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ABSTRACT Owver the last two decades or so mathematics teaching, geometry teaching in particular, has gone
through continuous trials incorporating the use of technology. Since the early 80s several instructional software
were developed for the purpose of helping teachers and students to use computers as teaching and learning tools
through exploration rather than just as drill-machines. The main purpose for these technological developmentsisto
guide students through a discovery process that encourages students first visualize and analyze a problem, and then
making conjectures before attempting a proof. This approach is based on van Hieles levels of geometric thinking:

Visualization, Anaysis, Informa Deduction, Forma Deduction, and Rigor. In this paper, The Geometer's
Sketchpad software with exemplary applications will be introduced.

Background

Mathematics teaching, geometry teaching in paticular, has been reshgped due to certan
innovetive developments in recent years. For centuries geometry has been taught through
deductive ressoning goproach.  Although the deductive reasoning goproach is perfectly
acceptable it does fal reaching the mgority of dudents The 1982 report of the Nationd
Assessment of Educationa Progress (NAEP) daed that deductive reasoning in proving was the
leegt liked mathematics topic of the 17-year-olds. When these students were asked about the
importance of the topic, less than fifty percent of them rated the tgpic as important.

In 1989, the Nationd Council of Teachers of Mahematics (NCTM) cdled for subdantid
changes in the way mahemdics is taught (the Slandards, 1989). In teaching geometry, the
Sandards cdled for an increese in exploraion, conjecture making, and use of geometric
trandormations.  The Sandards recognized the impact of technology on the teaching and
learning mathematics through freeing dudents from lengthy time-consuming tasks and taking
them in the world of observation and exploration of methematica idees

The 2000 NCTM Principles and Sandards for School mathematics indicate that  indructiona
programs from prekindergarten through grade 12 should enable dl studentsto-
(@] andyze chaeacteridics and propeties of two- and three
dmensond geomelric shgpes and devdop  mahemdica
arguments about geometric relationships,
(2) soecify locations and describe  sodtid rdationships  using
coordinate geometry and other representationa systems,
(3) aoply trandormations and use symmelry to andyze mahemdicd
Stuaions
(4) use visudizaion, oatid ressoning, and geomelric modding to
solve problems. (p. 41-43).
Making a case for wha have been missng in school mathematics is a noble task. The point
however is how these ggps can befilled; it isnot an easy task a all.

In recent years in paticular snce early 80s a few technologicad deveopments have been
introduced and made avalable for teachers and dudents.  This marked the beginning of a mgor
change in the way we teach geonelry. An indructiond software known as the Geometric



Supposers for Apple 11 computers has been developed in 1985 that enabled teachers and students
to use computers as teaching and learning tools. The software hdped creating an environment in
which dudents explore geometric figures and make conjectures about their properties. Learning
geometry would then be turned into a ssquence of part-to-part, part-to-whole, and whole-to-
whole interrdationships discovery of geometric figures. This has been viewed as a process that
would open the door wide for proofs. This gpproach reflects the research done by the Dutch
meathematics scholars Piere van Hide and Dina ven Hide-Gddof. Based on ther research
finding in the dassooms the van Hides obsaved that Students pass through a sequence of
thought devdopment levds in geometry: Visudization, Andyss, Informd Deduction, Formd
Deduction, and Rigor. Mog of the texts in the market assume that students are able to employ
forma deduction right away. Little if any has been done to endble dudents to visudize to
andyze, and to make conjectures about a geometric shape. The three levels have been skipped at
once.

The man god theefore is to bring dudents through the fird three levds Visudization
Andyss, and Informd Reasoning. The Geometr's Sketchpad has been created to bring students
through these three leves It foders a process that encourages observation, discovery, and
making conjectures, a process that closdly reflects how mathematicsis normally created.

