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Abstract— The present descriptive study aims to analyze the
misconceptions among prospective mathematics teacher on
geometry using three-tier diagnostic tests. The research subjects
were 52 students of mathematics education study program in a
university in Mataram, Indonesia. The data were collected from
students’ written work in solving the three-tier geometry test. The
test investigated the students’ (1) understanding of concepts, (2)
reasons, and (3) confidence in answering problems (1) and (2).
Data analysis performed quantitatively and quantitatively using
descriptive method. The results showed that there are: (1) 28.6%
students who understood the concept, (2) 10.8% students who only
guessed or were not sure of the answer and (3) 60.6% students had
misconceptions. Misconceptions that occurred in students can be
divided into three categories, namely: (1) pure misconceptions as
much as 43.7%, (2) false positives (understanding deficiency) as
much as 9.8%, and (3) false negatives (less information or careless)
as much as 7.1%. The study implies many attempts are needed to
improve  prospective  mathematics  teachers’  conceptual
understanding in geometry.
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I. INTRODUCTION

There are four objects in mathematics, namely facts,
concepts, operations and principles. In general, concepts can
be divided into two types: (1) daily and scientific concepts
[1]. The difference between every day and scientific concepts
lies in the system that build the concept. The scientific
concept growth in the history of human development in
knowledge acquiringwhich usually tends to be abstract rather
than concrete one.

Concepts in mathematics are considered as scientific
concepts since it based on the system. It is usually used to
enable a person to classify certain objects. Also, to find the
examples and non-examples of the defined objects.

The study of Prayitno et al. [2] showed that the
prospective mathematics teachers have numerous problems
in their problem-solving abilities, especially in geometry
topic. It was found that the students’ low performance in
problem-solving was caused by their inabilities to understand
the context of certain problem which compounded by the
lack of understanding in geometrical concepts. Here the
students tend to mix the concepts from daily point of view
and the scientific one which leads to misconception.

The concepts of geometry served in relational system.
Hence, if a person was not master it as a whole holistic
knowledge, there will be a misinterpretation of the concepts,
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the situation commonly known as misconception. The
misconception in geometry concepts usually happened in
students, prospective teachers and in-service teachers [3]-
[11].

The misconception usually occurs if there is a gap
between the students’ level of thinking which is not exactly
as it is recommended in van Hiele theorem [12]. Without any
improvement in teaching and learning process, the
misconception will persists into higher level of education,
e.g. in university.

The misconception in university students’ thinking
process closely related to their low performance in
communicating mathematical ideas [13] and problem solving
[2]. It also created difficulties in learning advance
mathematical concepts [14].

According to Hewson (in [15]), the students’
misconception is resistant. Hence, if it is not fixed as early as
possible, the misconception will be complex and stable. In
other words, the upcoming concepts will be built in a wrong
conceptual structure. To guide the students back to the
correct concepts, teacher should provide a better lesson that
enable students to re-thinking and debunking their previous
believes.

Reflecting on the results of previous studies, it is clear
that misconception is a serious problem. It will become
extremely danger if it occurs in the prospective students since
they will be teachers and suppose to support their students in
acquiring correct mathematical concepts. Therefore, the
present study aims to figure out what kind of misconception
that happened in mathematics prospective teachers. The
results of this study will be useful to give feedback to the
teacher training institution in revitalizing the learning sources
and activities to enhance the prospective teachers’ conceptual
understanding in mathematics.

Il. METHODS

The t present study was descriptive study with mixed
method analysis between qualitative and quantitative [16].
The quantitative data employed to categorize the students’
geometry misconception while the qualitative data employed
to describe the students’ misconception and the reason
behind it.

The misconception data were gathered from diagnostic
test in geometry conceptual understanding. The type of
diagnostic test performed was Three-Tier test developed by
Arslan et al. [17]. The test was arranged from three levels,
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i.e. (1) conceptual question in form of multiple choice, (2)
the reason to choose the choice in problem (1), also in
multiple choice and one space provided if the student has
different reason and (3) certainty or students’ confidence in
answering problems (1) and (2). The diagnostic instrument
was validated by experts in mathematics education before it
was used.

Advancesin Social Science, Education and Humanities Research, volume 465

be classified into three categories, i.e. pure misconception,
false positive (if the student not fully understood the concept)
and false negative (if the information was lacking) [17]. The
detail about students’ misconception can be seen in Table 2.

