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In this paper, we describe the way in wh tional Indonesian
games can support the learnin, inear measurement. Previous
research has revealed thaty ildren tend to perform
measurement as an insfr ure. This fendency may be
due to the way in whicl rement has been taught as an
isolated concept, wiich te from children’s daily experiences.
Consequently, asefof e-based activities was designed tolielp
grade 2 studepd their learning of linear measurement to
: : Design research was chosen as a means of

ysing the hypothetical learning trajectory.
ment is driven by a cyclical process of designing
tivities, teaching experiments and retrospective

onflicts of fairness while playing the game could be used to help
students to acquire the concept of a standard unit of measurement.

Key words: Linear measurement; Traditional Indonesian games; Design
research; Emergent modelling
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Introduction 1

In many countries, measurement is taught to young children as an isolated
concept at a formal level (Castle & Needham, 2007; Kamii & Clark, 1997;
Van de Walle & Folk, 2005). The teaching and learning of linear measurement
focuses mostly on the use of a ruler as an at—rumental procedure. One
possible effect of this approach is that students tend to perform measurement
as an instrumental procedure, without a consistent conceptual basis. The
lack of a conceptual basis also plays a role in the inability of most students
in grades 2 to 4 to measure correctly the length of an object that is not aligned
with the first stripe of the ruler (Kamii & Clark, 1997; Ken
cited in Van de Walle, 2005; Lehrer, Jaslow & Curtis, 2003)

Buys and de Moor (2005), Castle and Needham (200
Doorman (2011) have suggested that the teaching
measurement in kindergarten andementary sch
meaningful measuring experiences. Conseque .
young children in experience-based activifies th t >ody some bas

lard measuring instruments. One
children is game-playing,

In Indonesia, traditional
related to measurement. Ga gt .rfu" (marbles) and “benthik” embody
the concepts of linear masu it including comparing, estimating and
measuring distances.t is'conj red that game-playing provides a natural

e activities in which the concepts and skills

onsequently, the main objective of this research is
1 instruction theory for the teachmg and learm.ng of

2 and learning process can elicit the concepts of linear
nt. In addition, teachers can foster the learning of linear
measurement by building on students’ reasoning by referring to situations
within the game and generalising these ideas to other measuring practices
and tools. This trajectory, from the situational level towards the referential,
general and finally the formal level, is precisely what is being targeted in
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the design heuristic of emergent modelling. Emergent modelling emphasises
the role of didactical models in learning trajectories that can emerge trom
students” reasoning and have the potential to support formal mathematical
concepts and skills. The research question of “how can the modelling that
emerges in playing traditional Indonesian games be used to elicit the issues and the
ba] concepts of linear measurement?” will guide this investigation of the role
of traditional Indonesian games in the learning of linear measurement.

Theoretical Framework

This research focuses on the role of experience-based activities in su
second graderfearning of linear measurement. Experience-b.
also relate to Freudenthal’s idea that stresses mathe
activity, instead of as subject matter that has to be trans reudenthal,
1991). Freudenthal (ibid.) proposed the need to conny ics to reality
through problem situations, because experience- tivities - such as
game-playing - support students in contributing '

practices. Therefore, the instructional sequer
de‘;lgned bv L‘Ol"‘l‘:ldel‘]nb and combmmb the

Freudenthal.

Linear Measurement

fribute of a given unit of measurement.
r@builds on a set of basic concepts. Barret, cited

a unit of measurement, unit iteration emerges as the second
f linear measurement. Unit iferation is the process of finding
many units equate to the attribute of the measured object. When a
enough to cover the measured object, then unit iteration is needed.

chrer et al. (2003) distinguished two conceptual accomplishments as
the important ideas of linear measurement, namely conceptions of unit and
conceptions of scale. The basic concepts included in these two
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accomplishments are described in Table 1.

