STUDENTS’ VAN HIELE LEVELS OF GEOMETRIC THOUGHT
AND CONCEPTION IN PLANE GEOMETRY: A COLLECTIVE
CASE STUDY OF NIGERIA AND SOUTH AFRICA

A thesis submitted in fulfilment of the requiremens for the degree of

DOCTOR OF PHILOSOPHY

of

RHODES UNIVERSITY

by

HUMPHREY UYOUYO ATEBE

July, 2008

Volume 2



TABLE OF CONTENTS

TABLE OF CONTENTS ...ttt eee e e e e e ettt e e e e e e e s ae e e b e s s eeeeeeaeeesbaaaeeseeesseesbbranans |
F N o o AN ] G TN 1
LETTERS OF INTRODUCTION AND CONSENT FORMS ...ttt
AP P END DX L A oottt ettt ettt e e e e e et e e e e e e ettt e e e eee e ettt reaaeeeeertrar i aaaaaeeaaees 1
SUPERVISORS LETTER OF INTRODUGCTION. ... .cettvttttttnieeeeeeessessttansaeeesesseressssssneeeeesssessssmniaeeeessenes 1
APPENDIX LB ... ittt ettt ettt e e e e e e ettt e e e e e e e a et aeaaeeeaeetrer e aaaeraaaes 2
RESEARCHERS LETTER OF INTRODUCTION TO SCHOOPRINCIPALS.........cvvvuiiiieeeeieeereriiriaanseeeseeeenes 2.
APPENDIX L. C oottt et e e e e e e e ettt e e e e e e e e et aeaaeeeaeetrar i aaaaaeraaees 5
CONSENTFORM FOR THE LEARNERS .....cuttuutttiieeiiittttuitsasseseeseressssassasseesssesssessnnassessssesssresnnesaeessees 5
WY g d =11 5D R 8
CONSENTFORM FOR THE PARENTS OFMINOR’ SUBJECTS . ...uuuuiiiitiierertineeerstnieererieeressnnnessessenessees 8
APPENDIX 2 oottt et e e e e e ee et e e a e e e e eee et b aaaeeeaeata 11
TEACHER'S QUESTIONNAIRE ..ottt ee e e e e e eeeeeaaaaaeeaaaaaeaaaaaanns 11
F N o N ) G TR 13
STUDENTS' QUESTIONNAIRE L..cooiiiiiiiiiiiee ettt 13
PN o NI D) G A P RURTO 13
TERMINOLOGY IN PLANE GEOMETRY TEST(TPGT) ..vtviiiiiiiiiiiiiiie st srrne e 13
APPENDIXS.B ... ittt ettt e e et e et eaaaar et s 24
MULTIPLE-CHOICE ANSWER SHEET FOR THEPGT ..ovuiiiiiiii e emmmrn et eena e 24
AP PENDIXS.C oottt ettt e e e et e et e aa e et ettt s 25
INDIVIDUAL LEARNER 'S PERFORMANCE ON THE P GT ...oovviiiiiiiieceieeeeeeee e eemmme e erevaa s 25
PN o o =11 3D T O T 25
NS GRADE 10 LEARNERS PERFORMANCE AND THETPGT .ovviiiiiiiiiineeee ettt 25
AP PENDIXS.C 2 ..ttt ettt e e e e e re e eaaeaaarraa, 26
NS GRADE 11 LEARNERS PERFORMANCE AND THETPGT ....ovvuiiieiiiiiiiieiie et 26
PN g o 1 1 B S T O T 27
NS GRADE 12 LEARNERS PERFORMANCE AND THETPGT ....ovuuiiiiiiiiiiiieeie et emmeme s 27
APPENDIXSB.C. 4 ettt e e e e e e ettt e e e e e e et r e e aereara 28
SASGRADE 10 LEARNERS PERFORMANCE AND THETPGT ...oiiiiiiiiei et eeeeem e 28
PN g o 1 I D) G T O T 29
SASGRADE 11L EARNERS PERFORMANCE AND THETPGT ...cvvviieiiiiiiiieeieee et e 29
PN g o I I D) G T O T 30
SASGRADE 12 LEARNERS PERFORMANCE AND THETPGT ...uvuiiiiiiiiiiiiiiieeeeeee e mmmmmra e ee e 30
PN g o NI D) G 5 31
ITEM ANALYSIS OF THE TP GT .outtiiii ittt ettt et et s e e e e e e s ettt e e e e e e e s eeebbbanrans s 31
AP PENDIX S D . L ittt e ettt e e e e e et e e e e ettt —— e aarearar——— 31
ITEM ANALYSIS OF THETPGT.ALL NS SUBSAMPLES. ... .civttiieeietiiieeeeiineesestieeesssienesessateeesssnnaeeens 31
APPENDIXS.D.2 .ottt ettt ettt et a e e e e e et e e e e e arrran 32
ITEM ANALYSIS OF THETPGT:NS GRADELOLEARNERS. ... .ccvvtiieiiitieeeretineeeetinieeretnseeeensnneessrsnnes 32
PN g o NI D) G 5 R T 33
ITEM ANALYSIS OF THETPGT:NS GRADELLLEARNERS. .. .ccttttiieiiitieeeeitieeeeetineeeeetneeeeessnneessrsnnes 33
APPENDIXS. D4 ...ttt ettt eee e et a e e e e e e e aaeeererraana 34
ITEM ANALYSIS OF THETPGT:NS GRADE L2 LEARNERS. ... .cetvtiieeeitieeeretieeeeetineeeeesnieeeessnneeesssnnns 34
AP PENDIX S, D5 . ittt ettt e e e e et e aeeeaeara— 35
ITEM ANALYSIS OF THE TP G T:SAS SUBSAMPLE ... iiiieeiiiieitieeieeeeeieesiaaiesseeesseessaesstraseeseseasens 35
APPENDIXS.D.6 .. iciiiitiiieii ettt e et eeeee ettt e e e e e et et a e e e e e et e e aaereaearaaana 36
ITEM ANALYSIS OF THETPGT:SASGRADELOLEARNERS. .....utiittiiieiretiieeeestieeesrneeeessiiesssssnnaees 36
AP PENDIXS.D.7 ..ottt ettt ettt et et e e e e et a e aaerearrraaana 37
ITEM ANALYSIS OF THETPGT:SASGRADE L1 LEARNERS. ....cuttuiiiieieiiiieiiiesseeeeseessresisasseseeeasens 37
PN g o D) T B IR < T 38
ITEM ANALYSIS OF THETPGT:SASGRADE L2 LEARNERS......uitiittiiieieeiiieeeestiieeesrieeeessiiesssssnnnaees 38
APPENDIX 4 oottt e e e e e e et e e —r e e e eeee et b aaaeaeaerta 39



STUDENTS QUESTIONNAIRE 2.....ooiiiiiiii i 39

APPENDIXZA. A .ottt e e e et e e e e e et e e e e ar e s 39
GEOMETRICITEMS SORTING TEST(GIST) .eeiiiiiiiiiiiie ettt mte e et e e 39
PN g o NI D) 3 S 48
CONCEPT CARDS OF TRIANGLES AND QUADRILATERALS USEDOR THEGIST .....coiiviiviiiiieieeeeeeeienn, 48
PN 2 = = N PO UPPOTRPPINt 49
MARKING SCHEME FOR THEGIST ...uiiiiiiiieiieiiie et nsees st esevntn e s esn e snnnn e e s snnneeeennnnn 49
AP P ENDIX B ettt e et e e e e e e et e e ——— i aaeeeeee et b aaaeeeeertes 51
STUDENTS QUESTIONNAIRE 3. 51
PN g o NI D) G 51
CONJECTURING INPLANE GEOMETRY TEST(CPGT)....uutiiiiiieiiiiiiiee sttt e e scmmeme e e e envnae e 51
PN g o D1 T 0 T 51
WORKSHEET1 OF THECPGTFOR THE GRADELOLEARNERS ....ccvtuiieirtieeeeetiieereesneeesssteeesrsnnaeeseens 51
AP P EN D X S A 2 ettt et e e ettt aaaeeeaer b 59
WORKSHEET2 OF THECPGTFOR THE GRADELLLEARNERS ....cc0uuiieirtieeeretiieereetneeesrsneeesrsnaeeesens 59
PN g o NI DD T N TR 66
WORKSHEET3 OF THECPGTFOR THE GRADELZ2 LEARNERS ....ccvtuiietrtieeeeeriieereetneeessstneeesrsnnaeeesens 66
APPENDIXS.B ... ittt et ettt e et et e e e e e e et s 77
MARKING SCHEMES FOR THEC P G T ..ottt e s s et e e e et e e e s st e e e ssbaneesananees 17
APPENDIXS.B.L ...ttt ettt ettt ee et e e e e e e et a e e e e e e e ee e r e aaaeeeaerraaana, 77
MARKING SCHEME FOR WORKSHEETL ...uuvuuiiiiiiiiiiiieiie e e ee ettt st e s e e e e s s seab s e e s eeseseenbananses 77
APPENDIXS.B.2 ...ttt ettt ettt e e e e et e e e e e e e et e aaererrrraaaa 80
MARKING SCHEME FOR WORKSHEETR ...u.iiiitiieeiiiiieeeesieeeeetteeessttaeeessssassnsessstnseesssnseessstnssesssnneeeens 80
APPENDIXS.B.3 .. ittt ettt et et e e et e e e e e e et e r e aaereararaan 82
MARKING SCHEME FOR WORKSHEETB ....uuuuiiiiiiiiiiiiieiiie ettt st s s e s e e s s eea bt s e e e e e aeseaebannn s 82
F N g o N G TR 84
STUDENTS' QUESTIONNAIRE 4 ... 84
PN o o NI D) 84
VAN HIELE GEOMETRY TEST(VHGT) .iitiiiiiie ittt sttt e e ettt e e e e e s nntnnaaaeens 4.8
APPENDIXB. A L...ouioiiiiiieiieiciee ettt
THEVHGT FOR GRADELD LEARNERS. ... citttteitttiieeeeeteeesestteeestieeesssnnaeesestaaessstnseersssreesesnaneeesrnns
AP P END X B . A2 et ettt et a e e e e e et aaaeeearrr—a— 94
THEVHGT FOR GRADELL LEARNERS. ... citttttitttieetretatessttteesstiteeessannasesestaessstnseessssnreesesaneeesrnns 94
AP P END X B . A. B ittt e e e et e e e e e et aattrerrr 104
THE VHGT FOR GRADELZ LEARNERS. ... cittutttttttieettetiteeeestteesssiieeessanniaeessstaaessstseessssseesrssaneerees 104
APPENDIXB.B ... oottt ettt ettt et e e et e e e e e e e et ara b aaaes 114
MULTIPLE-CHOICE ANSWER SHEET FOR THIHGT ..ottt e e e e e 114
APPENDIXB.C .ottt e e e e e e e e e e ettt e e e e e e e e et t e e e e e e e e e aeaaa e aaaaaes 115
INDIVIDUAL LEARNER'S PERFORMANCE ON THEVHGT ...ooviiiiiiii it e e eeeeeaana 115
APPENDIXB.C.L..uiiiiiiiiiiiee et emmmmme et e e e e e e e e e e et e e e e e e e et aea b e e e e e e eeerra 115
NS GRADE 10 LEARNERS PERFORMANCE ON THEVHG T ..ottt 115
APPENDIXB.C.2 oot smmmmt et e e e e e e et e e e e e e et e a e aaateeara 116
NS GRADE 11 LEARNERS PERFORMANCE ON THEVHGT ..ottt 116
AP PENDIXB.C.3 ittt emmmmmt et e e e e e e e e e a e e e e e e et aaaaarerra 117
NS GRADE 12 LEARNERS PERFORMANCE ON THEVHGT ...ttt 117
APPENDIXB.C.4 ...t sttt e e e e e e ettt e e e e e e e e et e e ba b e e e e e teeara s 118
SASGRADE 10 LEARNERS PERFORMANCE ON THEVHGT ..ovviiiiiiiiiiiiiiee et e e e 118
F N g NI T O TR 119
SASGRADE 11 LEARNERS PERFORMANCE ON THEVHGT ....iiiiiiiiiiiie e 119
F N g NI T O ST 120
SASGRADE 12 LEARNERS PERFORMANCE ON THEVHGT .ovviiiiiiiiiiieieete et e e 120
APPENDIXB.D ...ttt e et e e e e e e aat e e r e e e e e et aaa e aaaaes 121
ITEM ANALYSIS OF THEVHGT ...ttt e et e e e et e e e et e e e st e eeeban e neenes 121
APPENDIXB.D. L. .ottt ettt e e e et e e e et e e e areara 121
ITEM ANALYSIS OF THEVHGT: NS SUBSAMPLE(% WITH CHOICE) «...vvvvevieeeeiiiiiieeeeesssiinneeae e 121
APPENDIXB.D.2 ..ottt ettt et e e et e e e e e et e aatreara 122
ITEM ANALYSIS OF THEVHGT: NS GRADE 10 LEARNERS(% WITH CHOICE) ....vvvvvieeeeiiiiiie e e 122

Page ii



APPENDIXGB.D.3 ...t e 123

ITEM ANALYSIS OF THEVHGT: NS GRADE 11 LEARNERS(% WITH CHOICE) .....veeeeiiiiee e e eiiiee e 123
APPENDIXB.D.4 ...ttt ettt eeee e ettt e ettt e et e e e sttt e e s bt e e e baeaeaneeeeaenteeeeaneeaans 124
ITEM ANALYSIS OF THEVHGT: NS GRADE 12 LEARNERS(% WITH CHOICE) ....vvvvvieeeeiiiieee e e 124
APPENDIXB.D.5 ..ttt st eeee ettt ettt e et e e e n bt e e et ae e e anee e e e enteeeeaneeaans 125
ITEM ANALYSIS OF THEVHGT: SAS SUBSAMPLE(%0 WITH CHOICE) ..c.veeeeiiieeeeiieaeeiiee e eeieeeeeeeeens 512
APPENDIXB.D.B ... eeeiieei ettt ettt et ettt e e et e e e e et e e e s e e e e nbe e e e teeaeaneeeeaanteeeeaneeaans 126
ITEM ANALYSIS OF THEVHGT: SASGRADE 10 LEARNERS(% WITH CHOICE).....ceeeiiiieeeaiieeesieeeens 126
APPENDIXB.D.7 ..ttt ettt e e 127
ITEM ANALYSIS OF THEVHGT: SASGRADE 11 LEARNERS(% WITH CHOICE)......eeeiiiieeeeiieeeaieeaenes 127
APPENDIXB.D.8 ... eeeiiieei ettt ettt eeeee ettt e ettt e e e et e e e an bt e e e nbe e e e taeaeaneeeeaanteeeeaneeaans 128
ITEM ANALYSIS OF THEVHGT: SASGRADE 12 LEARNERS(% WITH CHOICE)......eeeiiiieeeaiieeesieeaenes 128
APPENDIX 7 ettt ettt ettt ettt et e ea ket e e en b et e e e e e et e e Rt e e e aee e e antee e e annaee e e aneeeeareeaeannes 129
LEARNERS’ SCHOOL EXAMINATION IN MATHEMATICS (SEM) S CORES.................... 129
F o o N ) SRR 129
NS AND SASLEARNERS SEM SCORES......cciiiiiiiiiiiiiiriiiiieiiie e eereee s e e s s 129
APPENDIX 8 ...ttt ettt e h et e e e et e 130
TRANSCRIPTS OF THE VIDEOTAPED LESSONS.........cttimiitieitiie et 130
APPENDIX8.A .ottt ettt e ettt 130
MR ADELEKE'S LESSON(NS GRADE L0 TEACHER) ...eeteieiuttiiitieeesiiiiieeesesssntieeeeaesssssnssnneesessssnnnnens 130
F o o N )< 1 = TSP 136
MR BALOGUN'S LESSON(NS GRADE L1 TEACHER) ... .vvvtiiieesiiiiiieeeeeesiiteeeaee s ssensrneeeeaessnsssneeeeens 136
APPENDIX8.C ...ttt me ettt 148
MR LAWAL 'S LESSON(NS GRADE L2 TEACHER) ...ceteeeiiiuiiiiieeesantieneeeessssisneeeessssnsssssneeeassssnnssseeess 148
F o o N1 ) - 1 B SRR 155
MR JOHN'S LESSON(SAS GRADE LO TEACHER) ... .. uuuuuueuneenneeeneeeeeeeseeeeeeeeeeaneeeeeeeeeeeeeeaaaaaaaaaaaens 155
APPENDIXB.E ...ttt ettt 161
MR SHLAJA’'S LESSON(SASGRADE L1 TEACHER) .. ..uvtvieieeiiuiiitetieesssiitrieeeesassteseeeaesssansnnneessessnnes 161
F o o N ) < N P 167
MR ANDILE'S LESSON(SAS GRADE 12 TEACHER) .....tuuttueieieeiieeeieeeereeeeeeeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeanns 167

Page iii



APPENDIX 1

LETTERS OF INTRODUCTION AND CONSENT FORMS
APPENDIX 1.A

Supervisor’s letter of introduction

RHODES UNIVERSITY
Where leaders learn
Education Department, Grahamstown.
Tel: +27 (046) 603 8383/4

13 June 2006
Dear Sir

Mr Humphrey Atebe is a PhD student in the EducaDepartment doing research in
the field of spatial conceptualization in geomesgucation. He is particularly
interested in applying the van Hiele model of gewtinethinking in explaining
possible reasons why learners find geometry diffictir Atebe’s research consists
of a collective case study of Nigerian and Southcah Grade 10 — 12 learners. The
study promises to yield very interesting and sigaifiit data. His proposal was
recently passed by the Education Department Higlegrees committee with its full
support.

| am approaching you as Mr Atebe’s supervisor arghddof the RU Education
Department to invite your school to be the maintipggant in the South African
aspect of the study. He is seeking the participatib72 Grade 10 — 12 learners and
their Mathematics teachers from your school to detepa number of tests. Mr Atebe
will ensure that the participation of the learnetf incur minimal interference with
any school activities. He further ensures thatrthmes of your learners, teachers and
school will not be revealed in the thesis.

| encourage your participation in this study aswill contribute not only to the
development of the learners and their teachersein inderstanding of geometry, but
also to the wider mathematics education community.

| thank you in advance for your co-operation anhboration.

Yours sincerely,

Marc Schéfer (Dr)

Head of Department
Supervisor
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APPENDIX 1.B

Researcher’s letter of introduction to school Pringals

Education Department
Rhodes University
P.O. Box 94

Grahamstown 6140
South Africa.

The School Principal

Dear Sir

PERMISSION TO DO RESEARCH IN YOUR SCHOOL .

| am a PhD. Student at Rhodes University, SouthicAfrand | am currently
undertaking my research study in the field of Mathd#cs Education. My study
involves schools in Nigeria and South Africa. | a®eking your permission and
support to conduct some of my research in youracho

My research study concerns an exploration into esitgl thinking levels about
geometric shapes. Participants in this study wbelé sample of grade 10, 11 and 12
mathematics learners and their teachers.

The students’ role in this study will involve wrig four sets of tests in geometry
which have been carefully developed taking intooaot both the Nigerian and South
African curricular requirements for the learnerdha three grade levels. Kindly find
details about the contents and form of these tastse attached captioned ‘Further
details about the study’.

The teachers’ role will be to assist in class omz@ion during each test-taking
exercise. Furthermore, because this study alscsdeekivestigate how geometry is
taught in schools, one or two geometry lessons heilvideo-recorded in each of the
three grades. The students’ end-of-the-year sdar@sathematics will be obtained
(from the mathematics teachers) and compared with dtudents’ tests’ scores
obtained in this study so as to establish a reiahigp.

The identity of the participants (students and ltees) and that of the school will be
kept confidential. In other words, neither the narokthe participants nor that of your
school will be mentioned either in the final repofthis study or any publication for
which the information collected about your schoalynbe used.

Please find attached a letter of introduction framy university and also a brief
overview of my study.
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| would be delighted to answer any question you maye concerning this study or
the practical details of conducting the tests witiie school setting. | will very much
like to arrange a meeting with you to discuss thater further. My phone number is:

| would very much appreciate your prompt and faable response to this letter.

Yours truly,

Humphrey U. Atebe (Student No: ).

Further Details about the Study

My study is in the field of mathematics educatidvy research topic is titled
Students’ van Hiele levels of geometric thought emaception in plane geometry: A
collective case study of Nigeria and South Afrithe study focuses on the geometric
thinking levels of the Nigerian and South Africamtimematics learners based on both
the Nigerian and South African curricula as mand&iethe Nigerian National Policy
on Education (1998) and the South African CurrioulGtatement Grades 10 — 12
(2003).

The study utilizes a theory of levels of geomethimking developed by two Dutch
mathematics educators, Pierre van Hiele and his,vidina van Hiele-Geldof. The
van Hiele Theory unravels and enables exploratiorie why many students
encounter difficulties in their geometry courses.

In the more developed nations, like the U.K and WA, research evidence has
linked students’ mathematical competencies to theametric thinking levels. It has
also been asserted that currently, the best déscripf students’ thinking about
geometric concepts is the van Hiele Theory.

Despite the fact that this theory has been appitednany curricula to improve
geometry classroom instruction in many developéibns, little about this theory has
been investigated in Nigeria and South Africa.

Only in the more recent times have a few resedtaties in South Africa utilized the
van Hiele Theory. Van der Sandt and Nieuwoudt (2028 example, made use of the
van Hiele Theory to investigate grade 7 teachemsl prospective teachers’ content
knowledge of geometry in the North-West ProvinceSiouth Africa. Their study
yielded interesting results. Yet, the same canaatdid of the Eastern Cape.

My study seeks to investigate students’ van Hielels of geometric thinking in
Nigeria and South Africa. It also seeks to explbeestructure of geometry instruction
in both countries.

The tools for this investigation include four setsvell-designed tests in geometry to
be written by 144 mathematics learners (72 fromeNe&gand 72 from South Africa)
drawn from grade 10, 11 and 12. One or two geomaagsroom lessons will be
video-taped in each of the three grade levels 40 agplicate the nature and pattern
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of geometry instruction in these grade levels. Hsts that the students will write are
as follows.

1.

Terminology in Plane Geometry Test (TPGT): Thisaismultiple-choice test

containing sixty questions. This test examines estt&l understanding of some
basic terminology/concepts in geometry.

Geometric Items Sorting Test (GIST): This test w#quire the students to
identify, describe and state relationships amorey gloperties of some simple
geometric shapes. These shapes will be given tm thethe form of cardboard
cut-outs. Each student will be given worksheet®twmrd his/her activities.

N. B: Not everybody in the study will be involved m this test. Those to be

involved will be determined by their performance onthe TPGT.

Conjecturing in Plane Geometry Test (CPGT): Workshevill be given to the

students for this activity. On the worksheets, thal be required to follow a set
of step-by-step instructions that would enable thendiscover the properties of
and formulate conjectures about some geometriceshap

The van Hiele Geometry Test (VHGT): This test cetssof two parts. Part A is a
20-item multiple-choice objective test. Part B isessay test and it contains three
guestions.

Each of these tests will last for about an hout,rautwo or more tests will be written
on the same day. | intend to administer the testsg the normal school hours, but
with minimal interruptions on the normal schooligtes.

Benefits to your school

Your school may benefit in the following ways byirzginvolved in this study.

>

>

The students will be exposed to a wide range chiteslogy and concepts in
geometry that they may not as yet been privilegdddrn.

All the questions in the test items for this stug developed in such a way that
they are consistent with the geometry curriculumantfor these students. By
taking part in this study, your students will bévipeged to identify some aspects
of their geometry curriculum that warrant moreladit attention.

A very important benefit to your school for takipgrt in this study is that the
mathematics teachers in your school may gain nsighis into students’ thinking
about geometric shapes and may as a result planctaesroom instructions in
ways that would further improve the students’ ustierding in geometry.

As stated earlier, please feel free to ask anytguesn any aspects of this study for
which you need further clarifications.

Thank you.

Humphrey U. Atebe.
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APPENDIX 1.C

Consent Form for the learners

DEPARTMENT OF EDUCATION
RHODESUNIVERSITY
South Africa.

Research Subject’'s Assent Form

Title of the Study: Students’ van Hiele levels of geometric thought eadception in
plane geometry: A collective case study of Nigana South Africa.

Investigator: Atebe, Humphrey Uyouyo.
You are being asked to participate in a research stly.

Purpose
The purpose of this research study is to deterimave much understanding you have
had of the geometry that you are expected to leayour current grade.

Your understanding of geometry meant for your gradeld be measured using a
theory of levels of geometric thinking developed @yhusband-and-wife team of
Dutch mathematics educators, Pierre van Hiele amavifie, Dina van Hiele-geldof.

By taking part in this study, you will be assigrate of five levels of thinking about
geometric concepts based on the van Hiele Theory.

Further, this study also intends to investigate hewmr assigned van Hiele level
relates to your achievement in general mathemdttgebra and geometry) and
geometry only. For this reason, your end-of-thery@xamination scores in

mathematics will be compared with your van Hielst tcores in order to establish a
relationship.

Your Role in this Study

If you agree to take part in this study, you w# kequired to provide answersftur

setsof questions about geometric concepts.

1. Terminology in Plane geometry Test (TPGT): Thisaismultiple-choice test
containing sixty questions. You only need to chothse correct answer to each
question from among four given options. This tesireines your understanding
of some basic terminology/concepts in geometry. Tds requires neither a
calculator nor does it involve numerical calculago

2. Geometric Items Sorting Test (GIST): This test wilquire you to identify,
describe and state relationships among the pregeofi some simple geometric
shapes. These shapes will be given to you in tima fif cardboard cut-outs. You
will be given worksheets to record your activiti@gjain, this test does not require
a calculator.

N. B: Not everybody in the study will be involved m this test. Those to be
involved will be determined by their performance inthe test on terminology.
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3. Conjecturing in Plane Geometry Test (CPGT): Workstevill be given to you
for this activity. On the worksheets, you will bequired to follow a set of step-
by-step instructions that would enable you to distothe properties of and
formulate conjectures about some geometric shay®s.will need construction
tools (e.g. mathematical set) for this activity.

4. The van Hiele Geometry Test (VHGT): This test cetssof two parts. Part A is a
20-item multiple-choice objective test. You willlpmeed to choose the correct
answer from among five given options and shade ymswer in the computer
answer sheet that you will be given. Part B costaimee questions. Question 1
requires you to apply a theorem to solve a problgogstion 2 requires you to
write statements to complete a simple proof, anduestion 3, you will need to
write a simple proof that you have studied.

Costs to You
You do not need to pay anything in order to take ipathis study.

Payment to You
No money will be paid to you for being in this spud

Risks/Discomforts
There are no risks involved in this study. Theeeaso no discomforts other than the
ones that you are used to in writing a test on@menation in your school.

Benefits for Participating

» One direct benefit for being in this study is tlyau will be exposed to a wide
range of terminology and concepts in geometry fftat may not as yet been
privileged to learn.

» More importantly, all the questions in the teststhis study are drawn with due
consultations with your curriculum. By taking part this study, you are
privileged to know those aspects of your curriculiinat demand greater attention
than you probably have experienced.

» A less direct, but very important benefit for beig this study is that your
teachers may better be informed about your weakseasd may plan their
classroom instructions in ways that would bettepriove your understanding of
geometry.

Your Rights

» Although you will be required to write your name each of the answer sheets
given to you in this study (this is done to enatnle match your van Hiele test
scores with your end-of-the-year examination scoremathematics), your
performance in the tests will not be revealed tbady except me.

» In particular, no mention of your name would be mad associated with any of
your scores in the tests in the final report of study.

» You do not have to be in this study if you do netnmivto be.

» You can change your mind and withdraw from thiglgtat any stage without any
problem.
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Questions

Should you have any questions about this study, geu ask your mathematics
teacher or your parents, or talk to me about them.

If you sign below, it means that you have readitiiermation on this sheet, and you
would like to be in this study.

D (0 1 T g 1\ F= 1 1 1=

Signature: .............coeveieiie e Dater L
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APPENDIX 1.D

Consent Form for the parents of ‘minor’ subjects

DEPARTMENT OF EDUCATION
RHODESUNIVERSITY
South Africa.
Research Permission Form for Parents of Minor Subjets

Title of the Study: Students’ van Hiele levels of geometric thougtd eanception in
plane geometry: A collective case study of Nigana South Africa.

