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Abstract: The purpose of this study was to determine the learning levels, mistakes, and misconceptions of the 8*
grade students on the subject of “angles in geometry” as well as the possible reasons for these situations. Research
sample consisted of 30 students attending the 8" grade of a middle school located in the central district of a northern
province of Turkey during the 2012 — 2013 academic year. 4 open-ended questions were used in this study. Firstly,
the answers given were divided into two: correct and incorrect. Then, incorrect answers were split into sub-categories
and tabulated. According to the results of the study, (1) students paid attention to the physical appearances of
geometric figures alone without taking into consideration their geometric properties; (2) although they detected some
geometric properties of figures, they failed to associate these properties with other knowledge required for solution;
(3) they generalized a property that was valid for only a specific condition over different situations; (4) and they did
not fully comprehend the concept of parallelism on the subject of angles.
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Introduction

Geometry is a branch of mathematics concerned with point, straight line, plane, plane figures, space,
spatial figures, and the relations between them besides the measures of geometric figures including
length, angle, area, volume, etc. (Baykul, 1999). Serving as a bridge between events in daily life and
mathematical concepts, geometry has a crucial importance for mathematics learning. National
Council of Teachers of Mathematics in the USA (NCTM, 2000) published a book where they set the
principles and standards of school mathematics. This book highlights the importance of geometry,
and stresses that geometry improves the reasoning and proving skills of students. According to the
NCTM standards, geometry lesson teaches students about geometric figures and structures as well
as their characteristic features and relations with one another.

Although geometric concepts have a visual aspect, students consider them difficult to learn (NCTM,
1989). Baki (2004) suggests that conceptual knowledge refers to not only recognizing a concept or
knowing the definition and name of a concept, but also seeing the mutual transitions and relations
among concepts. Conceptual knowledge is associated with relations among a great variety of
different concepts. If we treat conceptual knowledge as a chain, each ring of this chain contains a
piece of knowledge. Similarly, if we assume that all geometry subjects which are strictly linked to
one another make up a chain, the subject of “angles”, which is the basis of geometry, is the most
essential ring of this chain. Almost every subject of geometry requires a good knowledge of angle,
which is one of the basic concepts of geometry. Any student who has not adequately comprehended
basic geometric concepts will not understand and succeed in the subsequent subjects of geometry,
either. This may reduce the achievement of an individual in both school life and daily life (Alkan
and Altun, 1998).

Geometry is used for solving problems associated with other branches of mathematics besides its
usage for solving problems about daily life and utilization in other disciplines than mathematics (e.g.
art) for different purposes. Although not many statistical studies have been conducted on this
subject among primary education and secondary education students in Turkey, it is evident that
students have a big difficulty in understanding geometry (Yilmaz et al., 2005).

There are many studies showing that students have many difficulties in understanding geometry,
which is a crucial component of mathematics education (Mayberry, 1983; Mitchelmore, 1997;
Prescott, Mitchelmore, and White, 2002; Thirumurthy, 2003; Van Hiele, 1986; Van Hiele-Geldof,
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1984). According to Mayberry (1983), students mostly learn geometric concepts based on a rote-
learning approach. The properties, scopes, associations, and meanings contained in geometric
expressions cannot be taught satisfactorily. Clements and Battista (1992) indicated the reasons for
students” misconceptions about geometric concepts as follows: students do not understand subjects
sufficiently, they overgeneralize specific rules about geometric expressions, they mostly learn by
rote, and they cannot understand concepts exactly.

If a student has a misconception prior to learning a subject, this may prevent him /her from learning
the new subject properly, thereby leading to new misconceptions. The related literature reveals that
students learn new topics by combining new knowledge with their preliminary knowledge. Thus,
teaching activities should be planned by considering the knowledge and misconceptions of students.
For that, the existing knowledge and the misconceptions (if any) of students should be determined
(Gilbert, Osborne, and Fensham, 1982).