Table 1
The Basic Concepts of Linear Measurement, as Formulated by Lehrer

Bﬂ' concepts Description
Conceptions of * Iteration A subdivision of a length is translated
unit in order to obtain a measure
* Identical unit Each subdivision is identical
* Tiling Units fill the space
* Partition Units can be partitioned
*  Additivity Measures are additive, sure
of 10 units can be tofa
composition of 8 i
Conceptions of *  Zero point

the ruler
*  Precision

InIndonesia, the topic of meas
students start to learn termin

measurement, such as lo
indicate comparison, su

wy-lightand day-night, and those which
shorter and heavier-lighter. In grade 2,

d standard units of measurement (rulers and
). However, the focus is mainly on terminology

into accountwhat Indonesian students can bring to the classroom and how
driences relate to the concepts and skills of measurement.

stic Mathematics Education and Emergent Modelling

As ned in the introduction, this research is an attempt to connect the
teaching and leaming of the basic concepts offflnear measurement to
experience-based activities in game-playing. The process of designing the
sequence of instructional activities that starts with experience-based activities
was inspired by the theory of realistic mathematics education (RME; Treffers,
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1987). The five tenets of RME are (Treffers, 1987; Van den Heuvel-Panhuizen,
2000):

Phenomenold§feal exploration. This tenet focuses on the use of meaningful
contexts as the basis for concept formation;

Using models and symbols for progressive mathematisation. The development
of more formal mathematical concepts from informal, context-related notias
is a gradual process. This process requires models and symbols which are
meaningful for the students and have the potential for generalisation and
abstraction;

Using students” own constructions and productions. Stu
constructions and productions are meaningful for them,
used as an essential part of instruction;

in which
n the developed
g to arrive at the

Interactivity. Interaction is an important phasg”o f
students can reflect on their activities so that they,
models and symbols. The final goal of this
intended formal mathematical concept;

Intertwinement. Mathematics is not sp istinctive strands of
learning, and furthermore, solving textual problems often requires the
application of a broad range of i

ce of using meaningful contexts

In summary, RMII stressesd
L dents’ strategies. These activities

ow niodels of a certain situation can become models for more
ning. There are four levels of emergent modelling which need

Situational level: The situational level is the basic level of emergent
modelling at which domain-specific, situational knowledge and
strategies are used within the context of the situation;
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2 Referential level: The occupation of models and strategies in this level
refers to the situation described in the problem. In other words, the
referential level is the level of models of;

2]

General level: At the general level, models for emerge, in which the
mathematical focus on strategies dominates the reference to the
contextual problem;

~9

Formal level: At the formal level, reasoning with conventional
symbolisations is no longer dependent on the support of niodels for
mathematical activity.

The design heuristic of emergent modelling has proven use Various
topics in mathematics education (Doorman & Gravemeijeg2

to use the heuristics of emergent modelling in desig
trajectory and investigating how emergent mode

e Method
3
Participants
The participants were 46 qemnd- a of a public elementary school
> St participated ina pilot experiment
sting knowledge and resulted in some
adiustmentﬁ; being ma e hypothetical learning trajectory (FHLT).
The other 34 students partigipated in the teaching experiment. The group of

used to build upon students’ reasoning and to teach the
concept of linear measurement. According to Wang and

iterative analysis, (re)design and implementation, based on collaboration
between researchers and practitioners in daily life, and leading to context-
sensitive design principles and theories. Hence, in this research, a set of
experience-based activities was designed as a flexible approach to
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understanding and improving educational practices in linear measurement
for grade 2 students in elementary school.

There were four phases of this research, namely: (1) preliminary design;
(2) pilot experiment; (3) teaching experiment and (4) retrospective analysis.
In the preliminary design, which also included a literature review, the
students” learning line was conjectured to formulate an initial HLT. The
HLT consists of learning goals for students, planned instructional activities
and a hypothetical learning ocess. The initial HLT was tried out in the
pilot experiment in order to investigate students” pre-existing

was implemented in the teaching experiments.

The teaching experiments were video-recorded in o

their game-playing. Short discussions with stude
the class discussion afterwards were also recorde

projadems.

