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Introduction

Learning to identify various geometric figures is an essential content of many elementary
mathematics curriculums. Students learn to distinguish various figures by categorizing their
geometric properties, mainly according to two dimensions, namely the length of the edges
and the size (measure) of the interior angles of the respective figures. But knowing how to
tell them apart based on their geometric properties related to edges and interior angles does
not help them to incorporate the abstract concept of inclusive and transitive properties among
them. De Villiers (1994) asserted that the understanding of such conceptual properties is
essential to students’ logical reasoning skills for abstract proof in geometry. With the
multimedia aid of the dynamic geometry software, the Digital Whiteboard (DWB), in the
classroom, we expect to enhance the teaching and learning effectiveness by producing the
so-called effect of animation-on-demand during the lessons. It is basically a dual delivery of
the abstract geometric concepts by texts, narrations and words together with pictures,
illustrations and animations. Before teaching to students, teachers must be trained on using
DWRB in teaching a prescribed topic of geometry with embedded deductive reasoning skills.
We shall train up a team of volunteer teachers and test the effectiveness in their lessons at
their own school. The result may serve an indicator on how to improve students’ deductive
reasoning skills on learning (Leung 2008).

Teaching Approach

This investigation is an effort to better understand the effectiveness of teaching the
hierarchical relationship of quadrilaterals under a dynamic geometric environment. The
volunteer teachers have been trained to use the Smartboard (SB, a kind of digital whiteboard)
since July. Trail teaching in September will allow them to rehearse on using it in classroom.
Their participation will help us to have better knowledge on how good an innovative
approach in teaching students to identify quadrilaterals via deductive reasoning with SB as an
aid. And simultaneously, their competence on teaching such topic will be identified in the
two aspects: subject content knowledge (SCK) and pedagogical content knowledge (PCK).
Such SCK and PCK were firstly conceptualized by Shulman (1986) and further elaborated by
many researchers such as Ball et al (2005) and Hill et al (2005).

To counter act the DWB as a teaching aid, we also introduce the geo-sticks as alternative to
the main portion of delivering the inclusive and transitive properties of the quadrilaterals to
another class of students besides that one using DWB in every single school. The lessons are
video-taped and three students were selected to be interviewed after lesson for a special
exercise to test their deductive reasoning skills learnt during the lessons. Each double lessons
lasted for 55 to 60 minutes approximately. The test was done right after the lesson in class.

We managed to visit 7 schools and delivered 14 lessons (double lessons) to more than 400
students. A pre test and post test were given to students to assess how much the interference
(the two designed teaching approaches) occurred.

In the coming sections, we present the details of data collection procedures, results and
analysis.
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School list

The table shows all the schools participating in this experiment.

Type I Type 11
Code |School Neme Student Tezcher s | Clas | Code | no.of date | Clas | Code | 10 of dsts
B e = S = 2 B s
D E%L%ff{ E'H ﬁ;“:; Efg:{ﬁj Iji_y School Wong Lai Wa 29 Sept. 2008 4B | D1 26 4a | D2 31
=z = [\
E {i?ﬁ‘fi ?f;%{g; o Millennium Primary School Law Ka Kin (Derek) 30 Sept. 20Q8 4D | E1 31 4E | E2 29
B ﬁii‘iﬁﬁiﬁ%ﬁfﬂd s Wong Chung Wai 2 Oct. 2008 mes | Bl 31 mTr | B2 34
Y [\ B
F i%ffgf\éﬁ e‘:‘ﬁng Vin Primary School Cheng Ka Po 3 Oct. 2008 4B | Fl1 35 4D | B2 35
C fjﬁ?ﬁ%\?ﬁfgﬁt Primary School Hui Shan Shan (Sandra) {6 Oct. 2008 4F Cl 24 4C C2 24
A ﬁ:fi?ig iigjaiy Sehoal Wong Hiu Ling 9 Oct. 2008 4B | Al 27 4C | A2 30
?gﬁiﬁfﬁﬁk ﬁl;’% Spirit Primary School Wong Kin Yan(Cindy) 1431 83 3882 3 4B 33 4D 32

|
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Sample of pre-test and post-test papers:
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Results and Data Analysis

There are two sets of data. The first set is the data on teachers’ competence while the second
set is for students’ performance correspondingly. We look at those for teachers first. Using
rectangle-square-rectangle as an example, we are measuring and observing how and what
teachers are teaching in the lesson:

[tem on
quadrilaterals

Indicators on change of
“prototype”

Teachers’ explanation (anchors) as an
indicators on how teachers master the
concepts of

(1) sufficiency or necessity

(2) imposing or relaxing a condition

(property)

(3) family of membership

(4) conclude from (1) to (3) to ...

