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Abstract

Abstraction is an essential aspect of mathematical thinking for students because, through abstraction, students
will construct their knowledge to make learning more meaningful. This research aims to generate abstraction
tasks in constructing relationships among quadrilaterals, which can create a construction in constructing them.
The research method used in this study is the instrument development method adapted from Cohen et al. [1], [2].
The stages of task development by [1], [2]contain five stages: test conceptualisation, test construction, test tryout,
item analysis, and test revision. The subject-taking technique was purposive sampling. The subject of this study
was a pre-service teacher of the mathematics education study program who had taken a geometry course in IKIP
PGRI Pontianak West Kalimantan Indonesia. Data collection tools used were tasks, interviews, and video
recordings. At the test construction stage, the researchers had three task drafts, and the third draft was a proper
drafi to proceed to the test tryout stage. The results of the tryout test were analysed, and it was found that the pre-
service teacher could construct relationships among quadrilaterals.

Index Terms— Abstraction, Constructing, Instrument Development, Relationships among Quadrilaterals.

L INTRODUCTION

Abstraction is one of mathematical thinking [3], [4], which is undoubtedly important to be mastered by students
and pre-service teachers [5], [6], [7], [8] because, through abstraction, students will find or construct the
knowledge learned. However, some students still have difficulty with abstraction [9]. This is because the object
of study of mathematics itself is abstract. Students should always carry out abstraction activities with the guidance
and direction of teachers in learning mathematics so that learning is more meaningful [8]. This fits the view of
Gravemeijer [10] that mathematics is seen as an activity, a way of working. Learning math means doing math,
and solving everyday problems is essential. Dreyfus [11] and Hershkowitz et al. [12] define abstraction as an
activity vertically reorganising mathematics that was previously built into a new mathematical structure. Thus,
student abstraction activities will work well if they already have prior knowledge as a condition for discovering
or constructing new, more complex knowledge.

Abstraction activity can be studied from epistemic action. Epistemic action is a mental action used to construct
knowledge [12]. These actions can be observed in the speech and actions of students with artefacts, gestures used,
and others [13]. The epistemic actions are RBC, recognising, building-with and constructing [12]. The research
was then developed independently by Dreyfus et al. [14], which uncovers the essential elements of the three
epistemic acts and adds +C consolidation. This epistemic action is known as RBC+C.

Recognising occurs when a person realises that a previously constructed and stored memory structure is
related to the current problem [15]. Building-with combines existing elements to fulfil a purpose, such as solving
a problem or justifying a statement [15], [16]. Constructing is the restructuring of knowledge, which is the goal
[15], or the processes of restructuring and reorganisation that are recognised and known to construct new meanings
[17]. So, constructing is the essence of this abstraction process, allowing students to construct new structures they
did not have before. Consolidation is a process that always continues where students are aware of the constructs
that are carried out with constructs that are carried out quickly and clearly [14]. One branch of mathematics whose
object of study is abstract is geometry.
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Geometry is one of the bare branches in the field of mathematics education. Students must be able to master
geometric concepts to support their understanding of more complex mathematics in the future, especially those
related to geometry. One geometric concept that still needs to be solved for students is quadrilaterals or
relationships among quadrilaterals [18], [19], [20]. Research results show that junior high school students still
struggle to make relationships among quadrilaterals based on quadrilateral shapes [21]. In addition, when finding
relationships among shapes, students begin with rectangles and squares. This happens because the teacher always
starts learning quadrilaterals from squares and rectangles [21]. Pre-service teachers also encountered the
difficulties experienced by students. They were misconceptions, especially in the relationship among
quadrilaterals [22], [23], [24].

Quadrilateral concepts and relationships among quadrilaterals are essential for undergraduate students because
quadrilaterals are one of the requirements for studying spatial material. The difficulties experienced by students
in understanding the relationships among quadrilaterals need to be followed up, especially in studying abstraction
in constructing relationships among quadrilaterals. There has been previous research related to the construction
of relationships among quadrilaterals [21], [25], [26], [27], but the researchers did not include what kind of
auxiliary instrument used. Apart from that, researchers have yet to find any articles in Indonesia or foreign
regarding abstraction tasks in relationships among quadrilaterals.