Doorman (2005) mentioned
working design, but tfunderl
design works. Hence, in the
with students’ actual le

ive analysis, the HLT was compared
nvestigate and explain how students’

acquisition of the bas of linear measurement was elicited by
traditional Indonesi I'he videos of game-playing were annotated
and described i g analyse and discuss liow students perform

measureme i game-playing. Meanwhile, the reasoning of wly

in the class discussion. Student-made measuring
eir own constructions) were also used as additional data to
1ts” progress from experience-based knowledge to formal
ent using a ruler. Tests of the qualitative reliability for preserving
ncy of the data analysis were conducted in two ways, namely
triangulation and cross-interpretation. Data triangulation engages
different data sources, namely video-taping, students” written work and notes
from either the teacher or the observer. The data used in this research were
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7
also cross-interpreted with experts in order to reduce the subjectivity of the
researcher’s point of view. The validity of this research was ensured by using
the HLT as a guideline and a point of reference to test conjectures about the
students’ learning process and to answer research questions. Extensive data
were used to describe the situation and the findings in detail in order to
give sufficient information for our reasoning,

The Instructional Design

Analysing possible learning lines for students in a particular dom
crucial part of the process of designing instructional activities

a spemflc artrlbute (1 e. length welght etc) (2)
out, cover or match the measured attribute;
instrument. Hence, the analysis of the HLT
activities which contained three mainga

experience-based activities was in line
y phenomenological exploration. In the
experience- based swe used two Indonesian games, gundu and
benthik. These | Indonesian games provided a natural situation for
linear measure i

Indtme‘,n m:.rfu - was a comparison of 1¢=‘nbthb (’che rules of the
5 wnd in the Appendix), because the winner of the game was
yse marble was the nearest to a given circle. We conjectured

v: a mental benchmark (i.e. mental estimation); body parts and non-
arts such as a pencil, a stick etc. In the first game, a repeated unit did
not emerge frequently, because the distances being compared were fairly
short. In this game, the students focused on comparing the distances using
the terms “shorter” or “longer” without using numbers to indicate the
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distances. This comparison of length was developed into a measuring activity
in the second game, benthik. In the second game, the winner was the team
that obtained the largest cumulative distance. This game changed the focus
from the concept of direct comparison, as the first sta ge of measurement, to
non-standard measurement, in which the students needed numbers to
indicate the distance. This sequence of activities matched the aforementioned
stages of learning measurement (see Van de Walle & Folk, 2005).

A class discussion was always conducted after each game-playing session
to elicit issues with measurement and to support and develop students”
acquisition of the basic concepts of linear measurement. The purpose of the

instructional sequence, aimed to provide
modelling in which the traditional Indo
situational knowledge and strategies of linea
hand spans and pencils to cover the dis
game aimed to develop the situatj
own hand spans to determine

mes would provide
ment, such as iterating

he bridging activities, whereby models of- the
ato models for measurement (i.e. the use of an
on to measuralistances). As the final activity,
ties focused on the concept of a “standard unit of

“identical unit” a
the formal meas,

“identical unit” signifies that the unit used within a single
must be identical or constant in size. On the other hand, a

lthough each of the three activities aimed to support a particular level
of emergent modelling, some activities were also developed for more than
one level of emergent modelling. In general, the relation between the
students’ learning line, the instructional activities and the basic concepts of
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linear measurement that need to be acquired is shown the scheme in Figure
1.

Gundu and

: Indirect comparison

= .
2 G PR 2 discussion
2 N unit of 'P
¢ Conservation of length
E Benthik and
E.. ; discussion
unit o
-

¥

Measuring using
a string of beads

Making our
own ruler

Measuring using
a blank ruler

E

MNon-standard measuring instrument
Students’ own construction or
student-made ruler

Unit iteration

Bridging
act Df\i_l e

Covering space

d 9
Ready-made instrument (e.g. ruler) 'l'

Measuring using

Any number can serve
a nomal ruler

Formal measurement
actiyities

as zero point
¥ 0
Measuring using :
broken rulers I
T
]
I 1 H

Learning line of
students

Basic concepts
of linear measurement

Instr

' 4

mework of experience-based activities for learning
linear measurement.

- A broken ruler is a ruler with numbers, starting from any non-zero
number
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As mentioned in the introduction, the focus of this paper is on the
investigation of how traditional Indonesian games could be used to build
upon students’ reasoning and to reach the mathematical goal of linear
measurement. Consequently, the focus of this paper is on game—playing in
what we call experience-based activities.