Literature review shows that there are not many studies investigating the misconceptions held by
students on the subject of “angles in geometry”. While some studies deal with the difficulties
encountered in applying the subject of angles to solid geometry (Kopelman 1996), some others focus
on the difficulties experienced in definitions based on angle measures (Matos, 1994). The present
study investigated the mistakes and the misconceptions of primary education 8" grade students on
the subject of “angles in geometry”.

The significance of this study is that it determined the mistakes and the misconceptions experienced
by students during the learning of the subject of “angles in geometry” as well as the reasons for such
mistakes and misconceptions, and revealed the importance of taking into consideration these
mistakes and misconceptions while giving a mathematics lesson.

Since there were not many studies focusing on misconceptions in geometry in Turkey, it was
deemed significant to investigate misconceptions through open-ended questions by taking into
consideration the manners of learning the subject of angles along with different contents (parallel
lines, triangles, etc.). In the present study, the word “mistake” was used for referring to calculation
errors made by students during problem-solving while the word “misconception” was used for
indicating the conceptual obstacles making learning difficult.

Concepts about the subject of “angles” start to be presented to students in the third grade. These
concepts are covered in the following grades, too (e.g. angles in parallel lines are taught in the 7"
grade, and angles in triangles are taught in the 8" grade). When students learn wrongly the concepts
about the aforesaid subjects in these grades, they may fall into the same errors in their future
learning lives. The purpose of this study was to determine the learning levels, mistakes, and
misconceptions of the 8" grade students on the subject of “angles in geometry” as well as the
possible reasons for these situations.

Method
Data Collection Tool

In this study, 4 open-ended questions were used for examining the learning levels of students on the
subject of “angles in geometry”. The questions were prepared both based on the related literature
and by receiving support from a mathematics educator. Normally, whether the problems contained
in a data collection tool are fit for measurement purpose and represent the domain which is intended
to be measured is determined based on “expert opinion” (Karasar, 1995). In this study, a group of
experts firstly examined measurement purposes, and carried out the content analyses required by
those purposes. Then, the group of experts discussed whether the problems prepared would
represent those purposes and contents.

Study Group

Questions were prepared in parallel with one another in order to understand whether mistakes
resulted from calculation errors or misconceptions. These questions were administered to a total of
30 students attending the 8" grade of a middle school located in the central district of a northern
province of Turkey during the 2012 — 2013 academic year.

Data Analysis

The answer sheets of students were coded as follows: S;, S,, S;, ..., S;. The solutions of students were
examined under three categories: correct, incorrect, and no solution. Moreover, those solutions
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which were considered incorrect were examined in detail to focus on the reasons with which
mistakes might be associated. For data analysis purposes, two mathematics education experts
independently coded data by using the coding list. Inter-coder reliability was ensured as the
percentage of correspondence between two coders was found to be 90% according to the formula
suggested by Miles and Huberman (1994). The items in which the coders disagreed were revised so
that a joint decision could be made. Descriptive statistical techniques (percentage/frequency) were
used for analyzing the data acquired from the related test.

Findings

This section provides the findings of the study and relevant comments on these findings. Each
question was examined separately, and the acquired data were presented in tables.

Question 1:

. A o PN A
Sekilde [DE/[BA, s(EDC)=130 ve s(CBA)=40 ise, s(DCB)=?

Figure 1. The 1* Question

With this question, it was aimed at determining what sort of mistakes students made while using

v

their knowledge about “parallelism”, “the sum of supplementary angles is 180°”, and “the sum of
interior angles of a triangle is 180°”.

Table 1 provides an analysis of the answers given by students to the 1% question.