TABLE 2: STUDENTS’ MISCONCEPTION IN EACH CONCEPTS OF
GEOMETRY

Thg subject of the study was 52 stude_nt_s of mathematics Category of Students’ Responses
education study program in teacher training faculty of a Eull False False
university in Mataram, Indonesia. The data were gathered Problem and Concept |\ yiconception | Positive | Negative
from students’ responses in aforementioned diagnostic test. i i (%) (%) (%)
The data related to students’ misconception category were 1'(;3265552::3?2'0”'”9 and 48.1 1 19
classified as in Table 1 (as is suggested in Arslan er al. [17]). > Initersection GF Two Z55 15 19

quadrilaterals
TABLE 1: CATEGORY OF STUDENTS’ RESPONSES BASED ON 3. Parallel lines and angles 63.5 17.3 3.9
THREE-TIER DIAGNOSTIC TEST 4. The conceptual relation 71.2 1.9 0.0
among quadrilaterals
First Tier | Second Tier | Third Tier Category 5. Summary of Interior 50.0 7.7 1.9
Correct Correct Sure Understand the Concept Angles of a Polygon
Correct Incorrect Sure Misconception (False
Positive) 6. Congruency of Triangles 13.5 19.2 23.1
Incorrect Correct Sure Misconception (False 7. Similarity of Triangles 44.2 9.6 7.7
Negative) 8. Symmetry 30.8 13.5 17.3
Incorrect Incorrect Sure Misconception (Pure) 9. Comparison of volume 36.5 7.7 9.6
Correct Correct Not Sure Guessing of cuboid
Correct Incorrect Not Sure Not Understand the 10. Net of Cube 9.6 115 3.9
Incorrect Correct Not Sure Concept Average 43.7 9.8 7.1
Incorrect Incorrect Not Sure

After got the category of students’ misconception, the
students’ responses were described qualitatively to figure out
what factors contribute to students’ misconception.

I1l. RESULTS AND DISCUSSION

The data about students’ misconception gathered from
three-tier diagnostic test. The students were asked to work on
ten questions related to geometry concepts. The students’
responses were classified into four categories: (1) understand,
misconception, (3) guess and (4) not understand the concept.
The results (on percentage) can be observed in Fig.1.
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Fig.1. Students’ Misconception in Geometry

Fig.1. illustrates that the majority of students encountered
misconception. In general, the number of students who have
no proper understanding in geometry concepts were
approximately three times larger than the students who
understand. Digging deeper, the students’ misconception can

Based on Table 2, it can be seen that the majority of
students who encountered misconception were in pure
category, which means the concepts built in their cognitive
structure was incorrect. There are 43.7% from 60.6% of
students who fall in this category. This result confirmed the
previous study which stated that the pure misconception was
the most common type of misconception occurred in students
[18].

Furthermore, 9.8% students were in false positive. The
students in false positive category means they correctly chose
the concept but not the reason. Therefore, the students in
false positive category is more likely to be guided into the
fully mastered conceptual understanding level.

The first problem was asking about the intersection of
rectangle and line. The students’ common misconception was
happened since they considered rectangle as a plane or
picture in the paper. Hence, they thought the intersection will
be a line segment or the line itself.

The similar case was also emerged in second problem.
The question was about the shape of intersection occurred
between rectangle and trapezoid. The students with
misconception consider the rectangle and trapezoid as a
plane. Therefore, they thought the intersection will be a
quadrilateral. In Fig.2. the complete question for the second
problem can be observed.
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Rectangle ABCD and trapezoid PQRS lied in the plane V. They intersect
as can be seen in the following figure. What is the shape of the
intersection formed by the rectangle ABCD and trapezoid PQRS?

V 5
A. Trapezoid KLMN
B. Line Segments KN and LM
C. Plane KLMN
D. PointsK, L, M,and N
Reason

A. Both rectangle and trapezoid are simple closed curves,
therefore their intersection will be a simple closed curve as
well.

B. Both rectangle and trapezoid are simple closed curves,
therefore their intersection will be some points.

C. Both rectangle and trapezoid are two-dimensional shapes,
therefore their intersection will be a two-dimensional shape.