Teaching Experiment

While game—pla}ring, students started to use “third objects” as their units of
measurement and also started to realise that they needed to iferate the unit
when the measured distances were longer than the unit of measurement. At
the beginning of playing gundu, students still used their by
hand spans and feet) and pencils to compare distances. Hoy
15 minutes of the game, students started to think about othe
there was a conflict in which two marbles seemed to:
from the circle, na me]y three spans in length. In fact
these marbles and the circle were different (i.e.
spans), but both students adapted their last spanin o

tegies when
same distance
stances between
tely 2.50 and 2.33

6 makea complete

or integer span (see Figure 2). /
—_—
— —_—
A “nor n y A bent span, counted as a

“normal” span

personal.

This conflict of fairness stimulated students to consider the need for
precision (see Table 1 for the definition of precision), and furthermore, to
generate the idea of a standard unit of measurement. This “need” or “motive”
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to improve their measurement practice emerged while they were playing.
Finally, the students were able to determine the nearest marble when they
used a piece of chalk to compare the distances from each marble to the circle.
In this situation, the students started to consider that the choice of the unit
size determines the precision of the measure (see Figure 3).

The chalk did
notexceed the
circle

The chalk
exceeded the
circle

Figure 3. A piece of chalk used to Wnces.

The students’ linear measurement experiénce froni playing the game was
combined with the teacher’s story to elici asic concepts of linear
conflict of fairness in determining the
winner within the situafion of game fimg was also shown in the class
discussion. The conflict of fa i€ uld, stimulate students to realise the
need for a standard unit of m % because of the shared game-playing
experiences and the intrinsi fion of being fair. The following vignette
illustrates how the contli Faiffiess plays this key role:

Haya: igriot fair if there are many students measuring the

In a game, we will have a fair game if there is only one person
who measures the distances, because the different size of steps
will give a different result [of the measurement].
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Game-playing at the sifuational level provided an experience for the
students that helped them to move to the referential level. Haya proposed a
solution which would ensure a fair game by referring to a specific situation
in the game. The phrase “...the different size of steps will give a different result”
stated by Haya illustrates that Haya had come to understand the need for
precision (i.e. the relation between the size of a unit of measurement and the
result of the measurement). Next, the teacher posed the problem of “different
steps” to elicit the concept of a standard unit of measurement from the
students. The teacher’s question and the word fair encouraged Haya to come

referred to the game-playing situation. Haya also showed th
to move from the referential level to the general level whens
the solution using the phrase “Inn a game...”

In the second traditional game, benthik, mg
stick instead of hand spans as the unit of &
iterating sticks became the model of the activ rating hand spans. The
students” understanding of a standard unit offeasurement was further

Howing the game of benthik. In the class
$ also used to foster the idea of
erefore, the stick became the model
ics of measurement and measuring
instruments. The develo the model of to the model for was facilitated
by a new conflict.

e1 . In this activity,

The following
fairness based on E s results in the game to introduce and focus the

er told me that Agung, his best student in Kalimantan, got

iort sticks. Who is the winner between Deva and Agung? Who

rew the stick further?

Students discuss this problem with their partners.]

Aira We cannot determine the winner.

Teacher: Why did you say that we could not determine the winner? [The
teacher asks for justification.]
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Aira: Because one stick is longer than the other.

Teacher: Any otherideas? OK, Chia, share your opinion with your friends.

Chia: The length of the sticks is different, so if we measure the long
stick with the short stick, we will know how many short sticks
will match the long stick. So, 20 added to 20 is 40 and 4 added to

4is equal to 8 and the sum of those is 48. Then the winneris Agung
[because Agung got 50].

Teacher: Chia said that Agung is the winner.

The teacher created a new problem of indirect comparison
development of a standard unit by connecting measure
playing situation. Chia - as well as Aira - tried to conn
the long stick. The sentence “ifwe measure the long stickawi
will know how many short sticks will match the long §
tried to standardise the unit of measurement i f
biek to the length of
the short stick to the

to the differentsticks used in th

the students to (re)invent a sta unit of measurement.