Geometer’s Sketchpad

Briefly, upon activating the Sketchpad program, a drawing window will be opened with the
fallowing:

Title bar

Menu bar

Tool Box (or Drawing Tools)

Tool Status Box
Then what we can do with Sketchpad?
We can do seven mgor tasks

() Eudidean condructions

(20  Trandormaions

(3)  Andytic Geometry —working with rectangular or polar coordinates

4) Mix Grgphs and Text

(5) Changethe Visud Properties of the displayed Figures

(6) Create Animations

(7) Cregting Scripts (with which a complex condruction can be encapaulated in a

angle gep).

Wha makes Sketchpad interesting is that it is a dynamic geometry environment where dragging
playsacentra role —asat of demondrationswill be made highlighting this feature of Sketchpad

Classroom Uses of Sketchpad in a Pre-Service Program
In 1999 the Ontario Minidry of Education, Canada, has purchased the right for Sketchpad
packege to be didributed to dl high schools, colleges and universties across the province. The
Minidry hes drongly remommended the use of Sketchpad in high schools mahematics
curriculum (grades 9-12). At the Faculty of Education, Lakehead Universty, the Intermediate-
Senior (I/S) Mathematics Education class of 14 future mathematics teachers has been st for the
experiece.  Eighty-minutes sesson per week for 12 weeks were reserved for the experiment.
The materiads used were handouts prepared to guide the sudents in a step-by-gep fashion. There
were initid handson guided indructions a the computer lab a the beginning of each sesson
through a data projector. Then the students follow the handout materids on ther own while the
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indructor was avalable for help whenever needed. Each student has a computer on hisher own.
The sessons were progressing smoothly.  For me, the ingtructor, 1 had the sense that the dlass has
been deegply involved in the program and wel inspired for the experience.  The verdon for the
Sketchpad used was for Windowsa 95 and 98. At the end of each session, each student has to
prepare a reflectionjournd on what was hgppening throughout the sesson. At the end of dl
sessons, the sudents were ingructed, for an overnight duration, to respond to the following:

Explain how you would use the Sketchpad in your future teaching. Identify

themes that you would consider introducing to your classes through this software.

You may pick one of your themes and be more specific in your detail.
In the Students Own Words
Thefallowing isacollection of sudents responses to the above take-home report:
Response 1(M)
“Themes within Geometer's Sketchpad:
+ Grephing
- Flatting functions
- Grgphicd Representation of Mathematicd Operations (derivative as dope)
Ove these past few months | have come to earn a respect for this software.  Initidly | felt
redricted and limited in its gpplication to any high school mah dass | fdt as though the
activities presented were geared towards the intermediate dementary level and | could not see
incorporating GSP into the Ontario Curricullum for grade ten through 12. Ironically | now fed
that GSP is an effective tool to be incorporated in any high school math dass. GSP has the
ability to demondrate complex graphing and equations, record sketches and make animations. It
is not the software that would pose any redrictions but the time available to incorporate it into
the dassoom. The use of GSP in the dassoom redffirms the bdief that school is an inditution
of learning and not job specific traning program. GSP may not be on the desktop of this
country’s top enginears, mathemdaticians or physicigts but it does offer a visud ad to somewhat
abgract and complex mathematica concepts. | fed by incorporating GSP into a dassroom you
ae recognizing the varied leaning dyles of your students and meking an dtempt hdp them
develop aconfidence in mathemetics.”
Chris included with his reponse an example lesson titled “Coordingie Hide & Sesk” as an
example of how to incorporate GSP into the classroom.

Response 2(M)

“Geometric sketch pad is a good program that we have used snce coming back from our
Chrigmeas vocation. | have found the sketchpad to be informative, easy to use, and generdly a
useful program for a teecher. On the other hand, | have a hard time seeing mysdlf, or any other
teacher usng this program as alearning todl in tharr dassrooms.

| think the best thing about Sketchpad is it is s0 easy to use. | would definitdly use this program
to draw diagrams for tests and quizzes. | would be able to make accurate diagrams and draw
pictures that the students would be able to underdand eesly. | dso like the segment and shape
drawing cgpabilities of this program.

