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1.

Introduction

The result of TIMSS 2015 shows a meagre percentage of Hong Kong students who like
mathematics and feel confident in mathematics (Mullis et al., 2016). Low learning motivation
is obviously a significant obstacle in mathematics learning. As a result, teachers need to
motivate students in mathematics lessons. ‘Game’ is always regarded as one of the tools to
motivate students (Wong, 1993; Russo, Russo & Bragg, 2018). Other than engaging students,
scholars also pointed out many benefits of using games in mathematics lessons, and many of
them stress the effectiveness of concepts development (Lee, 1996). However, it seems not a
common practice to use games in the concept development stages (Wang, 2009). Besides, A
glance at the primary mathematics textbooks in Hong Kong reveals that the use of games in
mathematics instruction is rare in primary 5 and 6. Also, no game for algebra strand can be
found among the suggested teaching plans of three different textbook publishers. Therefore,
this project aimed to explore the possibility and effectiveness of developing algebraic concepts
through games by creating a game-based teaching kit for two algebra units in the primary 5

curricula.

Literature Review

2.1. Games and Mathematics Teaching

Different people will have different perspectives about what games are. In this project, games
are defined as artificial conflicts governed by rules (Salen & Zimmerman, 2004). Moreover,
there should be interactions between two or more players that what one player does in one turn
will affect what another player can do in the next turn (Gough, 1999). During the game, players

can exercise some choices about how to reach a goal (Gough, 1999).
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Mathematical games are also games. Besides meeting the criteria mentioned above,
mathematical games should also have mathematical rules that the way to win the game is to
understand the underlying mathematics (Lee, 1996). The properties of mathematical games are

summarized in Figure 1.

Mathematical

Rules

Mathematical
Games

Choices about

Interactions how to reach a
goal

Figure 1: Properties of Mathematical Games

A glance at some articles and the primary mathematics textbooks of three different publishers
reveals that games can be used at the beginning, in the middle and at the end of a mathematics
lesson. When games are used at the beginning of a lesson, they are adopted to introduce a new
mathematics concept or help students to revise their prior knowledge. This kind of games is
suggested by some textbook publishers like the Modern Educational Research Society. The
function of the games that are used at the end of a lesson is for consolidation. Students can
have opportunities to practice particular skills or concepts that they have just learnt in the
lesson (Russo, Russo & Bragg, 2018). It is a common way to include games at the end of a
lesson (Wang, 2009). However, it seems not a common practice to include games in the middle
of a lesson to help concept development. Scholars pointed out that this kind of games can

provide opportunities for students to explore new mathematics concepts (Russo et al., 2018).
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AT In the middle

of a lesson

beginning of
a lesson

Introduction/ Concept
Revision development

Figure 2: Use of Games in Mathematics Lesson

As games for concept development are rarely found in primary mathematics textbooks in Hong
Kong, the author decided to build up a game-based learning teaching kit in which the games
are for concept development rather than for revision or consolidation.

2.2. Dienes’ Model

Dienes (1971) suggested a model about how to develop mathematics concepts through games.
He classified games in the concept development process into three categories. The first kind
of games is the preliminary games. They are not games under the definition of this project,
because there are no rules, they are only ‘free play’. Students can do whatever experiments
they like and play in any way they want. The second type of games is structured games. These
games will lead students to the concept that the teacher wants them to acquire. Nevertheless,
students may not have a clear realization of what they are learning. The last type is practice
games or analytical games. Before playing these games, mathematics concepts are already

built up. These games provide a chance for concept fixing and application.

Dienes (1971) suggested a six-stage model to use these three kinds of games to develop a
mathematics concept. Stage 1 is free play, which students will have preliminary games.
Structured games will be introduced in stage 2. After playing the games, students will have
time to search for commonalities and do a representation through tables, diagrams and

whatsoever. After that, students will use their own symbols to present their idea. The last stage

Page 7 of 35



is formalization. The teacher will introduce formal symbols and presentation method to

students.

