teacher: There is a blue one on this one. That’s the same? 
Will: Yeah, Surrounded by a circle (draws circle in the air to show the surroundedness. Repeats 

gestures a few times) 

Will recalled the angle diagram of first sNetch and noticed its presence in both the sNetches, bXt his 
description ³blXe one on this one´ shoZed a dominance of everyday langXage. Despite the Xse of Zord 
³angle´ by the teacher �Zhile marNing the angles� at the end of previoXs lesson, none of the stXdents Xsed 
the Zord in their comparison of the tZo sNetches. DXring the classroom discXssion, the children asserted 
that in order to drive the car, the Zheels shoXld be tXrned.  

Teacher: 2Nay, , have another TXestion for yoX gXys. What does the car do" 
Will: ,t drives on the groXnd. �gesturing with both arms, turning both his arms together from left to 

right� 
Teacher: ,t does drive on the groXnd. So Ze¶re going to pretend oXr screen is the groXnd. +oZ is it 

going to drive on the groXnd" What Zays can it drive" -asmine" 
Jasmine: <oX have to tXrn the Zheel. �With both arms turning as if turning a steering wheel� 

Will and -asmine both Xsed gestXres to describe the tXrning of the car. Many children in the class 
imitated their gestXres. -asmine Xsed the gestXre of tXrning the steering Zheel as a visXal mediator Zhile 
associating the motion of car Zith the tXrning of Zheels. 7he teacher then pressed the 7Xrn bXtton and the 
car tXrned by the same amoXnt indicated by the angle dial, also leaving a trace of the tXrn behind.  

Teacher: 2Nay«, am going to move something for yoX, here. 2Nay« ,f , tell yoX that this is Nind of 
liNe the car¶s steering Zheel, Zhat do yoX thinN that car is going to tXrn liNe noZ" What do yoX 
thinN is going to happen" 7hinN aboXt it. �Making the turning angle smaller in the size�, What is it 
going to do noZ" 

Students: Turn, turn 
Teacher: Turn…is it going to turn the same? 
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Students: Yeah. 

7he teacher told the stXdents that the angle dial Zas liNe the car¶s steering Zheel and she changed the si]e 
of the angle in the dial. 7hen she prompted the stXdents to predict the oXtcome on pressing the 7Xrn 
bXtton� several stXdents predicted that car ZoXld tXrn althoXgh they coXld not predict the amoXnt of tXrn. 
7his shoZs that stXdents did not associate the tXrn of the car Zith the angle in the dial� they had no roXtine 
for assessing the magnitXde of the tXrn. 7he teacher invited the children to compare the si]e of the angXlar 
tXrns. She changed the si]e of the angle and asNed the children to decide Zhether this tXrn Zas smaller or 
larger than the previoXs amoXnt of tXrn. 

Teacher: 7he car is stopped«bXt if yoX looN, that¶s liNe right here. 7he car is tXrned « tXrnn ... and 
stops here. And then , moved this steering Zheel Xp here Zith the angle �Fig. 3a� and Ze press tXrn 
again and it only Zent from here to here �Fig.3b�. Are these the same" 

                       

              Figure 3a                     Figure 3b              Figure 3c: Morris’s gestures      Figure 3d 

Students: No, no, no…that one is too bigger (pointing towards the screen) 
Teacher: Which one is bigger?            
Morris: They don’t match. There is no match. One is bigger (Lying on the carpet, gesturing with his 

fingers as if he is comparing the sizes (Fig. 3c). And then shaking his head no).  

Morris compared the tZo different amoXnts of angle tXrns by comparing the si]e of the traces. Morris 
linNed the difference in the si]e of tZo fingers �Fig. 3c and 3d� Zith the difference in tZo amoXnts of tXrn 
�si]es of traces�. +e Xsed the gestXres Zith tZo inde[ fingers to e[plain his reasoning. 7hese are neZ 
visXal mediators that are Xsed to e[press the idea of angle. 7hey also point to a neZ roXtine for comparing 
³tXrn.´ +is gestXre here is non�redXndant �see .ita, 2000� Zith his speech since he e[presses meanings for 
angle�tXrn that are not evident in the speech. ,ndeed, the children Xse very feZ verbal e[pressions in these 
lessons. We note that the initial Xse of concrete visXal mediators in first lesson Zas replaced by the Xse of 
embodied mediators in the form of gestXres.  