Investigator: Atebe, Humphrey Uyouyo (Student No :. )

| am currently a PhD. student at Rhodes Universityl wish to undertake my
research in the field of Mathematics Educatiormlseeking your permission to allow
your child to participate in this study.

Purpose
In Nigeria and South Africa, mathematics occupieseatral position in the school
curricula because of its useful links to many offedds of human endeavours.

In the more developed nations of the world, like tHhSA, research evidence has
linked students’ mathematical competencies to tlggpmetric thinking levels.
Currently, the best description of students’ thmkiabout geometric shapes (or
concepts) is offered by a theory of levels of getimehinking developed by two
Dutch mathematics teachers, Pierre van Hiele amd/ifié, Dina van Hiele-Geldof.

Although this theory has been applied to many cula to improve geometry
classroom instructional practices in many developations, little about this theory
has been investigated in Nigeria and South Africa.

By allowing your child to participate in this studyou would be assisting the
education community of mathematics educators tabéish how applicable the van
Hiele Theory is in an African context.

Your child is not alone in this study. In all, 14#udents (72 in Nigeria and 72 in
South Africa) will take part in this study.

Procedures

Should you agree to allow your child to be in thtady, his/her part will involve
writing four sets of tests in geometry. Two of théssts would be objective, in which
case he/she will only need to choose the correstvanfrom a given number of
options. One other test will require your childstart geometric shapes in the form of
cardboard cut-outs into various classes of figuid® fourth test will require your
child to formulate conjectures about the propemiesome geometric shapes.
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In the test involving the sorting of geometric sespyour child might be interviewed
and his responses audio-recorded. Further, ingriprknow about how your child is
taught in geometry class, one or two lessons irclwvigour child is being taught by
his/her teacher will be video-recorded. Your clildénd-of-the-year score in
mathematics will be obtained from his/her schocbrds and compared with his/her
van Hiele geometry test score so as to establisfatonship.

Each test will last for about an hour, but no twarmre tests will be written on the
same day. All the tests will be taken during thenmed school hours.

Risks
There are no risks involved as a result of yould&hparticipation in this study.

Benefits

Your child may benefit in the following ways asesult of being in this study:

» Hel/she will be exposed to a wide range of termigpland concepts in geometry
that he/she may not as yet been privileged to learn

» All the questions in the tests for this study aegedoped in such a way that they
are consistent with your child’s school curriculuBy taking part in this study,
your child will be privileged to identify some aspe of his/her geometry
curriculum that warrant more of his/her attention.

» A less direct, but a very important benefit to yatild for being in this study is
that your child’s teachers may better be informiedud your child’s capacity and
may plan their classroom instructions in ways tlvauld further improve your
child’s understanding of geometry.

Confidentiality

In order to keep your child’s personal informatiwonfidential, | will undertake the

following procedures.

» The data collected about your child will be usety dor the purpose of this study,
and will be kept private to other people not assted with this study.

» Although your child will be required to write highname in each of the test
answer sheets (this is done so as to be able tchrhéd/her van Hiele test score
with her end-of-the-year examination score in miaiigcs), his/her name and any
other fact that might point to his/her identity Mnlot appear when the results of
this study are presented or published.

» Your child’s records, including audio-taped andegedrecorded data, from this
study will be kept in locked files and nobody vk allowed access to these files.

Costs to You
You do not have to pay anything for your child ®ib this study.

Participants’ Rights

» Your child’s participation in this study is volumya

» You reserve the right to change your mind and wahdyour child from the
study at anytime, and there won'’t be any penaltyts.

Questions about the Study
Should you have any questions about this studgspl€ontact me on my cell phone
number (or send an e-mail t@:------------- ---).
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If you sign below, it means that you have read (ohave had read to you) the
information given in this permission form, and youwould like your child to be in
this study.

YOUr ChIlA’ S NaME: .ot e e e e e e e

Parent’s Signature: .............c.oeceeeenn .. yDate: o
Researcher’s signature: .....................;Date: .......................
Thank you.
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APPENDIX 2

TEACHER’S QUESTIONNAIRE

DEPARTMENT OF EDUCATION
RHODESUNIVERSITY
SOUTH AFRICA

Teacher’s PersonalClass information Form
(To be completed by the teacher)

Please go through this form carefully and supply th required information

PR

Nowu

10.
11.
12.
13.
14.
15.
16.

Personal Information

School
Teacher’'s Name
Gender: Male------------------ Female-----------—------- . Tick one.

Teaching Qualifications (Please write out the degria full, e.g. “Bachelor of Education in
Mathematics” for BEd (Maths)):

a)
b)
c)
d)
e)
How long (in years) have you been teaching mathiestat
How much (in years) of this time have you spenthézg Secondary School mathematics? ---------
Have you had any in-service training in the ladBElears? -------------- . Please list them, stating
the year you had them.

a)
b)
c)
d)

Classroom-related Information
Grade level:
Today’s Topic
Period of Day
Number of times class meet per week---------------
Normal length of period (in minutes) --------------
Number of students in your class--------------
School Average number of students per class-
National Average number of students per class--—-------------
In the geometry aspects of the mathematics thatgach in this class, are the students expected to
be able to write proofs? If your answer is No, please explain why,
and if your answer is yes, please go to item Nan&xt page).

Space for your explanation.
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17. Here are some standard geometry theorems. Pleakeall letters that apply to the students in

your class. Circle all appropriate options.

if the students amot expected to know this theorem.

if the students are expectedkttow the statement of this theorem

N
K
A if the students are expected to be abkepjaly this theorem in proofs.
P if the students are expected to be abjgdwe this theorem.

D

if the studentesust/ought to havedonethis theorem in some earlier grades.

(a) The base angles of an isosceles triangle argraent. NKAPD
(b) The sum of the angles of a triangle is 180°. NKAPD
(c) The Pythagorean Theorem. NKAPD
(d) The diagonals of a rectangle are congruent. NKAPD

(e) If two parallel lines are cut by a transvers#ternate interior angles are congruent. NAKP D
(f) Two triangles are congruent if three sides o @are congruent respectively to three

sides of the other (SSS congruence). NKAPD
(9) Two triangles are similar if two angles of dniangle are congruent to two angles of

the other (AA similarity). NKAPD
(h) A line parallel to one side of a triangle diegdthe other two sides proportionally NAKP D
(i) If two triangles are equiangular, their corresging sides are proportional. KNA P D
(i) If the corresponding sides of two triangles preportional, then the two triangles are

equiangular (converse of theorem i). NKAPD

(k) The line from the centre of a circle to the puoéht of a chord is perpendicular to the

chord. NKAPD
() The line from the centre of a circle perpenticio a chord bisects the chord. NAKP D
(m) The angle which an arc of a circle subtendb@tentre is twice the angle it subtends

at any point on the remaining circumference. NKAPD
(n) Angles in the same segment of a circle arelequa NKAPD
(o) The angle in a semicircle is a right angle. NKAPD
(p) The opposite angles of a cyclic quadrilateralsupplementary. NKAPD
(q) A tangent to a circle is perpendicular to thdius at the point of contact. NKAPD
(r) The tangents to a circle from the same extepoait are equal in length. KNA P D

(s) The angle between a tangent to a circle arfitbedadrawn from the point of contact
is equal to the angle in the alternate (opgppsegment. NKAPD

Page 12



APPENDIX 3

STUDENTS’ QUESTIONNAIRE 1
APPENDIX 3.A

Terminology in Plane Geometry Test (TPGT)

TERMINOLOGY IN PLANE GEOMETRY TEST

(TPGT)

Time Allowed: 50 minutes
INSTRUCTIONS:

1. Do not start until you are told to do so.

2. While you are waiting, please fill the appropriatBormation in the spaces below.

Name (SUrNamME firSt): ... .ot e e e e e e e e e eaeaas
Name Of SChOQAL ... e
] =T [

Age (INYEAIS): ... it SBX . it e et e e,

3. This is an objective test. There aixty questionsin all. You are expected to
answer allthe questionsDo not mark your answers on this test booklet.

4. Each question is followed bipur options letteredA to D. Choose the correct
option for each question arghade in pencilon your answer sheet the answer
space which beatke same letteras the option you have chos&ive only one
answer to each question.

5. Use arHB pencil throughout.

6. Thediagramsin this test ar@ot necessarilydrawn to scale.
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1. What is the straight line that joins any tworpision the circumference of a circle called?
A. anarc
B. adiameter
C. aradius
D. achord

2. Which of the shaded regions represent a sectocintle?

A B c D
3. Which of the following best describes the radiuga aircle?
The straight line drawn from the centre to any poimthe circumference.
The straight line that passes through the centeeoifcle.

The straight line that joins any two points on ¢ireumference of a circle.
The straight line that touches a circle at oneamyg one point.

oow»

4. Which of the angles below is a reflex angle?
D

A B C
210° 180°
o *Qi

5. What is the name of the chord that passes thrdughentre of a circle?
A. Atangent
B. Aradius
C. Anarc
D. A diameter

6. Which of the following represents concentric cis@el hecentres are indicated by a de}.
A B C D
7. What is the name of the straight line that touche&drcle at one and only one point, no
matter how long it is produced at both ends?
A. Atangent
B. A chord

C. A diameter
D. A perimeter
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8. Which of the following is an acute angle?

- >, 60°

9. Which of the following statementstisie of a scalene triangle?
A. Itis necessarily an acute-angled triangle
B. It cannot be a right-angled triangle
C. No two of its sides have equal measure
D. It must be an obtuse-angled triangle

10. In the diagram, O is the centre of the circle. VWiHine segment represents a chord?

oD
AB
CE
CD

oOowp

11. Which of these statementstisie of an isosceles triangle?
A. It cannot be an obtuse-angled triangle
B. Two of its angles must necessarily add up to 90°
C. It cannot be a right-angled triangle
D. Two of its angles must necessarily have equal measu

12. One of the following shapetoes notbelong to the same class of shapes as the others.
Which one is it?

IANY A AVa

13. Which istrue? If two straight lines intersect, then verticallyposite angles are
A. right angles
B. equal
C. complementary
D. supplementary
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14.

15.

16.

17.

18.

19.

In the diagram, O is the centre of the circle. \WiHine segment represents a radius?

AB
ROS
PQ
oS

oCow>

Which of the following best describes a cyclic qulateral?
A. Itis arectangle in which a circle is inscribed
B. Itis a circle in which a rectangle is inscribed
C. ltis a quadrilateral in which a circle is inscribe
D. ltis acircle in which a quadrilateral is inscribe

Use the diagram below to determine a pair of vaifiicopposite angles.

1 -2
4 3

1land3
2 and 3
3and 4
1and?2

oo W

The straight line that divides a given geometritadpe into two identical halves is called
the diagonal

the line of symmetry

the altitude

the angle bisector

oow»

Which of the following pairs of lines are perpendar?

A B c D

S >

In this figure, lines P and Q are parallBlvo angles whose measures must add up to di&0°

2and 4
4 and 5
5and 7
2and 8

oW

Page 16



20. Which of the following triangles is an equilatetaghngle?

A B c
5cm 3cm
2cm 2cm acm 3cm 7
7cm 5cm
45° r
2cm
21. A reflex angle is an angle that is
A. greater than 90°, but less than 180°
B. 180°

C. greater than 180°, but less than 360°
D. 360°

22. Which of the following represents a right angle?

A B C D

23. If two or more circles are concentric, then theyéha
A. the same centre
B. the same radius
C. different centres
D. different radii

24. In the diagram, O is the centre of the circle. Wiiho€ the following is a diameter?

AOB
DB
COD
OB

oW

25. An acute angle is one that is

less than 90°

90°

greater than 90°, but less than 180°
180°

oW
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26. How many sides and diagonals are there in the goaoying diagram?

3 sides, 3 diagonals
0 sides, 3 diagonals
3 sides, 0 diagonals
0 sides, 0 diagonals

oo Wy

27. A right angle is one that is
A. less than 90°
B. 90°
C. greater than 90°, but less than 180°
D. 180°

28. Which one of the following is a right-angled tride®
B
A

C D
-
54°
48° 14° . .
36°
. 150°

92 40° 160

29. An arc of acircle is

the same as the circumference
the region between two radii

a part of the circumference

a semicircle

oo W

30. In the diagram, O is the centre of the circle. Mo the following is a tangent?

7o

AOB
DB
COD
OB

oo W

31. Which iscorrect? If two lines are perpendicular to each othem tthe two lines
A. are also parallel to each other
B. intersect at right angles
C. intersect at their midpoints
D. have the same measure
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32. Which of the following triangles is similar ttPQR?

Q

A P R
B C D
33. Which is correct? A polygon having four sides istt@escribed as
a rectangle
a parallelogram

a quadrilateral
a trapezium

oow»

34. Identify an obtuse angle in the following diagrams.

C D
\\/ 150/0

35. Two angles are said to be complementary if
A. their sum is 180°
B. they are vertically opposite angles
C. their sum is 90°
D. they are corresponding angles

36. Lines m and n are parallel. What is the measutbeofingle marked x?

130

30°
40°
50°
130°

oW

37. Which iscorrect? If two lines are parallel, then
A. they have equal length
B. they are also perpendicular
C. they have a common starting point
D. they have a constant distance between them
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38. Which of the following diagrams represents a cyqgliadrilateral?

/@@

39. Two angles are said to be supplementary, if
A. their sum is 180°
B. they are corresponding angles
C. their sumis 90°
D. they are vertically opposite angles

40. If the broken lines (---) represent lines of symmpein which of the following has the line
of symmetry been drawn correctly?

41. Consider the diagram below. How many sides andodialg does the shape have?

4 sides, 3 diagonals
6 sides, 0 diagonals
4 sides, 2 diagonals
6 sides, 2 diagonals

oow»

42. Which of the following diagrams illustrates complkamtary angles?

A B C D
20° 20 60°
70° 110°
80°
20° 60

43. A line that cuts a set of lines is called a transak Which istrue of corresponding
angles? If two or more parallel lines are cut liyaasversal, then corresponding angles

are equal

add up to 90°

are the same as adjacent angles

add up to 180°

oW
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44,

45,

46.

47.

48.

49.

50.

Identify the triangle in which the altitude has bekawn correctly among the following.
A B c
A / E ~ D
Which of these statementstisie of a right-angled triangle?
A. One of its angles could still be an obtuse angle.
B. It has two angles which are complementary

C. It cannot be an isosceles triangle
D. It has two angles which are supplementary

A line that cuts a set of lines is called a tramsak Which igrue? If two or more parallel
lines are cut by a transversal, then

A. co-interior angles are congruent

B. adjacent angles are complementary

C. co-interior angles are supplementary

D. adjacent angles are congruent

Which of these statementsnst true of an equilateral triangle?
A. All its angles must have the same measure.
B. It has an angle whose measure is 90°.
C. ltis necessarily an acute-angled triangle.
D. Allits sides must have the same measure.

Identify an isosceles triangle in the following gliams.

A B c
105° °
45° 50 60°
300 o -1
80° 50 ‘ 30°

A line that cuts a set of lines is called a tramsak Which istrue of alternate angles? If
two or more parallel lines are cut by a transveitsan alternate angles are

A. congruent
B. complementary
C. supplementary
D. reflex angles
Consider the diagram below. Which statemeiiig?
Q S
60° 60°
P R

PQ and RS are parallel

PQ and RS are perpendicular

PQ and RS must have the same measure

PQ and RS will intersect each other at an ang&oof

oW
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51. What is the area of the triangle shown below?

9em ~._ 15cm

12cm

36 cm sq.
54 cm sq.
108 cm sq.
1620 cm sq.

oo W

52. Identify one pair of alternate angles in the diagshown below.

>/

8/7
A. 1and3
B. 3and 5
C. 2and 4
D. 1and5

53. Which iscorrect? The perpendicular line drawn from an angle afiangle to the side
facing the angle is called
A. aline of symmetry
B. the diagonal
C. an altitude
D. the angle bisector

54. Which one of the following is a scalene triangle?

A B
C D
50° 45
30°
2cm 2cm
120°
o 30°
60° 70° [ ] 45
2cm

55. The measure of an obtuse angle is

A. greater than 180°, but less than 360°
B. 360°

C. greater than 90°, but less than 180°
D. 180°
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56. In one of the following diagrams, an arc has begmasented by a thick line. Which one
is it?

A B C D
57. Which of the following igrue of two similar triangles?
They are necessarily congruent.
Their corresponding sides are necessarily congruent

Their corresponding angles are necessarily congruen
They have the same area.

oW

58. Which of the following diagrams illustrates supptntary angles?

A B C D
20° 709 60°
70° 110°
800 e 60

59. The region of a circle enclosed by two radii (whdhnot form a diameter) and an arc is
called

length of arc

a sector

a segment

perimeter of sector

oo W

60. Identify one pair of corresponding angles in thegdam shown below.

>

87
A. 1land3
B. 3and 5
C. 2and 4
D. 1and5
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APPENDIX 3.B

Multiple-choice answer sheet for the TPGT

- 1 ®@eOO® 21 @EEOO
= 2 ®EOO® 2 B
- 3 ®EEO® 23 PEEO®
- 4 ®EOO® 24 ®EEO®
= 5 ®EEOO 25 ®@EEO®
= 6 PEEOG 2% @EEOG
- 7 ®EOO® 27 ®EEO®
-~ 8 @EEOG 28 @EEOOE@
= 9 ®EEOOG 29 @EEOG
- 10 @EEO® 30 @EEO®
- 11 ®@PEEE® 31 @EEO®
s 12 ®EEOEG 32 EEEOE
- 13 @EEO® 33 ®EEOG
- 14 @EEOGO 34 ®@EEO®
= 15 @EEGO 33 AECEOEO
== 16 @G 3 ®EEEG
= 17 ®@EEO®O 37 ®EEOEG
e 18 ®EOO® 338 ®EEEEG
- 19 ®EEEG 39 PO
= 20 ®EEEEG 40 AEEOE
- 4 PeOeOE® 51 ®@PEO®® 56 ®@EEO®®
- 2 ®eee® 52 ®@EEEE 57 @GO
= 43 ®eOO® 53 @EOE® 58 ®EOOEG
- 4 BAEOOE 54 ®EEOOG 59 ®@EEOG
- 45 BOEEOE 55 ®EEOO 60 @EEO®
o= 61 ®@EOO® 6 AEEO® 71 @G 7 ®EOO®OG
= 2 e 67 ®@EEO® 72 ®EEEEO 77 ®@@EO®O
= 3 ®EOOGCG 68 ®EEO® 73 ®EEOE® 78 ®@EOQOG
- 54 BEOOG 69 ®@EPEO® 74 ®OOEG 79 ®@EOOG
= 65 ®EEOO®G 70 ®EEO® 75 ®EOOEG 80 ®EOO®®G
== 81 ®EOO® 86 ®EEO® 91 @EEO® %6 PEEO®O
- 82 @O 87 @EEOEG 2 @O 97 ®EEO®G
= 33 AEOGEG 88 ®EEO® 93 ®@EEO® 98 ®EOO®
- g OEEOO 89 MEEO® 94 ®EEOO 9 ®EEOO
= 85 ®EOO® 90 ®EEO® 95 ®@EEOE 100 ®EEOG
= 101 ®EEOE® 106 ®@EEOE 11 @EOEO® 16 @EOO®®
= 102 @EeOOe® 107 ®@EEO® 12 @O 117 @O
= 103 @EOCG 108 ®@EEOE® 13 @EEO® 18 @EOO®O
- 104 @EOOG 109 @GOG 14 @EOOOG 19 @EEOG
- 105 ®EOO® 10 ®@EEOG 115 ®@EEO® 120 ®EOOG

DESIGNED BY MGX (011) 458-6560  MGX332
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APPENDIX 3.C

Individual learner’s performance on the TPGT

APPENDIX 3.C.1

NS grade 10 learners’ performance and the TPGT

Grade 10 Learners' Results on the TPGT

NS Subsample
= T %
4 18 30
2 00
3 19 32
: 29 48
5 30 50
& 0 0
7 17 28
M 00
9 19 32
10 19 32
11 24 40
12 C ) 16 27
13 c 20 33
1 c 10 17
15 ) 13 22
16 o] 16 27
7 c 17 28
18 e 26 43
19 c 21 35
20 c 35 58
21 c 14 23
22 c 20 33
%3 c 15 25
o c 26 43

Green = correct answer
Red = wrong answer
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APPENDIX 3.C 2

NS grade 11 learners’ performance and the TPGT

Grade 11 Learners’ Results on the TPGT

NS Subsample

® wam¢%
- 38 a8

EHAREBRNREIRRRYGYR

BEOLL R

msmrms

wrong answer
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APPENDIX 3.C.3

NS grade 12 learners’ performance and the TPGT

Grade 12 Learners' Results on the TPGT

NS Susample
%
#
10 17
1 1017
; 37
a 40
: 55
; 53
; 68
o 73
: 58
y 42
10 &
11 @
12 37
13 =
14 %
15 -
7 19 32
o 7 45
is 19 32
2 24 40
21 47 78
21 17 28
22 3z
2 21 35
24
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APPENDIX 3.C.4

SAS grade 10 learners’ performance and the TPGT

Grade 10 Learners’ Results on the TPGT

SAS Subsample

£ R53RLHALERIIIIIINS

EREIIINS

- B88H3-LRRBRRERR2RNRRIRARR

PR T L e e e &

L 1=k 1-F 1]

correct answer
wrong answer

Green
Red =
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APPENDIX 3.C.5

SAS grade 11llearners’ performance and the TPGT

Grade 11 Learners' Results on the TPGT

SAS Subsample

correct answer
WIONg answer

Green
Red =
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APPENDIX 3.C.6

SAS grade 12 learners’ performance and the TPGT

Grade 12 Learners' Results on the TPGT

SAS Subsample

# BRBNEEEBRBBSSRLRITIEH
- BIYQAHNBETBBNNESSSRICN
=]

R

NecccccccTLLL

soBoooooEoo omoB@o

Qe<<<<
Com
o0

=g -lﬂ

CaggaacLLC<

= correct answer
= wrong answer

Green
Red
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APPENDIX 3.D

Item analysis of the TPGT

Item

Number
1

©oOo~NOUAWN

PREPRERERE
ONOUIAWNR O

19

A
13
17

27

46
13

39

33
11
13
32
10
19
30

1
16

49
30
22
14
65
30
80
54
24
57
77
10
39
19
27

Percentage with Choice

B
42
7
22
13
22
46
29
11
11
51
26
64
27
38
14
24
22
36
27
6
13
7
35
9
20

|88’)|—\|d\1

C
19
9

43

20
20

64
10
14
10
27
26
29

D
26
67
7

20
45
6

10
51
10

Item analysis of the TPGT: All NS subsamples

Percentage with Choice

Blank
0

o

009000 Lo0OEwWwPoa®?00Pro0 5%

NB: Percentage correct are made bold and underlined
N =69 (three learners were absent)

APPENDIX 3.D.1

% Correct

26
67
27
46
45
39
33
51
65
51
55
64
27
33
32
49
22
32
27
65
48
80
54
64
57
14
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Item

Number
31
32

33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60

B
19
16
20
29
22
16
32
29
36
26

[y

&~ 218

51

s e B BEEERR
S ®gos N

Cc

D
19
3
16
42
38
27
26
24
23
4_8
4
27
11
3
22
17
11
42
26
20
13
22
23
48
11
42
26
22
19
38

Blank

PprrokrPr  PFprgogoroPooewhPrPccPPoo@Pogr

% Correct

19
75
23
42
16
35
26
24
33
48
80
23
45
80
45
22
22
23
38
52
23
38
30
24
33
41
22
32
45
38



APPENDIX 3.D.2

Item analysis of the TPGT: NS grade 10 learners

NS Grade 10 Learners’ Achievement on the TPGT

Item Analysis
Iltem Percentage with Choice % Correct Iltem Percentage with Choice % Correct
Number A B C D Blank Number A B C D Blank

1 9 48 24 19 0 19 31 52 0 5 38 5 0
2 19 9 5 67 0 67 32 71 19 9 0 0 71
3 48 19 28 5 0 48 33 38 43 9 9 0 9
4 24 19 24 33 0 24 34 14 48 5 33 0 33
5 14 24 19 43 0 43 35 24 29 19 28 0 19
6 33 52 14 0 0 33 36 33 19 19 28 0 19
7 24 28 38 9 0 24 37 33 33 9 24 0 24
8 9 14 28 48 0 48 38 24 38 24 14 0 14
9 14 24 57 5 0 57 39 28 43 14 14 0 28
10 48 28 19 5 0 28 40 5 24 9 62 0 62
11 19 28 24 28 0 28 41 14 0 81 0 5 81
12 14 62 5 19 0 62 42 19 9 28 38 5 9
13 14 24 52 9 0 24 43 38 14 33 9 5 38
14 0 38 28 33 0 33 44 81 5 9 5 0 81
15 24 19 24 33 0 33 45 33 38 14 14 0 38
16 29 24 19 28 0 29 46 5 71 19 5 0 19
17 24 33 33 9 0 33 47 38 14 38 9 0 14
18 33 33 9 24 0 24 48 14 24 19 43 0 24
19 28 14 9 43 5 14 49 28 24 14 33 0 28
20 52 9 14 19 5 52 50 52 14 24 9 0 52
21 48 14 28 9 0 28 51 48 24 19 9 0 24
22 62 14 14 9 0 62 52 24 38 24 14 0 38
23 33 48 19 0 0 33 53 9 24 38 28 0 38
24 33 9 57 0 0 57 54 9 14 9 62 5 9
25 43 33 9 14 0 43 55 49 19 24 9 0 24
26 90 5 5 0 0 5 56 5 14 19 62 0 19
27 19 52 14 14 0 52 57 19 33 28 19 0 28
28 43 0 24 33 0 33 58 28 28 19 24 0 19
29 24 33 33 9 0 33 59 9 33 24 33 0 33
30 9 24 33 33 0 24 60 19 19 38 24 0 24

NB: The percentage correct are made bold and undérl
N = 21 (three learners were absent)
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APPENDIX 3.D.3

Item analysis of the TPGT: NS grade 11 learners

NS Grade 11 Learners’ Achievement on the TPGT

Item Analysis

Item Percentage with Choice % Correct Iltem Percentage with Choice % Correct
Number A B C D Blank Number A B C D Blank
1 25 29 25 21 0 21 31 54 25 4 16 0 25
2 12 4 16 67 0 67 32 63 25 4 8 0 63
3 29 25 29 16 0 29 33 42 8 33 16 0 33
4 46 12 25 16 0 46 34 16 25 16 42 0 42
5 21 33 8 38 0 38 35 29 16 16 38 0 16
6 38 46 8 8 0 38 36 16 21 42 21 0 42
7 46 16 21 16 0 46 37 42 21 4 33 0 33
8 12 12 33 42 0 42 38 4 29 29 38 0 38
9 21 4 63 12 0 63 39 29 33 4 33 0 29
10 25 58 0 12 4 58 40 12 16 25 46 0 46
11 12 29 0 58 0 58 41 25 4 67 4 0 67
12 8 71 0 21 0 71 42 12 42 29 12 4 42
13 33 16 38 12 0 16 43 42 8 33 16 0 42
14 4 46 29 21 0 21 44 83 0 12 4 0 83
15 8 12 33 38 8 38 45 8 50 16 25 0 50
16 58 25 16 0 0 58 46 12 42 21 25 0 21
17 38 33 4 25 0 33 47 16 29 46 8 0 29
18 16 42 12 29 0 29 48 25 25 12 38 0 25
19 12 25 12 46 4 25 49 42 16 33 8 0 42
20 63 0 12 21 4 63 50 50 12 4 33 0 50
21 25 16 50 8 0 50 51 38 29 21 8 4 29
22 83 4 4 8 0 83 52 16 29 21 29 4 29
23 63 29 4 0 4 63 53 29 25 38 4 4 38
24 12 16 63 8 0 63 54 29 16 21 29 4 29
25 58 16 8 16 0 58 55 33 12 42 8 4 42
26 79 8 12 0 0 12 56 8 8 38 42 4 38
27 8 67 16 8 0 67 57 16 25 25 25 8 25
28 46 4 29 21 0 21 58 8 21 42 25 4 42
29 12 54 12 21 0 12 59 16 50 12 16 4 50
30 29 29 42 0 0 29 60 21 0 29 46 4 46