Teacher: ine the winner?
Gilang;: ecause marbles are always the same size.
Teacher: s, itfis possible to use marbles, but the distances in benthik are

sticks and make them similar in length.
e have to use units that have a similar length.

ed his achievement in understanding the need fora standard
un surement when he proposed the use of marbles and the notion
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of making the sticks a similar length by cutting one of them. Shafa proposed
using units of measurement that have a similar length as a general solution
to the conflict of fairness. This vignette illustrates how the social interaction
among the students supported their contribution to a solution to the problem.

In summary, we can point out the importance of the conflict of fairness
dure these teaching experiments. This conflict seemed to help to stimulate
the students to conceive the idea of a standard unit of measurement.
However, sha-:nt achievement at this stage was still at an informal level of
knowledge. Consequently, the next important step in the ins
sequence was to provide “bridging” activities to develop students’ it

&in the classroom experiments
nt modelling as a design heuristic

.-'. level in game-playing to the formal
of measurement.

ching and learning of linear measurement
levels of emergent modelling as follows:

surep ent that are ellctted by tra dltmna] Indonesian ga mes, such
ect comparison and measurement. This game-playing needs
part of the sequence, because it creates shared experiences to
which the teacher can refer during the following activities;
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The general scheme of the
of linear measurement
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Eferential level: A class discussion seemed to successfully encourage
students to shift from the situational level to the referential level. In
the class discussion, students’ arguments referred to specific situations
in game-playing. One example is Haya's statement: “The game is not
fair if there are many students measuring the distances, because the
different size asteps will give different results”;

General level: At the end of the class discussion, the students seemed
to be able to generalise the specific solution - that referred to the
game - into a general solution for other situations. The following is
an example of a generalisation made by Shafa at the el e class
discussion: “In a game, we will have a fair game if there i
who measures the distances, because the different size of s jve different
results [of mensurement].” This shows that the stud shifted from
the models of situation towards models f
measurement;

Formal level: The formal level of the experience-based activities was
shown when some students started to sidera specific characteristic
of a standard unit of measurement. A t (i.e. Shafa) considered
similarity of length to be thé réquirement for a standard unit of
measurement. This is implie femstatement: “Yes, we lave to use
measuring units that haved' ength.”

ts” process in eliciting the basic concepts
game-playing is shown in Figure 4.
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How can we compare distances or lengths
of objects that cannot be put side by side?

To be more precise, the marble is
needed to replace a piece of chalk. A
smaller unit gives a more precise result

A “third object” as a point of reference
in indircet comparison becomes an
initial unit of measurement

‘e )

The size of the “third object”™ (unit of
measurcment) determines the precision of the
measures

The emergence of “third objects™ as
henchmarks for indirect

The flexibility of a hand span leads
o a conflict of faimess. It points 10
the need o have an identical unit,

\ e a piece ol chalk /

The emergence of an identical wunit as a
result of the need for precision

Figure 4. The scheme of the students’ process of eliciting the basic
concepts of linear measurement in traditional Indonesian games.
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As anaddition to emergent modelling, game-playing also supports social
aspects of the leaming prcffiss. Interaction between students emphasises
that learning processes are not merely an individual process, but that they
Go havesocial characteristics, and that these processes run simultaneously.
According to Vygotsky in Zack and Graves (2001), social interaction is at
the core of learning processes, because learners first construct knowledge
in their interactions with other people in the activity context. Consequently,
the teacher plays an essential role in facilitating an i.nt#tive process among
students. The roles of the teacher that were observed in the class digcussion

clarification.