If 1 were forced to teach something using this program, | would hope that it would be the
measuring of drdes angles and arcs unit. | think that sketch pad makes it easy to credte large
enough diagrams for dl the principles to be demondrated and observed by dl the sudents. |
ads think that measuring circumferences and radii would be made easy by using the sketchpad.
Students would be able to see the different arc angles areas change as the points and diagrams
were made larger or amdler.



My persond thoughts on this program is not as postive as everyone e in the classes ae. And
| am sure that everyone wrote a dowing review of this program. | admit that if | became literate
enough in this program | would use it to draw diagrams for tests and quizzes, but other than thet |
see this program as another venture that will be forgotten about just as soon as a better verson or
program comes adong. That is my mgor concern aout this program — it is not user friendly. It
took weeks to figure out which keys did which, and even then | would forget the next time | went
to use the program.

| think that students would find this a wadte of time because there is little practicd use of this
program. | can't even imagine the scene tha would occur if | pulled my mah dass into the
computer lab to work with the sketchpad. The students would be quegtioning me the whole time
why they were doing thisingtead of dlasswork and | would have no good answer.

In daodng, | think that geometric sketch pad is no good for what is going on in the education
sysem right now. Cut backs in education have lead to less time to fool around with software
that is not 100% curricullum based. | am not going to jump on the geometric sketch pad
bandwagon because | am not convinced it is the best program that we could be usng in the
dassoom. | think | will wat until 1 see an effective math progam that will hdp Sudents
understand more about mathemetics”

Response 3(M)

“Education today is in a condant date of change. This is greatly due to the advancements in
eectronics, technology, and media Geometer's Sketchpad is one computer program thet will
change the way that mathematicsiis taught.

Geometer's Sketchpad can be used to teach many units in mathemaics | have persondly
witnessed this program being used in a dassoom setting, and | have seen some amazing results.
Sudents are activdy engaged in thar learning while usng this program, and thus they learn,
undergand, and retain much more information. They fed a pat of the learning process and thus
respond remarkably well to this Syle of learning.

The unit that | witnessed, which was taught usng Geometer's Sketchpad, was the unit on dope.
This program is perfect to teech dope, especidly to a Grade 9 dass. Students appreciated dope
much more because they were adle to physcdly see examples in which they were able to
manewe lines thus changing ther dopes. This change in dope redly put into perspective the
relationship between dope and the “ stegpness’ of theline.

Students drew a line by ather drawing two points then connecting them with the “condruct line
ssgmet” command, or they usad the icon for condructing a line ssgment.  They would then
dick on the “cdculae¢® command, and then dick “dope’. The dope of the line segment was
then digplayed on the screen.  Students could then use the grid to discover where the points were,
and thus discover the reaionship risefrun.  Sudents could then plot points on the grid and
connect them with a line segment, and figure out the dope themsdves before the computer did it
for them.

The best pat of udng Geometer's Sketchpad for this unit on dope is that Students could
highlight a point on a line ssgment, and move the point, thus changing the dope of the line
Students have a visud representation of how dope changes rdative to the “ segpness’ of theline.
Geometer’s Sketchpad is limited in the sense that one cannot enter equetions of lines and have
them dravn on the soreen.  Thus the TI-83 (he refers to grgphic cdculator) is an excdlent
compliment to this program for teeching dope.  Together, sudents have two powerful visud
tools to help them understand the chalenging concept of dope.

| fed tha there are many topics that can be taught with the ad of Geometer's Sketchped.
Trandormations are difficult topics for sudents to grasp because it is difficult to teach visud
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topic in a non-visud way. Thus, Geometer's Sketchpad can be an effective tool to teach these
topics.

Teachers can ds0 use this program to teech the eguetion for the length of a line ssgment.
Geometer's Sketchpad is equipped with a function, which meesures the length of any line
segment in inches or centimeters.  Area, perimeter, and crcumference can dso be taught usng
this program. Geometer's Sketchpad is dso equipped to measure circumference of circles, as
well as area of closed figures. By using the length of a line ssgment feature, sudents can dso
cdculate perimeters.