Understanding of benchmark angles. 7he teacher introdXced some benchmarN angles in the ne[t 
lesson by Xsing the first sNetch Zith Zords liNe ³right tXrn.´ She shoZed the 90° angle in the sNetch 
�Fig.4a�.  7he children compared the right angle Zith the side of a hoXse and corner of a bo[. 7he teacher 
shoZed a Zhole movement of the one arms of angle from 0° to 180° by dragging the verte[ of one arm 
�Fig. 4b�. 

                                   
           Figure 4a: Sketch showing 900              Figure 4b: Movement of one arm from 00 to 1800 

7he children compared 180° to a line and a road. Morris made a gestXre Zith his hand moving along a 
straight path, Zhile describing a car moving along a straight road �FigXre 5a�²thXs picNing Xp the conte[t 
of the previoXs day¶s ZorN. 7he teacher asNed the stXdents hoZ they coXld maNe the car tXrn by 1800. 
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Teacher: How can you make that car go that far…go in a straight line…Remember we did the 180 that 
was a straight line on the board. You said that it looked like a road. What can you do to the 
steering wheel? 

Students: Press it 
Teacher: No  
Will: Move it   
Teacher: How can you move it, Will? Show us. Could you show us that up there, Will? Give it a try. 

Can you show how to make it go 180? Show us how to go halfway around? (Will comes on the 
board and try to move the vertex (point) on angle dial to adjust angle, but fails to move the point 
(Fig.5b)). You have to hold it. Tell me when to stop? (Will hold the vertex while dragging and 
adjusts angle to approx. 1800 (Fig.5c)) 

1one of the children, other than Will, Zere able to recogni]e that they needed to change the angle in 
the dial in order to maNe the car to tXrn by 180°. Will shoZed an Xnderstanding of the association of the 
tXrn of car Zith the angle in the dial. 7his shift in the Will¶s Xnderstanding might be the resXlt of seeing the 
teacher repeatedly changing the angle in the dial dXring the lesson and of seeing her systematic dragging 
shoZn in Fig. 4b.  

At the teachers¶ reTXest, -asmine made the car tXrn halfZay by pressing the 7Xrn bXtton �Fig. 5d�. 
When the teacher asNed aboXt the direction of the car after pressing the 7Xrn bXtton again, both Chloe and 
-asmine predicted that the car ZoXld complete the fXll tXrn. 

           

              Figure 5a                  Figure 5b & 5c: Will adjusting dial to 1800                  Figure 5d       

      Teacher: Why do you think it is going to go all the way around?  
Chloe: Because when you press it, it will go…and stop  
Teacher: Okay, can you think why it is going to do that? 
Chloe: Because it goes that way and stops right there. (Pointing towards the screen and reflecting, as 

if imagining the turn (Fig. 6a))  
 

            

Figure 6a: Chloe while responding       Figures 6b & 6c: Jasmine gesturing half and full turn  

From Chloe¶s e[planation �inclXding her gestXres�, it seems that she imagines the car tXrning and 
e[plains her reasoning in terms of the stopping point of the Zheel.  

Teacher: It is going to close. Why do you think it is going to close?  
Jasmine: Because it is like this [gestures shown in Fig. (6b, 6c)]  
Teacher: Yeah, because it is half way now…oh…that’s interesting 
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While Chloe and -asmine both visXalised the final position of the car sXccessfXlly, Chloe Xsed Zords 
to describe the tXrn of the car, Zhereas -asmine Xsed the gestXres to e[plain the reasoning in terms of half 
tXrning and fXll tXrning position. %oth seemed to Xnderstand that tZo half tXrns resXlt in a fXll tXrn. 2nce 
again, their Xnderstandings Zere commXnicated by the non�redXndant gestXres, in Zhich arms are Xsed as 
sides of angle, Zhich provided neZ visXal mediators for their reasoning.  

Discussion and Conclusion 

At the beginning of the episodes, the children had virtXally no mathematical discoXrse aroXnd angle. 
%y ZorNing on sitXations involving tXrn, Zhich Ze thoXght ZoXld provide a strong embodied connection 
for the children, the goal of these lessons Zas to see Zhether stXdents coXld develop a more sophisticated 
discoXrse aroXnd angle�as�tXrn²and not necessarily involving any nXmerical TXantification of angle.  

