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Abstract

The aim of this research is to investigate eighth graders’ mistakes and misconceptions of the "Slope" concept that take place
in the mathematics curriculum and to make recommendations for solution. According to this purpose, the sample of the
research consisted of 165 eighth graders from 4 different public schools located in Palandoken district of Erzurum province.
The students of the sample were those, who were ready at the school on the day at which the research was carried out. To
determine the mistakes and misconceptions of the students on the slope, a “Slope Test” consisting of 7 multiple choice
questions and 8 open-ended questions, was created in accordance with the gains. Expert opinions were applied during
developing the Slope test, and validity and reliance studies were carried out through a pilot study. In the research, the "Slope
Test" was applied to the students and this test was used as the data collection tool. The descriptive scanning method was
employed in the research and as the interview was held with some of the students if necessary, the mixed method was the
method of the study. The obtained data were analyzed with the descriptive analysis and content analysis techniques. The
mistakes and misconceptions of the students were examined according to the results of the study and some recommendations
were made considering the results.

Keywords: Slope, misconception, eighth grade students, mathematics education.

INTRODUCTION

It is known that the concept of slope, which is expressed in various ways in our daily life such as a
ramp, incline, gradient, enters the life of students from the pre-school period (Crawford & Scott,
2000). These cognitive situations, emerging with experiences, are still informal level and become
formal first at the eighth-grade level of secondary school (Hoffman, 2015).

The teaching of the conceptual and operational integrity of these slope images (Styers, Nagle, &
Moore-Russo, 2020). Acquired by students from daily life during the school term is significant for the
students to fully learn the high-level concepts which are related to the slope they will encounter in the
following years. However, as the teaching of the slope concept in schools remains at an operational
level (Crawford & Scott, 2000), it is emphasized in the literature that there are difficulties in learning
the concept of derivatives during which it is primarily necessary to know the slope (Barr, 1981;
Clement, 1985; Cheng, 2010) and how to use the slope in solving problems in the following years
(Zandieh, 2000)

* This article was produced from the first author's master's thesis titled "Examining the errors and misconceptions of eighth grade students
about the subject of mathematics course education" and which was made under the supervision of the second author.
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According to Barr (1981), the difficulties encountered related to the slope are listed below.
* The slope to y= 3x+2 equation is 3, but is 3 a ratio?

* [s the slope of the line, whose two points are known, the division of the difference of "x" to the
difference of "y" or vice versa?

* Is the slope m or ¢ in the equation y= mx + ¢?
* Inability to find the slope with two known points.
» Inability to find the slope when given a function that is the equation of two points and a curve.

One of the most significant reasons of why the concept of the slope cannot be taught at the desired
level is due to the inability to comprehend the slope as the rate of change (Barr, 1981).

Crawford and Scott (2000) suggest that students should learn by experiencing the relationship
between slope and rate of change by tabulating the problems involving real-life situations, graphing
the obtained pairs in order to comprehend slope as the rate of changes.

Students, who learn the slope at the operational level, often focus only on the elevation and do not pay
attention to the horizontal length (Clement, 1985; Duncan & Chick, 2013). In one example that
supports these results, the students, who answered the question ‘among the saplings, whose length are
different at the time they are planted and assumed to grown linearly, after which month does the short
one pass the taller sapling?’ as ‘how the short one will pass the long saddling?’ only considered the
growth amount during reading the elongation versus time graph; they said that the shorter sapling
could never catch and pass the tall one as they did not determine the elongation rate by using the ratio
of the change in height to the elapsed time. This example shows that students need to make sense of
this concept both operationally and conceptually to use the slope in problem-solving.

According to Stump (1999), students interpreted the slope under 7 headings as age, level of education,
etc. These are:

* Geometric ratio: The slope is the ratio of the vertical length to the horizontal length.

* Algebraic ratio: It is the ratio of the change in the vertical components of any two points on the
line to the change in the horizontal components.

* Physical feature: The slope is the expressions of the ramp, incline, and gradient.
« Functional feature: It is the ratio of changes in two variables.

* Parametric coefficient: The slope of the line given equation in the form of y= ax+b is "a", which
is the coefficient of variable x.

* Trigonometrically: It is the tangent of the positive directional angle of the line with the
horizontal.