Rectangle-squar
e-rectangle

Length of two sides of a
rectangle diminish until
it reach a stage that

length is equal to width

(3)*“...rectangle changes to a square, such
square is originally from a rectangle; the
square is a very special..., they are from the
same family”

(1) “...the property two pairs opposite sides
equal still holds.”

(2) “ the square own the property that 4 sides
equal, it is an extra condition”

(4) teachers pointed to the square and saying
that: “Can we call it a rectangle, now?”

We must identify and define what and how well the teachers have done before we claimed
that he/she has effectively delivered the concept. A summary of teacher CKP is given below.
CKP is one of the best performed teachers.

Summary of the explanation (verbal and written)

Teacher 1 Demonstrate the Demonstrate the Remarks

(CKP) concepts-observed concepts-observed by | She stress on the
by the Indicators. the Indicators. classification of
Type I Class Type II Class the quadrilateral
(Geo stick) (dynamic by their
-emphasis tool)-emphasis properties

Rectangle-square | (1), (2) (D), (2) yes

-rectangle

Parallelogram-th | (1), (2) (D, (2) yes

ombus-

Parallelogram

Rhombus-square- | (1), (2) (D), (2) yes

rhombus

Parallelogram-rec | (1), (2) (D), (2) yes

tangle-

Parallelogram

© Issic K.C. Leung. HK Institute of Education 2009-10
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The qualitative results of analysis the competence serves valuable information for our
analysis.

For the data analysis of the students’ performance, we pick question (4) as illustrative
example. In it, we ask the students to construct the interrelation picture, which will illustrate
the hierarchical classification of the four quadrilaterals:
parallelogram-rectangle-rhombus-square, we identify if students can produce the picture and
explain correspondingly how the pictures so drawn in the way to indicate their
interrelationship (see page 7 or 11, Question 4). Accordingly, three kinds of reasons in the
written explanation will be classified:

Factual: telling something that facts, validated results or confirmed knowledge
Analytical: giving justifies reasoning and explanation of rationale

Conclusive: confirming the inclusive and transitive properties among quadrilaterals

The statistics of correct responses of Q4 (b) of the students from all six schools are given:

Schools | Factual Analytical Conclusive
(type 1/1) | (typel/1ID) (type 1/11)

A 2/11 11/7 1/2

B 0/3 0/22 0/1

C 4/4 5/3 3/2

D 5/8 3/5 8/4

E 1/5 1/3 4/0

F 16/8 8/10 6/2

Marking Scheme of question 4(b)
The following table shows some possible answers of question 4(b). We mark this question by
considering the type of their answers.

Rl TR - AT - BRI AT HFEaTALEIER RS - WALEHE
ISAT Fe AR S A ARSI

TR - BT © B A E SR RS REEE - miHhE
17 R AR ARSI R - )

R2 | WEVGEESHFTINEURRER -

R3 | WEIMEEANFTIERBEET -

R4 | WEIUEEANZEERRIEAR -

RS | MEVBEENEAVBRIES -

F1 EHVEERS RN MRS  BRRE TSR R -
F2 EHHETTEHIRE -

F3 EWHE TR REE -

F4 EAREERITIERE -

F5 A R TTRIFEE -

F6 E AL -

K7 LTIUETY P B R

F8 PATVUETE AT Rz -

F9 RAW A EBEIET

F10 | ZEHPAERIENE -
RS eelSS T
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Ci
C2
C3
C4
C5
C6
C7
C8
C9
C10

RAGERPTIEH—H -
EL RTINS —E -
ERERTA TR —TE -
EERE R -
LG Rz -
TR T TIYER -
FTEZE AR TSR -
FrREIEA AR T TIER -
FrAIEA AR -
FTHIE S EZER -

The general results of questions 1 to 3 (Pre-test).
The pretest is taken before the lesson. The following table shows the average result and
standard deviation of each class. Al refers the type I class of school A, etc.