NB: The percentage correct are made bold and underl
N=24
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APPENDIX 3.D.4

Item analysis of the TPGT: NS grade 12 learners

NS Grade 12 Learners’ Achievement on the TPGT

Item Analysis

Item Percentage with Choice % Correct Item Percentage with Choice % Correct
Number A B C D Blank Number A B C D Blank

1 4 50 8 38 0 38 31 42 29 25 4 0 29
2 21 8 4 67 0 67 32 92 4 4 0 0 92
3 8 21 71 0 0 8 33 42 12 25 21 0 25
4 67 8 12 12 0 67 34 25 16 8 50 0 50

5 4 8 33 54 0 54 35 21 21 12 46 0 12
6 46 42 4 8 0 46 36 16 8 42 33 0 42
7 29 42 25 4 0 29 37 25 42 12 21 0 21

8 12 8 16 63 0 63 38 54 21 4 21 0 21

9 4 8 75 12 0 75 39 42 33 4 21 0 42
10 25 63 4 8 0 63 40 8 38 16 38 0 38

11 0 21 4 75 0 75 41 0 0 92 8 0 92

12 33 58 4 4 0 58 42 25 16 25 33 0 16
13 42 42 8 8 0 42 43 54 12 21 8 4 54
14 0 29 25 46 0 46 44 75 16 8 0 0 75
15 16 12 46 25 0 25 45 8 46 21 25 0 46
16 58 25 8 8 0 58 46 12 42 25 21 0 25
17 29 0 8 63 0 0 47 16 21 46 16 0 21
18 16 33 8 42 0 42 48 25 21 4 46 4 21
19 4 42 29 25 0 42 49 42 4 16 38 0 42
20 79 8 8 4 0 79 50 54 8 21 16 0 54
21 21 8 63 8 0 63 51 42 16 21 21 0 16
22 92 4 0 4 0 92 52 21 46 12 21 0 46
23 63 29 4 4 0 63 53 29 16 16 38 0 16
24 29 0 71 0 0 71 54 33 4 8 54 0 33
25 67 12 12 8 0 67 55 33 16 33 16 0 33
26 63 8 25 4 0 25 56 4 8 63 25 0 63
27 4 92 0 4 0 92 57 33 21 12 33 0 12
28 29 0 29 42 0 42 58 16 33 33 16 0 33
29 21 21 33 25 0 33 59 16 50 25 8 0 50
30 42 33 12 12 0 33 60 0 42 16 42 0 42

NB: The percentage correct are made bold and underl
N=24
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APPENDIX 3.D.5

Item analysis of the TPGT: SAS subsample

Item Analysis of the TPGT: All SAS subsamples

Item Percentage with Choice % Correct Iltem Percentage with Choice % Correct
Number A B C D Blank Number A B C D Blank
1 0 33 47 19 0 19 31 49 31 10 11 0 31
2 18 14 7 60 1 60 32 89 8 1 0 1 89
3 36 18 33 13 0 36 33 22 28 28 22 0 28
4 76 4 15 4 0 76 34 6 14 18 63 0 63
5 6 21 11 61 1 61 35 33 17 18 32 0 18
6 43 46 6 6 0 43 36 10 7 58 25 0 58
7 31 19 28 21 1 31 37 28 18 14 40 0 40
8 7 6 8 79 0 79 38 13 22 22 43 0 43
9 24 19 38 19 0 38 39 36 29 8 25 1 36
10 44 43 6 6 1 43 40 8 26 25 40 0 40
11 8 19 17 54 1 54 41 8 4 86 1 0 86
12 6 58 0 36 0 58 42 15 24 35 26 0 24
13 8 60 17 15 0 60 43 43 13 24 19 1 43
14 6 53 11 31 0 31 44 81 7 1 10 1 81
15 4 7 35 54 0 54 45 17 26 26 31 0 26
16 76 8 7 8 0 76 46 26 15 51 7 0 51
17 25 39 11 25 0 39 47 13 42 24 21 1 42
18 14 31 15 39 1 39 48 28 28 14 31 0 28
19 4 51 13 32 0 51 49 35 19 31 15 0 35
20 53 13 24 11 0 53 50 69 10 10 11 0 69
21 13 6 67 15 0 67 51 57 25 8 10 0 25
22 96 0 0 4 0 96 52 11 51 7 31 0 51
23 32 39 22 6 1 32 53 17 22 22 38 1 22
24 22 6 65 7 0 65 54 29 4 28 36 3 29
25 74 11 14 1 0 74 55 22 8 63 4 3 63
26 71 10 15 4 0 15 56 19 17 28 32 4 28
27 1 89 4 4 1 89 57 18 19 14 46 3 14
28 18 4 7 71 0 71 58 17 18 44 17 4 44
29 13 32 33 22 0 33 59 29 22 32 14 3 22
30 29 46 14 11 0 46 60 15 29 4 49 3 49

NB: Percentage correct are made bold and underlined
N=72
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Item analysis of the TPGT: SAS grade 10 learners

APPENDIX 3.D.6

Item
Number
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NB: The percentage correct are made bold and undérl
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Item analysis of the TPGT: SAS grade 11 learners

APPENDIX 3.D.7

Item
Number A
1 0
2 8
3 50
4 63
5 4
6 46
7 12
8 12
9 16
10 54
11 12
12 8
13 12
14 8
15 4
16 58
17 42
18 12
19 0
20 50
21 21
22 87
23 12
24 21
25 63
26 75
27 0
28 16
29 8
30 29

NB: The percentage correct are made bold and underl
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Item analysis of the TPGT: SAS grade 12 learners

APPENDIX 3.D.8

Item
Number

NB: The percentage correct are made bold and undérl
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APPENDIX 4
STUDENTS’ QUESTIONNAIRE 2

APPENDIX 4.A

Geometric Items Sorting Test (GIST)

GEOMETRIC ITEMSSORTING TEST

(GIST)

Geometric shapes Item Sorting Activities: The Maniplatives.

Time Allowed: 90 minutes
INSTRUCTIONS:
1. Do not start until you are told to do so.
2. While you are waiting, fill in the appropriate imfoation in the spaces below.

Name (SUrNamME firSt): ... ... et e e e

3. This activity involves the identification, descigrt and classification of some
geometrical shapes in the form of cardboard cus-out

4. You are allowed to make use of straightedges @ul@rotractors, dividers, or any
other mathematical instruments in the mathemasietthat you are supplied.

5. Answer the questions in the spaces provided fdn gaestion.
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Question 1
Placed before you are a set of numbered geomesiegies. You are required to
identify each of the shapes by writing the nameaxfh shape and giving a reason to

explain how you know it is that shape. An examplgiven.

Shape No. Name of shape Reason

Example

0. Regular Pentagon It is a polygon with five equal sides.

1.
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Shape No.

Name of shape

Reason

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
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Shape No.

Name of shape

Reason

23.

24,

25.

26.

27.

28.

29.

30.
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Question 2

i). Sort the shapes on your desk into two broad grdupsthe shape numbers only.

Group A shapes Group B shapes

il). What would you tell someone to look for in orderpick out, from among these
shapes, a shape that belongs to:

a). Group A shapes;

b). Group B shapes?

Answer.

A). FOr Group A SNaPES: ..ot e e e

iii). (a). What is the general/common name for all the shap€&soup A?

F N 1 1S311Y L= T

(b). What is the general/common name for all the shap&soup B?

N 1311Y 7
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Question 3

i). Now, make a further sorting of the shapes in (y@noup A into as many smaller

groups as you can, putting together shapes thatlikeein some way, by completing

the following table.

NOTE: A shape may belong to two or more groups.

Group

Shape Nos.

Common name for these shape

5

How are these shapes alike?

VI.

VII.
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il). Now, make a further sorting of the shapes in (y@noup B into as many smaller

groups as you can, putting together shapes thatlikeein some way, by completing

the following table.

NOTE: A shape may belong to two or more groups

Group

Shape Nos.

Common name for these shape

5

How are these shapes alike?

VI.

VII.

VIII.
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Question 4

i). What would you tell someone to look for in order pick out all the
parallelograms from among these shapes?

N £311Y 7

if). What would you tell someone to look for in orderpick out all therectangles
from among these shapes?

N 1311Y 7

iii). What would you tell someone to look for in orderpiok out all therhombuses
from among these shapes?

AN 1S,V

iv). What would you tell someone to look for in ordeipiok out all thesquaresfrom
among these shapes?

N 13 11Y 7

v). What would you tell someone to look for in ordemick out all thetrapeziums
from among these shapes?

AN 1S,V

vi). What would you tell someone to look for in orderpick out all theisosceles
triangles from among these shapes?
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Question 5.

i). (@). Is shape No. 23 a rectangle?
o3 T

b). How do you know?
N 153 11T P

ii). (a). Is shape No. 17 a parallelogram?
o1 T

b). How do you know?
15311 o

iii). (@). Is shape No. 6 a rhombus?
o3 T P

b). How do you know?
N £5311Y 7

iv). (a). Is shape No. 1 a parallelogram?
o1 T

b). How do you know?
N 153 11T P

V). (a).Is shape No. 30 a scalene triangle?
o3 T

b). How do you know?
15311
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APPENDIX 4.B

Concept cards of triangles and quadrilaterals useébr the GIST
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Appendix 4.C

Marking Scheme for the GIST

MARKING GUIDE FOR THE GIST

Question 1.

0- Student does not name the shape at all, orsiiraeshape incorrectly.

1- Student names the shape correctly, but givemglinadequate reason (e.g. the
student names a square correctly, but states alidbur sides are equal” as the only
reason).

2- Student names the shape correctly and givesomeathat are both correct and

adequate (e.g. the student names a square coregallygives reasons as: “It is a
parallelogram; All 4 sides are equal; It has 4 rigingles” Or gives a correct
definition of a square as the reason).

Marks Obtainable: 60.

Question 2.

().

0- Student makes patrtial/incomplete groupingshapes

1- Student makes correct and complete groupihglsapes.

(ii).

0- Student associates wrong number of sides ongvname with shapes of the group
concerned.

1- Student associates correct number of sidesroect name with shapes of the group
concerned.

(iii).

0- Student gives incorrect/inappropriate genevatinon name for the group shapes.

1- Student gives correct general/common namthéogroup shapes.

Marks Obtainable: 3.

Question 3.Award marks for an§ive subgroupseach of théwo major groups of shapes as
follows:

0- Student does not sort shapes into subgroupt &Rileaves out 2 or moranembers
(or includes non-members) of the subgroup, givesrirect common name of shapes
in the subgroup and/or does not tell (or doessobncorrectly) how shapes in the
subgroup are alike.

1- Student sorts shapes into subgroups (withiagts dnclusion), bubmits not more
than 1 member of the subgroup, gives the correct comnem®igal name of members
of the subgroup, but does not tell (or does tabimectly) how shapes in the subgroup
are alike.

2-— Student sorts shapes into subgramipisout omitting any member of the subgroup
(with class inclusion), gives the correct common#gal name of shapes in the
subgroup, tells correctly how the shapes in thgmup are alike.

Marks Obtainable: 20.

Question 4. (i) — (vi).

0- Students writes nothing. OR lists incorreciperties of the shape and/or gives wrong
definition of the shape.

1- Student lists only a few examples /propeniethe shape; OR gives partially correct
definition of the shape.

2- Student lists unique properties of the sh@je;gives a clear and accurate definition

of the shape.
Marks Obtainable: 12.
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Question 5. (i) — (v).

0- Student writes nothing. Or student gives irextranswer.

1- Student gives the correct answer to partb{at)gives incomplete reason (Part b); OR
student gives wrong answer to Part (a), but jestifnis/her answer by writing a
sequence of statements that is invalid only becdausebased on a faulty reasoning
about the shape (Part b).

2 - Student gives the correct answer to Part dajl lists (or defines) the defining
properties of the more inclusive shapéPart b).

Marks Obtainable: 10.

TOTAL MARKS OBTAINABLE: 105.
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APPENDIX 5
STUDENTS’ QUESTIONNAIRE 3
APPENDIX 5.A
Conjecturing in Plane Geometry Test (CPGT)
APPENDIX 5.A.1

Worksheet 1 of the CPGT for the grade 10 learners

CONJECTURING IN PLANE GEOMETRY TEST
(CPGT) GRADE 10

Time Allowed: 90 minutes
INSTRUCTIONS:

1. Do not start until you are told to do so.
2. While you are waiting, please fill the approfgianformation in the spaces
below.

NaMeE Of SCNOAL ... ... e e e e e e e e e,

T 7= 0
Age (INYEAIS): ...uii e SBX it e e
3. This activity involves the use of geometricahstouction (or drawings) to

identify, describe, define, and make conjecturesbout the properties of
some common geometrical shapes.

4 For each investigation, you aredaw or construct a geometric shape. You
are required tdollow the instructions detailed out in each of tretepsunder
each investigation.

5 Your drawings or construction should be madehimdpaces providedfor
each investigation.

6. Where an investigation requires yourteasure an angle or a line segment
please do so and write down your answer in gpaces providedfor that
purpose.

7. Feel free to make use of any of thestruments (rulers, compasses,
protractors, dividers, setsquares etc.) in the matmatical setthat you are
provided.

8. Where an investigation requires you to answeresquestions, please supply
your answers in the spaces provided for that perpos

9. Feel free to ask me any question.
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Investigation 1:

Step 1:Using a ruler, draw any triangle ABC, with eachesaf length greater than or
equal to 5¢cm.

Step 2:Use a protractor to measure the angles of theglgan

Step 3:Find the sum of the angles AfABC.

OA+0B+0OC= i e

Compare your result with those of other studenés geu.

Space for your diagram.

Question:
What can you conclude about the sum of the andladrangle?

AN 15T
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Investigation 2:
Step 1:Draw AABC, such thal AB |= 6cm, and BC|= 6cm.
Step 2:Draw anotheAPQR, such thatPQ| = 5cm and QR = 5cm.
Step 3:Use a protractor to measure the following angles.
0) OA=....... (i) 0C=........... ; (i) OP=........ ;(V)OR= ...,

Space for your diagram

Questions:

1) What areAABC andAPQR called?

Answer: They are both called ... e,
2) In AABC, how does]A compare with1C?

N 1S
3) In APQR, how doe&IP compare witlilR?

N 1S

4) From your answers to question Nos. 2 and 3 aboliat wan you conclude about
the angles of a triangle in which two sides area¢?ju
o1 T
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Investigation 3:

Step 1: Draw anyAABC, such that all the sides are equal. Let thessioe at least
5cm long.

Step 2:Measure all the angles ARBC.

OA=......... OB=......... dC=......... X

Compare your results with those of others near you.

Space for your diagram

+ + + + + + + + + + + +
T + + + + + + + + + + + + 1
T + + + + + + + + + + + + 4
+ + + + + + + + + + + + + 1
T + + + + + + + + + + + + 4
+ + + + + + + + + + + + + 1
T + + + + + + + + + + + + 4
Tt + + + + + + + + + + + + 9
T + + + + + + + + + + + + 4
T + + + + + + + + + + + + 4
+ + + + + + + + + + + +
Questions:
1) What isAABC called?
115311 o

2) From your observation istep 2 above what can you conclude about the angles
of a triangle in which all the sides are equal?
N 153 11T PR

3) Suppose in a certaiAPQR, it is given thatll the anglesare equal, does this
mean thatll the sidesare also equal?
53 T PP

Page 54



Investigation 4:

Step 1:Use a ruler to draw any straight line AC (slantipgyvards from left to right)
which is greater than or equal to 6cm.

Step2:Locate the midpoint of the line AC and label it\s

Step 3:Draw another straight line BD which is equal indénto line AC (slanting
downward from left to right) and intersecting (vossing) AC in such a way that M is
also its midpoint. Your diagram from steps 1 — 8ustl look like this:

C

A

Step 4:Use a ruler to join AB, BC, CD and AD.

Step 5:Measure the following.
)AB=.............DC=............;BC=............. AD=
i) DADC=.......... ODAB = ......... ;OABC = ......... ;OBCD=.........
Compare your results with those of others near you.

Space for your diagram.

Questions.

1. What type of parallelogram is ABCD?

F Y 153111 P

2. How do you know for sure that ABCD is the paralglm that you have named
in question No. 1 above? List as many reasons apgssibly can.

F Y 4511 o ) PP

!I) ...................................................................................................

3. From your diagram and those of others near yout wé@a youconclude about a
parallelogram whose diagonals are equal?

o3 T PP

4. Give a very short definition of the shape ABCD.

o3 T PP
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Investigation 5:

Step 1:Draw any horizontal straight line AC, which is abéam long.

Step 2:Locate the midpoint of AC and label it as M.

Step 3:Draw another straight line BD having the same leregt AC, and in such a
way that M is its midpoint and AC is perpendicutaBD (i.e. JAMB =90°). Your
drawing should look like this:

B
A M Cc
D
Step 4:Join AB, BC, CD and AD.
Step 5:Measure the following.
i) AB=......... cm; BC=......... cm; AD=......... cm; DC=......... cm;
i) OADC=.......... ODAB = ......... ; OABC = ......... ;OBCD=.........

Compare your results with those of others near you.

Space for your diagram.

+ + + + + + + + + + + +
T + + + + + + + + + + + + +
+ + + + + + + + + + + + + +
T + + + + + + + + + + + + +
T + + + + + + + + + + + + T
+ + + + + + + + + + + + + +
T + + + + + + + + + + + + T
+ + + + + + + + + + + + + +

+ + + + + + + + + + + +

Questions:

1) What type of parallelogram is ABCD?

o3 T PP

2) How do you know for sure that ABCD is the paralggkom that you have named
in question No. 1 above? List as many reasons apgssibly can.
N 1S Y= P

!I) ....................................................................................................
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3) What properties does this shape have that the stwapdrew in investigation 4
does not have?

F Y 41T o ) PP

1) PP

4) From your diagram and those of others near yout wdrayouconcludeabout a
parallelogram which has equal diagonals that bisach other at right angles?

o1 T

5) Give a very short definition of the figure that yieave drawn.

IS

Investigation 6:

Step 1:Draw any horizontal straight line AC which is grerathan or equal to 8cm long.
Step 2:Locate the midpoint of AC and label it as M.

Step 3:Draw another straight line BD, shorter (or longbgn AC in such a way that
M is its midpoint and AC is perpendicular to BD.falrawing should look like this:

B
M
A C
D
Step 4:Join AB, BC, CD and AD.
Step 5:Measure the following.
NAB=............; BC=.............. AD= L, ;DC=
i) OADC =......... OABC=......... ODAB = ......... ODCB=...ciiiiiiiieannnns
Compare your results with those of others near you.
Space for your diagram.
F + + + + + + + + + + + +
F + + + + + + + + + + + +
F + + + + + + + + + + + +
F + + + + + + + + + + + +
F + + + + + + + + + + + +
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Questions:

1. What type of parallelogram is ABCD?

F N 153 11T PR

2. How do you know for sure that ABCD is the paralglom that you have named
in question No. 1 above? List as many reasons apgssibly can.

F Y 45T o ) PP

)

3. List the properties that are common to the shapeybu drew in investigation 5
and this new shape that you have just drawn.
N LS Y= P

!I) ....................................................................................................

4. Which property (or properties) does the shape\vastigation 5 have that this new
shape does not have?
53 T PP

5. Does the shape in investigation 5 belong to tras<lof new shape that you have
just drawn? Give a reason.
o1 T

6. Give a very short definition of the shape that jrawe just drawn.
53 T PP
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APPENDIX 5.A.2

Worksheet 2 of the CPGT for the grade 11 learners

CONJECTURING IN PLANE GEOMETRY TEST
(CPGT) GRADE 11

Date : .....ooovvvvnnnnn.

Time Allowed: 90 minutes

INSTRUCTIONS:

1.
2.

Do not start until you are told to do so.
While you are waiting, please fill the approfgianformation in the spaces

below.

Name (SUrname firSt): ... e e e

NAME Of SCNOG ... et e e e e e e e e

LT =T [P
Age (INYEArS):...ccuiiie e e e, Sex
1. This activity involves the use of geometrical constion (or drawings) to

investigate the conditions fdwo triangles to be similar and formulate
conjecturesabout similar trianglesThe form that your conjectures should
take has been exemplified in investigation 1 below.

For each investigation, you are tlpaw or construct a triangle. You are
required tofollow the instructions detailed out in each of thetepsunder
each investigation.

Your drawings or construction should be made in shaces providedfor
each investigation.

Where an investigation requires yount@asure an angle or a line segment
please do so and write down your answer in gdphaces providedfor that
purpose.

Feel free to make use of any of tlmstruments (rulers, compasses,
protractors, dividers, setsquares etc.) in the matmatical setthat you are
provided.

Where an investigation requires you to answer squastions, please supply
your answers in the spaces provided for that parpos

Feel free to ask me any question.
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Investigation 1:

Step 1.Draw any horizontal straight line, XY of length gter than or equal to 10cm.
Locate two points B and C on XY such th&C|= 6cm.

Step 2.Using a ruler and a protractor, locate a pointbawe BC, such thdi ABC = 60°
and| AB |= 8cm. Join ABand AC so as to forhABC.

Step 3.Use your ruler and setsquares to draw a line segBErwhich is parallel to
BC, where D is any point on AB and E is any poimtAC.

NOTE: Observe that AABC and AADE are similar.

Step 4:Measure AD and AB; AE and AC; DE and BC.

|AD|=.....|ABI=....;|AEl="......, |AC|=......... ; IDE[=........ IBCl=.........
Step 5:Calculate the following ratios (or proportions):

AD_ AE_UDE_

AR Pag " BC ;

Compare your results with the results of others yea andstate your observation
as conjecture No. 1.

Conjecture No. 1:If two triangles are similar, then their correspimgdsides are ......
Step 6:Measure the following angles;

OADE = ......... ,OABC=......... ,OAED=......... ,OACB=......... ,

Compare your results with the results of others yea andstate your observation
as conjecture No. 2.

Conjecture No. 2:If two triangles are similar, then their correspimgdangles are ...

Space for your diagram.

+ + + + + + + + + + + + + 1

+ + + + + + + + + + + + + 4

+ + + + + + + + + + + + + 1

+ + + + + + + + + + + + + 1

+ + + + + + + + + + + + + 1

+ + + + + + + + + + + + + 1
+ + + + + + + + + + + +

Question.

From your conjectures 1 and 2 above, what do yankthre thenecessaryand
sufficient conditions for two triangles to be similar?

51 T
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Investigation 2:

Step 1: Draw any two non-parallel and non-horizontal stnhignes XY and UV
which are at least 5cm apart. Make each line tabdmeit 6¢cm long. Your drawing for
step 1 should look like this:

/ N\

Step 2:Using a ruler and setsquares, construct thredlglaiaes, AP, BQ and CR,
each to intersect XY and UV such that A, B and € @ints on XY and P, Q and R
are other points on UV.

NOTE: Lines XY and UV are called transversals.

Step 3:Measure the following:

|AB|=............. IBCl=.......... [PQl=.......... JORI= o,
Step 4: Calculate the following ratios:

AB _ . PQ_ :

BC e QR e

Compare your results with those of others near you.

State your observation as a conjecture.

Conjecture: If three parallel lines are cut by a pair of tragrsals, then the
corresponding intercepts cut off on each are énstme ..................ccoeeiiiiin

Space for your diagram.

+ + + + + + + 1 + 1 + + +
+ + + + + + + + + + + + + + T
T + + + + + + + + + + + + + T
+ + + + + + + + + + + + + + +
T + + + + + + + + + + + + + T
Tt + + + + + + + + + + + + + T
T + + + + + + + + + + + + + T
T + + + + + + + + + + + + + T

+ + + + + + + + + + + + +

Question:

Suppose XY and UV are produced so that they meepaint Z, what shapes would
be formed by ZAP, ZBQ and ZCR?
Answer: These shapeswould all be ...
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Investigation 3:

Step 1:Draw anyAABC, with A pointing to the top of the page.

Step 2:Using a ruler and setsquares, construct a lingp&r&llel to BC, where D is
any point on AB and E is any other point on AC.

Step 3:Measure the following:

|AD|=............. IDBl=.......... AEl= JECI= o,
Step 4:calculate the following ratios:

AD _ . AE _ :

DR s FEQ T

Compare your results with those of others beside yo
Question: How does DE divide AB and AC?
o3 T PP

Space for your diagram.

+ + + + + + + + + + + + +
+ + + + + + + + + + + + + +
+ + + + + + + + + + + + + +
+ + + + + + + + + + + + + +
+ + + + + + + + + + + + + +
+ + + + + + + + + + + + + +
+ + + + + + + + + + + + + +
+ + + + + + + + + + + + + +
+ + + + + + + + + + + + + +
+ + + + + + + + + + + + + +

+ + + + + + + + + + + + +

Conjecture: State your observations as a conjecture: .............c.oevvveeecenennnnnn.
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Investigation 4:

Step 1:Draw anyAABC, with A pointing to the top of the page.

Step 2: By suitable constructions, locate the midpointoMAB and the midpoint, N
of AC. Join M to N.

Step 3:MeasuréJABC andJAMN:

OABC=............; OAMN = .................l

Compare your results with those of others near you.

Question (i): From your measurement of these angles, what carcgnclude about
the lines MN and BC?

N 153 11T PP
Question (ii): From your answer to question (i) above, what cangpnclude about
the line that joins the midpoints of two sides ofriangle? Give your answer as a
conjecture.

N 153 11T P
Step 4:Measure lines MN and BC.

IMN|=...........;IBCl= ................

Question (iii): How does the line MN compare with line BC?

Answer: |BCl=................ X IMN| (or IMN| =............. of |BCI).

Compare your results with those of others near amd state your observation as a
conjecture.

(0] 911=Tox (1011 PP

Question (iv): From your answers to questions (ii) and (iii) adokrow does the line
that joins the midpoints of two sides of a triangétate to the third side of the
triangle? State your answer as a conjecture.

IS

Space for your diagram.

+ + + + + + + + + + + + + 1

+ + + + + + + + + + + + + 1

+ + + + + + + + + + + + + 1

+ + + + + + + + + + + + + 1

+ + + + + + + + + + + + + 1

+ + + + + + + + + + + + + 1
+ + + + + + + + + + + +
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Investigation 5:

Step 1:Using a ruler and a protractor, draw any two nongguent triangles, ABC
and PQR such thatA =0 P; 0B =0Q; anddC = OR.

NOTE: Recall that AABC and APQR are similar triangles.

Step 2:Measure lines AB and PQ; AC and PR; BC and QR:
|AB|=......|PQl=...... |ACI= ... IPRI=......... IBCl=......IQRI=.........
Step 3:Calculate the following ratios:

AB _ _AC _ . BC _

PO - QR

Compare your results with the results of otherg yea and state your findings as a
conjecture.

(O] o] [=To! (U] £ PP P TR PPR

F + + + + + + + + + + + + + + + +
F + + + + + + + + + + + + + + + +
t + + + + + + + + + + + + + + + +
F + + + + + + + + + + + + + + + +
t + + + + + + + + + + + + + + + +
F + + + + + + + + + + + + + + + +
t + + + + + + + + + + + + + + + +
t + + + + + + + + + + + + + + + +
F + + + + + + + + + + + + + + + +
t + + + + + + + + + + + + + + + +
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Investigation 6:

Step 1:Draw (or construct) any two non-congruent triasgeBC and PQR such that
the corresponding sides, AB and PQ, AC and PR, BC@R, are in a constant ratio,
that is the corresponding sides are proportiongl (&B | = 1.5x| PQ|).

Step 2:Measure the following angles:

OA=..... JOP=.... ;O0B=........ ,OQ= e, ;OC=......... JOR= . ;
Compare your results with those of others near o state your observation as a
conjecture.

L0} o1 1=Tox (1= PSP

+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + +
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APPENDIX 5.A.3

Worksheet 3 of the CPGT for the grade 12 learners

CONJECTURING IN PLANE GEOMETRY TEST
(CPGT) GRADE 12

Time Allowed: 90 minutes

INSTRUCTIONS:

1. Do not start until you are told to do so.

2. While you are waiting, please fill the appropgiaformation in the spaces below.

Name (SUrname firSt): ... ..o e e e e

NAME Of SCNOA ... .o e e e e e e e e

(€= T [

Age (INYEAIS): .cui i SBX i

3. This activity involves the use of geometricalnstuction (or drawings) to

investigate some of thgroperties of circlesand to formulate conjecturesabout
these propertiesThe form that your conjectures should take has been
exemplified in investigation 1 below.