Table 1. The Evaluation of Student Solutions for the 1% Question

Question 1 Correct Incorrect No Solution

The Number of
Students 7 13 -

% 57% 43%

(*Percentages are approximate values.)
g PP

According to the table 1, 43% of students solved this question wrongly. Based on the examination of
the incorrect answers given, it was realized that students i) did not know what the third line
intersecting two parallel lines meant, and ii) paid attention to the physical appearance of the
geometric figure alone without taking into consideration its geometric properties. These findings
and 2 sample student solutions about each finding are presented in table 2.
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Table 2. The analysis of the wrong solutions observed in the 1* question
Findings Wrong solution examples supporting the findings Comment Students
A triangle was
obtained by
Sfhe does not - combining the point
know what N . : S,, Ss, Ss,
the third li B with the point D. It s s
. ? Ir t_lne was assumed that S o S‘O’
|tn ersec :rﬁ’ - only the operations ”S’ 12,
I_wo parafie including the 3
Ines means. o numerical values
provided in the
el question should be
used.
E . O
S/he pays )
attention to
the physical The point D and the
appearance point B were
of the combined depending
geometric on the appearance
figure alone of the figure, and the | S3, Sy, Se,
without question was solved S7, Sus
taking into - by considering that
consideration [DB was
its geometric perpendicular to [DE
properties. and [BA.
Question 2:
/ o
155" B .

. . K agh -t LA o, D
Sekilde | DEX|BA. s(EDC)=155 ve siCBA)- 100 ise, s(DCR)=7

Figure 2. The 2™ Question

In this question, students were expected to use their knowledge about “parallelism”, “the sum of
supplementary angles is 180°”, and “the sum of interior angles of a triangle is 180°”.
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Table 3 provides an analysis of the answers given by students to the 2" question.

Table 3. The Evaluation of Student Solutions for the 2™ Question

Question 2 Correct Incorrect No Solution
The Number
of Students 19 " -

% 63% 37% _

(*Percentages are approximate values.)
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According to the table 3, 37% of students solved this question wrongly. Based on the examination of
the incorrect answers given, it was realized that students i) did not know what the third line
intersecting two parallel lines meant, and ii) paid attention to the physical appearance of the
geometric figure alone without taking into consideration its geometric properties, as in the first
question. These findings and 2 sample student solutions about each finding are presented in table 4.

Table 4. The analysis of the wrong solutions observed in the 2™ question

Findings Wrong solution examples supporting the findings Comment Students
A
/3 )
/
/ - -
/ \_100 Since they did not
/ ?—_“‘"‘“ know what the third
S/he does not ;_C/ ' 8 line intersecting two
know what -z p—4 parallel lines meant, S, S
the third line they tried to solve 22>
. . . Se, S7,
intersecting the question by
two llel i i S1a, Sua
paralle using operations
lines means. A’AJ\. " requiring the use of
/2 \ " ) only the numerical
/\ (e - values given.
//; \"\ 31 00 L
155 / B
———__
E D
S/he pays c They combined the
attention to ®) point D and the point
the physical /7 \ .. .~ | Bdepending on the
appearance / \ pltg r appearance of the Ss, So,
of the / \ figure, and tried to | S4q, Su4,
geometric / Yy 20 solve the question S12
figure alone =7 . I by assuming that a
without . L triangle should be
taking into E b created.

consideration
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its geometric c
properties. A
f‘— 1 Ll

/6
/W ’ \'\ - -
/ -\ ‘,»’_,5

/o
. .-
15 o A
-
E D

As can be seen in the figure 1 and figure 2, the 1* and the 2™ questions were similar, thus similar
knowledge should be used for solving them. Based on the examination of the answers given by
students to these questions, it was seen that the same students repeated similar mistakes while
answering the above-mentioned questions.

With the questions above, it was seen that students had mistakes about what the third line
intersecting two parallel lines meant and the geometric properties of figures. The fact that the same
students made these mistakes in similar questions demonstrates that they had misconceptions on
those subjects.

Question 3:

Sekilde [CA/[EF, m(C)=95", m(D)=115"ve [ED], £ agisin
agrortayidir. EBA ac1s1 kag derecedir?

Figure 3. The 3" Question

In this question, students were expected to use their knowledge about “parallelism”, “the sum of
supplementary angles is 180°”, “the sum of interior angles of a triangle is 180°”, or “the sum of
interior angles of a quadrilateral is 360°.