In constructing a concept, there must be an instrument that helps students construct the concept. The
development of the instrument needs to be done to provide an overview to the researcher of whether the task given
triggers constructing the concept. This research is a preliminary study in a dissertation that researchers will carry
out. The results of this preliminary research become a record and evaluation in conducting further research related
to abstraction, especially in developing instruments. Thus, this preliminary research aims to create an abstraction
instrument for constructing the relationship among quadrilaterals and to determine whether the tasks made by the
researcher can bring out the abstraction of students in constructing them.

2. Research Method
A. Research Procedures

The research method used in this study adapted the instrument development research proposed by
[1], [2]: test conceptualisation, test construction, test tryout, item analysis, and test revision. The stages in the
development of the instrument proposed by Cohen et al. [1], [2] can be seen in Figure 1.

Test Conceptualization »|  Test Construction > Test Tryout
Test Revision < item Analysis

Figure 1. Instrument development Stages by Cohen et al. [1], [2]

Test conceptualisation is studying the importance of developing abstraction tasks. At the
conceptualisation test stage, the researcher can answer one of the questions: "What tasks are they
designed to measure?" what is the purpose?". Also, at this stage, the researcher reviews the literature
to produce conceptual and operational definitions. Furthermore, from the operational definition, a task
grid is created. Test construction: At this stage, the researcher makes tasks and validates them. The task
validator in this study was the researcher's supervisor himself. After the instrument is valid, the tasks
are tested on research subjects. Test tryout: After the tasks are validated, the tasks are tested on the
subject. Item analysis: After the results of this trial, the researcher analyses the results to determine
whether the tasks trigger the emergence of abstractions. Test revision: At this stage, the researcher will
see the item analysis results, which need to be revised. The instruments are arranged based on
operational definitions of epistemic actions: recognising, building-with, constructing, and consolidation
(RBC+CQ).

B. Participants
In this case, the researcher tested it on a pre-service teacher from IKIP PGRI Pontianak, Indonesia. This

subject-taking technique uses a purposive technique in which the subject-taking is based on the criteria of the
researcher: participant who has taken basic geometry courses and is willing to be interviewed. When testing the
task, the researcher used interviews to assist the tasks in constructing the relationships among quadrilaterals. The
Interview was conducted in the form of task-based interview.
3. Results and Discussion

This research aims to determine whether the instrument created can trigger the emergence of
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abstractions in constructing relationships among quadrilaterals. The stages in this development adapt

to the steps of task development proposed by [1], [2].

Conceptualisation test

At this stage, researchers reviewed the abstraction and epistemic action literature. Epistemic
action is a mental action used to construct knowledge [12]. These actions can be observed in the speech
and actions of students with artefacts, gestures used, and others [13]. The epistemic actions are RBC:
recognising, building-with, and constructing [12]. Dreyfus et al. uncover the essential elements of the
three epistemic actions and add +C consolidation (Dreyfus et al., 2015). The operational definition of

RBC+C epistemic action can be seen in Table 2.

Table 1. Operational Definitions of RBC+C Epistemic Action Used in Research [§]
No Epistemic
Action

1 Recognising Remembering  the  previous
construct (properties/definition of
each quadrilateral) related to the
task given (relationships among
quadrilaterals)

2 Building-with Combining  existing elements
(properties/definitions of each
quadrilateral) to develop a new
concept (relationships among
quadrilaterals).

3 Constructing Reorganising previous constructs
(properties/definitions of each
quadrilateral) into a  new
structure/producing a new concept
(relationships among
quadrilaterals).

4 Consolidation Strengthen the knowledge that has
been formed and provide
convenience in further activities.

Operational Definition

Test Construction

After the operational definition was made according to Table 1, the researcher compiled the tasks.
The following is a draft of task 1 made by the researcher.