For each investigation, you arecanstruct or draw a circle. You are required to
follow the instructions detailed out in each of tretepsunder each investigation.
. Your drawings or construction should be made ingpaces providedfor each
investigation.

. Where an investigation requires you rneasure an angle or a line segment
please do so and write down your answer irsghaces providedor that purpose.

. Feel free to make use of any of thetruments (rulers, compasses, protractors,
dividers, setsquares etc.) in the mathematical s#tat you are provided.

. Where an investigation requires you to answer sguastions, please supply your
answers in the spaces provided for that purpose.

. Feel free to ask me any question.
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Investigation 1:

Step 1: Using a pair of compasses with a radius greaten thr equal to 3cm,
construct a circle. Label the centre, O.

Step 2:Use a ruler to draw any two non-congruent chorBsafhdd PQ which do not
intersect. Make sure that neither chord is a diamend that the two chords &M©T
on the same side of the circle.

Step 3:Use a ruler to measure the lengths of the chandsl@cate the midpoint of
chords AB and PQ. Label the midpoint of AB as M #m&l midpoint of PQ as N.
Step 4:Use your ruler to join O to M and O to N.

Step 5:Using your protractor, measure angles AMO and PNO

OAMO =..........ceeeeeeeee., OPNO= L.,

Compare your results with those of others nearammiwrite down your observation
as a conjecture.

Conjecture: The line segment drawn from the centre of a ciielidhe midpoint of a
ChOrd iS .ovvi i e e e e 1O the chord.

Space for your diagram.
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Investigation 2:

Step 1:Construct a circle, centre O.

Step 2: Construct any two non-parallel and non-congruéerds AB and PQ that are
not diameters. Make sure that the two chord$\&®& on the same side of the circle.
Step 3: Construct the perpendiculars from O to AB and fronto PQ. Label M, the
point of intersection of the perpendicular fromdAB, and label N, the point of the
intersection of the perpendicular from O to PQ.

Step 4:Measure AM and MB; measure also PN and NQ.

AM [=............ AMBl=... JIPNI= INQI= i
Compare your results with those of others near you

Question: How does the perpendicular from the centre ofralecito a chord divide
the chord? State your observation as a conjecture.

o3 T PP

Space for your diagram.

Page 68



Investigation 3:

Step 1:Construct a circle, centre O and radius greater tr equal to 3cm.

Step 2: Construct two non-parallel congruent chords, ARI &#0Q which are not
diameters, and are on different sides of the circle

Step 3: Construct the perpendiculars from O to meet ABland to meet PQ at N.
Step 4:Measure OM and ON.

[OMI = o TOND =

Compare your results with those of others near g state your observation as a
conjecture.

(0] 911=Tox (1= PP

Space for your diagram.
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Investigation 4:

Step 1:Construct a circle, centre O and radius greater tr equal to 3cm.

Step 2: Construct two non-parallel congruent chords, ARI &#0Q which are not
diameters, and on different sides of the circle.

Step 3:Draw radii, OA, OB, OP and OQ.

Step 4:Use your protractor to measure angles AOB and POQ.
OAOB=...cceviviiiieiie, DPOQ=

Compare your result with those of others near yod state your observation as a
conjecture.

L0} o1 1=Tox (1= PSP

Space for your diagram.
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Investigation 5:

Step 1:Construct a circle, centre O with a radius gretitan or equal to 3cm.

Step 2:Locate two points A and B on the circumferencéhefcircle such that arc AB
iS @ minor arc.

Step 3:Join OA and OB.

Step 4:Locate another point, P on the major arc.

Step 5:Join P to A and P to B.

Step 6:Measure angles AOB and APB.

OAOB=...ccoevvviiieeenen, DAPB = L,

How does[JAOB compare withJJAPB? Compare your result with those of others
near you and state your observation as a conjecture

(O] 0] [=To1 LU £ TP

Space for your diagram.
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Investigation 6:

Step 1:Construct a circle, centre O with a radius gretitan or equal to 3cm.
Step 2:Locate two points, A and B such that arc AB isiaanarc.

Step 3:Join O to A and O to B.

Step 4:Locate two other points, P and Q on
Step 5:Join P to A and B. Join Q to A and B
Step 6:Measure angles APB and AQB.
OAPB=.........cceeoveeeee, DAQB = ...

the major arc.

Compare your result with those of others near ywdiarite down your observation

as a conjecture.

L0} o1 1=Tox (111 PSP

Space for your diagram.
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Investigation 7:

Step 1:Construct a circle, centre O with a radius gretitan 2cm.

Step 2: Construct a diameter with A and B as endpoints.

Step 3:Locate any point, P on the circumference of tihelei

Step 4:Join P to A and P to B.

Step 5:Locate another point, Q on the same semicircke. a@®in Q to A and Q to B.
Step 6:Measure angles APB and AQB:

OAPB=......ccoeviiieeeee , DAQB =

State your observation as a conjecture.

L0} o1 1=Tox (1= PSP

Space for your diagram.
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Investigation 8:

Step 1:Construct a circle, centre O with a radius gretitan or equal to 3cm.

Step 2:Locate points, P, Q, R and S on the circle suahPhand Q are on the same
side of the circle, and R and S are both on thesigpside of the circle to P and Q.
Step 3:Draw straight lines to join P and Q, Q and R, ® 8nand S and P.

NOTE: Observe that PQRS is a cyclic quadrilateral.

Step 4:Measure the four interior angles of the quadrikterhat is, measuré POQR,
OQRS,ORSP andISPQ.

OPQR=........... ;OQRS=......... ;ORSP= . OSPQ= ;

Step 5:Add up pairs of opposite angles:

OPQR+ORSP= ... yOQRS+OSPQ= .o
Compare your result with those of others near yod state your observation as a
conjecture.

(O] o] [=To1 LU = PP

Space for your diagram.
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Investigation 9:

Step 1:Construct a circle, centre O with a radius gretitan or equal to 2cm.

Step 2:Draw a radius OT, where T is any point on theuwrnterence of the circle.
Step 3:Draw any straight line, ATB such that ATB toucliles circle externally at T.
NOTE: Recall that ATB is a tangent to the circle afT.

Step 4:Measure angles OTA and OTB:

OOTA= .. ;O00TB= e,
Compare your result with those of others near yod state your observation as a
conjecture.

L0} o1 1=Tox (1= PSP

Space for your diagram.
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Investigation 10:

Step 1: Construct a circle, centre O with a radius 2cm.

Step 2:Locate any point P outside the circle such thregt ©OP is about 6cm. Join O to
P.

Step 3:Bisect line OP and label as M, the point of intetion of OP and the bisector.
Step 4: With M as centre and radius equals MO (or MP)wdta&o arcs to cut the
circle at Q and R.

Step 5:Join P to Q, and P to R. Also, join O to Q ancdb@®t

Step 6:Measure lines PQ and PR.

IPQl = ,|PRI = .
Compare your result wrth those of others near yrodr state your observation as a
conjecture.

L0} o1 1=Tox (1= PSP

Space for your diagram.
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APPENDIX 5.B

Marking schemes for the CPGT

APPENDIX 5.B.1

Marking scheme for worksheet 1

MARKING GUIDE FOR WORKSHEET 1

(GRADE 10)
QUESTION 1.
0- Student does not draw any triangle at all, or dmebut does not obtain (or does obtain, but
incorrectly) the sum of the angles of the triaragel 80°.
1- Student draws a triangle and obtains the duthecangles to be 180°, but fails to conjecture
(or does so, but incorrectly) that the sum of thgles of a triangle is 180°.
2 - Student draws a triangle, finds the sum ofathigles to be 18pand conjectures correctly that

the sum of the angles of a triangle is 180°.
Marks Obtainable: 2.
QUESTION 2.
0- Student does not draw any triangles, or doas the two triangles, but does not tell (or does
tell, but incorrectly) what the triangles are cdlig.e. isosceleas). Student does not tell (or
does tell, but incorrectly) hoW A compares witidC andJP compares withIR.

1- Student draws the two triangles, and tellsemly what they are called (i.e. isoscefes, but
does not tell (or does tell, but incorrectly) ha compares withdC andOP compares with
OR.

2- Student draws the two triangles and tellsextly what they are called (i.e. isoscetes, and

tells howA compares withIC (i.e.0dA = OC), anddP compares withiR (i.e. OP=0R),
but does not conjecture (or does so, but incogettiat if in a triangle two of the sides are
equal, then two of its angles are necessarily equal
3- Student draws the two triangles, tells cotyewhat they are called, tells correctly hdwA
compares withi]C andOP compares withlR, and conjectures correctly that if two sides of a
triangle are equal, then two of the angles of tiaagle are also equal.
Marks Obtainable: 3

QUESTION 3.

0- Student does not draw any triangle, or doasvdhe required triangle, but does not tell (or
does tell, but incorrectly) the name of the triznasequilateral triangle.

1- Student draws the required triangle and teisiectly, the name of the triangle exuilateral

triangle, but does not conjecture (or does so, but inctigiethat if in a triangle all the sides
are equal, then all the angles are also equal.

2- Student draws the required triangle, namesoitectly as anequilateral triangle, and
conjectures correctly that if in a triangle all teles are equal, then all the angles are
necessarily equal.

Marks Obtainable: 2

QUESTION 4.

1).

0- Student does not tell (or does tell, but inectty) the name of parallelogram ABCD as a
rectangle

1- Student tells correctly the name of paralldogABCD as aectangle

2).

0- Student writes nothing, or writes/lists megtéss statements/properties.

1- Student writes/lists at least THREE propemie@r gives a definition that uniquely describes)
arectangle

N.B.  Accept as correct statement such as “it has two opgite equal sides” instead of “it has
two pairs of opposite equal sides”. Interviews rewa that learners meant the latter
statement.
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3).

0- Student does not conjecture (or does so, booriectly) that if thediagonals of a
parallelogram are equal, then the parallelograanrictangle.

1- Student conjectures correctly that if the diede of a parallelogram are equal, then the
parallelogram is a rectangle

4).

0- Student writes nothing, or writes only mealésg statements.

1- Student gives a correct definition of a regtane.g. “A rectangle is a parallelogram with at
least one right angle”, or “A rectangle is a paiagram having equal diagonals”.

Marks Obtainable: 4

QUESTION 5.

1).

0- Student does not tell (or does so, but inctyethe name of parallelogram ABCD as a
square

1- Student names, correctly, parallelogram ABGR aquare.

2).

0- Student writes nothing, or writes/lists onlganingless statements/properties.

1- Student lists at leafWO specific properties of (or gives a definition that uniquely
describes) aquare Examples of acceptable properties: “It has fayuat sides”, “It has four
right angles”, etc.

3).

0- Student writes nothing, or gives propertieg tto notdistinguish a square from a rectangle

1- Student lists at least ONE correct propertg gfjuare that a rectangle does not have, e.g. “It
has four equal sides”, “The diagonals bisect (¢ersect) each other at right angles”, “The
diagonals bisect the angles”, etc.

4).

0- Student does not conjecture (or does so, fmdriiectly) that a parallelogram which has
diagonals of equal lengththat bisect each other at right angles sjaare

1- Student conjectures correctly that a paralelm which hasliagonals of equal lengththat
bisect each other at right angles sqaare

5).

0- Student writes nothing, or writes only meatésg statements/definition.

1- Student gives a correct definition of a squarg. ‘A square is a rectanglewith at least one
pair of adjacent sides equal”, OR $quare is a rhombuswith an angle a right angle”, OR“
square is a rectangle with four equal sides”

Marks Obtainable: 5

QUESTION 6.

1).

0- Student does not tell (or does so, but inctisrethe name of parallelogram ABCD as a
rhombus.

1- Student names, correctly, parallelogram ABGRdombus.

2).

0- Student writes nothing, or writes/lists onlgamingless statements/properties.

1- Student lists at leafWO specific properties of (or gives a definition that uniquely
describes) shombus.

3).

0- Student writes nothing, or lists propertieattare commomMNOT ONLY to a square and a

rhombus, e.g. (i) Both have four sides, (i) Botavé angles whose sum is 360° are
unacceptable as correct responses.
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4).
0-
1-—

5).
0-

6).
0-
1-—

Student lists at lea3WO specific properties common to a square and a rhembuyg. (i)
Both have four equal sides, (ii) In both, the diagls bisect the angles, (iii) The diagonals
bisect each other at right angles, etc.

Student writes nothing, or gives propertied tho nodistinguish a square from a rhombus
Student lists at least ONE correct property efjuare that a rhombus does not have, e.g. each
angle of a square measures 90°; the diagonalsafiare have equal length, etc.

Student writes nothing (or does write somethbyut answers incorrectly), or student answers
correctly, but does not give any reason (or dog@sorrectly) to support his/her answer.
Student writes the correct answer, and giteleast ONE valid reason to support his/her
answer.

Student writes nothing, or writes only mealésg statements/definition.
Student gives a correct definition of a rhomlrig. a rhombus is a parallelogram with at least
one pair of adjacent sides equal; or a rhombusgparallelogram with four equal sides.

Marks Obtainable: 6

TOTAL MARKS OBTAINABLE: 22
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APPENDIX 5.B.2

Marking scheme for worksheet 2

MARKING GUIDE FOR WORKSHEET 2
(GRADE 11)

QUESTION 1.

0- Student does not draw any triangles at aljo@s so, but does not obtain (or does obtain, but
incorrectly) theratios of the givencorresponding sidesof similar triangles ABC andADE
to be equal (i.e. ADAB = AE/AC =.DE/BC).

1- Student draws the required triangles and wbtacorrectly theratios of the given
corresponding sidego beequal/constant but fails to conjecture (or does so, but incaiyc
that if two triangles are similar, then their capending sidesare in a constant ratio; OR
are proportional; OR have equal/the same ratio.

2 Student draws the required triangleltains the ratiosof the given corresponding sides to be
equal/constant, andaonjectures correctly that if two triangles are similar, theheir
corresponding sides are proportional (or are inrestant ratio), but does not obtain (or does so,
but incorrectly)corresponding anglesof the two similar triangles to kequal, and/or student
does not conjecture (or does so, but incorrechg} if two triangles are similar, then their
corresponding angles are equal.

3- Student draws the two similar triangles anthiols theratios of theircorresponding sidego
be equal/constant studentconjectures correctly that if two triangles are similar, thdreir
corresponding sides are proportional (or are in a constant ratio); student obtains
corresponding angles of the two similar triangtebeequd, andconjecturescorrectly that if
two triangles are similar, then their correspondingles are equabut student does notstate
(or does so, but incorrectly) theecessaryand sufficient conditions (NASCO) for two
triangles to besimilar.

4-— Student draws the two similar triangles, oistahe ratios of the corresponding sides to be the
same, and obtains corresponding angles to be eguualent conjectures correctly that if two
triangles are similar, then their correspondingsidre proportional and their corresponding
angles are equal, and expresses these as the NAB@@ triangles to be similar.

Marks Obtainable: 4.

QUESTION 2.

0- Student writes nothing, or does write, butsdoet obtain (or does so, but incorrectly) the
ratios of the given intercepts (or sides) to be eail

1- Student obtains thiatios of the given intercepts to egual but does not conjecture (or does

so, but incorrectly) that if three parallel lineeeacut by a pair of transversals, then the
corresponding intercepts cut off on each one athdrsame ratio.

2-— Student obtains ttratios of the given intercepts toe equal, and conjecturesorrectly that
if three parallel lines are cut by a pair of trag®als, then the corresponding intercepts cut off
on each one are in the same ratio, but does ngbtaloes so, but incorrectly) the shapes that
would be formed by producing lines XY and UV unltiey meet.

3- Student obtains thiatios of the given intercepts to be equal, and conjestaorrectly that if
three parallel lines are cut by a pair of transaiststhen the corresponding intercepts cut off
on each one are in the same ratio, and statesctgrtieat the shapes that would be formed by
producing lines XY and UV until they meate triangles.

Marks Obtainable: 3.

QUESTION 3.

0- Student writes nothing, or does write, butsdoet obtain (or does obtain, but incorrectly) the
ratios of the given sides afABC andAADE to be equal (i.e. ADDB = AE/EC).

1- Student obtains thatios of the given corresponding sides/ABC andAADE to be equal

(i.,e. AD/ DB = AE/ EC), but does not tell (or does so, but incors@diiow the line DE
divides lines AB and AC.

2- Student obtains thatios of the given corresponding sides #ABC and AADE to be the
same and tells correctly how the line DE divided AB and AC (i.eDE divides AB and
AC proportionally ), but does not conjecture (or does so, but inctigethatthe line drawn
parallel to one side of a triangle divides the otlrewo sides proportionally.
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3- Student obtains ttratios of the given corresponding sides/AABC andAADE to be equal,
tells correctly how the line DE divides lines ABARAC, andconjectures correctly thathe
line drawn parallel to one side of a triangle divies the other two sides proportionally

Marks Obtainable: 3.

QUESTION 4.

i).

0- Student writes nothing, or does write somethbut fails to tell (or does tell, but incorredtly
that the lines MN and BC &fABC andAAMN are parallel.

1- Student states correctly that the lines MN B@dareparallel.

ii).

0- Student does not conjecture (or does so,nootiiectly) that the line thgoins the midpoints
of two sides of a triangle izarallel to thethird side.

1- Student conjectures correctly that the lira jiiins the midpoints of two sides of a triangle is

parallel to thethird side.

iii).

0- Student writes nothing, or does write somethiout does not tell (or does tell, but incorrectly
how line BC compares with line MN(i.e. IBC| =2 x [MN| (or IMN| = %4 BCI).

1- Student states correctipw line BC compares with line MN(i.e. IBC| = 2 x [MN|, or

IMN | = %4/BCl), but does not conjecture (or does so, but inctigiethat the line thajoins
the midpoints of two sides of a triangle equal to half of the length of the third side.

2- Student states correctly thBBC| = 2 x [MN/, (or IMN| = %IBC|) and conjectures
correctly that the line thapins the midpoints of two sides of a triangle equal to half of the
length of the third side.

iv).

0- Student does not conjecture (or does so,noattiectly) that the line thabins the midpoints
of two sides of a triangle jzarallel to the third side andequal to half of it.

1- Student conjectures correctly that the lire jiiins the midpoints of two sides of a triangle is
parallel to the third side andequal to half of it.

Marks Obtainable: 5.

QUESTION 5.

0- Student writes nothing, and/or fails to obt@indoes obtain, but incorrectly) thatios of the
givencorresponding sidesof similarAs ABC and PQR to bequal.

1- Student obtains thatios of the givercorresponding sidesof similarAs ABC and PQR to be

equd, but does not conjecture (or does so, but inctiyethat if the corresponding angles of
two triangles are equal, then their correspondidgssare proportional (or are in a constant
ratio) and the triangles are similar.

2-— Student obtains thratios of the givercorresponding sidesof similarAs ABC and PQR to be
equal, andconjecturescorrectly that if thecorresponding anglesof two triangles are equal,
then their corresponding sides gmportional (or are in a constant ratio) and tiiangles

are similar.
Marks Obtainable: 2.
QUESTION 6.
0- Student writes nothing, and/or fails to obtém does obtain, but incorrectly) the given
corresponding anglesof similarAs ABC and PQR tbe equal
1- Student obtains the givearresponding anglesof similarAs ABC and PQR to bequal, but

does not conjecture (or does so, but incorrectigt tif the corresponding sidesof two
triangles aregproportional, then theircorresponding anglesareequal, and the triangles are
similar.

2- Student obtains the givearresponding anglesof similarAs ABC and PQR to bequal, and
conjectures correctly that if treorresponding sidesof two triangles arg@roportional , then
their corresponding anglesareequal, and the triangles asmilar.

Marks Obtainable: 2.

TOTAL MARKS OBTAINABLE: 19
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APPENDIX 5.B.3

Marking scheme for worksheet 3

MARKING GUIDE FOR WORSHEET 3

(GRADE 12)
QUESTION 1.
0- Student writes nothing, and/or fails to obt@aidMO = 90° and] PNO = 90°.
1- Student obtainSIAMO = 90° anddPNO = 90°, but does natonjecture (or does so, but

incorrectly) that the line segment drawn from ttentre of a circle to the midpoint of a
chord is perpendicular to the chord.

2- Student obtainSIAMO = 90° andOPNO = 90°, andconjectures correctly that the line
segment drawn from theentre of acircle to themidpoint of achord is perpendicular to the
chord.

Marks Obtainable: 2.

QUESTION 2.

0- Student writes nothing, and/or does not ok@imloes so, but incorrectlyAM | = |[MB| and
IPNI = INQI.

1- Student obtains correcthiaM | = [MB| and|PN| = [NQI, but does notonjecture (or does

so, but incorrectly) that the line drawn from tentre of a circleperpendicular to a chord
bisectsthechord.

2- Student obtains correctlyAM | = [MB| and |PN| = [NQI, andconjecturescorrectly that
the line drawn from theentre of a circleperpendicular to a chordisectsthechord.

Marks Obtainable: 2.

QUESTION 3.

0- Student writes nothing, and/or fails to obtedM | = |ON/.

1- Student obtains, correctlyOM| = |ON|, but does notconjecture (or does so, but
incorrectly) thaiequal chordsareequidistant from thecentre of a circle

2- Student obtains, correctlPM| = |ON|, andconjectures correctly thatequal chords are

equidistant from thecentre of a circle
Marks Obtainable: 2.

QUESTION 4.

0- Student writes nothing, and/or fails to obtaOB =0 POQ.

1- Student obtainSAOB = 0 POQ, butdoes not conjecture(or does so, but incorrectly) that
equal chords subtend equal angle at the centre ofdrcle.

2- Student obtainEIAOB = 0 POQ, andconjectures, correctly, thatequal chords subtend

equal angle at the centre of a circle
Marks Obtainable: 2.

QUESTION 5.
0- Student writes nothing, and/or fails to obfaihOB = 2 x JAPB.
1- Student obtainSAOB = 2 x JAPB (or JAPB = ¥ x[JAOB), butdoes not conjecture(or

does so, but incorrectly) that tlegle which anarc of a circle subtendsat thecentre is
twice that which it subtends ahy point on the remainingircumference.

2- Student obtainSAOB = 2 x JAPB (or JAPB = %2 x[JAOB), andconjecturescorrectly that
the angle which anarc of a circle subtendsat thecentre is twice that which it subtends at
any point on the remainingircumference

Marks Obtainable: 2.

QUESTION 6.

0- Student writes nothing, and/or fails to obtailhPB = JAQB.

1- Student obtainSAPB =0AQB, butdoes not conjecturg(or does so, but incorrectly) that the
angles subtended ltlge same ac of a circleare equal

2 - Student obtain§JAPB = OAQB, and conjectures correctly that the angles ithe same

segmentof a circle subtended lifie same ac are equal
Marks Obtainable: 2.
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QUESTION 7.

0- Student writes nothing, and/or fails to obtailhPB = JAQB = 90°.

1- Student obtainSAPB = JAQB = 90°, butdoes not conjecture(or does so, but incorrectly)
that the angle subtended by tliameter of a circle isa right angle.

2 - Student obtaindAPB = OAQB = 90°, andconjectures correctly that theaingle subtended

by thediameter of a circleis aright angle (or the angle in a semicircle is a right angle).
Marks Obtainable: 2.

QUESTION 8.

0- Student writes nothing, and/or fails to obt@RQR +ORSP = 180° an@QRS +0OSPQ =
180°.

1- Student obtaindPQR +0RSP = 180° andlQRS +0SPQ = 180°, butloes not conjecture

(or does so, but incorrectly) that thepposite anglesof a cyclic quadrilateral are
supplementary (i.e. add up to 180°).
2-— Student obtainSPQR +00RSP = 180° andlQRS +SPQ = 180°, andonjecturescorrectly
that theopposite anglef acyclic quadrilateral aresupplementary.
Marks Obtainable: 2.

QUESTION 9.

0- Student writes nothing, and/or fails to obtda@TA = JOTB = 90°.

1- Student obtainSOTA = JOTB = 90°, butdoes not conjecture(or does so, but incorrectly)
that atangentto a circle igperpendicular to theradius at thepoint of contact.

2- Student obtainSOTA = JOTB = 90°, anctonjecturescorrectly that dangentto a circle is

perpendicular to theradius at thepoint of contact.
Marks Obtainable: 2.

QUESTION 10.

0- Student writes nothing, and/or fails to obte?®@| = |PRI.

1- Student obtain$PQ| = |PR|, but does not conjecture(or does so, but incorrectly) that
tangentsto a circlefrom the same external pointareequal in length.

2- Student obtainsPQ| = |PR|, andconjectures correctly thattangentsto a circlefrom the

same external pointareequal in length.
Marks Obtainable: 2.

TOTAL MARKS OBTAINABLE: 20
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APPENDIX 6

Students’ questionnaire 4
APPENDIX 6.A
Van Hiele Geometry Test (VHGT)
APPENDIX 6.A.1

The VHGT for grade 10 learners

VAN HIELE GEOMETRY TEST (VHGT)
GRADE 10

INSTRUCTIONS:
1. Do not start until you are told to do so.
2. While you are waiting, please fill the appropriatBormation in the spaces below.

Name (Surname firSt): ... ... ou. e e e e
Name Of SChOQI ... oo e e

[ = 1o [

3. This paper consists tfvo parts: Part A and Part B. You are expectectswer
all the questions from both parfart A will last for 30 minutes, while Part 2
will last for 20 minutes.

Instructions for Part A

4. Part A is an objective test, consisting 2@ multiple- choice questions. Provide
your answers on theomputer answer sheethat you are giverDo not mark
your answers on the test booklet.

5. Each question is followed bfjve options letteredA to E. There is only one
correct answer to each question. Choose the carpicin for each question and
shade in pencilon your computer answer sheet the answer spaah wkarghe
same letter as the option you have chosedsive only one answer to each
guestion.

6. Use arHB pencil for this part.

Instructions for Part B

7. Part B is an essay paper and it contaimge questionsin all. Answer all the
guestions in the spaces provided for each questitims booklet. Use either blue
or black ink to write your answers.

8. Do not start Part B until you are told to do so.

NOTE: Thediagrams in this test ar@ot necessarilydrawn to scale.
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PART A: 30 MINUTES
1. Which of these are triangles?

OFAN

All are triangles
4 only

1 and 2 only

3 only

1 and 4 only

moow>

2. Which of these are rectangles?

| e 7

P and R only

Q and S only

P only

R only

All are rectangles

moowp

3. Which of these are squares?

SEECORCAES

X only
U and W only
W only
V and X only
U only

moow2»

4. Which of these are quadrilaterals?

S U

None of these are quadrilaterals
T only

U and V only

R only

S and V only

moow>
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5. Which of these are parallelograms?

moowp

S o e

| only

L only

| and K only

Jand L only

All are parallelograms

6. ABCD is a rectangle. One of its diagonals, Bdr&swn.

A B

D C

Which istrue in every rectangle?

moowp

BD bisectd1B and[D.

BD divides ABCD into two congruent right-anglecdatigles.
BD is a line of symmetry.

BD divides ABCD into two congruent isosceles tribsg
BD and DC have the same measure.

PQRS is a rectangle. The diagonals, PR and SCGeteat T.

P— —Q

Which of the following isnot true in everyrectangle?

moowp

PR and QS have the same measure.
T is the midpoint of both PR and QS.
PR and QS have different measures.
There are four right angles.

PS and QR are parallel.
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8. P and R are the centres of two circles which ietgrat Q and S to form a 4-sided
figure PQRS. Two examples are given below.

03

S

Which of (A) — (D) isnot alwaystrue?
A. PQRS will have at least two angles of equal measure
B. PQRS will have two pairs of sides of equal length.
C. Angles P and R will have the same measure.
D. The lines PR and QS will be perpendicular.
E. All of (A) — (D) are true.

9. An equilateral triangle is a triangle with all ttieee sides equal in length. Two
examples are given below.

Which of (A) — (D) istrue in every equilateral triangle?

Each angle is an acute angle.