Discussion

This research set out to contribute to the for

evelopment of a
local instruction theory for the teaching and learning of linear measurement
in grade 2 of Indonesian elementary schoo

e-based activities and the intended
d learning of linear measurement

ws the interaction between the
and the acquisition of mathematical
009; Gravemeijer, Bowers & Stephan,

with regard to the sequence of experien
concept development for the teachi
is summarised in Table 2. This ta
development of the tools that
concepts (Doorman & Gra
2003).
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Table 2
The Overview of the Proposed Role of Tools in the Instructional Sequence
Activity Tools Imagery Practice Concept
Traditional Hand span, Indirect Conservation
Indonesian feet, marble comparison of length
games: Emergence of
playing a benchmark
guidu for indirect
comparison
The activity of iterating the
benchmarks of comparison should
become the focus
introduction of
Traditional Hand span, Signifius that the
Indonesian feet, stick “third nl::juct"
games: in the comparison
playing becomes the
benthik unit of

measurement

ement

easurement

development
of indirect
ymparison

Identical units
and unit
iteration

The conflict of fairness in the
game could lead to the need fora
standard unit of measurement

Measuring Strings of e Measuring Standard
using beads and reasoning unit of
strings of about the measurement
beads ecasurement, activity of for the

such as a hand
span, feet and
marbles

iterating and
counting a
unit of
measurement
Beginning to
use a standard
unit of
measurement

fairness and
precision of
measurement

The use of strings of beads should
shift the focus of the learning
process from units of
measurement to measuring

instruments
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The role of the teacher in experience-based activities appears to be
essential; the teacher should be able to find ways to structure class discussions
in order to support both the process and the content of classroom discourses
(Sherin, 2002). Consequently, the professionalisation of teachers is required
in order to implement this kind of local instructional sequence. Further
research should focus on how to professionalise teachers in conducting
experience-based learning. Moreover, further research should also reveal
how systematic analysis can support the teacher in performing experience-
based learning,.

The bent hand span (see Figure 2) shows that the result of
is not a]ways an integer number. In games, it is natural a o
for the unit of measurement to exceed the measured ol t A
Cmnsidering the findings of this research andaso thatef Keijzer (2003), the
suggestion for subsequent research is to use traditio opesian games
to intertwine the topic of linear measuremen %0 of early
fractions.
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Appendix

Two traditional Indonesian games - gundu and bentiik - were used as the
starting point of the instructional sequence. These games embody linear
measurement activities, namely estimating, comparing and measuring
distances. The students’ linear measurement experience was combined with
the teacher’s story to elicit the basic concepts of linear measurement.

A. Playing gundu (marbles)

This game was intended to help the students to consider theheed for
a “fhird object” to compare distances or lengths. This “thiz

will be developed into a unit of measurement in th

Rules of the game:

1. Each player has to throw a marble at/a
(the distance between the circle and
approximately 2-3 metres);

nwing point is

2 The distances from the marbles to the circle on the ground are
compared and the player who e is closest to the circle
becomes the winner.

In this game, the students
a line, but measure the di
of a marble) to the ¢
measuring the distan

re the distance or length along
a certain point (i.e. the position
is'was actually more difficult than
ra line, because determining the correct
an easy task for young children. However,
teardy familiar with this game, so they could

ce (althnugh they did not choose the
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The mathematical idea embodied in this game is:

- Measurement (students carry out a comparison (as a part of
the measurement process) when they compare the distance
from the marbles to the circle to decide which player has won).

Playing benthik

This game aims to develop the students” notion of a “third object” for
comparing length into a “unit of measurement” for measuring a

distance. A conflict of fairness that may potentially occur in the game
will be used to raise the issue of a standard unit of me ent.
Materials: Two wooden sticks (long and short).

Players: The game is played by two groups (e.g. fiv dents in each

group).
Rules of the game:
1. The game is played by two groups; on p as “batter” and

the other group as “guard.” These groups will switch roles
after a certain period;

2 A member of the batti sup throws the short stick.

the short stick, the guard team
e continues to rule/step number

am cannot catch the short stick, the game
towule/step number 3;

Steps 1 to 3 are repeated until each member of the batting team

s thrown the short stick. When each member of the batting
group has thrown the short stick, then the batting and the guard
teams will take turns;

The winner is the group that gains more points.




Ariyadi Wijaya, L. Micliiel Doorman and Ronald Keijze

The mathematical ideas addressed in benthik are:

- Non-standard linear measurement (students measure distances
using long sticks);

- Addition (students carry out addition when they add up all
the points to find the accumulative distance).

"y
>
o
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