Stage 6:
Farmalization
Stauge 5:
Symbolization
Stage 4:
Representation
Stage 3:
Search for
Stage 2: Commaonality
Games
Stage 1:
Free Play
Preliminary Structured :ruclﬂc_ef I
Games Games nalytica
Games

Figure 3: Dienes' Model

3. Two Learning Units in Algebra Strand in Primary 5
After a brief look at the primary mathematics textbooks of three different publishers, it is found
that there are fewer games in the books of primary 4 to 6. Furthermore, there are no games
found in algebra strand in the textbooks of all these publishers. In order to explore the
possibility of developing algebra concepts through games, the author chose two learning units
in algebra strand in primary 5, 5A1 and 5A2. It will be the first time students come across

things in algebra, and most of the concepts should be developed in these two units.

According to the curriculum document, in the unit 5A1, students will learn about algebraic
symbols and algebraic expression; while in 5A2, they will learn about equations, the ways to
solve them, and how to solve word problems by using equations (Curriculum Development

Council, 2017).

There are some possible learning difficulties in these two learning units. In terms of conceptual

problems, if students are having a weak concept about four operations, they will find much
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trouble in presenting relations among quantities in algebraic expressions. The obstacles will be
even more significant when new ways to write multiplication and division sentences are
introduced. The concept of equality is also crucial in unit 5A2. Scholars pointed out that many
students treat equal sign as a signal of answering a problem, and they always neglect whether

the expressions on the two sides are equivalent in value or not (Wong & Lee, 2007).

Beside conceptual problem, there are also some practical problems. In unit 5A1, students may
feel hard to use unfamiliar ways to present multiplication and division expressions (Fung &
Cheung, 2014). Furthermore, as they have built up a habit of using numbers as a final answer,
they may feel strange to use algebraic expressions as answers (Lin, 2011). The other serious
problem is that they will confuse when to add brackets to algebraic expressions. If we say ‘we

have (3+x) candies’ (i.e., ##5-(3+x)), brackets are needed. Once the brackets are missing, the

‘3’ in the front will become a number without a unit, cannot add up with ‘x” which is having a

unit “fi7’. However, if we say ‘we have 3x candies’ (i.e., ffE 5 3x fir), the situation is different

(Fung & Cheung, 2014). Teachers need to spend time to clarify when to use brackets.

In the unit 5A2, one common mistake can be found in equation solving is the inability of adding
the same operation to both sides of an equation. It may be a conceptual problem of not caring
about the equal value of both sides of an equation. However, it can also be a mistake due to
carelessness. The next challenge is that students should adopt a new way to present calculation
steps. They are used to solve a mathematics problem by writing steps with an equal sign on the
left, but now the equal sign is in the middle of the line. When it comes to word problem solving,
some students may build up equations like ‘x=11+5" to solve problems. Some teachers may

struggle about whether it is an equation or not. It is an equation, but not an equation that
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correctly presents the relations among quantities described in words (Wong & Lee, 2007).
Algebra is a study of relations among quantities (Cheng, 2001). Therefore, the objective of
solving word problems by equations is to present relations among quantities described in

words; finding answers is not the main point (Wong & Lee, 2007).

Table 1 listed out all learning objectives for all stages. In the teaching design, there will be
revisions on ‘four operations’ and ‘equal’. The lessons will also help students to develop the
habit of using ‘expressions’ as final answers and explain the function of brackets in algebraic

expressions. ‘Relation’ will also be highlighted when teaching ‘equation’.
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5A1

5A2

Use letters to present unknowns
Tell that expressions with unknowns are ‘algebraic expressions.'
Recognise algebraic expressions

Tell that addition and subtraction can only be done on quantities with same
nature and unit (e.g. the number of objects cannot sum up with the weight of an
object, the weight in kg cannot directly sum up with the weight in g)

Tell that the two numbers adding together, and their sum are having the same
unit (e.g. 2 dollars plus 3 dollars equals 5 dollars; 2, 3 and 5 are having the same
unit ‘dollars’)

Use addition and subtraction expressions without unknown to present quantities
of something described in words (e.g. (2 + 3)pencils and (5 — 2)books)