The measure of each angle must be 60°.

Each angle bisector is a line of symmetry.

Each angle bisector must also bisect the oppasiéeperpendicularly.
All of (A) — (D) are true.

moow>

10.RSTU is a square. Which of these propertiemistrue in all squares?

R S

RS and SU have the same measure.
The diagonals bisect the angles.

RT and SU have the same measure.
RT and SU are lines of symmetry.

The diagonals intersect at right angles.

moow>»
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11.What do all rectangles have that some parallelogdomot have?
Opposite sides are parallel.

Diagonals are equal in length.

Opposite sides are equal in length.

Opposite angles have equal measure.

None of (A) — (D).

moow>

12.Which istrue?

All properties of rectangles are properties opallallelograms.
All properties of squares are properties of altangles.

All properties of squares are properties of albfiatograms.
All properties of rectangles are properties okgliares.

None of (A) — (D) is true.

moowp

13.In the diagram, O is the centre of the circle. ARiichord and P is any point on
the circumference. Which relationshigtiise in every circle?

P

Y\

A B

AAOB is isosceles.

AP and BP have equal measure.
OA and OB have equal measure.
0 AOB =01 APB.

(A) and (C), above are true.

moow

14.Consider these two statements.
Statement R:In AABC, JA andC are complementary.
Statement S: AABC is a right-angled triangle.
Which istrue?
A. If Ris true, thers is false.
B. If Ris false, thersis true.
C. If Ris true, therSis true.
D. R andS cannot both be false.
E. R andS cannot both be true.

15.Here are two statements.
Statement S:Figurel is congruent to Figur2.
Statement T: Figurel is similar to Figure2.
Which istrue?

If Sis true, therT is false.

If Sis true, therT is true.

If Sis false, therT is false.

S andT cannot both be true.

None of (A) — (D) is true.

moow»
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16.1f a line P is perpendicular to a line Q, and lpeés perpendicular to line R, which
of the following is tue?

P and R are perpendicular.

P and R have equal length.

Q and R have equal length.

P and R are parallel.

P and Q have equal length.

moow>

17.Examine these three statements.
(). Two lines perpendicular to the same line aaeajel.
(ii). A line that is perpendicular to one of two paralieés is perpendicular to the other.
(iii).If two lines are equidistant, then they ararallel.
In the figure below, it is given that lines S andre perpendicular and lines T and
P are perpendicular.

Which of the above statements could be the redsribe S is parallel to line T?
A. (i) only
B. (ii) only
C. (iii) only
D. Either (ii) or (iii)
E. Either (i) or (ii)

18.Given a parallelogram, P from which of the follogiican we be sure that P is a
square?

P has four sides all of which are equal in length.

P has diagonals of equal length.

P has diagonals of equal length which bisect edfoér @t right angles.

P has four right angles and diagonals of equal areas

P has diagonals that intersect at right anglesatsalhas four equal sides.

moow>
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19.In Figure 1, a student was asked to find the suranfdy. The student’s answer
was:x +y = 180°. This student was correct!

Figure 1

The teacher decided to increase the measure @& aagl shown in Figure 2
below.

Figure 2

Which istrue of the new value of +y?
X +Yy is now greater than 180°.
X + Yy is still 180°.

X +Yy is now less than 180°.

X +y=90°

X+y=270°

moow>

20.Here are three properties of a figure.
Property P: It has diagonals of equal length.
Property Q: It is a square.
Property R: It is a rectangle.
Which istrue?

P implies Q which implies R.

P implies R which implies Q.

Q implies R which implies P.

R implies Q which implies P.

R implies P which implies Q.

moowp

DO NOT OPEN TO THE NEXT PAGE. SUBMIT YOUR COMPUTER
ANSWER SHEET AND WAIT UNTIL YOU ARE TOLD TO START P ART 2.
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Name: .......covvvviiiiinnns
PART 2: 20 MINUTES

NOTE: Attempt all the questions. Even when you do naivkithe complete answer,
provide answer for the parts that you know, becanaeks would be awarded even
for partial answers.

Question 1
In the diagram, ABCB and AD| =[CDl. O BAE = 29° andJACD = 53°. Find the
value ofx. You are to show your workings, giving reasonsdach step.
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Question 2
You only need to write statements and give reatmnemplete this proof.

Given:APQR is an isosceles triangleqQ =| PR and PQRS.

Prove:

QR bisectSPRS.

0 P
S R

Proof:

Steps Statements Reasons
1 | PQ|RS Given
2 |DQ=D0QRS e
3 |IPQd =|PR Given
4 |0 D0Q=0PRQ e
5 From (2) and (4), ..coooeviniiinnenn, . By substitution.
6 Hence Definition of angle bisector.
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Question 3
Write this proof in the space provided. Use thieletgs in the given diagram. Give a
reason for each step in your proof.

Given: AABC in which DE|| AC.
Prove: a+ b+ c=180°

Space for your answer
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APPENDIX 6.A.2

The VHGT for grade 11 learners

VAN HIELE GEOMETRY TEST (VHGT)
GRADE 11

INSTRUCTIONS:

1. Do not start until you are told to do so.

2. While you are waiting, please fill the appropgiamformation in the spaces below.

Name Of SChOQAL ... e
(] =0 [
Age (INYEAIS): ..uue it i SEX i e e

3. This paper consists tfo parts: Part A and Part B. You are expectedtswer
all the questions from both partart A will last for 30 minutes, while Part B
will last for 20 minutes.

Instructions for Part A

4. Part A is an objective test, consisting 2@ multiple- choice questions. Provide
your answers on theomputer answer sheethat you are givenDo not mark
your answers on the test booklet.

5. Each question is followed bijwe options letteredA to E. There is only one
correct answer to each question. Choose the carmitin for each question and
shade in pencilon your computer answer sheet the answer spaa wbarshe
same letter as the option you have chosdBive only one answer to each
guestion.

6. Use arHB pencil for this part.

Instructions for Part B

7. Part B is an essay paper and it contéfimee questionsin all. Answer all the
guestions in the spaces provided for each questitims booklet. Use either blue
or black ink to write your answers.

8. Do not start Part B until you are told to do so.

NOTE: Thediagrams in this test ar@ot necessarilydrawn to scale.
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PART A: 30 MINUTES
Which of these are triangles?

0O A

All are triangles
4 only

1 and 2 only

3 only

1 and 4 only

moow>

Which of these are rectangles?

| e a7

P and R only

Q and S only

P only

R only

All are rectangles

moowp

Which of these are squares?

SRR

X only
U and W only
W only
V and X only
U only

moow>»

Which of these are quadrilaterals?

S U

None of these are quadrilaterals
T only

U and V only

R only

S and V only

moow>
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Which of these are parallelograms?

moowp

S o e

| only

L only

| and K only

Jand L only

All are parallelograms

ABCD is a rectangle. One of its diagonals, Bdrawn.

A B

Which istrue in every rectangle?

moowp

BD bisectd1B and[D.

BD divides ABCD into two congruent right-anglecdatigles.
BD is a line of symmetry.

BD divides ABCD into two congruent isosceles tribsg
BD and DC have the same measure.

PQRS is a rectangle. The diagonals, PR and ®&gsect at T.

P— —Q

Which of the following isnot true in everyrectangle?

moowp

PR and QS have the same measure.
T is the midpoint of both PR and QS.
PR and QS have different measures.
There are four right angles.

PS and QR are parallel.
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8. P and R are the centres of two circles whickrggtct at Q and S to form a 4-sided
figure PQRS. Two examples are given below.

0

S

Which of (A) — (D) isnot always true?
A. PQRS will have at least two angles of equal measure
B. PQRS will have two pairs of sides of equal length.
C. Angles P and R will have the same measure.
D. The lines PR and QS will be perpendicular.
E. All of (A) — (D) are true.

9. An equilateral triangle is a triangle with dlktthree sides equal in length. Two
examples are given below.

Which of (A) — (D) istrue in every equilateral triangle?

Each angle is an acute angle.

The measure of each angle must b& 60

Each angle bisector is a line of symmetry.

Each angle bisector must also bisect the oppasiéeperpendicularly.
All of (A) — (D) are true.

moow>

10.RSTU is a square. Which of these propertiemistrue in all squares?

R S

RS and SU have the same measure.
The diagonals bisect the angles.

RT and SU have the same measure.
RT and SU are lines of symmetry.

The diagonals intersect at right angles.

moow>»
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11.What do all rectangles have that some parallelogdomot have?
Opposite sides are parallel.

Diagonals are equal in length.

Opposite sides are equal in length.

Opposite angles have equal measure.

None of (A) — (D).

moow>

12.Which istrue?

All properties of rectangles are properties opallallelograms.
All properties of squares are properties of altangles.

All properties of squares are properties of albfiatograms.
All properties of rectangles are properties okgliares.

None of (A) — (D) is true.

moowp

13.In the diagram, O is the centre of the circle. ARichord and P is any point on
the circumference. Which relationshigtiise in every circle?

P

LN

A B

AAOB is isosceles.

AP and BP have equal measure.
OA and OB have equal measure.
0 AOB =0 APB.

(A) and (C), above are true.

moowp

14.Consider these two statements.
Statement R:In AABC, JA andC are complementary.
Statement S: AABC is a right-angled triangle.
Which istrue?

If Ris true, thers is false.

If R is false, thersis true.

If Ris true, thersis true.

R andS cannot both be false.

R andS cannot both be true.

moow»

15.Here are two statements.
Statement S:Figurel is congruent to Figur2.
Statement T: Figurel is similar to Figure2.
Which is true?

If Sis true, therT is false.

If Sis true, therT is true.

If Sis false, therT is false.

S andT cannot both be true.

None of (A) — (D) is true.

moow>»
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16.1n the diagram, M| BC.

B C
Which istrue in every triangle?
A. IMN| =v|BC]|
B. AAMN is congruent t?\ABC
C. AABC is isosceles
D. [MN]| =[NC]
E. AAMN is similar toAABC

17.Examine these three statements.
(). Two lines perpendicular to the same line aamfel.
(ii). A line that is perpendicular to one of two paralieés is perpendicular to the other.
(iii).If two lines are equidistant, then they am@rallel.
In the figure below, it is given that lines S andre perpendicular and lines T and
P are perpendicular.

Which of the above statements could be the redsdrihe S is parallel to line T?
(i) only

(i) only

(iii) only

Either (i) or (iii)

Either (i) or (ii)

moowp
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18.1In the diagramAABC is such that MI‘H BC. The lines BN and MC are drawn so
as to formAMNB andAMNC.

A
M N
B C
Which of these mawot be true in everytriangle?

A. IMN| =[NC|
5. AM _ AN
" MB NC

AM _ AN

AB AC

D. In AAMN andAABC, corresponding angles are equal
E. AMNB andAMNC have equal area.

19.In the diagram, M is the midpoint of AB and N i thnidpoint of AC inPAABC.

A

B C

Which isnot correct in every triangle?
A. [MN| =%|BC]|
B. OAMN =0ABC.
C. |aM| x [AC| = [AN]| x [MB|
D. Lines MN and BC are parallel
E. None of (A) — (D) is correct.

20.Here are three properties of a figure.
Property P: It has diagonals of equal length.
Property Q: It is a square.
Property R: It is a rectangle.
Which istrue?

P implies Q which implies R.

P implies R which implies Q.

Q implies R which implies P.

R implies Q which implies P.

R implies P which implies Q.

moow>

DO NOT OPEN TO THE NEXT PAGE. SUBMIT YOUR COMPUTER
ANSWER SHEET AND WAIT UNTIL YOU ARE TOLD TO START P ART 2.
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PART 2: 20 MINUTES

NOTE: Attempt all thethree questions. Even when you do not know the complete
answer, provide answer for the parts that you krimegause marks would be awarded
even for partial answers.

Question 1
Find the values of andy in the diagram. Show your workings in the spacwidied.
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Question 2

You only need to write statements and give reatmnsmplete this proof.

Given: In the diagram, D is the midpoint of line AGD| =|DC|

Prove:JABC = 90°.
B
1\2
1\ 2
A 5 C
Proof:
Steps Statements Reasons
1 |IBDl =IDC Given
2 [ OBa=TC
3 | Also,|AD| =|BD| D is the midpoint of AC andBD| =|DC|
4 |0 .ieeiiiiiiiieiiieiieeeeee. ... | Base angles of isoscel&dBD.
5 | S0,0A +0B1+ TBo + TIC = 180° | ceeuneuntinniin ettt eeeeeeaeeee e et e e e e eeaee e
6 | .e. 2B+ 2By = 180° | it e e e e
7 Hence,JABC =90° OABC =0B; + B,
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Question 3
Write this proof in the space provided. Give a ogaf®r each step in your proof.

B C

Given: INAABC, DE||BC. From angle E, h is the height #ADE, while from angle
D, the height oAADE is k.

AD _ AE
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APPENDIX 6.A.3

The VHGT for grade 12 learners

VAN HIELE GEOMETRY TEST (VHGT)
GRADE 12

INSTRUCTIONS:
1. Do not start until you are told to do so.

2. While you are waiting, please fill the appropriattbrmation in the spaces below.

Name (SUrname firSt): ... ..o e e e e
Name Of SChOGI ... ... e e
LT =T [ PP
Age (inyears):.......cooeiviiiiiiiiiiee e S X ittt

3. This paper consists oivo parts: Part A and Part B. You are expectedtswer
all the questions from both partart A will last for 30 minutes, while Part B
will last for 20 minutes.

Instructions for Part A

4. Part A is an objective test, consisting 2@ multiple- choice questions. Provide
your answers on theomputer answer sheethat you are givenDo not mark
your answers on the test booklet.

5. Each question is followed bfjve options letteredA to E. There is only one
correct answer to each question. Choose the carmitin for each question and
shade in pencilon your computer answer sheet the answer spaah \wkarghe
same letter as the option you have chosdBive only one answer to each
question.

6. Use arHB pencil for this part.

Instructions for Part B

7. Part B is an essay paper and it contaimge questionsin all. Answer all the
guestions in the spaces provided for each questitims booklet. Use either blue
or black ink to write your answers.

8. Do not start Part B until you are told to do so.
NOTE: Thediagrams in this test ar@ot necessarilydrawn to scale.
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PART A: 30 MINUTES
1. Which of these are triangles?

0O A

All are triangles
4 only

1 and 2 only

3 only

1 and 4 only

moow>

2. Which of these are rectangles?

| e a7

P and R only

Q and S only

P only

R only

All are rectangles

moowp

3. Which of these are squares?

) o < [

X only
U and W only
W only
V and X only
U only

moow2»

4. Which of these are quadrilaterals?

S U

None of these are quadrilaterals
T only

U and V only

R only

S and V only

moow>
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5. Which of these are parallelograms?

moowp

S o e

| only

L only

| and K only

Jand L only

All are parallelograms

6. ABCD is a rectangle. One of its diagonals, BD iavan.

A B

D C

Which istrue in every rectangle?

moowp

BD bisectd1B and[D.

BD divides ABCD into two congruent right-anglecdatigles.
BD is a line of symmetry.

BD divides ABCD into two congruent isosceles tribsg
BD and DC have the same measure.

PQRS is a rectangle. The diagonals, PR and SCGeteat T.

P— —Q

Which of the following isnot true in everyrectangle?

moowp

PR and QS have the same measure.
T is the midpoint of both PR and QS.
PR and QS have different measures.
There are four right angles.

PS and QR are parallel.
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8. P and R are the centres of two circles which ietgrat Q and S to form a 4-sided
figure PQRS. Two examples are given below.

03

S

Which of (A) — (D) isnot alwaystrue?
A. PQRS will have at least two angles of equal measure
B. PQRS will have two pairs of sides of equal length.
C. Angles P and R will have the same measure.
D. The lines PR and QS will be perpendicular.
E. All of (A) — (D) are true.

9. An equilateral triangle is a triangle with all ttieee sides equal in length. Two
examples are given below.

Which of (A) — (D) istrue in every equilateral triangle?

Each angle is an acute angle.

The measure of each angle must be 60°.

Each angle bisector is a line of symmetry.

Each angle bisector must also bisect the oppasiéeperpendicularly.
All of (A) — (D) are true.

moow>

10.RSTU is a square. Which of these propertiemistrue in all squares?

R S

RS and SU have the same measure.
The diagonals bisect the angles.

RT and SU have the same measure.
RT and SU are lines of symmetry.

The diagonals intersect at right angles.

moow>»
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11.What do all rectangles have that some parallelogdomot have?
Opposite sides are parallel.

Diagonals are equal in length.

Opposite sides are equal in length.

Opposite angles have equal measure.

None of (A) — (D).

moow>

12.Which istrue?

All properties of rectangles are properties opallallelograms.
All properties of squares are properties of altangles.

All properties of squares are properties of albfiatograms.
All properties of rectangles are properties okgllares.

None of (A) — (D) is true.

moowp

13.In the diagram, O is the centre of the circle. ARichord and P is any point on
the circumference. Which relationshigtiise in every circle?

P

Y\

A B

AAOB is isosceles.

AP and BP have equal measure.
OA and OB have equal measure.
0 AOB =01 APB.

(A) and (C), above are true.

moow

14.Consider these two statements.
Statement R:In AABC, JA andC are complementary.
Statement S: AABC is a right-angled triangle.
Which istrue?
A. If Ris true, thers is false.
B. If Ris false, thersis true.
C. If Ris true, therSis true.
D. R andS cannot both be false.
E. R andS cannot both be true.

15.Here are two statements.
Statement S:Figurel is congruent to Figur2.
Statement T: Figurel is similar to Figure2.
Which istrue?

If Sis true, therT is false.

If Sis true, therT is true.

If Sis false, therT is false.

S andT cannot both be true.

None of (A) — (D) is true.

moow»
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16.PQRS is a cyclic quadrilateral. O is the centréhefcircle. Line PS is produced to
a point T, outside the circle.

From this diagram, one can prove th#) = JRST.What would you conclude
from this proof?

OO w>

m

Given any cyclic quadrilateral PQRS with PS prodiuteT, ther1Q = ORST.

Only in this cyclic quadrilateral can we be suratthQ = ORST.

Given any quadrilateral, PQRS with PS produced, tthdnJQ = [ORST.
Only when the quadrilateral, PQRS looks like a kde we be sure that
0Q=0RST.

Only in some, but not all cyclic quadrilaterals PRRan we prove that
0Q=0RST.

17.Examine these three statements.
(). Two lines perpendicular to the same line aaeajel.
(ii). A line that is perpendicular to one of two paralieés is perpendicular to the other.
(iii).If two lines are equidistant, then they ararallel.

In the figure below, it is given that lines S andre perpendicular and lines T and
P are perpendicular.

Which of the above statements could be the redsairlihe S is parallel to line T?

moow>

(i) only

(i) only

(iif) only

Either (ii) or (iii)
Either (i) or (ii)
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18.In the diagram, lines PQ and PR are tangents toitble at Q and R respectively.
O is the centre of the circle.

P

Which of these isiot true?
A. PQOR is a kite.
B. PQ and PR have the same measure.
C. PO bisects angles P and O.
D. QR intersects PO at right angles.
E. QR is perpendicular to PQ.

19.1n the diagram, ATB is a tangent. Three studdft§ andH were asked to find
the value ok, giving a reason to support their answers.

o<

ANV

T

Here are their answers alongside their reasons.

Student F: x 40° @ngles subtended by equal chgrds

Student G: x 40° (@ngles in the same segment of a circle

Student H: x= 40° (@ngle between a tangent and a chord equals anglesialt. seg.
Which of these students gives t@rect reasonfor their answers?

F only

G only

H only

F and H only

All of F, G and H.

moow>

20.Here are three properties of a figure.
Property P: It has diagonals of equal length.
Property Q: It is a square.
Property R: It is a rectangle.
Which istrue?
A. P implies Q which implies R.
B. P implies R which implies Q.
C. Q implies R which implies P.
D. R implies Q which implies P.
E. R implies P which implies Q.

DO NOT OPEN TO THE NEXT PAGE. SUBMIT YOUR COMPUTER
ANSWER SHEET AND WAIT UNTIL YOU ARE TOLD TO START P ART B.
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Name: ...coovoiiiii e,
PART B: 20 MINUTES

NOTE: Attempt all thethree questions. Even when you do not know the complete
answer, provide answer for the parts that you krimeegause marks would be awarded
even for partial answers.

Question 1
In the diagram, ACDE is a circle with BB>C and|AB| = |AE|. Find the value of
X. You are required to show your workings, givinggens for your steps.
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Question 2

You only need to write statements and give reasortomplete this proof. Refer to
the diagram below.

Given:

() PQRS is a cyclic quadrilateral. FH(EZS.
(i) PT is a tangent at P.

(III) DPZ = DSQ = DP1 = 9

Prove: PQRT is a parallelogram.

Proof:

Steps Statements Reasons
1 |P,=P,=6 Given
2 |:| Tl = Pl = e .............................................................
3 | ST P = B e

Exterior angle of a cyclic quadrilaterathe
4 | S$3=0PQR=6 interior opposite angle.
5 |OQPT=180° -8 | i e
6 Now, OR =180° -6 Opposite angles of a cyclic quadrilateral.
7 From (5) and (6): ....................| By substitution
8 | And from (2) and (4): T= OPQR | coeiriiii it e e
9 Hence, from (7) and (8), PQRT is &airs of opposite angles are equal.
parallelogram.
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Question 3
Write this proof in the space provided. Give a osafor each step in your proof. Use
the lettering in the diagram.

Given: PQRS is a cyclic quadrilateral with line pf®duced to a point T.
Prove:x =z

Space for your answer
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Multiple-choice answer sheet for the VHGT

APPENDIX 6.B
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APPENDIX 6.C

Individual learner’s performance on the VHGT

APPENDIX 6.C.1

NS grade 10 learners’ performance on the VHGT

Grade 10 Learners’ Results on the VHGT

NS Subsample

TOT % Score

VH Score

17 18

16

12 13 14 15

11

10

A
A

B C C E

B

E A C C E
B C D B A
B B D B A
B C E A A

25
25

E

B D

0
0
0
0
0

0

A D B C A

D B B B

E

15
10

0
B D B A O

cC C B C A
E B A

Om

< w

oo

m m

15
30

cC A A A C

0

0

B C E A A

E D E B B
CcC C E B

1
0

E A C C C

40

E

E A D A A

25
30
25

2
2
0

B C E A
C Cc|C A
C C E B

B
B

OO0«

mnmw

A E C D

0
0
0
0
0

D C B A D

E A

12
13
14
15
16
17
18
19
20
21

35
20
20
30

C

0
0
0

CcC C B B A

B A

E

2
2
2

B C E A A A D D A A
B

B C E A A
B C C B A

D D A A

B A C A
D A A A

C A E A

10
30

0
1

E C C B B

E D C C A

25

CcC C A A E
B

1
1
0

E A C B C

1
1

45

2

C E E A

E A A C A

0

D
B

A A C B

B C E B A
A A D B A

30

C C E
CcC C A

B

22
23
24

35
45

A E

E
E A A C A

C E E A 2

1

1

Green = correct answer

Red

wrong answer
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APPENDIX 6.C.2

NS grade 11 learners’ performance on the VHGT

Grade 11 Learners’ Results on the VHGT

NS Subsample

% Score

TOT

VH Score

jze)]

18

17

16

14 15

13

12

11

65

13

—
-

40

30

30
45

1

50

40
20

CoonN——d0OdH

11
6

A NN AT NNNAN

O = NM<
O~V JHAAA A

35
35
35
40
15
30
15
20
0

N ANN—ANNNN A

16
17
18
19
20
23
24

21
22

Green = correct answer

Red

wrong answer
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APPENDIX 6.C.3

NS grade 12 learners’ performance on the VHGT

Grade 12 Learners’ Results on the VHGT

NS Subsample

TOT % Score

VH Score

17 18

16

12 13 14 15

11

10
A

C C E
E E D E A

B

E A C C E
E A C A A
E A C C C
E A B A A
E A E C E
B C A B A

35

0

1

55

11

B C E E A
B C C B
B C B B

1
0

35

D
A

45

1

0
1

20
35

B
A

B A B A

B C E B

1
1

E'C C C A
E A C C E

55

11

2

B D C E D
B C D E

B C B B

1
1

0

55
20
40

11

B
A

E A C C E

E D A A A

E
A
A

B C E E

1

E A B C D
E A C A

1
1
1

10
11
12
13
14
15
16
17
18
19
20
21

45

B C B B

1
0

E

40

0

B B B B

E A A A A
E E A A

30
25

B C C E B

0
1

E

B'D A E C

B C E B

E A C A A
E A B C E
E E B A

A A D C E

1
1

35
30
45

D

1
0
1
1
1

E
B

B C E B

E

A C E B

2

55
45

11

E

B A C A

E A C B A
E A C A A

A A E B

1
1
2
2

2
0

B C C E D

30
40

0O D C C A D
B C E E

1

E

E

E A B C C

Absent
E C E B A
E A B C D

22
23
24

30

B C D C A
E B D B

0

2
2

20

B

1

Green = correct answer

Red

wrong answer
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APPENDIX 6.C.4

SAS grade 10 learners’ performance on the VHGT

Grade 10 Learners’ Results on the VHGT

SAS Subsample

TOT % Score

VH Score

20

16 19

12 13 14 15

11

10

A

B C C E

E A C C E

60
50
55
35

12
10
11

15

C E A A
C C E A
cC C A
D D D
E A A

B
B
B
B
B

1
1
1
1

E A C B D

1
1
1
2
1
2
2
2
1

E A C B A
B A C C A

11

E
E
B

E A C A A

60
55
40

12
11

13
11

1
1
0
0

E A C C E

C C C A A

E A C C C

C B B B

B

E A B A C

30

E A B A C

50
50
35

10
10

0

A C E E D

1
1
0
0
1

E A C C E

C A E

B
B
B

E A C E A
B D C B A
B C E B A

10
11

©

D D A A 0
C C|C A
B A B B

B

40
40

10

12
13
14
15
16
17
18
19
20
21

B
B
D
B
B

E A C B A

35
30
30

D D B

1

0
0

E C B C E
E A A A A

0

A C C B

B

C D A

E D E A A

2

20
35
30

D D B C

1
0

E E B C E
B C C A

E A B B

0
0

D C A A A
B

E
E

D E B A

1
1
0
0
1
0

2
2

50
30

10

E

D C B

E A C C E

0
0

E D B B C
C B A C A

A B C E

E A E B A
B C C B A

15
35

A

22
23
24

0

D

E A C B A
C A C B A

2
2

20

A

0

D B B A C

Green = correct answer

Red

wrong answer
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APPENDIX 6.C.5

SAS grade 11 learners’ performance on the VHGT

Grade 11 Learners’ Results on the VHGT

SAS Subsample

TOT % Score

VH Score

19 20

jirs}

16

12 13 14 15

11

10

C C E A
C

B

15
40
30

0

E B D B

0

©

0

D C B C A

E C D B

25

D
E
B
B
C

0
1
0
0

C
A
A
A

45
20
25
20

D C C|C
E C D A

B C D B

0
2

B D C B

0
0

C
D

30

B D E E A

Absent

10
11

40
30

0
0
0

E B C C A
E C E B

0
0

C
A

A

12
13
14
15
16
17
18
19
20
21

40
45

A C E A A
B C D E

E
A

B

1

50
30

10

11

2
0
2
2

B C D E A

0 B B D A A
A C C B

0
1

C

55
45
25

11

14

A

cC A A B

E

A C C A A

D C E E

A

B
A
A
D
A
A

0
0

40
50
30
40

0
2

A D C B

10

B C D B
C C E B

E
A

1

22

10

2
0

0 B C E B

0

C
A

23
24

20

D A C B

Green = correct answer

wrong answer

Red =
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APPENDIX 6.C.6

SAS grade 12 learners’ performance on the VHGT

Grade 12 Learners’ Results on the VHGT

SAS Subsample

19 20 VH Score TOT % Score

16

12 13 14 15

11

10

A
E

C C E
B C C D

B

E A C C E

11 55

14

11
11

70
35

B A C E A

B C D B

1
0
1
1

E D C C E
E E B A

A
A

E

50
60
80
50
60
50
15
35

10
12
16
10
12
10

11
11
15
12

B C E B

E A C A A
B A C C A

B C E E A

B C C E A

1
0
1

E A C C E

E D C A C B D E A A O

E A C C A

E A C B

B C C E A

C C C B

A

1
0
0

E

E E D A C

E D C A B
B C C D A

10
11

D D C E A

2
2
1
1
1
1
2

50
50
40

10
10

B'D C D A

A C C B

0
0

E A D A C
E A A B B

12
13
14
15
16
17
18
19
20
21

A
A

0
0

A D C B

1
1
0

E A D C E
C A B C E

45

A C D A A

D C E B

25
45

B
A
A

E A B A B
E A C C E

0

B D D B
E C C B

B

1
0
0
0
1
1

35
35
30

E B E A C
E A B A C
E E B D D
E A C C A
E A C A A

E A C B

B
D

E C A

2

B C C B
B C E B

50
40

10

B

1
1
1
1

B C A A A

22

45

B C E A A
C D C A

1
0

E

23

25

B

B A D B A

24

Green = correct answer

Red

wrong answer
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APPENDIX 6.D

Item analysis of the VHGT

APPENDIX 6.D.1

Item analysis of the VHGT: NS subsample (% withicap

Levels Choice Item No. 1 2 3 4
1 A 7 54 15 34
B 26 1 20 26
C 0 29 28 37
D 1 7 10 0
E 65 7 26 3
Blank 0 0 0 0
2 Item No. 6 7 8 9
A 9 11 9 19
B 60 15 20 31
c 13 53 34 6
D 9 15 11 6
E 9 6 25 38
Blank 0 0 0 0
3 Item No. 11 12 13 14
A 11 22 7 19
B 13 9 25 35
c 13 13 9 16
D 25 7 16 11
E 37 49 41 18
Blank 0 0 1 0
4 Item No. 16 17 18 19
A * 22 * *
B * 24 * *
C * 12 * *
D * 16 * *
E * 20 * *
Blank * 0 * *

NB: Percentage correct for each item is underlined.
NB: Item Nos. 16, 18 & 19 differ for grades 10,&12 learners, hence they are excluded here.