1. Make definitions of parallelograms, rectangles, rhombuses, squares, trapezoids, and kites using
the side attribute!

2. Make definitions of parallelograms, rectangles, rhombuses, squares, trapezoids, and kites using
the diagonal attribute!

3. Make a relationship among the quadrilaterals in the picture or Venn diagram using the side
attributes: parallelogram, kite, rectangle, trapezoid, square, and rhombus!

4. Make a relationship among the quadrilaterals in the picture or Venn diagram using the diagonal
attributes: parallelogram, kite, rectangle, trapezoid, square, and rhombus!

Based on input from the validator, the tasks must be structured by recognising, building-with, and
constructing. Tasks should also be made individually from parallelograms, rectangles, rhombuses,
squares, kites, and trapezoids. In addition, the validator also requested a task to prove the equivalence
of the two definitions made by the subject so that the 2nd task draft was formed.

Table 2. 2" Draft Task in Constructing Inter-Quadrilateral Relationships

A 1. a. Makeadefinition of a parallelogram using
the side attribute!
b. Make a definition of a parallelogram using
the diagonal attribute!
c. Show that the two definitions are
equivalent!
Define a rectangle using the side attribute!

.v
P
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b. Define a rectangle using the diagonal
attribute!

a. Make a rhombus definition using the side
attribute!

b. Make a definition of a rhombus using the
diagonal attribute!

a. Define a square using the side attribute!

b. Define a square using the diagonal
attribute!

a. Make a kite definition using the side
attribute!

b. Make a kite definition using the diagonal
attribute!

c. Show that the
equivalent!

a. Make the definition of a trapezoid using
the side attribute!

b. Make the definition of a trapezoid using
the diagonal attribute!

c. Show that the two definitions are
equivalent!

Make a relationship among the quadrilaterals

in a chart or Venn diagram using the side

attributes: parallelogram, kite, rectangle,

trapezoid, square, and rhombus!

Make a relationship among the quadrilaterals

in a chart or Venn diagram using the diagonal

attributes: parallelogram, kite, rectangle,

trapezoid, square, and rhombus!

Show that determining the area of the shape

below can be solved by using the trapezoid

formula!

D C

two definitions are

A B

I~

a. What do you know about quadrilaterals?
®)

b. Define a quadrilateral based on the
diagonal attribute! (B)

c. Name the types of quadrilaterals! (R)
What do you know about parallelograms?
®)

b. Sketch a parallelogram and label it! (R)

c. Based on the sketch you made, state the
properties of the parallelogram! (RB)

d. Make another definition of a parallelogram
using the side attribute! (RB)

e. Show that the two definitions are
equivalent! (RBC)

f. Make a definition of a parallelogram using
the diagonal attribute! (RBC)

The validator corrected the second draft
of the task in Table 2. He gives suggestions
to make tasks structured so that the subject
would be easier to construct later—for
example, starting with remembering the
shapes of quadrilaterals. Next, get to know
the properties of parallelograms from the
sketches made. In the next rectangle task,
the subject is asked to relate the properties
of a rectangle and a parallelogram so that
the subject can later construct that a
rectangle is a parallelogram—likewise,
others such as rhombus, square, kite, and
trapezoid. The results of the revised draft
of task 2 can be seen in Table 3 (draft 3).
This 3rd task draft is a draft that will be
tested on the subject. Draft 3 contains R for
recognising, B for building-with, C for
constructing, and +C for consolidation.
One task is to include RB, RBC, and RBC+C
because in constructing (C), a concept must
pass through R and B, but RBC is not
hierarchical. This means that after B, it
might return to R [13].