* Calculus (Analysis course) concept: Because of its relevance to derivatives, the slope is also a
concept of calculus.

The individual's ability to fully explain perpendicularity measurement and his/her perception of the
slope concept as a ratio is directly related to her/his success in linear algebra (Duncan & Chick, 2013).
The prerequisite for the concept of derivative to be abstracted in the following years (Zandieh, 2000)
eighth-grade students’ making sense of it at the conceptual level as well as the operative level during
teaching the concept of slope and emphasizing the direction that slope is the rate of changes (Barr,
1981). In this context, students must learn the slope at the conceptual level so that they can solve
mathematical problems including the slope and learn more about advanced mathematics, such as
derivatives. For this, it is of great significance for students to start their high school education without
any misconceptions about the slope.
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Individuals can make mistakes in a variety of problem situations. What is important is where this
mistake originates. If the individual is not aware of his/her mistake and insists on her/ his mistake, it is
considered as the misconception (Yenilmez & Yasa, 2008).

One of the reasons for the misconceptions is the previous life of the individual regarding the concept.
Difficulties in transferring the informal knowledge to a formal level can create misconception
(Invincible & Age, 2008). In addition, activities implemented in the school environment can produce
misconceptions. In this regard, teachers need to design the learning environment in such a way that it
does not produce the misconceptions. This may be possible by knowing and predicting the
misconceptions that may occur among students on the subject (Ozbellek, 2003). Therefore, it is useful
to know the misconceptions that occur among students. In this context, in this study, the mistakes and
misconceptions of students about the slope were tried to be revealed. The trigonometric aspect of the
slope has not been explained with the primary mathematics course curriculum, which has been
implemented since 2013 (MoNE, 2017). In addition, as the relationship of the slope with the
derivative is included in the curriculum during high school years, 5 meanings and real-life situations
from the 7 slope perception classification by Stump are taught to the students during the eighth class
of the secondary school. Stump (1999)'s study will be taken as the basis of this study. In addition,
students’ mistakes and misconceptions about the gains in the eighth-grade mathematics curriculum
will be investigated.

The aim of this research is to investigate the mistakes and misconceptions about the slope of eighth
graders in a mathematics course and to make suggestions related to the issue.

Stump's (1999) study related to how students interpret slope according to age, level of learning, etc.
and the study conducted by Barr (1981) on the difficulties encountered related to the slope.

The research problem of this study is "What are the mistakes and misconceptions of the eighth graders
related to the slope according to Stump's slope perception classification?"

The sub-problems of the research are listed below.

1. Do the students make mistakes related to the slope? Do they have misconceptions?
2. What are the mistakes and misconceptions according to Stump's Slope perception classification?

METHODS
Research Design

The model of the research is the mixed method as the data were obtained through the descriptive
scanning method and interviews were made with some students when necessary. Creswell and Clark
(2007) describe the mixed method research as the research method that enables data collection,
analysis, and integration with the qualitative and quantitative methods. According to the mixed
method, each case and phenomenon has both qualitative and quantitative dimensions. If it is necessary
to be understood as the real, qualitative, and rich framework, both qualitative and quantitative
dimensions of it should be examined. As the mistakes and misconception of the students were
investigated in this study, it would be significant to examine the incorrect answers of the students in
order to determine whether the incorrect answers to the questions were a mistake or a misconception
and to understand whether the students insisted on their mistakes. Therefore, the mixed method in
which quantitative and qualitative methods are applied together was used in this study. It is stated that
mixed-method research has five important functions. These functions are listed as variation,
completion, development, startup, and expansion. These functions are basically based on the
following: "Data obtained from qualitative (or quantitative) methods are used to confirm or improve
data obtained by other methods. It is an important goal to investigate the same dimensions of a
research problem together with both methods and to ensure data diversity and confirmation in this
way (Greene et al., 1989). In this study among the mixed-method research patterns, the triangulation
pattern was used. The purpose of the triangulation pattern is to use qualitative and quantitative data
together, to diversify, compare, intensify the data obtained, and to obtain data directly related to
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different but research questions (Morse, 1991). Qualitative and quantitative data can be used for
various purposes when using triangulation patterns (Yildirnm & Simsek, 2016). In this study,
qualitative data was used for the analysis of quantitative data. In this context, in cases at which the
students' answers to questions or explanations are not understood, the minutes of the semi-structured
interview with them are arranged and they are asked to provide more detailed information about their
solutions or explanations.