N =68
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10

26

13

22

15

24

10

11

16

20

46

13

11

13



APPENDIX 6.D.2

Item analysis of the VHGT: NS grade 10 learnersaf# choice)

NS Grade 10 Learner’ Achievement on the VHGT (% wih choice)
Item Analysis

Levels Choice Item No. 1 2 3 4
1 A 4 38 12 33
B 50 4 4 42
C 0 50 21 21
D 4 8 21 0
E 42 0 42 4
Blank 0 0 0 0
2 Item No. 6 7 8 9
A 16 16 16 25
B 38 21 16 29
C 29 42 25 12
D 8 16 16 4
E 8 4 25 29
Blank 0 0 0 0
3 Item No. 11 12 13 14
A 21 21 8 16
B 12 8 42 29
C 29 33 16 16
D 21 0 8 16
E 16 38 25 21
Blank 0 0 0 0
4 Item No. 16 17 18 19
A 33 25 46 29
B 8 38 16 25
c 16 16 25 8
D 16 8 12 21
E 25 12 0 16
Blank 0 0 0 0

The correct answer to each question is underlined.
N =24
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75

loo

10

25

25

15

29

16

12

21

20

42

21

16



APPENDIX 6.D.3

Item analysis of the VHGT: NS grade 11 learnersaf# choice)

NS Grade 11 Learner’ Achievement on the VHGT (% wih choice)
Item Analysis

Levels Choice Item No. 1 2 3 4
1 A 9 52 14 28
B 24 0 33 19
C 0 24 24 48
D 0 9 5 0
E 66 14 24 5
Blank 0 0 0 0
2 Item No. 6 7 8 9
A 5 9 5 19
B 62 14 24 19
c 9 48 52 0
D 14 19 0 14
E 9 9 19 48
Blank 0 0 0 0
3 Item No. 11 12 13 14
A 5 19 5 14
B 9 9 0 38
c 5 5 9 28
D 24 9 19 9
E 57 57 66 9
Blank 0 0 0 0
4 Item No. 16 17 18 19
A 28 19 33 19
B 19 24 9 9
c 24 14 9 52
D 0 24 14 9
E 28 19 33 9
Blank 0 0 0 0

48

14

10

33

14

14

24

15

19

19

19

20

57

14

The correct answer to each question is underlined.
N = 21 (three learners were absent)
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APPENDIX 6.D.4

Item analysis of the VHGT: NS grade 12 learnersa{# choice)

NS Grade 12 Learner’ Achievement on the VHGT (% wih choice)
Item Analysis

Levels Choice

1 A

Blank

Blank

Blank

D

E

Blank

Item No. 1

8

Item No. 6

Item No. 11

30

39

Item No. 16

13

22

17

The correct answer to each question is underlined.

N = 23 (one learner was absent)
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12

26

22

17

30

17

26

17

30

13

30

22

35

18

13

13

35

13

39

17

13

43

14

26

39

19

35

13

22

17

43

10

32

22

17

15

22

20

39

22

13



APPENDIX 6.D.5

Item analysis of the VHGT: SAS subsample (% withich)

Levels Choice Item No. 1 2 3 4 5
1 A 0 63 7 32 41
B 23 3 17 28 4
c 4 14 61 30 20
D 0 13 7 4 4
E 73 7 8 4 31
Blank 0 0 0 1 0
2 Item No. 6 7 8 9 10
A 14 4 8 27 55
B 54 8 10 41 21
C 7 59 38 8 7
D 14 21 23 4 11
E 11 7 21 20 6
Blank 0 0 0 0 0
3 Item No. 11 12 13 14 15
A 11 35 8 24 15
B 21 10 18 21 38
C 14 11 14 28 14
D 13 13 11 13 14
E 41 31 48 13 18
Blank 0 0 0 1 0
4 Item No. 16 17 18 19 20
A * 34 * * 27
B * 18 * * 18
Cc * 20 * * 21
D * 10 * * 15
E * 18 * * 17
Blank * 0 * * 1

NB: Percentage correct for each item is underlined.
NB: Item Nos. 16, 18 & 19 differ for grades 10,&112 learners, hence they are excluded here.
N=71
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APPENDIX 6.D.6

Item analysis of the VHGT: SAS grade 10 learnersn#a choice)

SAS Grade 10 Learner’ Achievement on the VHGT (% wth choice)

Levels Choice

1 A

Blank

Blank

Blank

D

E

Blank

Item Analysis

Item No. 1 2 3 4
0 71 4 25
21 0 21 42
4 16 63 29
0 8 0 0
75 4 12 4
0 0 0 0
Item No. 6 7 8 9
12 4 21 33
58 12 25 29
8 50 25 12
16 25 16 4
4 8 12 21
0 0 0 0]
Item No. 11 12 13 14
12 50 4 21
16 4 29 33
8 4 12 25
8 4 8 16
54 38 46 4
0 0 0 0
Item No. 16 17 18 19
33 38 46 4
8 38 4 96
0 4 8 0
58 8 12 0
0 12 29 0
0 0 0 0

The correct answer to each question is underlined.

N =24
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12

10

29

21

12

12

33

20
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16

12
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APPENDIX 6.D.7

Item analysis of the VHGT: SAS grade 11 learnersnf# choice)

SAS Grade 11 Learner’ Achievement on the VHGT (% wth choice)

Item Analysis
Levels Choice Item No. 1 2 3 4
1 A 0 48 13 35
B 35 4 8 26
Cc 4 22 61 26
D 0 17 8 4
E 61 8 8 8
Blank 0 0 0 0
2 Item No. 6 7 8 9
A 17 4 0 17
B 39 13 4 52
c 4 65 35 13
D 17 13 35 0
E 22 4 26 17
Blank 0 0 0 0
3 Item No. 11 12 13 14
A 13 22 4 35
B 22 8 17 13
c 22 17 13 17
D 13 13 13 13
E 30 39 52 17
Blank 0 0 0 4
4 Item No. 16 17 18 19
A 8 17 39 22
B 17 4 17 22
c 13 43 4 30
D 8 13 22 13
E 52 22 17 13
Blank 0 0 0 0

39

26

10

17

15

30

17

22

20

30

22

The correct answer to each question is underlined.
N = 23 (one learner was absent)
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APPENDIX 6.D.8

Item analysis of the VHGT: SAS grade 12 learnersnf# choice)

SAS Grade 12 Learner’ Achievement on the VHGT (% wth choice)

Levels Choice

1 A

B

Blank

Blank

Blank

E

Blank

Item Analysis
Item No. 1 2 3
0 71 4
12 4 21
4 4 58
0 12 12
83 8 4
0 0 0
Item No. 6 7 8
12 4 4
63 0 0
8 63 54
8 25 16
8 8 25
0 0 0
Item No. 11 12 13
8 33 16
25 16 8
12 12 16
16 21 12
38 16 46
0 0 0
Item No. 16 17 18
38 46 0
29 12 12
16 12 16
0 8 25
16 21 46
0 0 0

The correct answer to each gquestion is underlined.

N =24
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38

16

29

42

14

16

16

19

21

25

12

29

12

21

10

16

15

12

12

16

20

25

16

16

12



APPENDIX 7

Learners’ School Examination in Mathematics (SEM) sores

APPENDIX 7.A

NS and SAS learners’ SEM scores

Cand. Grade level SEM score (%)
No.
NS SAS
10 11 12 10 11 12
1 54 77 65 58 41 45
2 60 58 70 63 34 45
3 56 72 68 30 26 55
4 70 52 45 38 12 55
5 50 78 50 31 25 55
6 64 57 65 63 21 55
7 58 58 70 48 11 45
8 56 68 67 40 16 45
9 60 75 58 63 8 35
10 65 70 75 57 7 45
11 62 77 68 41 9 35
12 66 65 75 46 8 10
13 58 70 68 36 13 55
14 70 68 70 55 8 35
15 68 75 58 37 9 35
16 58 60 60 39 9 35
17 55 54 70 50 5 22
18 60 55 78 22 8 10
19 58 60 80 24 16 10
20 70 64 76 19 6 10
21 50 70 54 30 7 35
22 60 48 58 11 8 10
23 72 58 66 13 10 22
24 74 60 74 20 13 22
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APPENDIX 8

Transcripts of the videotaped lessons

APPENDIX 8.A

Mr Adeleke’s lesson (NS grade 10 teachgr

The students were in their class, as is customamnaest public schools in Nigeria,

chatting away until Mr Adeleke, the teacher, entdrs class. At the signal of th

student monitor, the students rose and greetednison “Good morning sir”. Mr

Elapsed
Time

Adeleke, in response greets the students “good imgprnow sit down”. The lesson is

now officially underway

Last week, we discussed about types of trianglesldlyou that we have, 1) scale
triangle, ok?‘Yes” [replied the studentsAnd then | tried to draw the diagram f
you, that for scalene, we have these things, thae rof the sides are what? Equ
“equal” [repeated the students almost simultaneously wihtélacher. Mr Adelekd

draws the following sketch on the chalkboard agx@aing.
1). Scalene triangle. y
| also talked about isosceles, isosceles trianggerites on the chalkboard as |
speak} ok?“Um” [answered the studeift$sosceles triangle where the two oppog
sides are whatEqual” [the teacher says this together with the studentiswith his
voice leading

2). Isosceles triangle.

And also, we talked about equi, equilateral trianghere all the sides are equal.

3). Equilateral triangle

5 minutes
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Today, we are going to look at how we can prove tha sum of a triangle, ok, is

equal to one eighty degreebe[ writes this on the chalkboard with the stude
verbalising after hirh The sum of a triangle is equal to 180°. We aring to prove
today that the sum of a triangle, A, B, C, thatisgle A plus angle B plus angle C
equal to one eighty .‘degrees”. [He writes this on the chalkboard as folldws

B C
[} [} )
A+ B +C =180°
How do we prove this? First and foremost, we needraw our diagram, oK¥es”.
This is the diagram here, alrightHd draws it on the chalkboard as shoy

hereundey.

1) Diagram

B D

C
We could do this line, call this A, B, produce liBE to meet at em, D, oK¥es”.

Then, the first thing now after drawing the diagrarequired, required to provg

Require to provetie writes it on the chalkboald

O O O
Required to Prove: We want to prove thAt+ B + C = 180°. Then number threg

we want to construct. Construction, constructi@mstruction.

3) Construction: What are we constructing? Assumthgs is parallel puts
arrowheads on line AB in the diagram abpwdraw AB, ok, parallel to EC. What
am trying to say is that, draw this, AB parallemtbat?“EC” [draws EC parallel to

AB as shown in the diagram belpw

20 minutes
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Label this small ‘a’, that is, the angle, labelsthd’. Label this small ‘a’, label thig

small ‘b’, ok? Mr Adeleke labels the diagram as shown above

Now, let’s start the proof now. In that proof, we @aying that angle, angle A, sor
[rubs off A, angle BAC is equal to angle ACE. That is altéerangles, ok? Alternat

what?“Angles” [chorused the students

Mr Adeleke states the proof of the angle sum ofaamgte on the chalkboard all b
himself, seeking only corroborative questions frim students. The chalkboa
surface was so rough and untidy that the completfpwhich he wrote on thg

chalkboard was rendered illegible as captured l®y¢hmera

We are saying that this angle het@uches small letter ‘a’ at angle] Ahis angle herg
is equal to this angle herto{iches small letter ‘a’ at angle C in the diagramové.

Alternate angles, what makes them alternate andgdesause AB is parallel, AB i
parallel to what?EC” [replied the studentdut with his voice leadirjg Also, angle
ABC is equal to angle ECD, is equal to angle ECDtr&€ponding what?Angles”.

The same thingréferring to the reasdn AB parallel to what, AB parallel .."CE”

[says the students, but with his voice leadiBuit look at this now, angle BAC plu
angle ABC, again plus angle, am coming. Angle AglarA, am talking about thig
angle now, angle ACB, this angle here, this anglehangle ACBUses his fingers tq
trace the angle Angle ACB plus angle ACE, plus angle ACE pluglen now angle
ECD, here $hows it to the students in the diagram on theldiwdrd. Angle ABC,

that is, this angle, plus this angle, plus thislarjtpuches the angles at C in th
diagrani is equal to what? One eighty .‘‘degrees” [the studentzompleted it ag
expectefl Who can tell me the reason? Because this isWisttaight line” . It is a

straight eh .."line” . That is a straight angle, straight angle, ok?

But we have also seen that em, we have also sagnith have also seen that, thig
our ACB. Now we also know that angle ACB plus angleangle ACB, ACB plus
angle ACE, angle ACE, what is angle ACE? Is wHa? [chorused the student;

following the cue given by the teacher who pladesfinger on small letter ‘a’ at

angle @, plus ‘a’ plus angle ACD, angle ACD. What is amghCD? Angle A ...,
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ACD, “b” . ACD is what?b” [replied the studen}sls what?b” . Is A ..., not ACD,
it is supposed to be angle ECD, ok®e[ makes the necessary correction on

chalkboard. Angle EC what?D” . Is what, is what?” . Correct, it is em'ib” [says
the students following Mr Adeleke’s leading vhiaghich equal to one eighty ..
“degrees” [he says this together with the students, with bisevleading But, we
can see that angle ACB is our C here, is our what?. Is that not so? This is
[touches angle ACB in the diagram on the chalkbp&®d, this will give us, C + a -
b = 180 what?Degrees” [chorused the studehtOk? “Yes”. Therefore, angle A
you can rearrange, plus angle B plus angle C isletju 180 what?'Degrees”

[answered the studefts

You can see that we have come back to what wedsirstated that was required
prove, that angle A plus angle B plus angle C isaé¢p 180 ... tlegrees” That is

why we say that the sum of a triangle is 180 dedrees”.

How can we use this now in solving triangle? | witi only one for you. Suppose”

have ABC and here is 80° while here is 60fajvs and labels triangle ABC on th

chalkboard as follows

I may say find angle C. Find angle wh&t? [replied the studenksYou will say that
angle A plus angle B plus angle C equals What? 180degrees” [Mr Adeleke
writes this on the chalkboard as follgws

0 0 0
A + B + C =180° (sum of triangle).

What is your reason? You will say sum of triangled of course, that is what W
have here referring to the theorem just proverSum of what?Triangle” . Ok?
“Yes”. You will say sum of a triangle is one eighty“degrees”. Therefore, our A ig
what? 80°. Our B is what? 60° plus what? C, equ&B° [he writes this on thq
chalkboard.

O
80° + 60° +C = 180°

30 minutes
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O

That is, 140° +C = 180°
0 CDE = 180° — 140°
C = 40°
That is one forty plus C, oK¥es Sir”. One forty plus C equals one eighty degrg
What is 80 plus 60 class?240”. One forty, good, plus C equals one eighty degr
Therefore, it means that C equals one eighty mimbat? “140”. And one eighty,|
minus one forty is what?40” . Forty degrees, so you can now see that C is er

“40°” [chorused the students$-orty degrees.

Therefore, |1 want you to do this. Quickly do thisdasee whether you understa
what | have done so farTlie students now took out their notebooks for chasik
while Mr Adeleke writes the problem on the chalkldgarhis is 65° and this 60°. Ju
do this and ..., sorry, find angle B, find angle Bdfangle B.

A

Find angle B

[Mr Adeleke circulates around the room, not actuatigpecting what the studen

were doing, but just allowing them time to compthtetask

Has anybody worked it outA[number of students raised up their hands, indiga

that they had solved the problgr@an you fo a studerjtcome and demonstrate ho
you do it? What is your name, what is your name® Ad“no, Ajose” [says the
female studetAjose, let Ajose come and see ..., help us to wibodkit and find out,
let's see how she got itAJose went to write the solution on the chalkboasi
follows.

A+B+C=180°

60 + B + 65 =180°

60 + 65 + B = 180°
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Ask the class, ask the claddr[Adeleke tells Ajose to ask the class as she glgsg

with the sum of 60 and 560 plus 65 class, what is it225" [chorused the
students “One twenty-five minus one eighty?” [Ajose asks the classNo, one
eighty plus [nstead of mingysone twenty-five class™r Adeleke interjeclis What is

it? “55”, fifty-five, so angle B is fifty-five what?Degrees”.

125 + B = 180°
B =180° - 125
0 B =55

Can you put your hands together for héffid class applauded Ajose as she rety

to her sedt

Alright. So, you've seen that it is possible fortasuse this ruleifistead of explicitly,

using the word ‘theorethto solve em, angles in em, a triangle, ok? Nbwant you
to go home with this. Go home with thise] writes a problem on the chalkboard
shown hereundéiand em, | want you to go home with this and famjle A and em
angle C. Find angle A and angle C.

A <
1 75°

. O O
Find A andC

~

 35°
B C

So that by the time we meet next week, we shatalbgng about the interior angles
a triangle firaws a diagram on the chalkboard as shown bglow

A

b
B E

C
The two interior opposite angles, ‘a’, ‘b’ is equalthe exterior angle Z, or let’s sg

C. We are going to prove that this angle ‘a’ plbsis equal to angle ACE. That i
what we will be doing next week. Thank ydiihank you Sir” [Replied the student
and the lesson is now over. Mr Adeleke ends theneSaminutes before the officig
time].

As with most public schools in Nigeria, the teacleawves the class at the end of |

lesson while the students sit back and wait fortlasioteacher for the next lesson

40 minutes
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APPENDIX 8.B

Mr Balogun’s lesson (NS grade 11 teacher)

Mr Balogun, the teacher, had just entered the cldds. moves straight to the

chalkboard and writes the date, the subject and ttmc for the day (kinds an

properties of triangles) on it before turning toegt the students. “Good d3g

Elapsed
Time

everybody”, he greetsGood morning Sir”, replied the students, and the lesson is

now officially underway

We want to talk about the kinds and propertiesriangles, types and properties
triangles. Now, before we go on, let’'s talk abdwg tefinition of triangle. A triangle
is three-sided figure with three lines joined togetwith three angles. | will take
again. A triangle is three lines joined togetherfaam three anglesMr Balogun
circulates around the classroom as he states ttimitien, while the students wer|

just listening but not writing

An example of ..., we have em, a line like thisgws a horizontal straight lifje
another one like thisgdfaws another line joining the fifstfrom here you join it to thig

place he completes the triangle as shown hereunder

This is what now?NIr Balogun uses arcs to mark off the angles of tlangle as
shown above “Angles” [replied the studenfs Three angles, three-sided, are V
with me?“Yes Sir". Now, apart from that one, let’s talk about thpety, types of
triangles. If we want to consider a triangle, hoowek do it? We normally know thg
a triangle, you talk about a triangle we all kndwattthe sum is 180 degreés [writes

it on the chalkboard as folloys

Sum of a triangle is 180°.

5 minutes
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Am | correct?“Yes Sir". Good. Now, before that, let's talk about kindsda

properties of a trianglehf moves to consult his note of lesson which hpskee a
desk in the front of the class. He does this caasoh quite ofteh The first one we
will talk about, let’'s talk about the types of tigles that we have. We ha
equalateral jis own spelling and pronunciatiptriangle, we have isosceles triang
and we have scalene. Are you with ni&2s Sir”. Now, equalateral triangle, W
have kinds now, we have em... one, we have em ...w&hbave em... three we ha
em... [He lists the following as he spe@ks

Kinds of triangles

- Scalene triangle

- Isosceles triangle

- Equalateral triangle

Now we talk about, these are the three types afigies. The first one we have em

scalene triangle. In a scalene triangle, no sidesqual, no sides, we have em, if
triangle we have em, let's say we have em ... A, B @nfhe labels the trianglg
abovéd. Are you with me?‘Yes Sir”. Let’'s draw something new so that em ..., @
this one A, B and Che draws and labels another triangle on the chatkboas

shown beloy

B C
Angle A, am | correct?Yes”. The size of this side, this side is known aq fsints
to the side opposite angle A, i.e. side BC in tlagrdam abovg side ‘a’. Opposite of]
the angle heretguches angle Bis known as ‘b’, small, capital, capital lettenall
letter ‘b’ [he stutters The angle herehp marks an arc at angle Jds known as C.
Are you with me?Yes Sir”. The opposite therd§ touches line ABs known as ‘c’.
So, this side is known as ‘laces his fingers on line AB, the line oppositglard.

Are you with me?Yes Sir”.

Now, after | said that, | said that em, a scalei@agle is a, a, ahfe stutterktype of

triangle that has all the sides are not equal. iNe there are equal. For example,

10 minutes

Page 137




me just give you ... This oneh¢ touches the scalene triangle drawn on

he

chalkboard.

Scalene triangle

We say this one is not equal to this one, is nagktp this oneIr Balogun marks
the sides of the scalene triangle as shown abowedioate that they (the sides) a
not equal to one anotherAre you with me?Yes Sir”. So, this one is known g
scalene, no sides are equal, is it cléxi®s Sir”. Is it clear?’Ay” . Is clear?'Yes”.

So let’s give this one A, call this one A, callgline B and Cldbels the angles of th

triangle drawn abovie

Now, isosceles triangle: Isosceles triangle isangle with two sides that are equ
Two sides, two of the sides are equal. Examplé, afeé have em, ..., and em, ...,
an isosceles triangle, two angles, when | say @escl said that two sides are eqy
we have em, ...He draws an isosceles triangle on the chalkboardshewn

hereundey.

Isosceles triangle

B C

Call this one A, B, CNMIr Balogun labels the angles of the trianjgl€his one is equa
to this [marks off the two equal sides on the isoscelesdi@éaas indicated in the

diagram abovg Are you with me?“Yes”. Yes, so this is called isosceles, |

“triangle” [the students completed the staterhdnangle. Is it ok?Yes”.

Now, equalateral triangle: That is a triangle, yoe writing?“Yes”. “Come again

Sir” [some of the students requested Mr Balogun to repkat he has just dictatgd

Which one? Meanwhile, the students are busy copying all that Batogun has
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written on the chalkboaid Are you there?He asks to know whether the stude

te

have finished copying from the chalkboartYes Sir” [replied the studenks

Now, the last one, there is equalateras [own spelling and pronunciatiptriangle.
Equalateral triangle has, is a triangle with a8 #ides equal to each other. All, frg
the word ‘equal’, equalMIr Balogun uses his hand to underscore ‘equal’ os
‘equalateral’ that he has written on the chalkboprdqualateralje emphasizésif
we have em, AB is 5 cnihg explains using a diagram on the chalkbdaBC will be
5 cm and BC will be what% cm” [chorused the studeftJ hat is all sides are what
“Equal” . That is how we come across with the word equahat&hould | repeat it}
“Yes Sir”. Now, let's write that one down, and em, when wgenem ... ipes the

chalkboard and draws an equilateral triangle

A

. . Equalateral triangle

B j C
An equalateral triangle is that all the sides ayeaé ok?Yes”. All the sides and al
the angles are equal. If the angle heéoedhes angle B on the diagram abjige60°,

A will be 60, C will be 60. So, all the angles, Wave {vrites on the chalkboajdwe
have A, B and em, C, are all equal. So, each i$8060, 60 which will make up 18(

That is the sum of a triangle. Am | corretYes”.

15 minutes

Now, that is the types, the kinds of triangles @i aibout. Now, let’s go, let's go te

the properties. Now, is there anything that you’'donderstand on the kinds d
triangles? Is there any question, before we move Amy question before we moy
on? No response from the students who were all busyngrirom the chalkboadd
Yes, questions. Maybe you don’t understand anytHatgne know now, now. Whicl
one, which one?He asks a student who now says she does not uan@ratportion

of the lessop Which one?“That one” [she points to scalene triangle on t

chalkboard.
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Scalene, | said that in a scalene, we have, n@ sideequal and no angles are eq
as well. We have, since the sides, ..., this is yipe ©f scalenetguches a scalen
triangle drawn on the chalkboaldok? The angle here is not equal to this, is
equal to this one. Are you with m&®es”. And look at the, the, the sides. This is 1
shortest sidetpuching side AC of his scalene triangle, even dgiothat side wag
actually the longest, see diagram abp¥ellowed by this feferring to side AB this
is the longesttpuching side B ok? No side is equal to each other. Are you W
me?“Yes”. As there is no side equal to each other, thehearaye not going to b
equal. This one maybe, maybe higher than this,ahées maybe higher than thisif

Balogun touches the three sides of a triangle on the claakdh in turn as he
explaing.Is that not so?Yes”. Is it clear?*Yes Sir”. It is clear?*Yes”. Yes, yes,

yes, any other one? Ask me questions.
Now, let us move down to the properties, the prig®r propertiesife moves tg
consult his lesson note and goes to write on thalkbleard the following

subheadiny

Properties of triangles

Now, let’s talk of, we have equalateral het@ufhes i, am | right?“Yes Sir”. Now
let’s talk about the properties of equalateral hénae, all the sides are equhg[lists
them on the chalkboaydAm I right? We are talking of equalateral nowpperties of
... [He was interrupted by a student who had a quegtides, “I don’t understand
it” [says the female studgrProperties of triangles now, we said that weehave are
taking it one after the other. We said that, thigqualateral triangle, all the sides 3
equal. Let me explainhgp rubs off a section of the chalkboard and wijtés an
equalateral triangle, all the sides are eqaat{ident seeks further clarification, so N
Balogun repeats what he has written on the chalkijodn an equalateral triangle g
the sides are equal, comma, then all, ..., | salmkiore, that is if we have, let th
angle A equal to angle B is equal to anglen€ \vrites this as{J/A = [/B = [/C]. Am

| correct?'Yes”. That is we have 60, 60, 60. Is that cleéaf@s”.

In an isosceles triangle, two of the sides are ledusope that one is cleafYes”.

Two of the sides are whatEqual” [chorused the studerts

25 minutes
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That is to say, in the example | gave you initiallgaid that em, isosceles triangle h
two equal sidesdraws an isosceles triangle on the chalkbdardim | correct?
HYeSH.

B C
A, B and C pe labels the triangle as shown in the diagram &olwo of the sides
are equal. Are you theréYes”. Then, the first one is, we talked about the sea
[Mr Balogun writes ‘scalene triangle’ on the chalkbdatating that none of the side
are equal to each other and then moves on to discsism of the angles of

triangle’].

The other one now, you know thigdints to the definition of a scalene triangle th
he has written on the chalkbodrdhis is, is clear to everybody¥es Sir”. And this

one he has written that ‘the sum of a triangle is 1813 also clear to everybody

“Yes Sir”.