Table 3. 34 Task Draft to
Construct Relationships among
Quadrilaterals
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g. Show that the two definitions (side attribute
and diagonal attribute) are equivalent!
(RBC)
3. a. What do you know about rectangles? (R)
b. Sketch a rectangle and label it! (R)
c. Based on the sketch made, state the
properties of the rectangle! (RB)
d. Define another rectangle using the side
attribute! (R)
e. Define a rectangle using the diagonal
attribute! (RBC)
f. Mention the properties of a rectangle that a
parallelogram has! (RB)
g. Is a rectangle a parallelogram? Explain!
(RBC)
4. a. What do you know about rhombus? (R)
b. Sketch a rhombus and label it! (R)
c. Based on the sketch, state the properties of
the rhombus! (RB)
d. Make a rhombus definition based on the
side attributes! (R)
e. Make a definition of a rhombus using the
diagonal attribute! (RBC)
f. Mention the properties of a rhombus that a
parallelogram has! (RB)
g. Is a rhombus a parallelogram? Explain!
(RBC)
5. a. What do you know about the square? (R)
b. Sketch a square and label it! (R)
c. Based on the sketch, state the properties of
the square! (B)
d. Define a square using the side attribute! (R)
e. Define a square using the diagonal
attribute! (RBC)
f. Mention the properties of a square that a
rhombus has! (RB)
Is a square a rhombus? Explain! (RBC)
What do you know about the kite? (R)
Sketch a kite and label it! (R)
Based on the sketch, state the properties of
the kite! (RB)
Make a kite definition using the side
attribute! (R)
e. Make a kite definition using the diagonal
attribute! (RBC)
f. Show that the two definitions (side attribute
and diagonal attribute) are equivalent!
(RBC)
Mention the properties of the kite that the
rhombus has! (RB)
Is a rhombus a kite? Explain! (RBC)
What do you know about the trapezoid? (R)
Sketch a trapezoid and label it! (R)

N
oo @

a

TP om
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c. Based on the sketch, state the properties of
the trapezoid! (RB)

d. Make the definition of a trapezoid using the
side attribute! (R)

e. Make the definition of a trapezoid using the
diagonal attribute! (RBC)

f. Show that the two definitions (side attribute
and diagonal attribute) are equivalent!
(RBC)

g. Are there any properties of a trapezoid that
have a parallelogram? (RB)

h. Is a parallelogram a trapezoid? Explain!
(RBC)

8. Make connections among parallelograms,
rectangles, rhombuses, squares, kites, and
trapezoids in Venn diagrams or a chart! (RBC)

9. Show that determining the area of the shape
below can be solved by using the trapezoid
formula! (RBC + C)

Test Tryout
Furthermore, the question was tested on a pre-service teacher of Mathematics Education at IKIP
PGRI Pontianak Indonesia. The subject-taking technique used a purposive technique in which the
subject-taking was based on the criteria of the researcher: the student to be selected was one student
who had taken a basic geometry course and was willing to be interviewed.

Item Analysis

The following is an excerpt from the results of interviews between a researcher and a participant on
the given tasks. The researcher only partially describes the results of answers or participant interviews
in this paper, but only a few research data support the development of the task. The following is an
excerpt from the researcher (S) interview results with the student (P). The purpose of developing tasks
is to determine how the participant can construct relationships among quadrilaterals based on the tasks
given and assisted by interviewing. Therefore, the analysis results in this article are only the final results
of the task, namely questions 8 and 9, because questions 1 to 7 must be answered to solve questions 8
and 9. Furthermore, the participant (S) can construct relationships among these quadrilaterals in the
task trials' final result. The results of the S abstraction in constructing relationships among
quadrilaterals can be seen in Figure 2.
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Figure 2. The results of the construction of the relations among the quadrilaterals

Based on Figure 2, S constructs by saying that a rhombus (B) is a parallelogram, a rectangle (PP) is
also a parallelogram and a square (P) is a rhombus or rectangle. But kites and trapezoids are not
parallelograms. Thus, based on Figure 2, square, rectangle, and rhombus are parallelograms. Square
and rhombus are kites. This S construction result is obtained if a trapezium is defined as a quadrilateral
with a pair of parallel sides. A trapezoid is a quadrilateral with exactly one pair of parallel opposite
sides [28], [29]. Following are some excerpts from the results of task-based interviews that researcher
(P) conducted with S. The construction made by the S in Figure 2 is the same as the construction
produced by previous research [8] and several expert opinions related to the relationship between

quadrilaterals [30], [31].