Participants

The universe of the research consisted of eighth-grade students who had already learned the slope
subject. In this context, the sample of the research consisted of the students, who were at the eighth
grade of 4 different state schools with moderate achievement level in the central Palanddken district
of Erzurum province in the 2016-2017 academic year. In determining the sample of the research, no
selection process was performed, among all the students, the study was carried out with 165 students
who came to the school on the day of the slope test was applied.

Data Collection Tools

The data of the study were obtained with the "Slope Test" applied to all 165 students consisting of the
sample and the "Interview Reports™ applied to the students deemed necessary. Below is information
about the "slope test" and "interview reports".

Slope Test

The literature was reviewed during preparing the slope test and questions were developed considering
the students' understanding of the slope as well as the difficulties related to the slope. In this context,
the slope test prepared in accordance with the two-stage diagnostic tests is a multiple-choice including
4 options that will reveal the students’ misconceptions that can be revealed in the first 7 questions,
and the other 8 questions are open-ended questions that require solutions and explanations. Open-
ended questions in the second section of the test, there are questions that control multiple choice
questions in the first section. These questions were not asked one after another but were distributed
into the test a mixed way. For example, question 1 and question 12 are chosen to assess the same gain.
The researcher's 14 years of teaching experience was beneficial in preparing the options. The relevant
questions, the skills measured by the questions, and what meaning of slope these questions are related
to according to Stump (1999) are presented in Table 1.

Table 1. Relevant questions, the knowledge/skills measured by the questions and meanings.

Relevant Questions Measured Knowledge/Skill Skill

1%tand 12t Questions  Telling the slope is the ratio of the vertical length to  Geometric meaning
horizontal length.

2" and 13" Questions  Telling that the perpendicular angle of the line with the Trigonometric meaning
horizontal is the slope angle of that line

3 and 10" Questions  Finding the slope in real life situations Real life

4™ and 9t questions Finding the slope of the line whose equation is given Parametric coefficient

5t and 14™ Questions  Finding the equation of the line whose slope and on point  Algebraic ratio and
has already known parametric coefficient

7t and 8™ Questions Finding the slope of the lines parallel to the axis Finding Geometric ~ ratio  and
the slope of the line with known two points algebraic ratio

6t and 11™ Questions  Finding the slope of a line whose graph has already given Geometric ratio

15" Question Finding the slope in real life situations Physical meaning and real

life status

The 7" and 8" questions, presented in the table above having correlation, questioning the meaning of
the slope’s geometric ratio and algebraic ratio, are presented in Figure 1.
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“F- QUESTION: What is the slope of the right given by the equation y=4?
a)1l b)a c) 0 (Zero) d) No slope (indefinite)
8. Find the slope of the right passing through points A(5,3) and B(7.3). Briefly explain how you found
it.
Figure 1. 7" and 8" questions relevant to each other.

Both questions given in Figure 1 question the geometric ratio and algebraic ratio meanings of the
slope. In addition, question 8 with an explanation controls question 7 which is in multiple-choice type.

After the slope test was prepared, a pilot study was held with 25 eighth graders who were studying at
a state school and necessary adjustments were given to the question roots misunderstood by the
students. Final form was given to the test after the opinions of other mathematics teachers at the
school and a field expert.

Interview reports

In a quiet classroom environment, students were reminded of some of the questions they answered
and their answers to these questions, an opportunity was given them to re-examine their papers, and
asked to state some more information about their explanation. The students' answers to multiple
choice questions and their answers to questions requiring clarified questions were compared and the
students to be interviewed were determined as a result of this comparison. For example, if a student
has answered the multiple-choice question correctly and answered the question correctly, if he or she
has made an incorrect statement, this student was selected to be interviewed. They are also reminded
that their answers to the test will not affect their grades in any way.

Data Collection Process

The 165 eighth graders, to whom the subject of slope was previously taught, were applied with the
“Slope Test” in the classroom environment, in mathematics course and under the supervision of their
mathematics teacher. The test lasted in 40 minutes. Semi-structured 5-10-minute interviews were held
with students who did not fully understand the answer to the question requiring explanation. In these
interviews, by asking "You answered that question, and you explained the solution, can you give more
explanation what you mean here"? to understand what they actually mean. Interviews were reported in
documents.