The form of the 3" question was more complicated in comparison to the 1* and 2™ questions. In this
way, the mistakes of students were examined in a question that required the use of similar
knowledge, but had a more complicated appearance.

Table 5 provides an analysis of the answers given by students to the 3rd question.

Table 5. The Evaluation of Student Solutions for the 3rd Question

Question Correct Incorrect No Solution
The Number
of Students 12 15 3

% 40% 50% 10%
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According to the table 5, 50% of students solved this question wrongly. Based on the examination of
the incorrect answers given, it was realized that students i) did not know what the third line
intersecting two parallel lines meant, and ii) detected some geometric properties of the figure, but
failed to associate these properties with other knowledge required for solution.

To make the mistakes made by students clearer, the above-mentioned findings and 2 sample student
solutions about each finding are presented in table 6.

Table 6. The analysis of the wrong solutions observed in the 3™ question

Findings Wrong solution ?_xan)ples supporting the Comment Students
indings
=
Ao /
S/he does \\“;’/ Since they did not know
not know - 2= il what the third line
what the .1.‘ ) S intersecting two parallel S, S, S
third line s lines meant, they tried 1S ZS >
intersectin =5 to solve the question by 847 S‘z’
g two using operations 813’ S”’
parallel requiring the use of only 20, =24
lines , S hSEeEeES the numerical values
means. A given.
'i,/'!
S/he can They saw the
detect 7 quadrilateral EDCB,
some o Lo and made an attempt to
geometric e - use the knowledge, “the
properties L 37 sum of interior angles of
of the g =55 a quadrilateral is 360°".
figure, but (They made a S. So. S
fails to calculation error g 9’8 10
associate : because they ignored ”S’ %
these > the angle of the corner 2
properties T ™ ) E in that quadrilateral.)
with other e i3 They failed to associate
knowledge /B vy their knowledge about
required s/ oo quadrilateral with other
for ¢ _,7___;’_ knowledge required for
solution. solution.
Question 4:

A .
[DF/#[BA, m(C)=120 ise DEB agisinin dlgiisii kag derecedir?

Figure 4. The 4™ Question
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In this question, students were expected to use their knowledge about “parallelism” and “the sum of
interior angles of a quadrilateral is 360°". Table 7 presents the distribution of the answers given by
students to the 4™ question among the categories of “correct”, “incorrect”, and “no solution” as well
as percentages based on the number of students.

Table 7. The Evaluation of Student Solutions for the 4™ Question

Question CORRECT INCORRECT NO SOLUTION
The Number of
Students " 13 6
% 37% 43% 20%

(*Percentages are approximate values.)

According to the table 4, 43% of students solved this question wrongly. Based on the examination of
the incorrect answers given, it was realized that students i) detected some geometric properties of
the figure, but failed to associate these properties with other knowledge required for solution, and ii)

generalized a property that was valid for only a specific condition over different situations
(overgeneralization)

To make the mistakes made by students clearer, the above-mentioned findings and 2 sample student
solutions about each finding are presented in table 8.

Table 8. The analysis of the wrong solutions observed in the 4™ question

57

Findings Wrong solution t:_xan_1p|es supporting the Comment Students
indings
-— D
BTN They thought that the
7 M opposing angles were
ya \ equal in the
S/he = ¥ "—{“'2" % quadrilateral DEBC. In
generalizes h ] V4 other words, they
a property \\_ » wrongly assumed that
that is valid Y the aforesaid property
for only a U4 which was normally
specific unique to special S,, Ss, Se, S7,
condition - 5 quadrilaterals was valid | S, S13, S14
over - 1, N for all quadrilaterals. (In
different ek addition, they were able
situations S/ _ - Yoo to detect the
(overgeneral ) ‘a i (Y€ o quadrilateral DEBC in
ization). TN / the figure, but failed to
N associate it with other
AN \.zi.,_,.v-" knowledge required for
- YA solution.)
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- D
x XN N
o9 S :;:// They noticed parallelism
rnar S 120 O/ in the question, and
NI / wanted to use the
N =@/ equality of alternate
- . P r"-»[-f' interior angles.
4 S/he can ' However, they failed to
etect some i it wi
geometric m(C) 120 ise DEDB agisimin Slgisu kag derccedir? asso?ra]:f,vlre\ggz_c’ther
properties of ) .
the figure, LOx2 =32
but fails to S. S S
associate o 31’ 819’ SZO’
these AN, They saw the 22 228 230
properties y quadrilateral DEBC, and
with other P  ()C made an attempt to use
knowledge AN the knowledge, “the sum
required for A P S of interior angles of a
solution. X (o \ e quadrilateral is 360”.
' ' et However, they failed to
} associate their
FABA, m(C)=120 ise DEB agisinin glﬁgi'ls_tii‘l\:.\\;'q.rk‘ffuc_(lir_'? know|edge about
N TN TP B quadrilateral with other
10+ FOL2 tey knowledge r_equlred for
PPN T solution.
7 = 180