1.

VRN LN

10.
11.

12.
13.

14.
15.
16.

17.
18.

P: Based on the picture you made, is the parallelogram a trapezium?
S: yes (C)

P: Is a kite a trapezoid?

S:no (C)

P: Is a kite a trapezoid?

S: No (C)

P: Are squares, rectangles, rhombuses and parallelograms trapezoids?

S:yes

P: Figure 2 is the construction result if the definition of a trapezoid is a quadrilateral with a
pair of parallel opposite sides. What if a trapezium is defined as a quadrilateral with one pair
of opposite sides parallel?

S: I have yet to meet such a definition.

P: What is the construction result if a trapezium is defined as a quadrilateral with a pair of
parallel opposite sides?

S: (Student draws a figure, and the result is in Figure 3)

P: Based on Figure 3 you made, can you use the trapezoid formula to find the area of a
parallelogram?

S: Yes, it does

P: It can be shown!

S: (the participant proves that to find the area of a parallelogram can use the trapezoid
formula, and the results can be seen in Figure 2) (+C)

P: Do you hypothesise that all of the following apply?

S: Yes (+C)
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Figure 3. The results of the construction of the relations among the quadrilaterals

Based on Figure 3, S constructs by saying that a parallelogram (J) is a trapezoid (T), a thombus (B) is
a parallelogram, a rectangle (PP) is also a parallelogram and a square (P) is a rhombus, rectangle, and
kite (L). Thus, based on Figure 3, square, rectangle, rhombus, and parallelogram are trapezoids. Square
and rhombus are kites. This S construction is obtained if a trapezium is defined as a quadrilateral with
a pair of parallel sides. A trapezium is a quadrilateral with two parallel opposite sides [28]. The
construction made by the subject in Figure 3 is also the same as the construction produced by previous
research [8] and several expert oplmons related to the relationship among quadrilaterals [30], [31].

- ( ax) €

as s
A

. a2y
sl

A x <

1

R i
_-’/-’
A

_ a.x

-

Figure 4. Participant Consolidation Result

After S can construct relationships among quadrilaterals, S can also apply the new concept to the
next problem to strengthen what S has previously constructed. S said that a parallelogram is a
trapezoid, and S could show that the area of a parallelogram can be found using a trapezoid, and the
results can be seen in Figure 4. This activity is included in the consolidation. Consolidation is
characterised by reorganising previous constructs with higher confidence while utilising earlier
constructs in new activities [32]. The construct formed by students should provide an opportunity to
consolidate knowledge [32], [33]. Therefore, construct results made by S can be used for further
abstraction or problem-solving.

Test Revision
The test tryout results show that the developed tasks trigger the abstraction in constructing
relationships among quadrilaterals. The abstraction task developed can bring up RBC+C epistemic
actions. Participants in the study were not seen based on the geometry ability of the participants.
Therefore, it is necessary to do further research by testing it on participants' low, medium, and high
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geometry abilities to obtain suitable tasks. A good abstraction task can trigger high, medium, and low
student abstractions, especially in constructing relationships among quadrilaterals.

4. Conclusion

Based on the research results, discussion, and stages in the development of this task, the abstraction task developed
to construct relationships among quadrilaterals can trigger pre-service teacher abstraction. However, the
challenging task must be assisted by interviews as an auxiliary instrument. These results indicate that the tasks
developed can generate abstractions in constructing relationships among quadrilaterals. The epistemic action of
RBC+C is also seen when students construct the relationships among these quadrilaterals.

5 Recommendation

Subsequent trials need to pay attention to the level of pre-service teacher ability, such as high, medium or low
ability, so that the results of this task can be studied in more depth based on participant abilities. The development
of abstraction task instruments in constructing relationships among quadrilaterals can be continued by testing
them on senior or junior high school students. Still, the tasks must be revised based on their curriculum. Besides
that, further research can be done to develop abstraction tasks on other mathematical concepts.
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