Now, the last one we are going to talk about is,tim a triangle, where you have e

we have em, something like thdrgws the following diagram on the chalkbohrd

A

B

C
Are you with me?'Yes Sir”. Now, we have this angle A, B and em, ..., therang

angle here yses an arc to indicate exterior angle C 4fABC as shown in thg
diagram above What do we call this one™E is referring to exterior angle]CThis

one xterior angle Cis going to be, ..., the addition of this and tfisuches angled
A and B in the diagram abojeill give us this fouches exterior angle]Cls it clear?
“Um” [few voices from the studehtts clear?*Um” . Let's say you have em, let]

say you have em, you know that em, the sum ofadte is 180°. Am | correct¥es

Sir”. A equals to, let's say A is equal to ."60°" [suggested the studehtB equals
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80°, and we don’'t know C. You know we don’t knowh€re fouches interior anglg
C of 4 ABC drawn aboe]. Are you with me?Yes Sir”. What you will do is that enj
we have em, ..., A + B = 140°, ok? Equals one faotye forty degrees. Am | right
“Yes”. So that em, 180° = A + B + C. Am | right?es”. We know this onedircles
A + B]. We have 180° — 140° = 40°.

So, this one dxterior angle ¢ is going to be what, is going to be wha#0°”

[answered the studehtdNo, it is going to be 140°, because we said thatsum of
this and thistouches interior angles A and ®@ill give us this fouches exterior anglg
C]. [Mr Balogun draws another triangle ABC with side B@quced to a point D ang
uses it to explain further that the exterior angfea triangle is equal to the sum of tf

interior opposite anglds

Cc

We have A, C and D now; are you followintes”. The sum of this one, B and A
going to be em, the angle marked he¢oai¢hes angle ACD in the diagram abp\&o,
let's see, we have em, let’s join this lineifis points A and D to form triangle AB
as shown belojv

C

You see that, the sum of this, this A, A and B wille us this onegixterior angle @,
am | correct?Yes”. So, this one herdduches interior angle C o ABQ, will be
40° to give us the sum of 180°. We have A = 60, 80=and C here will give us, ..
“40” [says the studerjtsSo this onedxterior angle C o#4 ABJ is 140, ok?'Um” .
Then, this onetpuches angle CAPand this one tpuches angle Pwill have to
bel40, | mean 180, 180, we have em, 180 = 140 B Aai | correct?Yes”. So, ...,

30 minutes

“Sir, which one is 180?"[Interrupted by a studeptThe sum, if, ..., the angle sum
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what? 180. Then what do we have? We have 180 nii#@ss ...“40”. Are you with

me?“Yes”.

This type of angledxterior angle C ol ABQ is called an obtuse angle, okPes”.

We have different types of angles: we have obtusehave em, an em, we ha

obtuse, we have acute, am | corrétt@s”. And we have em, right-angled triangle

hope that one is cleafYes Sir”.

Now, now, the next one we have to talk about is Corfsults his lesson ngteNe
will talk about the area of a triangle. The area dfiangle. Now the area of a triang
[Mr Balogun writes it on the chalkboard as a subhagdiNow, we can't talk abou
the area of a triangle without talking of the rékahg of triangle. In triangle we hayv
notations. How do we get it? We have em, we have a&rnriangle ... flraws a
triangle on the chalkboaid

B a C

Call this A, B and call this Ch labels the triangle as shown abpwvem | correct?
“Yes Sir". The angle heremjarks angle A with an ajas known as A, the one, th
line opposite it is known as side ‘a’. This is an@l, the one opposite it is known
side ‘b’, small letter ‘b’, the one opposite an@eis known as side ‘c’, ok?yes”.
Are you with me?Yes Sir”. Now, if that is the case, we said that em, the s
[instead of the ardaof a triangle is half base times height. Nowudstlook at it. How

do you get half base times height?

Now, assuming you have something like this, we hatve a triangle ...draws the
following triangle on the chalkboald

35 minutes
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Are you following?“Um” . Now, let me, let me just tell you something. Itriangle,
the perpendicular line, when you divide this, thiet, dot, dot is called thg
perpendicular line yses his fingers to trace line ADFrom A, you draw a

perpendicular line from A to join the line BC tao D. Are you with me?Yes”.

So, in this case now, we have different triangleeeshWe have ABC and we ha
ABD, the triangle there, we have ADC, oKYes Sir’. So, definitely we have

different triangles here. Are you with méfes”.

Now, even if you want, say, from the perpendicd@itam A to cut, sorry, from B t
cut line AC meeting at where? X. So, we have ABX tave BXC. Are yol
following? “Yes Sir". Good. Now, don’t forget one thing: this line, omene ...
ninety degrees, okHe indicates a right angle at Drhe angle on a straight ling

perpendicular line is whatEquals 90°” [says the studerjtOk ?

Now, let us not continue with that one. Let's donsthing today. Let us consider
particular thing. We said that the sum of a triengdl half base times height, ol

“Um” . [He writes it on the chalkboard as follows
Sum of a triangle =;— x basex height.

And look something: in some cases they may writggmdicular height. Some m3
write half, may write perpendicular, some may watttude, altitude side or altitud
line. All these things still narrow down to the samhing points at half base time
heighl. Are you with me?‘Yes Sir". Are you with me?Yes”. Now, look at this,
now let us see, sum of a triangle is half timesebtimes heightrpads from the
chalkboard. Look up everybody. In a triangle, we have emlf,hhe base of thig

particular, this particular angle, | mean this gaitar triangle feferring to4 ABC in

the diagram aboVethis is the base, abi%pi’ is a Pidgin word for ‘is that not sdf

40 minutes
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“Yes Sir”. BC, the, the height, the heigiM{ Balogun looks at the students expecti

no

an answe};, here is the base, the height is A, are you w#f AD funs his fingers

from A to D and writes the following on the chalétbd].

Sum of atriangle% x basex height
1
=2- x BC x AD

But in some cases, you may say tl&mB, they may say that, tha8inB is equal to
opposite, we have the opposite here as what? Hiereups his fingers along ling
AD], the opposite here, AD over AB¢ writes this on the chalkboard asinB

= %], am | correct?Yes”. We say thaiSinB here, theSinehere, SinB here is the

same thing as opposite over hypotenuse. Am | ctt¥es”. Good.

Now, at this point, | said that make this one thbjact of the formula, we have Al
equals to ABSInB [he is referring to the formu)aSinB =% stated abovie Are you

with me?“Um” . Your AB here, AB, what, what is this one, AHhB, we have em
half times, your BC here, BC is ‘a’. Am | corre¢ies”. [All this while, Mr Balogun
is at the chalkboard and his explanations are ftorABC in which two altitudes ar
drawn as shown in the diagram abfvA&m | correct?'Yes”. ‘a’ times your AB, AB
is what? AB is what?c” [chorused the students, since Mr Balogun runs higefis
along that side of the triangleAre you following?“Yes”. ‘c’ Sinewhat? SinB. So,
we have half times &inB. [At this point, Mr Balogun has written his formuta the

‘sum of a triangle’ completely on the chalkboardf@kows.

Sum of a triangle S x basex height
x BC x AD

X aXxc x SinB

= Nl ol

= x acSinB
2

Is it clear to everybody?'es”. Is it clear to everybody?'es”. Is it clear?'Yes”. It

is clear?'Yes”.
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Now, let me explain this point to you again. | sdidt em, the side, | mean the sum

nf

a triangle is half times base times height. Are wath me?“Yes Sir”. The side, thg
height here is AD, the perpendicular life[is using the diagram on the chalkbdar
Are you following?‘Yes Sir”. Now, what we have again is B@{iches line BC or

AB(, ok? | said that in triangle ABC, triangle ABC virave your BC, ok?Um” .

Half of BC times AD. Where did you get, where diduyget your AD? AD is thq
perpendicular line, ok? Now, the perpendicular Bheuld be equal, AD will be equs
to ABSIinB. We have emSinB is the same thing as opposite over hypotenusg
AD over AB. Are you with me?Yes”. Here is your AB and using change of subj
of formula, we have em, are you with me? AD = ABSnB. So, where is the hal
AB? AB is the same thing as side ‘c’. Am | corretYgs Sir”. That is how we ge

our ‘c’ [using the diagram on the chalkboard to expjain

So, let's go back to where, where we started fAddfa.talked about em, definition, th
definition of triangle, which | said that a triaeghas three angles and em, three si
Am | correct?'Yes”. Then from there we moved down to the types aityles that
we have. We talked about scalene, scalene, isestedegle and em, equalater
triangle. Then from there | moved forward to sagttem, we have three kinds

triangles and the properties. We talked about ithess how many sides has isoscels
| said to you that it has two sides equal, am htf?gYes”. In scalene, | said that,
said that em, no sides are equal, no angles awd fhja students verbalise this wit
Mr Balogurj.

So also, again we talked about equalateral, |tbaid‘'equal’ means when all the sid
are ..."“equal’ [interjects the studerjtéisten, are the same. Then | said that the s

are equal. Are you with mé&Yes”.

Then from there we talked about the em, the praedf triangles and | said that
equalateral, all the angles are equal. Am | rigM&s”. Then at the same time, W

talked about the arkaf a triangle which states that half base timegttevhere we

45 minutes

have the perpendicular line that crosses the tigaimgthe middle, is known as t

! Although Mr Balogun now correctly uses the worded, he still does not realise that he has been

using ‘sum of a triangle’ instead of ‘area of atgle’ for that section of his lesson that deathwihe
formula for the area of a triangle. Consequenttydbes not correct his error before leaving thescla
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perpendicular line. So, that is it, and we talkbdwt the sum of a triangle, how w

fa)

now arrived at% x acSinB. Is that clear?Yes Sir”. Any question? Any question

“Sir, Sir" [one of the male students wants more clarificatibowd the formula for,
Mr Balogun’s ‘sum of triangle’ stated on the chadiod]. | said that in this triangle
AB and D, ok, ABD makes this, you know we have, hewe this onetpuches line

AB of4 AB(, angle B, ok, when we talk of angle, angle B no, said that angle E

is the same thing as opposite over hypotenuseggbthat one?Um” .

SinB, SinB now is the same thing as AD all over Ale[writes this asSinB= %],

which is this, ok? Now, make this on®liches AD in the formula stated abpttee
subject of the formula, we don’t know this one. ABpean AD now is the same thin
as this one and this one, it is just like crosstiplying, we have em, ...he writes it
on the chalkboard as folloys
SinB_ AD

1 AB
So, AD = ABSInB. Are you following?“Yes”. [Mr Balogun gives some furthg

explanations, not audibly captured by the cameraing the diagram on thg
chalkboard. So, altogether now, we ha\ée x acSinB. Is that ok?*Yes Sir”. Any

other question before | go? If you have any questalk before | go. Girls as
guestions, boys have been asking questions, gitle\tk a question. Ask a questio
[No student asks any further ques}idBood day.Thank you Sir” .

With this exchange of greetings, the lesson hasialfy come to an end and M

Balogun left the class. Mr Balogun’s lesson penams extended by 5 minutes beyd

50 minutes

the 45 minutes official time
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APPENDIX 8.C

Mr Lawal’s lesson (NS grade 12 teacher)

By the time | got to the class, Mr Lawal, the teaclwas already there. So, th

camera missed the usual exchange of greetings batthe teacher and the student

Elapsed
Time

Em, class, last week we talked about angle subtkndea circle. So, if we have
circle like this Mr Lawal draws a circle on the chalkbodrdnd you have a chor
AB, if this one is extended here, we have this, drttlis one is extended here W
have this he connects two points, P and Q, and later, a thimint R on the majo
arc to points A and B of the chord AB as shown inedei.

A - B

If there is a centre zero here, d&s”. You can draw a line AO and a line OBg[
connects points A and B @, the centre of the circleso that if this is P, Q, we cal
have another line here, Rg labels points P, Q and R on the circle as shiowthe
diagram abovg so that this angle, APB and AQB and ARB is salteg this circle
at the major arc herglaces his hand on the major &rok? “Ay” [answered the€
studentk At the major what?Arc” [chorused the students]. Arc, here, ok? By f
em, minor ... this is a minor arc, is that not s¥@s Sir’. And this is a major arg
ok? [Mr Lawal uses his hands to trace the minor andrttegor arcs using line AB a
the reference chord for the students to]sédm” . So, this also is a segment. TH
can be a segment. This can be wH&@gment” [chorused the studefisAre you
getting me now?Yes”. This is the arc, ok? But this is the major segm&hey are

angles subtended under the major segment by thisrrarc Mr Lawal illustrates all

these using the diagram on the chalkbdard

5 minutes
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What we want to do today, what we want to do todato prove that angles in t

same segment of a circle are equal. So, we hasge dmaw this circletje draws
another circle on the chalkboard as shown hereupdEne first procedure is th
diagram. The first procedure when you are provegvhat?“Diagram” [chorused
the studenis You draw the diagram.

1) Diagram

We have our, our arc here, ok?es”. We call this one AB, we call this one P, Q,
That is in the, in the arc. At that point, the asgthere, they are on the circum
circumference of the what€ircle” , circle [Mr Lawal repeats after the studeht®,

Q, R they are on the circumference of the circle.

Then, number two, you say required to prove. Regutio what?To prove” [echoed
the studenis Required to prove, what do you want to prove? Wt to prove thaf
angle AP, AP, AP, let’s call i;. APB is equal to angle AQB, is equal to angle Al
[he writes these on the chalkboard as follows

O O O
Required to prove: RB = AQB = ARB.

That is what we want to prove, okPes”.

Number three, construction, construction.

Construction: Join A and B to the centre of theleir

You can see the way | am listing it step by steghat not so?Yes”. Number three]
is construction, ok? Join linengtead of poinfsA and B to the centre of the circlg
The centre of what?Of the circle” . The centre of the circle is here, so you joirs
A and em, B to O. Do you see? Ol [this time, the students were copying whate|

Mr Lawal writes on the chalkboafd

15 minutes

Page 149




Then, the next thing now is proof, proof, proof.,By. by, ... letx;, X, andx what?
“Three” . Call this onex, and this onex what?“Three” . Ok?“Yes”. [His diagram

now looks like thils

So, the next thing, therefore the next thing tddee is that angle, angle APB is eq{
to half, is equal to half of angle AOB, is equal half of angle what?AOB”

[chorused the studentdNhat will be our reason, classWli Lawal did not wait for
the students to respond before stating the reagohnirnself The reason is that ang
at centre, angle at centre is twice angle at wRat®umference. Angle at centre

equal to two times angle at circumference, ok?

Also, angle AQB, ok? Is equal to half angle AOBnt&a give the same reason. T
same what?Reason” [chorused the studentsThat angle at centre is twice angle
what? “Circumference”. Also, angle ARB is half of AOB. Is what? The sali
reason. So, students at this junction, let me stimnvlast one. We can continue
produce a line like thisdfaws lines from points A and B to form more anglieghe

major ard.

Therefore, we have seen that, from our proof weslsmen that this i, abi?['Abi",
as used here by Mr Lawal is a confirmation seelgmgin word for ‘is that not so]?
“Yes”, equalsx, abi?“yes”, equalsxs, is that not so?Yes”. Therefore, angle AQH

equals angle A ..., sorry, angle APB equals angle AgQBals angle ARBhe writes

O O ]
this as: APB = AQB = ARBJ. So, you have seen the proof here now. So, w4
come from the general to the single, to a singmfprWe wanted to prove that th
angle is equal to this one and this otmu¢hes angles P, Q and R in turo, how

can we apply it? How can we apply this em ... praaemow?

25 minutes
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Let's say we have this em ..., we have this circle? Draws a circle on th

chalkboard and poses a problem for the studenthasvn hereundégr
C
O
V ®  Find ADB
N,

Now find angle, angle ADB, .find angle wha®ngle ADB” . Alright, you see that
have given you, they are angles in the same, insdrae segment abi¥m”.
Because, the two of them have a common chord, [f@?connects A and B with
dashed line as in the diagrgnfYes”. Ok?“Um” . So, they are angles in the saf

segment. Therefore, there is no need for you tanbegadd and subtract. Just s

O m]
angle ADB equals to angle ACB, ok? That ispB = ACB. If itis of em ..., a
theory paper, you will say angles in the same wha&&ggment”. [Mr Lawal solved

this problem by himself asking only corroborativeestions from the students. H

writes //ADB = /[JACB ([/s in same segments). ORPes"].

Now, another way to apply this is this [poses aeptiroblem on the chalkboard

shown below]

O O
Find ACB and ADB

Now, | have to find angle C and D. Find angle AGR®i&m ..., angle AD whatB” .
Do you see?Yes”. From what is on the board, we've already saitlangle at centre
is twice angle at whatTircumference”. So, that means, two of angle A ... ACB
equal to angle AO whatAOB” . Is that not?Yes Sir”. Is that not?Yes Sir”. [Mr

Lawal solves the problem on the chalkboard as lealsp
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O O
2ACB=A0B

= 140°

ACB = &
2

ACB = 70°

But angle AOB is what?140°”. Therefore, angle ACB is equal to one forty o

what?“2” . And therefore, angle ACB is equal to seventy degr

Do you get the point?Yes Sir”. Alright, now we can find ADB. Of course, ang
ACB is equal to angle ADB which is what? Seventgrees. Of course, here too, if
is theory, you would have said that angle at cemreequal to angle at what
“Circumference”. You must advance the reason for it, if it is ttyeeo that the
examiner will know that you know what you are doimdyt if it is objective he
means multiple-choi¢eyou may not need to do so. You just need toesthat

therefore this is equal to this.

| don’t know whether you have em, any questiongk. &lass do you have any .
yes fo a student who raises her hand that she has atmueto ask “What about
this one, angle ADB, is it not supposed to be angheCB first before angle ADB?”
[This student is referring to the first rider whettee teacher wroté/ADB = //ACB.
Her question here is that why nafACB = JADB? Em ,..., it doesn’'t mean, i

doesn’t mean because, that is a very good questierquestion she has asked is th

O O O O
| said ADB = ACB, she is saying that why not@B before AD B? It doesn'’t even
mean because we are saying that they are equhhtisiot so?Yes” [answered the

studentk It is just like saying two equals two, you arettgng me now?Um” . You
m]
can bring this to this side, but you are still nder. Let's say AC B, ok, equals anglq

O ] O
A D B [he rewrites this as: 8 B= ADB].

30 minutes

So with that class can you quickly do this? Letsae whether you really understa

what | have been saying since, do this for iMe [awal poses another rider on th

chalkboard for the students to do as shown herenjnde
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L

4’

Find BMC and BO(

C
[The students copied the problem in their noteboaeksl began to solve i

individually, as is usually the case in most pulsiahools in Nigeria. Mr Lawal jus

circulates around the room not necessarily attegdmany students

35 minutes

If you have done it, let me know. Please can yome&@nd demonstrate how yg+

arrived at your answesfys to a student who said he has finished thes elask. The

student comes to the front and begins to solverthielem on the chalkboajd

O O
BC=BMC (angles in the same segment)
]
Since LC =71°
]
OdBMC=71°

| hope that is correct class, is that not 6&s Sir”.

“Then, for B CD)C” [the student continugs
BCD)C =2 BE C
BCD)C =2x71
U B(D)C =142°
Class is it correct?Yes Sir”. [The class applauded the student as he returnsstq

seal.

You can see that this em, theorem, circle theorrole geometry theorem we ha
just proved, and you have to apply it. The theanstpad of the theordmholds

provided they have a common chord at the minor #tg¢gment”, segment, yes. |

they don’t have the same common chord, the law doekold. Alright?'Yes”.

40 minutes
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But then, while you will have this as em, assigntnbave this as an assignment g
try and see if you can em, you can getNhtr [Lawal writes a problem on th
chalkboard as homework for the studénts

| )ﬂ " i) JAOB

This one is 28°, ok? Find angle BAC. Find angle BAK? Find angle whatBAC” .
Here is em... 71°, ok?2Um” . Angle BAC and AQB. Find the two angles, find t
two. Find these two, ok%es Sir". So that when we meet we shall be talking ab
angle in a semicircle, angle in a semicircle isia#go 90°. In fact, we would b

looking at something like thisifaws a diagram to illustraie

This is an angle in a semicircle, is that not $68s”. We shall be saying that ang
ACB is equal to 90°. We will be proving that. Thayéu very much:*Thank you

Sir” . [With this exchange of greetings, the lesson hasdoman end and the teach

leaves the clags

45 minutes
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APPENDIX 8.D

Mr John’s lesson (SAS grade 10 teacher)

A few minutes before his class, Mr John, the teaahas busy arranging the class f

the next lesson. In a moment, the students stéliregl into the class individually and

Elapsed
Time

in groups of two, chatting away

Four people around a tabl®lf John instructs the studeftsn groups of four, yeah
Sit down there gointing to a student that was standingso there fo another

student

Some of you were in a group you are doing as aareleproject. So, this is the la
part of the research where hreferring to mé is going to photograph video a who
group in real action. A group of students, engagimth the details and how the

mark examsNir John tries to prepare students’ mind for the esa

So, me, | am going to the same topic we did laat,y#hat is about the triangle. Arj
I've got some worksheets for you to complete. Sss¢hare the worksheetdil] John
circulates around the room giving each student akaieet that he had prepared f
the lessoh You will see the four triangles, each one of y@going to select one an
do it in your notebook and then you are going tplete it on this drawing sheq
[raises sheets of drawing papers for the studente# So, this sheetr¢ferring to
the worksheet which contains some instrucfiomdl also serve the same work &
your worksheet. You can read through it very quickhd then | will explain it on thg
board what | expect you to do. Take one, take thls, take, take thif circulates

around the room distributing the worksheets anddheving sheets to the student

So, two people can read ortee[reckons that the worksheets will not go rqund

5 minutes

You are short of compass class, so two of you neadge onerheant the school ig
short of compass for the studgn®lease, take all the pencils to me at the ertthief
lesson he distributes pencils among the studpniige have 17He counts the numbe

of compasses as he distributes theffake the compass. Take one compass. T
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your pencil. | will give you onergferring to a student who had raised his handap

he had got no pen§. Any group without a pencil? You've got one, dkick one,
alright.

Hey! Hey! Hey! Wait let me explain to you. | havees you many people you stg
doing something, anything without any purpose eyapparently, some of th
students had started doing the activities on theksleet prior to Mr John’'s
instruction to do sp Let me explain to you. It seems some of you kwavat you are

doing Mr John went and rubs off the work of previous tgon that was still on th

10 minutes

chalkboard.

Well, that is the topic for today. You are going study about various aspects
triangle by an investigation approachkir[ John had written the following on th
chalkboard.

Grade 10 A Geometry 50 minutes
Topic: Triangles

Method: Investigation of triangles.

You are going to do it using your worksheets in ¢tessroom and then at the end
the day you answer various types of questions ginghe worksheets. So, first yo
are going to define what is a triangle. Anybody.owdan explain what is a trianglg
[no response from the students, so he repeated ubstig. What is a triangle?
Yeah. It is a ...? [Bme students attempt to give an answer but alr
inaudibly].“Shape with three sides”[voices from the studeftdt is a ...?“Shape
with three sides” [repeat the studentsShape or plane figure bounded by three si
with opposite straight linegHe students repeating after him in chdruBhank you.
Start from the originipdicates a point on the chalkbodrd

You have a point and then | told you various poimiis form em ... “straight lines”
[chorused the studeftAnd if you make the two lines meet, then withr amgle and

if you make it bounded by three sides, it becommes.e “triangle” [the studentg

chorusedl [Mr John draws the following triangle on the challaiodj.

15 minutes
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B

So, a triangle has three sides and three angles, Al your junior class you muj

have learned that the sum of the angles of a teaisgequal to 180°students singing

along with hinj. i& I§+CD: = 180° Mr John reads them aloud as he writes: angle
plus angle B plus angle C is equal to one hundredl @ghty degregsYou are going
to verify this at the end of this your lesson. Yare going to measure angles of
these trianglesrgferring to the four triangles on the worksheeind then you makg
sure that the sum is equal to 180°. You are gairiguestigate four types of triangle
One is called em ..., what is its namsgalen€’ [the students chorusgpdScalene
triangle, the other one is callédosceles”[the students chorusgd/ou have them in
your book feferring to the worksheets and students’ textbhakssceles triangle
You are going to represent the worksheet on thedobare Mr John lists the foun
types of triangles on the chalkboar&calene, and then you have isosceles trian
Then you have number three as ‘“equilateral triangle” [students choruséd
equilateral triangleNlr John repeateld And then finally you have..“Right-angled

triangle” [the students chorusgdight-angled triangleNir John repeats and write

the four types of triangle on the chalkboard, méslspg isosceles as “isosleds”You

can abbreviate by 2 [for right-angled trianglg

The sides are too smateferring to the dimensions of the given scaleiengle on
the worksheet: 2cm, 4cm and Hcrou will find it difficult to measure. So, I'm
going to change the sides to 3, 4, and 7 so thaillitbe easy to measure ther
Unfortunately, | don’t have good ruler but | willake use of my tools heréd had
come to the class with some construction toolsHerchalkboard: a long flat woode
ruler, a pair of compasses and a protradtoRight, my meter rule, we've bee
struggling for one year to get a meter riie nutters to himsglfSo, to make use o

one of the sides, let's say this is AB 3cusgs the wooden ruler to draw a straig

line on the chalkboard and marks off two pointsrdl & on ii.
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Now, making use of your compass — you can use tgator also to cut the triangle

but | want you to use compad&gs a piece of chalk into his chalkboard compa
You know how to draw the triangle using a compd®@ [many of the student
answerefl Some of you can do ibg insists Right, here we've taken AB as equal
3cm [moves to and indicates it on the chalkbdaidow, on your ruler, you take th
other two sides. | said how muchR€ferring to the dimensions of the triarigl®, 4
and ... and 7. So, 4cm here on the meter mkegsures 4cm from a protractor havi
a meter rule attached to]jt4cm on one side, let's use this side BC is eqoalcm
[Mr John draws an arc on the chalkboard with B astoe, radius 4crh Please, makg
a long arc, we don’t know whether it is going td.cAnd take the other as 7cm. I'y
told you the problem | am gettingif difficulty with the chalkboard compésso the
4cm, the measurements are wronufters to himself, and the students laughEch

not measuring, am not having a proper ruler, titheésproblemlje mutters to himsel
again. But, anyway, you've got proper rulers and protoas so, you draw these §
the other two sidegdfaws the triangle of sides 3, 4 and 7cm on therdjod-or the
convenience of measuring using the protractor, eednto extend these lines a

[referring to thelines that form the sides of the trianple

C

7cm
4cm

A 3cm B

You will see it when you measure ieferring to the need to extend the lines form
the sides of the triangleWhat is the problem?Attending to a studehtSo this point
[point where the 4cm and 7cm arcs rheetcalled C. That is 4 here and this is 7¢
[labelling the sides of the triangleAfter this, you need to measure each of th
angles; angle A, angle B and angle C and then yibwwite it down. Also, you read
through your worksheet and answer various questiorthe other pagehe one page
worksheet was a photocopy of two pages from a maktbook — Study and Mast
Mathg. And then the question 8 says that as a classuds the definitions o
triangles. You said a triangle is sides boundedabplane figure bounded by thre

straight lines. Think about other ways of explagnimhat is a triangle. Alright? Hav

you read it? Any doubt? Any doubtrld repeats as no students resporjded

25 minutes
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So what you are going to do is that in your notéh@ach one of you, you must tra
one triangle, whether you do it wrongly or notjgiit?. Then you start drawing it arn
start answering all aspects of the questions mark lon the page 1. Then it is
guestion of working in a group answering all theesfions and putting all thos
figures which you have drawn in your notebook iawing all these things. Then yg
discuss it again. But if you don’t complete it tgdanaybe you will discuss the, tH
rest questions tomorrow. But try to do up to therfio one, ok?Yes” [chorused the

student} | will go round and see the work you are doi¥gu want compass? Here.

Mr John circulates around the room answering ques] giving instructions an(
correcting errors as the students all began to wiorkheir various groupsYou have

to draw it by measuremerdifecting a student who was drawing just any trikshg

Have you selected one each? So, | take this yoa tted psking each member of
group to choose and draw only one of the four gias each Do that first. Is thaf]
clear?“Yes”. Yes, and then draw one in your notebook. Very. flawill give you 5

minutes.