Use algebraic expressions involving addition and subtraction to present
quantities of something described in words (e.g. (2 + y)pencils and (x —
2)books)

Tell that multiplication is repeated addition

Tell that a multiplier is the number of times the multiplicand repeated in
repeated addition

Use multiplication expressions without unknown to present quantities of
something described in words (e.g. (3 X 5) pencils)

Use algebraic expressions involving multiplication to present quantities of
something described in words (e.g. 3y pencils)

Tell that division is equal sharing or equal grouping

Use division expressions without unknown to present quantities of something
described in words (e.g. (6 + 3)pencils/ (6 x %)pencils/ g pencils)

Use algebraic expressions involve division to present quantities of something
described in words (e.g. (x + 3)pencils/ (x X i)pencils/ % pencils)

(Revision and practice) Use algebraic expressions involving addition,
subtraction, multiplication or division to present quantities described in words

Tell that the function of equal sign is to link up two expressions with same
value and form equation (% ;%)

Tell that an equation (% 3%) is presenting an equal value relationship between
two expressions

Tell that ¢ % ;% with unknown(s) is ‘> #2’

Set up equations with one operation (e.g. 'x —1 = 4’ involves only one
subtraction operation) to present the relations among quantities according to the
scenario described in word problems

Set up equations with two operations ( e.g. '2x — 1 = 4’ involves one
multiplication operation and one subtraction operation) to present the relations
among quantities according to the scenario described in word problems

Form new equations by doing the same operations on both sides of the old
equations (e.g. old equation: x — 3 = 2, by adding 2 on both sides a new
equation is formed: x — 1 = 4)

Solve equations involving one step in the solutions

Solve equations involving two steps in the solutions

Solve word problems by setting up equations

Table 1:Learning Objectives by Stages
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4. Teaching Kit Design
4.1. The Games
A card game called ‘the Building Tribe’ (Z£Z35%) is created. It consists of 201 playing
cards. Five games with several variations can be played by using the same set of cards.
For game instructions, please refer to Appendix 1. Table 2 shows the use of games in

each teaching stages.

1 Al
2 A. Great Building Materials A2
3 (B HeE n 5) A3
4 A4
. B. Houses Scrap Dealer =
(% B | &)
0 C. Fight with the Landlord /
(24 EMS 1)
B. Houses Scrap Dealer B2
, (¥ BAc§ #)

D. Fast Some, Slow None
RS A
B. Houses Scrap Dealer
(% Bfc§ &)

4 El
5 E. Pay All for a House

BRFAETE E2
6
7 / /

Table 2: Use of Games by Stages

Possible learning difficulties mentioned in Section 4 were being concerned during the
game design process. In order to strengthen students’ concepts in four operations, the
card games stress the identification of objects and units. There are four kinds of object

cards. The objects are either rope (4E+-) or bamboo (171%), with units ‘{6, <&, or /%

JT (see Figure 4). This design is to arouse students’ awareness of objects and units in
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four operations. For example, students will be aware that only the numbers describing the

same object and with the same unit can be sum up together.

T3 | T3k 'mstsak ’r'r7f§3"ﬁ‘
e *&m *sw, yvmu

Figure 4: Object cards

‘Relationship’ and ‘Equality’ is highlighted in the games in 5SA2. In Game C, students
would win the game if they made two expressions equal in value; in Game E, students
would win the game if they use up their cards and keep the values of two sides of the
equation equivalent. As the final goal of these games is to make equivalent expressions,
students will focus on the concept of ‘equality’ during the whole game. Furthermore, all
the games about equations are about how to use equations to describe a relationship

between numbers, but not finding the value of the unknown.

4.2. Lesson Plans
The instructional design is a repetition of a teaching cycle begins with a pre-test and end
up by a post-test. In the cycle, students will experience all six stages of Dienes’ Model.