Trig function ae difficult for some to underdand. Geomee’s Sketchpad can hdp in the
comprehenson of these reios by usng the cdculaior festure.  Studerts can dso learn about the
“specid triangles’ (30°, 60°, 90°, and 45°, 45°, 90°) and the trig functions rdating to each angle
of thesetriangles by using the“caculate angle’ commeand.

Geometer’s Sketchpad is a versatile program. | know | will use it in my future career as a
teacher of mathemdtics”

Response 4(F)

As an example of the use of Geometer’s Sketchpad in alesson, she wrote:

“Measuring Cirdes Angles, and Arcs, is an example of an activity that modds the specific
expectaions in the Ontario Curriculum documents This investigetion concentrates on: (1)
Measuring the drcumference and radius of a cirdle and cdculding ther ratio, (2) condructing an
ac on a drde and messuring its ac angle and arc length, (3) measuring and comparing centra
and inscribed angle, (4) congtructing a section and comparing its areato the areaof thecircle.

When designing lessons usng this medium, three drategies should be incduded: (1) guided
invedtigations (i.e. tours), (2) openended exploraion (i.e where sudents are given a problem
and they are to explan what they did and discovered) and (3) demondrations (the use of pre
meade sketches and diagrams by the teacher).”

Response 5M)

“With such a capable program as Geometer's Sketchpad, there are a large number of potentid
aress for the incorporation of this program into the curriculum.  Sketchpad could be introduced
into the curricullum in grade nine and utilized through out grade tweve  Such aess of
mathematical indruction which could be greatly erhanced with Sketchpad, indude pardld lines,
angles, propeties of triangles (and other polygons), geometric proofs, properties of drcles,
dope, equations of lines, rectangular and polar coordinates, and the list goes on.

For this exerdse, | will focus on the use of Sketchpad in assding sudents with the geometric
proofs, which take place around grade ten. Before using the program, the students would areedy
be expected to be knowledgesble in performing proofs by hand, and familiar with the various
theorems (opposite angle, transverse pardld, and congruence).

For an introduction into the geometric proofs, students would firs be asked to invedigate the
congruence postulates of triangles.

Condruct triangle ABC and then cregte a copy of this triangle onto another portion of the sketch
(Iabd the vertices of the new triangle A', B'and C'.

In order to demondrae Sde-dde-sde (SSS) congruence, have the <udents meesure
corresponding line segments.

By seeing the corresponding line segments are equd, the sudents then have visud proof of the
SSS congruence theorem.”

Thisstudent made an error here. He could use the dragging featureto drag one of the
trianglesand place it on the other.



Response 6(M)

The geometer's sketchpad is a vauable tool that can be used in the dassoom to meet the
technological requirements of the curricllum.  In my future dasses | would definitdy
incorporate geometer’s sketchpad into my lessons  Specificdly, | would address the
Measurement and Geometry drand of the grade 9-mahemdics curriculum.  The overdl
expectaion dates Students will:

-formulate conjectures and generdizations about  geometric  rdaionships  involving  two-
dimensond figures, through invedtigations fecilitated by geometry software where gppropriate.”
Heisreferring to the recent Ontario Minigry of Education Curriculum Guide.

He atached to his report a lesson focusing on the “Specific Expectations’ of the Minisry sating
that “the lesson that is induded is one theme, which | would address.  Additiondly, it meets the
specific expectations: Students will

-illugrate and explan the propeties of the interior and exterior angles of triangles and
quadrilaterds, and of anglesrdaed to pardld lines.

-pose quedtions about geometric relatiorships, test them, and communicate the findings, usng
gopropriate language and mathematicd forms.

-confirm a Satement about the reationships between geometric properties by illudrating the
gatement with examples or deny the satement on the basis of a counter example.”

Response 7(F)

“I would use Geometer's Sketchpad in dl my high school math dasses. However for grade nine
and ten | would mogt likdy use it as an introductory tool to basc adgera, and trigonometry. |
would use it as an exploration or introduction into a new topic. This would give the sudents an
idea, especidly visudly of what this new topic is about and dso a chance to play with it before
udying the topic.