7he dragging of the one arm of the angle focXsed the children¶s attention on the tXrning behavior of 
the segment in the diagram. 7his seemed to act as a visXal mediator to Zhich the children associated the 
movement of a clocN. 7he clocN movement metaphor enabled the children to see the angle diagram as 
tXrning of arms, and hence, initiated the discoXrse angle�as�tXrn. When the children Zere asNed to ZorN 
Zith the Drive model, they initially Xsed informal Zays to describe the tXrning of the car by gestXring the 
tXrning of a steering Zheel. 7his steering Zheel metaphor differs in important Zays from the clocN 
metaphor. While the latter focXses on the changing position of the arms �and thXs on the changing ³si]e´ 
of the angle betZeen the arms�, the former focXses on the angle as a movement from one arm to another 
�and thXs, on the ³si]e´ of a given angle�.  

2nly one stXdent Zas able to associate the tXrn of car Zith the angle dial e[plicitly. Will¶s recognition 
of the need to adMXst of angle dial to 1800, in order to move the car halfZay, shoZs that the difficXlty in 
visXali]ing the 0�arm angle²as reported by White and Mitchelmore �2003�²coXld be eased by the trace 
featXre of Sketchpad, enabling stXdents to see the process of tXrning as Zell as the prodXct. Some children 
Zere sXccessfXl in comparing tZo different amoXnts of tXrns. Also, some children Zere able to reason 
aboXt half and fXll tXrns²in fact, they coXld e[plain that a fXll tXrn ZoXld reTXire the repetition of tZo 
half tXrns. 7hey coXld not talN aboXt angle and tXrns Xsing mathematical vocabXlary.  

At the beginning, the stXdents described the angle diagram in terms of its parts, Xsing concrete, 
everyday langXage� they eventXally came to associate the notion of ³angle´ and ³tXrn´ to both a clocN and 
a steering Zheel²both of Zhich captXre something aboXt the idea of angle�as�tXrn. Several stXdents also 
Xsed gestXres to e[press the notion of angle, as can be seen in FigXres 3 and 6. Finally, the stXdents coXld 
also talN aboXt angle in terms of varioXs si]es �especially, the half angle�. We argXe that the gestXres Xsed 
by the stXdents became part of their visXal mediators for the concept of ³angle.´ 7hese gestXres Zere at 
least in part evoNed by the diagrams in Sketchpad. For e[ample, the tZo inde[ fingers shoZn in FigXre 3 
arise from the angle dial Xsed by the teacher. 7he children¶s Xse of ³tXrning´ gestXres in their responses to 
the car sNetch shoZs that they created gestXres as mediators for the pXrpose of commXnication. Also, 
-asmine¶s gestXre �FigXre 6� relating half tXrn to fXll tXrn is a clear e[ample of the effect to dynamic 
visXali]ation offered by SNetchpad. 7he traces of half tXrn in Sketchpad acted as a visXal mediator and then 
-asmine Xsed her gestXres of half tXrn �straight opened arms� to maNe a fXll tXrn �covering the Zhole 
movement of arms to close hands� as a means of commXnication. 7his interplay betZeen gestXre and 
diagram resonates Zith Chktelet¶s �1993� theory of mathematical inventiveness, Zhich de Freitas and 
Sinclair �2012� discXss in the conte[t of mathematics edXcation� in this case, the dynamism of the diagram 
seems to evoNe TXite directly the moving of the children¶s fingers and hands.  

At this early stage, Ze have focXsed on Zord Xse and visXal mediators. 7here Zas little sense of any 
roXtines Xsed for identifying angles or evalXating their si]e. FXrther, given the emergent sense of angle and 
tXrn, there Zeren¶t any endorsed narratives. +oZever, the freTXent Xse of non�redXndant gestXres by 
Morris, Will, Chloe and -asmine dXring the lessons indicates, as Zell as the relatively infreTXent Xse of 
verbal e[pression, sXggests that the children had a certain ³readiness to learn´ �Goldin�MeadoZ, 2004� 
aboXt angle�as�tXrn. 7he ne[t phase of oXr research, for Zhich Ze are noZ in the process of gathering data, 
involves e[ploring the Zay in Zhich the children¶s emergent sense of angle can be developed into roXtines 
for identifying angles and talNing aboXt their si]e. We have some initial evidence that the children are able 
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to identify tZo angles as being the same even Zhen their arms have different lengths becaXse they Xse a 
roXtine of comparing tXrn. 7his ZoXld be a very important resXlt given the e[isting research that VhRZV
WhDW�FhLOGUHQ�RIWHQ�FRQIXVH�WhH�VL]H�RI�DQ�DQJOH�ZLWh�WhH�OHQJWh�RI�LWV�DUPV��6WDY\�	�7LURVh��������
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