The paragraphs below will show how it works by introducing two example lessons.
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w
8. Post-Test 2.(D1)
Free play

7. Practice 3.(D2)
Game Games

4. (D3-5)
6. (D6) (group :
Formalization Discussion
|

Figure 5: Teaching Cycle

The third variation of Game A will be used in the lessons about algebraic expressions
involving multiplication (For detail lesson plan, please refer to Appendix 2). Before
entering this lesson, students are supposed to know how to use algebraic expressions
involving addition or subtraction to present quantities of something described in words.
Also, they should have leant multiplication operation and ways to solve word problems
by multiplication in primary 3 and 4. These are the learning objectives of the lesson:

e Tell that multiplication is repeated addition

e Tell that a multiplier is the number of times the multiplicand repeated in repeated

addition
e Use algebraic expressions involving multiplication to present quantities of

something described in words

The Education University Page 14 of 35

of Hong Kong Library
For private study
Not for publication




Pre-Test

A pre-test will be done before teaching. It is a short test with only four questions. The
first two questions will test whether students know multiplication is repeated addition and
their awareness about multiplier and multiplicand. The last two questions will ask
students to use expressions to present quantities, to see how much they know about the

things that they are going to learn.

Dienes’ Stage 1: Free Play

After the pre-test, the lesson will immediately get into stage 1 of Dienes’ Six-Stage
Model. Students will be divided into groups of 4 or 5. A set of game cards will be given
to each group, and they will have 8 minutes to have free play and observation. After the
free playtime, the teacher will have a short debriefing with the class by asking questions
like ‘How this set of cards differ from the set you played last time?’, ‘How would you

classify the cards?’ ‘How your group played?’.

Dienes’ Stage 2: Game

Then it will come to stage 2. The teacher will explain the rule of the game (see Appendix
1, Game A3) and provide students 15 minutes of game time. Students need to record the
expressions on a recording sheet (Figure 6) during the game. The teacher will allow
students to record in their own way without any suggestions or clarifications. Students

may not have a clear realization of what they are learning by this moment.
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PRI TTE
BT 3

EiillB

@y ( )|a@r—__ ()
@y ( )|@mr_—_— ()
@y___ ()@ r——___ ()
w®y___ ( )|@mvy_—_—__ ()

Figure 6: Recording Sheet

Group Discussion: Dienes’ Stages 3-5

Ten minutes discussion time will be provided after the game. Students should discuss
how to classify the expressions they have recorded on the recording sheet. It is stage 3 to
5 of Dienes’ Model. Through classification, students search for commonality among
expressions. Through present the classification method in table, diagram or words,
students do representation. Through using their own way to name each type of

expressions, students do symbolization.

Presentation
After the discussion time, the teacher will show the works of each group to the whole
class by visualizer. The teacher will ask some of the groups to present their ideas and

drop-down essential points on the blackboard.
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Dienes’ Stage 6: Formalization

It comes to the last stage of Dienes’ model—formalization. In this stage, the teacher will
introduce formal symbols and mathematical presentation of the algebraic expression

involving multiplication. Figure 7 shows the suggested illustration.

2 FrEfne =R 4R oo 3= NS
@ +2+2+2+2+ /A TG+ x +x + x +apk
fEf%M N BTk SR
\ FEEA
MEEQ R | WT(x - Sk
ﬁ'ﬁ'ﬁz(zs)zwx BT Sx

Figure 7: Algebraic Expression involving Multiplication

Practice Game
Finally, students will play the same game again, but this time, they should record the
expressions by the method that they have just learnt (Figure 8). The same game will

become a practice game for students to practice the skills and concepts they have

acquired.
RORADE TR
BT 3
45
= = st | A% EERA
G o vix) | 7S | (EA)
WT_6 (F)| @ (23) (k)| «x Fei/[\EH
@y_4 (1F)| BT 2 (| oz | FEL
WY ()| AT ()
@®T_( )| AT ()

Figure 8: Recording Method during Practice Game
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Post-Test

At the end of the lesson, students should do a post-test to show their understanding of the
mathematics concepts. The test is similar to the pre-test. The teacher can compare

students’ performance before and after the lesson.