Data Analysis

In the analysis of the data, we looked at whether the students answered the multiple-choice questions
correctly, which is the first part of the slope test, organized in the form of a two-stage diagnostic test.
Each question in the first part of the test and the relevant question in the second phase were evaluated
together. For example, we gave attention whether the students, who answered question 1 incorrectly,
answered the relevant question, question 12, incorrectly, or not. In this process of the data analysis,
students' answers to questions were analyzed with the content analysis. Yildirim and Simsek (2016)
defined the main purpose of content analysis as "identifying data and uncovering facts that may be
hidden within the data". Within the framework of content analysis, data are analyzed in four stages:
the 1% is the determination of codes, the 2" is creation of categories, the 3™ is the regulation of codes
and categories, and the 4" is identification and interpretation of findings (Yildirim & Simsek, 2016).

Analysis of questions in the first stage was performed as; if the answer is correct, the code is "True",
and if the code is incorrect or not answered, the code is "Empty".

The analysis of the answers to the questions in the second phase of the test and the data gathered from
the explanations were performed as; if the answer and explanation is correct, the code is "True", if the
answer and the description is incorrect, the code is "Incorrect", if the answer is incorrect- if there is no
explanation, if the answer is "Incorrect”, if the answer is true and there is no explanation, the code is
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"Partially Incorrect”, if the answer is incorrect-explanation is correct, the code is "Partially Incorrect"
and if there is no answer, the analysis is performed according to the code of "Empty".

The items in the first stage of the test were multiple choice and the following roadmap was used to
determine whether students had a misconception by considering the codes obtained and that
answering the questions at this stage incorrectly or correctly would not be enough to make judgments
such as "there is/is not misconception” alone (as the answer can be correct by random marking or
incorrect as a result of a minor operation error). Accordingly, during the analysis of the data, the
situations as,

» Giving “incorrect” answer to the relevant questions in both parts of the test.

Leaving the question in the first part of the test “empty” and answering the relevant question in
the second part "incorrectly”, were taken as a sign of misconceptions, and these situations were
presented with the category "there is a misconception™.

The situations,
* Giving “correct” answer to the questions in both parts of the test,

* Leaving the question in the first part of the test “empty” and answering the relevant question in
the second part "correctly"”, were presented with the category "answering correctly".

The situations as,

* Giving "correct", "incorrect" and “empty” answer the question in the first part of the test and
answering the relevant question in the second part "partially incorrect”, were presented in the category
"making mistakes".

The situations as

» Answering the question "incorrect” in the first part of the test and answering the relevant
guestion in the second part "correctly",

« Answering the question in the first stage of the test "correct”, and answering the relevant
guestion in the second stage "incorrect”, were regarded as a sign that these students should be

interviewed and categorized as "answering correctly", "has a misconception”, "making mistakes" and
"no results™ as a result of the interview.

The 15" question in the test consists of two parts in itself. In both parts, the reflection of the slope
in real-life situations was analyzed and categorized as following.

» Considering the direction of the lines, calculating the slope and the status of emphasizing this
answer in the statement were presented with the category of "having misconception”,

» The region with a large slope due to its vertical/horizontal ratio is zone 2; the ball will be forced
is also the 4" zone because the ramp is up situations were presented with the category "answering
correctly”,

 The sentences of "The slope of the 2nd region is the largest. As the slope is the largest, it is
forced in zone 4" or the description status with close understanding with these sentences were
presented in the category of "making mistakes".
RESULTS

In this section, the findings obtained with the analysis of the answers of the students to the relevant
guestions are presented.

Findings Related to the First Sub-Problem

In this section, the findings related to the sub-problem "Do the students make mistakes about slope?
Are there any misconceptions about the concept?" are presented.
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Among the students' answers to the related questions, the mistakes, and misconceptions about slope in
terms of frequency and percentage according to Stump’s seven classification, are presented in Table 2
below.

As it is understood from the data in Table 2, there are several students who make mistakes for all
meanings of the slope and have a misconception. For example, 19 students made mistakes in the
questions, in which they explain the slope as the “geometric meaning” and totally 20 students had
misconceptions.