You are to measure. Some of you are copying theds) You have to measure a
draw it [giving guidance to a group of studgnt$he students, though sat in thg
groups, each member of a group was doing individuatk at first — drawing &
different triangle each in their notebook, while Nwhncirculates around the roon
giving guidance as needed. The students chattede¢aanother as they work in the

respective groups.

If you're stuck somewhere please call n\r [John announces to the students w

33 minutes

are now busy with their wofk

You can use your worksheet to answer all thosetumess You don’t have to draw |
again. Use this worksheet to answer the questibnastigation means what? |
investigation as a group you come across manycdiffes. Alright? Yeah. And | an

not interested in your single answer. Don't thihlattyou are doing something wron

no, as long as you can read and take measurenyentsre investigating.Mr John
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gives furtherexplanation of what investigation is, but this we audibly capture

by the camera as his voice was subdued by therenswise from the studeht&ll
these difficulties will come in your group and yate going to discuss it. That is tf
purpose of investigation. Mathematics and also Igenot em, straightforwarg

business: You come across your problem, then yiok #tbout it, then you solve it.

Did any group complete all the four triangles? [@idy group? jlo response, thg
students engrossed in their wprkf you complete it you must show me. And th
you start drawing it on the drawing sheet as agrbéam going to mark it as a grou

It is a group assessment. And you don’t get theesawarks for copying in a group.

38 minutes

You are just copying that figurd¢ says to a studgnin a group, you can discug
that because the sides are small, it was difficuiheasure .... If you have drawn o
of the triangles by now you can put it togethertlom drawing sheet. So, start one
one. But at least you are doing the right thiregddfessing a group of studeht¥ou
are going to answer this part, the person who hasrdthe triangle must answer

Then you discuss with the other people and exptathem, ‘this is what | did’, ‘thig

43 minutes

is what | did’. Then you are going to see a lotlistussions coming up.

Also, because it is group, different ideas will geate and you come to an agreemé
then if you can't get it, you call me and | will@ain to you what is the problenTle
students in their groups are busy doing and disogsshe activities on the
worksheets, while Mr John circulates around the moanswering questions an

giving guidancg | think you should start drawing on the drawstgeet now.

It is now 50 minutes and the school bell signalliolgange of lesson’ has rung an

the students started filing out of the class asIbtin told them that they will comple

the work the next day.

50 minutes
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APPENDIX 8.E

Mr Shlaja’s lesson (SAS grade 11 teacher)

It is time for another lesson and the studentststhwalking into the class where N

Shlaja, the teacher, has just finished arranging $eats in preparation for the lessg

Elapsed
Time

Before long, all the students have settled downthadesson is about to begin.

Today’s lesson is an introductory oreays Mr Shlaja, the teacHeit is about the
properties of parallelograms, nei®eh could be interpreted to mean, ‘ok’? in Xhg
language. Mr Shlaja uses it quite ofteliYes” [replied the studenisLet me start
here he circulates around the room distributing worksiseen parallelogram, which

he has prepared for the lesson, to each of theesitgd

You are going to work in groups, nef®y”. Groups of two. You will write on thig
parallelogram on the worksheet as A, B, C, D, wehB, C, D [Mr Shlaja wants theg
students to label the angles of the parallelogramowe with those letteksWhat you
are going to do is to measure the sides, neh? itlbe sf the parallelogram. You a
going to work together neh. Hey, hey, shhhie§ to control the noise from th
student that was beginning to subdue his own yo¥eu have to measure from he
to here pe touches points A and B of side AB of the pdogfam as he explains to
group of students what they are expected toAdthough the students are to work
pairs, every member of each pair had his/her owrkalteet. The students were eg

busy with taking measurement and recording thelueg

Right, what | will like you to do neh, you write KBeh, don’t write AB out there. AR
and CD fhe students pronouncing along with hilrdow, | want you to measure AH

neh? Measure AB and you write it down. When yousfinmeasuring AB, you

measure CD, nehu$es the parallelogram he has drawn and labelled tba

5 minutes
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chalkboard to show the students what dimension éasuré. Then after finishing

that, measure AC and BDstlhdents’ voices louder than Mr Shlaja’s voice
mentioning ‘AC and BL. Because this is a parallelogram, but yours i$ aq
parallelogram, unless you put thise[ puts arrowheads on the parallelogram on 1}
chalkboard which now looks like the one bdlavk?“Yes” [replied the students

/.

Two on AB and two on CD, one on AC and one on Bé&grring to the arrowheads

So, you are going to measure AB and CD.

If, if you finish, neh, do a construction CB, CBem construction 1, CB, yeah ai
AD. Construction again on, construction on AD, ADin AD [he shows student

points to join on the chalkboakd

Have you finished with the construction¥es”. When you finish with theg
construction, neh, you measure the angles. Angle8,AC, D, neh lje circulates
around the room and distributes protractors to #tedenty Angle A, B ... Measurg
angles A, B, C, and D, nehTle students were each busy, trying to measure

angleg.

There is an announcement, sorry, from the Prindipal students had just come in
the class with a notebook containing some inforomafor the students. Mr Shlaj
read the information to the class as follgwdlakana house meeting which has be
rescheduled for next week has been rescheduletranght forward to Saturday, th
Saturday, neh. This means that we have to havehouses tomorrow, that i

Wednesday at the latest so that the teachers eamttrrk ...”

Alright, now, some of you have said ... shhhhhghes the students to keep the nq
dowr]. Some of us do not know how to measure angles? fites” [answered the

students rather enthusiasticdllyyou don't measure like this. It means you put

there at this point, at zero, neh? Hush, stop tligerhe says this in Xhosa langudge

10 minutes
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At this point, you put it at zeraues a chalkboard protractor to demonstrate how
measure angles to the studdnRight?“Yes”. Measure from here, we have 10,

and so on, neh? And then on the other side, outsde, we have 180, 170. We §
not going to use 180. You are going to use 0, XDsanon neh? Siyavana® Khosa
word meaning ‘do you understariti?Yes” [answered the studeft®, 10, 20, 30,
40, 50, 60, 70, 80, then, if it is 80, mine is #éh? Mine is 70, from here to here
70, siyavana?Um” [answered the students meaning ‘ye€n all the angles, A, B

C, D ... no talking fries to control the rising noise from the studénts

Start from zerodirecting a group of student as he circulates amdine roonp. Stop
talking, wena\vena is a Xhosa word for ‘ygu'When you finish, you should talk S
that | give you the other work that you are to pfdr Shlaja circulates around thg
room giving guidance to the students on the measem¢ of the angles of th

parallelogram using a protractdr The angles, your angles are measured in deg

O
neh?*Yes”. So, you writéA, and your answers in degrees.

Mr Shlaja moves from one seat to another, answegugstions from the student
correcting their errors and giving them guidance the measurement and recordit

of the angles of the parallelogram

20 minutes

Hey, hey, look at the board, look at the board.sEhhings you people are doing, y
can't get it right, it is wronggdicks a chalkboard ruler and goes to the chalkbotarg
explain once again what is expected that the stisdgmould dp | don’t want you to
measure ... Here is my constructiahidgws the diagonals of the parallelogram on t
chalkboard. Here is my construction neh? Here is my otherstaction pe joins A

to D and B to C as shown belpw

Here fouches angle Awe have two angles, right®¥m” [responded the studeh®,

BAD, | don’'t want BAD, | want A. And A starts frorhere to hereyses an arc fronj

25 minutes
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line AB to line AC to mark off angle A as he expdhaiunderstand?Yes”. And angle

B starts from here and ends thedeajws an arc from AB to BD in order to mark ¢
angle B. If you start here and end there, it is notdBajws an arc from BC to BD t
clarify]. It is DBC, siyavana?Yes” So, when you measure Ad meant Bas a
whole, you measure, you measure from here to {lnerendicates angle ABD with hi
handg, and when you measure, sorry I earlier mistake of mentioning A inste
of B]. And for A, you measure from there to theresg¢s his fingers to trace th

required angles on the parallelogram drawn on ttelkboard. So, do it quickly,

thank you.

Listen, listen, when you measure, | said put thre deere he positions the protracto
at angle ABD), this one occupies this 70, right2m” . If you take this endifdicating
angle CDB, it is more than 70. So, which one do we use h§fbe students pointe
to the side of the protractor that is greater th#j. The smaller side?The bigger
one” [replied the studenks The bigger one.The students returned to their worn

discussing in groups of tlo

Now listen, listen again. If you have finished measy the angles, | will like you tq
name this point as Edquches the intersection of the diagonals of thepglogram as
shown abowvie This point, name this point as E. When you finiming this point aj
E, | want you to measure EB and EC, neh? Then AEED siyavana?using his
fingers to show each of these dimensions on thallplygran]. Siyavana?‘Yes”.
Yeah, | want us to startThe students began to work while Mr Shlaja goesidow

inspect their work, correcting their errdrs

30 minutes

Right, now stop. Please stop. You were to nameatfgges, measure the angles n¢”

These angles are angle A, angle B, angle C an@ @ahgheh?He writes these letters
A, B, C, and D on the chalkbodrd don’'t want noise. Angle A equals ..*220".
Hundred and twenty neh¥es”. Angle B ... “60°”. Sixty degrees?Yes”. And
angle C ...7'60°” and angle D ...?120°”. One twenty degrees, right¥es” [Mr

Shlaja then writes these on the chalkboard asvialo

A =120°
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O

B =60°

m]

C =60°
O

D =120°
Now, go to, use the first property of, you know thiet? What can you say about tf
opposite angles of a parallelografiThey are equal” [said the studentsThey are
equal neh?Yes”. Good, that is one of the properties of a pamdjedm. Oppositg
angles are equal. Now, opposite angles ri&e8”. Opposite angles equdld writes

this against the listed angles values on the chadkth as ‘opposite’s ='].

Let's move to the sides. You've measured the siag®“Ay” . What are the sides
Side one .."AB” . AB neh?“Yes”. AB and ...“"CD” . And ... “AC” . AC and ...
“BD” . BD. Measurements8:8”, “8.9”. Eight point eight?8.9”, “8.9” [the studentg
read out the values they had for side AB of thaltelograni. Ok, 8.9, that is for ling
AB, neh?*Yes”. CD ...“9” [many voices, some mentioning And AC ... “6", “6”
[many voices and BD ...“6” . Six again?'Yes”. Now what can you say about tlj
sides, the opposite sides? Remember this is oppsgie. “Equal’ [replied the
studentk Equal neh?Yes”. Opposite sides equdid writes this on the chalkbogrd

Now, we have measured CB nehfin” . We have measured CBJm” , and we haveg
measured AD and we have measured CB, néir? Jhlaja was referring to the
diagonals AD and BC of the parallelogramiUm” .I don’t want CB, | want EB ang
EC.“Six comma five centimetre” [meaning 6. Six comma five, EB and EC'EB

is 6.5”, “6.4” [the students stating their various values for #egth of ER EB 6.5
and EC ...?'Six comma five”. Six point five?*Yes”. Em, AE ...?“4 cm”. And ED
equal to ...?4 cm”. [Mr Shlaja clearly writes all these values on thalgboard as

the students offer thgm

Diagonals, the diagonals, what can you say abadiagonals? Diagonals AD ar
BC, what can you say about the diagonalsiP éngles are on a straight line”[offers
one of the studerjtsThe value of EC is ..%6.5” and EB is ...“6.5”. Also, the value|
of AEis ...“4” and ED ..."4” . “Bisect” [says one of the studeht®pposite sides o

a parallelogram bisect each other nékes” [chorused the studentsSiyavana?

40 minutes
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“Um” . Now, this is another property of a parallelograhe diagonals bisect each

other.

We've measured that this onmmdicating EQ is 6.5 neh? And this oneénfdicating
EB] is 6.5 neh?Yes”. And this AE] is 4 and this oneHD] is 4. This onetpuches
line BQ cuts this onetpuches line APinto two equal parts and this onal}] cuts

this one BC] into two equal parts, right®m” .

These are not the only properties of parallelograok® “Yes”. The diagonals cu
each pair of opposite angles into two, two angk®\s this on the chalkbogrd
What you measured today was the whole anglacgs his fingers at angle CIPB|
But, there are two angles at DM{ Shlaja uses his fingers to trace angles ADB &
ADC]. Now, as your homework, | want you to measuredize of the two angles 4
each angle of the parallelogram, siyavatya?’ . | want them written down and yo

will show them to me tomorrow, oK¥es”. [The ‘change of lesson’ bell has rur

and the lesson is now over
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APPENDIX 8.F

Mr Andile’s lesson (SAS grade 12 teacher)

Afternoon class NIr Andile, the grade 12 teacher greets his studemt® were
already settling down for the day’s les§ofGood afternoon Sir” [replied the

students in unisdn

Em ... Today | want to ...ifiterrupted as a student walked into the classhave
prepared ... pauses and directs the student to & $ihave prepared a lesson. It ig
revision lesson on circle geomettye[ announces the field of styidigm, I'm saying
this is a revision lesson because | know that y@wwene, you've gone through th
lesson last year. But because this lesson igsititlof your, your syllabus for grade 1

this year that is why we are going to go througdh lissson today, ok?

Em, there is a theorem in circle geometry — a #a@owhich states that if you al
given a circle and there is a line that is, emwarérom the centre of the circle to tl]
midpoint of a chord, then that line is perpendicttethe chordlje states this theorer

offhand, circulating around the room while the stnts just listen to hin

5 minutes

Now, today we will focus only for those learnersontiiave been registered in matl
ok? Ok. This theorem is a converse of a theorer stades that if you're given
circle and there is a line drawn from the centrahait circle to the midpoint of
chord, then that line is perpendicular to the chfind writes statements of th
converse theorem being referred to on the chalkiboand illustrates it with &
diagram as shown hereunder

1). A line from the centre of a circle perpendicutaa chord bisecthe chord.

2).

8 minutes
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This one is a converse, and this converse, em,aséige from the centre of the circ

perpendicular to the chord, em, bisects the chdvd Andile reads from thqg

chalkboard.

Ok. When you are to prove a theorem, there araioesteps that you have to follow-

ok? Step number 1, you are to understand, the ftim@ the centre of a circlg
perpendicular to a chord bisects the chord, okdans we are through with stg
number 1 e itemizes the steps on the chalkbpard

The second step, you are to draw the diagram,’'e&already drawn the diagram fq

you. You are to draw the diagram, olReferring to the diagram abojve

Then the third step, you are to write the giveroinfation. What are the give
information? No response from the studgntsook at the diagram and write down &
the given information, ok? What are we given hefg? Andile points to the
diagran]. Um? [Seeking clarification from a student who mumblednesihing
inaudibly]. Just look at the diagram and tell me, what aeegiwven? A couple of
students offered answers not clearly captured bycdmmera, but also not satisfacto
to Mr Andild. We are given a circle with a centre O, ok? Thisthe given
information Mr Andile offers to answer his question by himselfl writes it on thg
chalkboard.

3). Given: Circle with centre O, OC AB.
What else? Ok. OkResponding to suggestions from the stude®ts. We are given
two lines, we are given a line drawn from the cenwhich is perpendicular to AB
So, we are given the line OC which is perpendictdakB, ok? He then includes thig
information in the step 3 abolveBut in the following given information, you mus
underline the keywords, okMé now underlines “perpendicular” and “bisects” i
the statement of the theorem written on the chalkdjoNow, it is given that OC ig
perpendicular to AB. We have to prove that OC lisséinoe AB. To bisect, it mean
that OC divides line AB into two equal parts, ok8uyare required to prove that O
no, not OC. AC is equal to Bth¢ writes this on the chalkboard symbolically

follows.

13 minutes
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4). R.T.P: AC = BC. That is the required to progk? Then, construction necessa

you write the construction. You construct a ... bynjog OA, and when yol

construct, you must always use a dotted line,"¥k3” [chorused the studerts

5). Constr. He adds dashed lines to the above diagram whichlools like thi

S
OC in triangle BOC, BOC, ok. For the proof of thi®orem, you have to understa

certain concepts that you have learned in gradsr 10.

The first one is the concept of congruence, congregok. But you have to use th
concept and prove the congruency between thesdrisrgyles feferring to AAOC

andABOC in the diagranh And congruency, by definition, means if two tiiges are
congruent to one another it means that they araléquall respect. They are equal
area, like their corresponding sides are equal, ‘™t&s”. [Few voices from thd
students Now, to join OA and BO, then the proof, ok? hetproof, | am saying wg
are to comparaAOC andABOC [he writes these on the chalkboard as follpws

6). Proof: INAAOC andABOC,

You are to compare the sides, the angles. Remethhérthere are four cases
congruence. Do you remember therf®” [the students responded indicatiy
“yes’]. There are four cases of congruencies: i, side (SSS), ok? The secqg
one, angle, angle, side (AAS), the third side, engide (SAS), and the fourth one
right angle, hypotenuse and side (RH3he[students repeating after him in ea

casg. Ok. | am glad that you still remember those sasfecongruence.

Now, let's look at these two triangles. Ok, whigtiesin this triangle AOC which i

equal to another side in triangle BOC? And therefgive a reason whyNp response

from the studenjs
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AO = BO isn't it? Is it by construction? Eh? Isbiy construction?No response from

the students stjll The radii of the same circle are equal. AO isado BO, radii, ok?
This means em, em the, the radius anywhere is équaly other radius of the san
circle. Now, which other side of this triangle [i&AOC] is equal to the side, to th
one fouchingABOC drawn on the chalkboatdJust compare sides or angles if vy
want. EAC is equal to ...? What is the reason fot2Ha it given? $ome of the
students nodding, others sayifyges”]. Eh, is it given? If you say it is given, then
back to the given information again, if it is nbete that is it is not given, ok? Look
OC. You see that OC belongs to both triangles. Thaans OC is common, oK
“Yes” [chorused the studeft©OC is equal to OC which is a common side
OC=0C (common side), ok?

What else? What else? Then which side that cdrcetitpare with this triangle? [1.6
ABOC]. “C;1 and G are equal, because they are 90fd female student answeieq
Ok, that is this angle, angle ACO, these two angiesh is equal to 90pinting and
touching the angles at point C in the diagfjafhese two angles, ok, if we want
make things easy for you, we call themdhd G [Mr Andile labels them as show
below].

>

20 minutes

Ok, G, angle G is equal to angle {Jhe writes it as follows
m] m]

C, =0C,.

What is the reason? What is the reason for thath Equal 90°, we have got thre
we got two sides and an angle equal to 90°. Thezef@ can conclude thAAOC is

congruent taABOC [he writes this in symbol on the chalkboard
0 AAOC = ABOC
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What is the reason for that congruené¢sitle, side, side” [chorused the studdgnt

Side, “angle, side” [completed the studgntSide, angle, side?Yes” [Replied the
students Side, angle, side; side, angle, side; side, eangide. And the angle i
included angle. In this case the angle must benalnded angle. Right angle, this
hypotenuse and side. Right angle, hypotenuse, Bgpsé means right angle and s
[Mr Andile now writes the condition for the congragron the chalkboaid

AAOC = ABOC (R.H.S).

Ok, what is the implication of that congruence? Wdanclusion can you draw fror|
that congruence? Ok? Because | have told you airied if triangles are congruen
it means they are equal in all respect. Their spoading sides will be equal. The
from this congruence, we can conclude that bec#imegle AOC is congruent t
triangle BOC we can say that AC is equal to B@®ich he writes ds

AC =BC (corr. sides of congruent triangles).

Reason, corresponding sides of congruent trian@esyou can say congruent, o

Corresponding sides of congruent triangles, ok?

By this time, Mr Andile has written the completeogir of the theorem on th

chalkboard as follows.

1). A line from the centre of the circle perpendiéeuo a chord bisects the chord.

2).

3). Given: Circle with centre O, OC AB.
4). R.T.P: AC = BC.
5). Constr: Join OA and BO.

27 minutes

6). Proof: INAAOC andABOC, AO = BO (adii)
OoC=0C dommon sidg
m] O
C, =¢C, (each = 90°)
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00 AAOC = ABOC RH.9

O AC =BC ¢orr. sides of congruemnts)

Hence, if you then take the syllabus, after protimgtheorems, you have to apply th=
theorems in solving the geometric riders, ok? Yadll ke given geometric riders
where you are to apply all the proven theoremstmkplve, em the geometric rider
I've got a nice geometric rider here for you. Takes Mr Andile circulates around
the room, distributing worksheets containing geaietders to the studentsTake
one.

All are the Matrics of 2003, ok? In the diagramraside, PR is a chord of the circ
with centre O, ok?He reads from the workshéeas you can see, and diameter ST
perpendicular to PR at M. Diameter ST is perpendicto PR at M and then we a
given the, the size of the sides of PR = 8 cm, MZ em, OM =x cm [the diagram
referred to is as shown belpw

35 minutes

B
M

2

T
Now, we are to write OP in terms »fand a nhumber. Write OP, look at OP here,

is the hypotenuse of this triangleferring to4POM in the diagrarhon OPM and it
is also a radius of the circle. It is the hypotenasd it is also a radius of the circ
And this is a right-angled triangle. So we now @owe are required to write OP
terms ofx and a number, eh. And it is given that, em, OM, @M distance is, and
MT is 2. This one i, this one is 2tpuching those segments in the diagfamd we
know that the radii of the same circle are“equal” [completed the studeitshen
we have to express OP in termsxa@fnd a number. What is the size of OP if we ar
express OP in terms afand a number, eh? OP, | want you to look at tiagrdm,
OP and OT, OP and OTojuches lines OP and OT in the diagram reproducedhe

chalkboard as shown abgvéutting an emphasis on these two lines, OP ahdo®,
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you know part of OT ix and the other part of OT is 2. OP, the total siz&P will be

... “2x” [answered the studeft€Eh? “” [insisted the studerjtsThe total size of]
OT, the total size of OT, one partxsand the other part is 2. What will be the tg
part of OT?2x” [the students maintainpdEh? Praws a line with two segments 4§

shown below in order to prompt the students forciweect answdr

-

The total is 5, ok? This part is 3, let's make [r&ferring to the figure aboJeWhat
will be this part?'3” [answered the studehtst will be 3, for the total is 5. Now I've
given you a portion of OT which is equalxdplaces his fingers on that part of O]
i.e. OM and another potion of OT which is equal to 2. Wl be the total size of
OT? [The students mumbled a wrong angwiow did you get 5 herePpints to the
line segment aboyeHow did you get 5? Noisy indiscernible response from tl
students Eh? Add.“Yes” [agreed the studerjtsyou do the same thing. What will b
the size of OT?x + 2" [just a couple of the students answérédplus 2 fe-echoed
Mr Andile], good. It isx plus 2. Now, that statement, OP is equal to O&sé¢hare thq
radii of the same circle, eh? Radii of the samelejrand if OT is equal te plus 2, it
goes without saying that OP must also be equal pus ... “2” [completed the€
studentl one mark only ffeferring to the memo for that exam questidxpress OP

in terms ofx and a number. Express OP in terms ahd a number.

The second question, what is the length of PR&f¢rring to the circular diagran
abovd. PM, PM we are given line PR, ok? Or you takes fine out of the circle, ol

[draws a straight line PR

p R
This is PR, ok and from the theorem, from this tkeq this is a direct application ¢

this theorem referring to the theorem just provedVe got the line drawn from th
centre of the circle perpendicular to the chordisTime must bisect the chord, o
According to this theorem, a line drawn from thetee of a circle perpendicular t
the chord must bisect the chord. And if that is ¢hee, and we know that PR, PR

given is equal to 8 cm, ok, and OM bisects PR,diésmeans you divide the line in{

two equal halves. Then what is the size of PMI? [answered the studeft®M is 4,

ok?“Yes” [replied the students
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Then, the other question, calculate the lengtthefradius of the circle. What is the

length of the radius? What is the length of theius® No response from th
students Now, we are to calculate this line, the radiwbkjch is the hypotenuse, oK
“Ay” [answered the studetsn APOM, ok, | want you to look at this triangleses
his fingers to tracefPOM in the diagrarh In APOM, ok, PO, PO squared is equal
PM squared plus OM squared, according to theorgitihaBoras Mr Andile writes
this algebraically on the chalkboard as folldws

PO = PM + OM? (Pyth.), eh? In right-angled triangle, the squamethe
hypotenuse is equal to the sum, the sum of thereguan the other two sides of tl
triangle, ok? Then from this statement just statgth side OP which is the same
PO is equal tox + 2, eh. PM, PM we say PM is equal to “4” [completed the
studentsyou square that and OM is equalxdoyou square that, ok? Now you usq
little bit of algebra. You know already method ojuaring a binomial, eh'Here, Mr
Andile meant expanding a binomial, (x 2]2Bquaring the first termx®’, you getx
squared. The first term multiplied by the secomintéimes 2,“plus 4x” [chorused
the studenis You square the second tertpjus 4” [added the studertsPlus 4 fe-
echoed the teacheand which is equal to .“16” [says the studertsl6 plusx® and
if you collect the like terms, or transpose thentgryour 4« will be equal to, or if you
transpose this, you® will cancel this one ok?2Um” [the students answeredAnd
then if we transpose the one from the left to igatr we have 16 minus 4 which
equal to 12. We then solve far Therefore, if you divide both sides by 4, youwill

be ...“3” [answered the studeits

[Mr Andile solves the problem by himself, the stiglenerely agreeing with hi
statements. By this time he has written the competution of the problem thg
required the students to calculate OP, the radiughe circle, in the circular diagram

above, as follows

OP =01 (radii) O 4x =12
OP =x-2 Xx=3
PM=4cm 0 Radius = 3 +2
In APOM, =5

PO = PM — OM (Pyth.)
X+ A+ 4=16 B3
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Ok. What was the question? The question that sajsulate the length of the radiy

of the circle. Calculate the length if the radidgh® circle is OP, ok. Therefore, th
radius which is OP is equal xowhich is 3 plus 2 which is equal to 5. So, thauaaf

the circle is equal to .'5” [chorused the studentsentimetres.

That is, that was a direct application of the tle@oithat we've just proved, ok? Y

will get a similar one to this one. This is the dngant you to do, ok?The teacher
reads from the second worksheet for the sttjdeorrect, correctly complete th
wording of the following theorem: A line, as farysu understand the wording of th
theorem, it is very important for you to understahd wording. A line through thg
centre of a circle, perpendicular to a chord ..., ©kmplete that statemetttisects
... .” Bisects the chordMr Andile repeats after the studehter 1 mark. Bisects thg
chord. Then in the diagram below, PR is a chorthefcircle with centre Ohe was

referring to this diagram shown hereungler

Diameter ST is perpendicular to PR at M. PR ego@ tm and MT equal to 2 cn
What is the difference between this ridére] solved orjeand this onethe current
one diagrammed aboj& Let's compare the two riders. They are veryyv@milar,
ok. What is the difference between the two? Can fygure out the difference? EH
can you see the difference?d response from the students, some in pairs digoys

the problem, others were just look]ng

You will do this one as class work. If you don’nih it today, you will finish it ag
homework, ok? The only difference between theserders is that in this ondHe

solved ong it is given that OM is equal te. In this one the current ong it is not

given. You are to give this distancesferring to OM in the diagram aboyea
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variable. Give this distance a variable, caX,itall itm, call ity, ok, in order to solv

for the variable. That is the only difference, Bk it now. Do it now.

[The students began to solve the problem while Miil&rcirculates around the room

answering questions from and giving guidance tostoeentk

r is the radiusgnswering a studehtr stands for the radius. Use the bottom par

that paper to solve that rider, ok? | want to $eesblution.

Another thing we have to understand is that thera difference when you solve
rider and when you prove a theorem, ok? When yowepa theorem, you are to ¢

through all these steps, ok... Sometimes it is ursszng to redraw in rider, unleg

you want to make a construction.

40 minutes

Give OM a variable, ok. Let that part be equal ny mariable, but you are to avoi
using the variables that are already in the sket#?, Yes, you can call iy

[responding to a studgntAnd then you follow the same approach, you gét the
solution. 8 cm ok, and OT is perpendicular to PRicw means OT bisects PR. | wa
to see clarification. OT bisects PR, OM, bisect§inaudible utterances as he atten

to a group of studenits

You will finish that as homework, ok? Thank yourhp school bell has rung

indicating the end of the lesson period, and theletts filed out of the classropm

45 minutes
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