Other lessons designed are following a similar teaching cycle. However, not every cycle
will include the stage of ‘free play’. In the fourth and fifth cycles in unit 5A2, there will
be no time for free play, because the same set of materials have undergone the free play

process in the 3" cycle. Tables 3 and 4 below illustrates how the cycle repeated

throughout the two learning units.

FrsA e

T T T T O e s
BRI AB L SA i

i SA1 1AL SAL 2510 SA1 3MELIE SAL 4 AT
B s TRES ) ERRCEM THESE  BIEURA2  THESE ) BEREAY  TRENS ) BIRRCEA

TRERE BRPCEA  TEEEE ) BEECEA2  THEEE ) EECEAY  TRERNE ) SRECEA
Hal o R [ et - S 5o )R] Ml o B R

PR Sk
B A~ 1 MR DA i ﬁmﬁm:
EEL RN ey AR LR A B L (4 e wiwmﬁa:“

CRREES ) WIEEEAS T RREARS , AIBEAL
UREA ) MU R BBIUAAL e o Rt (O LR

e ;?g#g‘:;ﬁm P PP B T 15
B, BT flSEE )
SAI gl SA1 2@ ML sa1 3B MELTE SAL_ 4§k Bl

EHE 1
(4 ity

Table 3: Overview of the Teaching in 5A1
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e sl
HEFT W I
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"R ) W5
H=E

(AR S R R S
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B ERTERAE

#H
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alil IR TN IR TN BT BT TN
i )

Table 4: Overview of the Teaching in 5A2

5. Discussion

Bell (1978, in Wong, 1993) has listed 12 evaluation criteria for instructional games. He

stated that games rules should be clearly understood by students, do not need too much time

to explain and will not be too complicated. The game itself should not be too easy or too

hard, and all students can have equal involvement in the whole game and enjoy the game. A

game-based lesson should maintain a pleasant learning atmosphere with no disciplinary

problem brought by games. Learning objectives should not be ignored, and mathematics will

be the focus of the lesson.

The Education University
of Hong Kong Library
For private study or research only.
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Student clearly understands
Do not need much time to explain
Not so complicated

Game Rule

Not so easy, not so hard

All students can have equal involvement
All students can join the whole game
Students enjoy the game

Engagement

No disciplinary problem
Learning objectives will not be ignored
Learning atmosphere 10 Mathematics is highlighted

11. Foster mathematical cognition

12. Improve performance in mathematics

©CO Nk WD =

Table 5: Bell's 12 Evaluation Criteria for Instructional Games

These criteria had been considered before the start of the design process. For example, in
order to help teachers to explain the rule of the game more clearly, the backs of the cards
have a special design—all house cards have a blueback, while all other cards have a
greenback (see Figure 9). Teachers can simply call the cards by their colours, and then

students will immediately understand which kind of cards the teacher is referring to.

Figure 9: Design of Card Back

Nevertheless, the teaching kit still needs implementation in a real classroom context. Only in

a real classroom, teachers can observe whether the game rules are easy for students, whether
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they enjoy the games and whether disciplinary problems will occur. Also, students’
performance of their pre-test and post-test can be compared to see the effectiveness of the
teaching method. Unfortunately, as schools are closed this year due to the outbroke of

COVID-19, the implementation cannot be done by this moment.

Conclusion
To conclude, in this project, games are defined as artificial conflicts governed by
mathematical rules. They are also interactions between players and players can exercise

choices to reach a goal. A card game called ‘the Building Tribe’ (722 &%) is designed for

two units in algebra strand, 5A1 and 5A2, in order to explore the possibility of developing
algebraic concepts through games. Dienes’ Six-Stage Model is adopted to create lesson
plans. The project is successful in creating a teaching kit that aims to develop students’
algebraic concepts through games. However, the teaching kit still needs implementation in a

real classroom in the future for better evaluation about its effectiveness.

Word Count: 2710
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8. Appendix

Appendix 1: Game Instructions
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Appendix 2: The Teaching Kit
Please access the teaching kit via this URL.:

https://drive.google.com/drive/folders/Iwg97mruQT XjpJOVarlGBONn9X Aq84F0?usp=
sharing
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