D. Both rectangle and trapezoid are two-dimensional shapes,
therefore their intersection will be some line segments.

Are you sure with your answer and the reason you chose?
A. lamsure
B. lam not sure

Fig.2. Example of Problem in Three-Tier Diagnostic Test

The third problem was related to the geometry concepts
of the pair of angles in transversal line. Here, the
misconception was happened due to the incomprehensive or
partial understanding of the topic. The similar case raised in
the fourth problem when the students were asked to state the
relation between the types of quadrilateral. Some questions in
the fourth problem were: (1) Is a square a rectangle? (2) Is a
parallelogram a rectangle? (3) Is a rectangle a parallelogram?
(4) Is a trapezoid a parallelogram? The fourth problem is
considered as the hardest for students. It can be observed
from the percentage of students who face misconception,
which was the highest from the total 10 geometry concepts
measured in the present study.

The reason of the partial understanding of the concept is
likely because of the separated instructional series of learning
mathematics in the traditional classroom. Mathematics
should be taught in spiral, within the connection between one
to another topic. Without that, the students will hardly figure
out the complete ideas of the concepts. The misconception
usually started in earlier step of students’ mathematics
learning time, such as in elementary school level [19]. It
continues as students learn in further educational stage and
contributes to further misconception in geometry.

The relation among mathematical concepts also become
the focus of the fifth problem. Here, the students should find
the relation between the total interior angles in a triangle and
in a irregular pentagon. The pure misconception for this
problem was 50%. It is happened due to students’ difficulties
in connecting their knowledge related to interior angles of
triangle and manipulating the pentagon into three triangles
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according to its diagonals. The majority of students who
encountered pure misconception (42.8%) argued that the
interior angles of a pentagon cannot be determined because
the not all of the sides’ length were equal. The students’
argument indicated that they missled by the choices provided
in the test. Furthermore, another interesting fact is, most of
the students who correctly applying the concept were
dividing the pentagon into two shapes, i.e. triangle and
trapezoid. Afterwards, they added the total angles of those,
i.e. 180° and 360°.

The congruency and similarity concepts were asked in
sixth and seventh questions. In Problem 6, the students
worked with the comparison of sides in two congruent
triangles. Here, the percentage of students who had pure
misconception problem was relatively low (13.5%) while
19.2% encountered false positive that can be fixed. In
Problem 7, the students worked to solve the case related to
corresponding sides in two congruent triangles. Here, 44.2%
performed pure misconception while 9.6% encountered false
positive. Reflecting to the result, the concept of congruency
of the triangle sides were more understood by the students. It
is because the daily life applications of the congruency
concept appear to be more often rather than the context
discussed in Problem 7.

The symmetry concept, line and rotation, were discussed
in eighth problem. The misconception appeared here were
not too high (pure misconception 30.8% and false positive
13.5%). The students are learning symmetry concepts since
their elementary school level. Also, the problem was
completed by an illustration that support the students to
evaluate the line and rotation symmetries in a regular

polygon.

The problem related to the simple three-dimensional
shape which is cube, was highlighted in Problem 9 and
Problem 10. The students encountered moderate pure
misconception in the volume of cube (Problem 9) but
performed good in net of cube (Problem 10). It can be seen
from the lowest percentage of students encountered pure
misconception in the last problem.

The students who did misconception in Problem 9 were
mostly caused by over-simplifying the comparison of the
volume by comparing the length of the sides. Meanwhile, to
get the volume one should multiply the length of the sides
three times, which means the comparison of the volume
should also be the third power of the comparison of the sides.

As can be seen in the results above, misconception is one
of the problems encountered by the prospective teachers.
Particularly in geometry domain, the concepts of
quadrilaterals, polygon and congruency need to be focused.
To improve the prospective mathematics’ teachers
conceptual understanding, the course can be formatted into
more student-centered setting. Previous studies showed one
useful strategy is by implementing problem-based learning in
which the lecturer can focus in enhancing the students’
learning activities by providing scaffolding and limited
guidance [20], [21] & [22].
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IV. CONCLUSION

Based on the results and discussion, it can be concluded
that majority of the students (60.6%) encountered
misconception in geometry concepts. Furthermore, 43.7% of
the students had a pure misconception, while 9.8%
encountered false positive misconception and 7.1%
encountered false negative misconception. In general, the
misconception happened due to the setting in teaching and
learning mathematics in formal classroom which focused on
the exercise of routine problems. Hence, the students did not
learned the concepts deeply. The rest of the students were
reported as having partial understanding (28.6%) and
answered the problem by guessing — no conceptual
understanding (10.8%). The results of the study can be used
as feedback for the educators to focus on students’
conceptual  understanding  development in  learning
mathematics.
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