Question 1 Question 2 Question 3
Class | Size | Average | S.D. | Average | S.D. | Average | S.D.
Al | 27 14.81 1.71 1344 | 391 3.19 1.11
A2 | 30 15.10 | 2.51 15.07 ]3.23 2.97 1.38
Bl 31 13.52 [ 0.96 12.16 | 3.54 3.23 0.96
B2 | 34 14.50 1.76 15.94 ] 2.51 3.26 0.93
Cl 24 14.58 1.72 14.08 ] 2.76 3.00 1.14
C2 | 24 1492 {2.04 | 1538 | 3.40 3.58 0.72
DIl | 26 13.27 1.28 14.19 1 3.12 3.35 0.80
D2 | 31 13.90 1.62 14.13 | 3.45 2.87 1.28
El 31 14.29 1.57 14.39 1 3.09 3.45 0.99
E2 | 29 14.14 1.48 15.86 | 2.34 3.59 0.78
F1 35 14.49 1.74 16.03 | 2.50 2.77 1.29
F2 | 35 14.57 1.50 14.23 ] 2.28 3.46 1.04

The general results of questions 1 to 4 (Post-test).
The post test is taken after the lesson. The following table shows the average result and
standard deviation of each class. The statistics of question 4 is also shown in the table.

. Question 1 Question 2 Question 3 Question 4

Class | Size | Average | S.D. | Average | S.D. | Average | S.D. | No. of attempt | Correct Answer
Al | 27 15.19 4 1.92 18.56 | 2.19 3.63 ] 0.93 23 14
A2 130 16.63 1 1.90 18.83 | 2.34 3.70 [ 0.88 27 16
Bi | 31 14.23 | 1.87 17.35 | 2.51 319 1.11 12 0
B2 | 34 16.26 | 2.09 19.12] 1.75 3411 1.13 33 26
Cl | 24 13.71 { 2.33 18.50 | 2.60 3.58 1 0.88 22 10
C2 | 24 15.96 { 2.20 17.25 [ 2.94 3.671 0.64 21 9
Dl | 26 1442 2.14 19.27 | 1.51 3.62 1 0.70 23 14
D2 | 31 14.90 | 2.15 18.26 | 2.98 3.351 1.20 27 13
El [ 31 14.45  2.05 17.10 [ 3.24 3.48 | 0.96 30 6
B2 | 29 1493 | 2.17 19.34 | 1.47 3.79 1 0.68 22 7
Fl 35 16.86 [ 1.90 19.43 | 1.07 3.23 | 1.03 33 24
F2 | 35 17.14 | 1.83 18.97 | 1.56 374 | 0.70 27 19

O B T P
Page 14
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Conclusion

We can see from the simple statistical data that the two approaches (using DWB verses using
geo-sticks) have their own advantages through which teachers deliver the inclusion property
among quadrilaterals. The effectiveness of teaching all depends on how teachers elaborate the
variation of interior angles and the length of respective sides of quadrilaterals. This
investigation only aim at telling the students that a figure is by its nature have different names
to be called and the prototypical meaning of a figure is something hidden and does not
directly expose the geometric properties the figure possesses. A second stage of investigation
about these hierarchical properties among the basic seven quadrilaterals could be conducted
provided that further financial support is given.
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Appendix

Teaching materials
(1) Lesson plan (in Chinese)
The lesson plan for all the class in this experiment.
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In class presentation slides

There are the teaching slides which are used in all the classes.
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DVD Content
The DVD enclosed contains some clips which record different status of this project. The
following shows the list of the DVD content of each chapter. All the clips in the DVD are in

Cantonese.

Chapter 1 Preparation Meeting

Chapter 2 Smart board training

Chapter 3 Lesson by student teacher (Experimental group)
Chapter 4 Individual Interview (Experimental group)
Chapter 5 Lesson by student teacher (Control group)
Chapter 6 Individual Interview (Control group)
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Photos
The followings are some photos.

Preparation meeting — Dr. Lai disscussed the Preparation training — Dr. Leung disscussed

lesson plan with student teachers. the essential idea of this experiment with

student teachers.

Experiment Group — Student teacher
teaching the class with the digital white

board.

Smart board Training — All the student
teachers attend the smart board training

before experimental teaching.

Interview with student — After the lesson,

Control Group — Student teacher teaching
some student are invited to do test with

the class with geostrick.
Venn diagram.
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