Table 2. The mistake and misconception frequency and percentage values related to slope of the from
students' answers to the relevant questions and 15" question.

Relevant Meaning Code Obtained in The First Stage Code Category
Questions Obtained in
Correctly Incorrect Empty Part Two
f % f % f %
land 12 Geometric 15 9.10 4 2,4 0 0 Partially Making mistake.
meaning incorrect

10 6.06 10 6,06 0 o0 Incorrect Having
misconception

2 and 13 Trigonometric 19 1150 16 9.70 0 0 Partially Making mistake.
meaning incorrect
12 7.30 27 1640 O 0 Incorrect Having
misconception
3and 10 Real life status 3 1.80 6 3.60 Partially Making mistake.
incorrect
13 7.90 22 13.30 Incorrect Having
misconception
4and 9 Parametric 1 .60 3 1.80 Partially Making mistake.
coefficient incorrect
17 10.30 12 7.30 Incorrect Having
misconception
5and 14 Algebraic ratio 4 2.40 1 .60 Partially Making mistake.
and parametric incorrect
coefficient 10 6.70 13 7.90 Incorrect Having
misconception
7and8 Geometric ratio 13 7.90 11 6.70 1 .60 Partially Making mistake.
and algebraic ratio incorrect

27 16.40 35 2120 3 1.80 Incorrect Having
misconception

6 and 11 Geometric ratio 6 3.00 3 1.80 Partially Making mistake.
incorrect
40 2420 34 20.60 Incorrect Having
misconception
f %
Question 15 Physical meaning and real-life status 31 18.80 Making mistake
30 18.20 Having
misconception
89 54 Answering
correctly.
13 7.90 No solution

As it can be seen from Table 2, 31 students made mistakes for the "Physical meaning and real life"
status of the slope from the data obtained from the answers to question 15 and 30 students have
misconceptions.

Mistakes and misconceptions related to the slope from students' answers to the relevant questions are
presented in Table 3 below according to Stump's seven classifications.
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Table 3. Mistakes and misconceptions about Slope from students' answers to the relevant questions.

Meaning Mistakes Concept Misconception

Geometric Description of horizontal length as [1 Finding the slope by proportioning the lengths of any

meaning slope without proportioning vertical given sides (regardless of whether they are vertical or

length to horizontal length. horizontal),
[1 To express the slope as "ratio of horizontal length to
vertical length”,
[ Expressing only the length of the perpendicular edge as a
slope.

Trigonometric Explaining that the slope gets larger *Expressing the given angle as a slope angle without paying

meaning as the angle gets smaller attention to the position of the angle given in the triangle.

*Describing the angle with the maximum extent as a slope
angle,

*Defining the slope angle of a line as the angle at which it
made to the vertical.

Real life status Inability to sort fractions. Considering when the direction of the line should not be
Sometimes taking the direction of  taken into account (using expressions such as “the slope is
the line into consideration but negative because it is tilted to the left" in the explanations).
sometimes not.

Parametric Inability to determine the coefficient [lgnoring the coefficients of variables,

coefficient of variable "x" in the given line Expressing that the constant term in the given equation is

equation (algebraic error). slope.

Algebraic ratio Inability to determine a point in the Inability to express the equation of the line given the slope

and parametric coordinate plane and a point it passes through.

coefficient

Geometric ratio Inability to comprehend the set of < Inability to find the slope of trues parallel to the axis

and algebraic rational numbers. (expressing y=4 correctly; "no slope" by ensuring its

ratio parallelism of this line to the "x™ axis with the informal

knowledge that “there is no slope”, even though y=4 | line
paints the correct one)

*Taking a point such as A(x,y) as two points (x.0) and
(©.y),

«Inability to find the slope of the line with two points given

Geometric ratio Lack of direction knowledge When you find the slope of the given line in the coordinate

plane, don't take into account the direction of the line, just
taking the points where the line cuts the axis into
consideration.

Physical meaning  Inability to express the solution in  <Referring "If the slope is going uphill, the slope is large, if
and real-life status  writing downhill, the slope is small",

*Referring, “Being right-slanted requires having a large
slope and being left-slanted requires a small slope."

There are some examples of possible causes and data for mistakes that are given for each meaning in
Table 3 below.

