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CircleBoard-Pro : A Concrete
Manipulative for Learning An-
gle Properties in a Circle

Geometry is viewed as an important aspect in mathematics curriculum. Mostly, the school mathematics
curriculum focused on promoting students’ conceptual understanding, reasoning skill, and problem solving
skill (NCTM, 2000; Takahasi, Watanabe, & Yoshida, 2008; Ministry of Education of Thailand, 2008; Ministry of
Education and Culture of Indonesia, 2013). However, students still have difficulties in learning (Biber, Tuna, &

Korkmaz, 2013; Shadaan & Leong, 2014). The use of a concrete manipulative is an alternative tool used in
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learning and teaching geometry. By using concrete manipulatives, students learn concepts by hands-on
experiences in order to help them understand mathematics concepts (Cope, 2015). The concrete
manipulative also plays a large role in encouraging students to engage with natural interaction. This in-
teraction helps reducing the mental workload produced by activities that are not associated directly with
the learning purposes (Bujak et al., 2013). Nowadays, many various kinds of manipulatives are used and
developed in learning mathematics. NCTM (2000) suggested using manipulatives to teach concepts of
mathematics at all of the grade levels.

In the topic of angle properties in a circle, students mostly had the difficulty in recognizing figures
which applied the same properties (Jeopardy, 2013), and students merely recited and memorized the
properties of angles in a circle (Otto, 2015). Therefore, CircleBoard-Pro was developed to overcome
misunderstanding and difficulties of students in learning angle properties in a circle. Components of
CircleBoard-Pro are used to help students explore four angle properties in a circle (Figure 1). A cir-
cle whiteboard is the main circle. Elastic ropes represent lines between points on the circle. Circular
protractors are used to ease in measuring angles between the elastic ropes at any directions. Screws are
tishten on the protractors and the board which can be freely moved at any positions on the circle board.

An extra circle board is necessary

»Screw

—* Circle Whiteboard

— Extra Circle Board

Figure 1. CircleBoard-Pro and its components

In Figure 2, students are asked to set the CircleBoard-Pro to represent angles at the center and
at the circumference of a circle subtended by the same arc. Then, students are asked to drag the circle
protractors B, C, and D. Afterward, they investigate what happens with the angles £BAD and Z£BCD
when the arc ﬁD is changed and measure the angles £ZBAD and ZBCD during changing the arc B-D
as much as they want, and then record the magnitudes of both angles at the center (£BAD) and at the
circumference of a circle (£LBCD). Students are asked to conclude their exploration related to Property 1

“Angles at the center and at the circumference of a circle subtended by the same arc”.

Figure 2. Exploring the relationship between angles at the center and at the circumference
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In Figure 3, students are asked to use circular protractors to form a diameter of a circle (i.e. B, A,
and D). Then, have students use another circular protractor (i.e. C) to form the angle at the circumference
subtended by a diameter. Afterward, ask them to move the protractor C and measure the magnitude
of the angle ZACD as much as they want. Furthermore, have students explain and discuss their finding

related to Property 2 “Angles at the circumference subtended by a diameter”.

Figure 3. Exploring angles at the circumference subtended by a diameter

In Figure 4, Property 3 “Angles at the circumference of a circle subtended by the same arc” is
explored. Students are asked to form two angles at the circumference subtended by the same arc (£LABD
and ZACD). Students move all protractors and then measure all angles at the circumferences (£ BAC,
£ BDC, LABD, and £LACD) as much as they want until they find the relationship between those angles at
the circumference. Then, students are asked to conclude by themselves focusing on what the relationship

among those angles and why those angles relate to each other.

Figure 4. Exploring angles at the circumference subtended by the same arc

In Figure 5, students are asked to explore Property 4 “Angles in a cyclic quadrilateral”. Ask students
to set CircleBoard-Pro to form a quadrilateral inscribed in a circle. Then, have them move all protractors
and then measure each angle representing angles in a cyclic quadrilateral as much as they want. Afterward,

have students sum up by themselves on what they found related to the relationship between angles in

a cyclic quadrilateral.

Figure 5. Exploring angles of a quadrilateral inscribed in a circle.
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