In the higher levd dasses grade deven and twelve, | would use this more as a teaching and
asessment tool. | think the greatest use would be in the areas of trigonometry, geometry.

Ancther area for gpplication of the Geometer's Sketchpad is with perspective drawings and
fractds. | would mogt likely use these two areas for an enrichment toal.”

She atached adetailed lesson titled “ Polygons-measurement and calculations”.

Response 8(M)

“Geometer’'s Sketchpad is a fantagtic tool for heping dudents undersand reaionships and
visudize concepts in many arees of Geometry. Many dudents have difficulties with Geometry,
and the principa reason for this is ther inability to get beyond the abdract idess. Geometer’'s
Sketchpad helps in this area by showing rdationships, and dlowing students to condruct shapes
ad lines for themsdves For mogt concepts this is much more effective than having a teecher
amply explan. It addresses more learning dyles (tectile and visud for example), and makes
mathemetics fun for those sudents who might find it otherwiseinanormd class.

Geometer's Sketchpad can be used in Grade 9, 10, 11, and even 12 math. | will focus on the unit
deding with the following aess oppodte angle theorem; complementary angle theorem;
upplementary angle theorem; pardld line theorem; angle sum of a triangle theorem. | taught
the unit on Geometry in both Grade 9 and 10 math both of which on the above theorems. | found
it difficult to get sudents conceptudize these ideas, and | know that Geometer's Sketchpad will
help the next time | teach this subject.

To use Geometer’'s Sketchpad effectivdy in a mathematics course, you need a plan for how you
will use the software and how you will assess you sudents (based on both ther work in dass and
in the computer 1ab).



The Plan: Mog of the fird day would be spent getting organized in the computer lab - meking
sure everybody can log in correctly, teaching people how to operate in a Windows environmert,
and getting oriented in Sketchpad. One of the problems inherent to working with a class on
computers is the vagt differences in abilities anong students — some are quite comfortable on
computers, while others have little or no experience with computers  Subsequent days in the
computer lab would focus on the above mentioned theorems,

Assessment: Assessment would be based on the following: - ability to work effectivdy in the
computer lab (a subjective mark); - ability to goply knowledge within Sketchpad (a practica
mark); - ability to extend knowledge beyond Sketchpad (atheoretical mark).”

Response 9(M)

“I think thet this is an excdlent program and could definitdy be effectivdy utilized in schools
between grades 8 and 12.

| am not 100 percent certain of when each aspect of geometry is taught so to place a specific
goplication of the program to particular grade will be difficult. However, regardless of grade
levd | believe that one of the most important things teachers can do is familiaize the sudents
with the progran 0 tha future lessons will dlow more time for leaning and less time for
orientation.” He offered a detaled description of a plan that he would implement in his future
teaching using the program.

Response 10(M)

Sketchpad is very useful for enabling dudents to explore rdaionships dynamicdly so that they
can e changes in geomeric figures as they manipulate them. The dmplet example of this
would be an adtivity in which sudents condruct a crde. | would use this crcde, and use
Sketchpad to cdculate circumference/diameter. Then, | would ask them what familiar number
this ratio gives The next indruction | will give my dudents will integrate Sketchpad's mogt
useful agpect: the dbility to give dudents a way to explore rdationships dynamicdly so that they
can see changes in geomdric figures as they manipulate them. | would alow dudents to do this
by picking a point on the cdrde and manipulaing the drcumference of the drde (meking it
bigger and smdler). In this manner, sudents will see that Sketchpad automaticaly changes the
diameter as wdl! The mogt important thing for them to notice, is that the raio circumference :
diameter DOESNOT CHANGE!!!”

Final Comment

These reports seem to show a swing in the sudents reaction to the 12 wesk experience with
Geometer's Sketchpad ranging from uncertainty to overconfidence about the potentid use of the
software in the dassoom in their future teaching of mahematics They dl agreed that
geometry, agebra, and trigonometry would be the areas where they may use the software.  There
were good pieces of lesson plans atached by most of them. However, there is no room to
indude them here
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