As can be seen in the figure 3 and figure 4, the 3" and the 4™ questions were similar, thus similar
knowledge should be used for solving them. Based on the examination of the answers given by
students to these questions, it was seen that the students giving incorrect answers to the 3" question
gave similar incorrect answers to the 4™ question, or left that question unanswered.

With the questions above, it was seen that students did not know what the third line intersecting
two parallel lines meant, they detected some geometric properties of the figure, but failed to
associate these properties with other knowledge required for solution, and they generalized a
property that was valid for only a specific condition over different situations (overgeneralization).
The fact that the same students made the same mistakes in similar questions demonstrates that they
had misconceptions on those subjects.

Conclusion and Implications

The solutions provided by the 8" grade students to 4 open-ended questions prepared for this study
were examined in order to determine the mistakes and the misconceptions of students about the
subject of “angles in geometry”, which was one of the fundamental subjects of geometry. The
reasons and the misconceptions leading to mistakes among students were almost the same in
questions similar to one another.

Based on the examination of the student solutions for the 1*' and the 2™ questions asked to students
(they were similar questions requiring the use of almost the same knowledge for solution), it was
seen that the main reason for mistakes in these question was about visualization - the first one
among the levels of geometric understanding suggested in the Van Hiele model. At this level,
students focus only on the physical appearances of geometric figures, and perceive geometric figures
as a whole. They cannot recognize the geometric properties of figures. Th e most important feature
of the Van Hiele model is that it explains the development of geometric thinking with five related
levels. Each of these five levels defines the thinking processes used in geometric context. These levels
define how they think and what kind of geometric ideas they are busy with instead of how much
knowledge they have (Van de Walle, 2004).

Based on the examination of the student solutions for the 3" and the 4™ questions asked to students
(they were similar questions requiring the use of almost the same knowledge for solution), it was
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seen that the main reason for mistakes in these questions was about analysis — the second one among
the levels of geometric understanding suggested in the Van Hiele model. At this level, students
detect the geometric properties of figures, but perceive these properties independently. They cannot
associate such properties with one another. In addition, the examination of student solutions for the
4™ question reveals that students assumed that the equality of opposing angles, which was true for
only the special quadrilaterals, was true for all quadrilaterals. In other words, students generalized a
property that was valid for only a specific condition over different situations.

In addition to what is mentioned above, the mistakes made in all questions demonstrated that
students had misconceptions on the subject of “parallelism”. According to the findings and results of
this study, students prefer to learn by rote when they fail to understand the logic of situations
concerning geometric properties. However, they forget the knowledge acquired by rote learning in a
short span of time. This creates trouble for teaching geometry where subjects are strictly linked to
one another. Teachers play an important role in removing the misconceptions held by students. The
mistakes and misconceptions of students should be determined and eliminated before they lead to
any mistake in the learning of subjects to be covered in the future. In this respect, the logical bases of
the properties of figures should be emphasized during the teaching of geometric figures. Students
should be prevented from learning by rote. Furthermore, questions in which different figures are
used should be preferred in the subjects of the same category so that students can feel the relations
among different subjects in geometry.
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