The reason for the mistake for the "geometric meaning™ of the slope may be because students are
distracted when faced with multiple process stages within the same question, moving away from the
guestion of what they are looking for. Students who made this mistake found the edge not given using
Pythagorean relation in question 12 but could not find the slope.

For example, the answer of S16 to the 12" question is shown in Figure 2.

12, SRt

=] o a2 USSR |
‘J p— con == Y=

Yukaordaki rianpinanm e@imini bulunuz. Nasil buldugunuzu agiklayiniz

< CHZTIN ACIIK L ANMA

Figure 2. S16's answer to question 12
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Although the error given for the meaning of "trigonometric" of the slope seems to be a misconception
at first sight, as the students' solutions were correct, interviews were held with these students about
their explanations and was found that they were all think in the right way but unable to express their
opinions. Therefore, the situation under discussion was not considered a misconception, but as a
mistake.

There are the interview report with S63, one of the students who explained that "the slope grows as
the angle shrinks", are given in Figure 2.

(& e Ssmme T \cu-..:\—g_-

Selin  Podh
L 2 - . 1',-\:-
‘ Y
= —
L QP dagrono— cerihsprn e a2 e
2 o e dampronn widmm o wease BT H
P Ty A yoicn o g, B oy Sy A § Z el Y P, rrin Bamg e repedesn  mes  ododoe

o daa PPN N

Figure 2. Interview minutes with 063

Although some of the students who made this mistake know the concept of "slope angle", it is seen
that they use incorrect expressions (The smaller the angle, the greater the slope). Examples that can be
given to this situation are the answers given by S82 in Figure 3 and Figure 4.

P . P

yatay zcrmin

dogrulann hangisinin cfiminin daha fazla oldugunu bulunuzs. Nasil bulduZuniesn
g zTing ACTE L ANIA
S8y C v Pt~ e e l T3k LO= e acd so=¢ e
Fe 3t enciisy = Ve @ e Aol Lers Coa
- sy || — | 72

Figure 3. S82's answer to question 13
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Y ukanmda verilen rampalardan hangisinin cfimi daha bOyakear?

1 noTIu r;unp;unni B> 2 no’lu rimpanin ¢33 no’lu rampanin <3 no’lu rampanis

SORUT:

A

Figure 4. S82's answer to question 2

The answer to the S27 for the mistake in the "real-life" situations of the slope is presented as a
example in Figure 5.

10. SORU:

1 no’lu rampa
5 cr 2 no’lu ramps 3 cm
=)
-c-':‘ - ,‘#

S5 cm 10 cm =)

Yukaridaki rampalardan hangisinin egiminin daha blyiik oldugunu nedenini de aciklayarak yvaziniz.

) CEVAP ACIKLAMA
2 Defs oY) Vet Contd = Dikew Laf5 ctorfos i, ‘
[ Lo .-\/"-’1‘-""‘? :4 e P
| ek e s /v .

Figure 5. The answer of S27, which failed to sort fractions.
As can be seen in Figure 4, the student found the slope correct, but was not able to sort the fractions.
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Another mistake with real-life situations has sometimes emerged as sometimes taking the direction of
line into account and sometimes not.

For example, the answers, given by S116 from students who made mistake, are presented in Figure 6
and Figure 7.

2. SORLU:

17 cm
Scm

B L C

=,
Yukandaki tnkozun cfimi asagidakilerden hangisidir? (lakoz: arag tekerlcklerinin
arkasina, kaymay: engellemcek igin konulan aletin)

-9/— 8 —8
317 - ©-Is s

Figure 6. S116's answer to question 3

10, SORIL

1 no'lu rampa / =
Soem y Jcm

10 cm

Secm
Y uharidahi rampalardan hangisinin cZiminin daha biyik oldugunu nedenin de agikiayarak yazimz.

CEVAP CACIKLAMA

— 2 e . !

2

T

e

Figure 7. S116's answer to question 10

In spite of stating that "I pass the coefficient of y other side to leave y alone, and the coefficient in
front of x becomes the slope", the reason for the mistake made for the meaning of the "parametric
coefficient” of the slope is the coefficient of the y variable is taken as a slope in the equation without
any influence on the coefficient of the "x" variable when it passes the coefficient of the y variable to
the opposite side of equality, not as a section. Examples of this situation are the answers given by S50
in Figure 8 and Figure 9.

4. SORU:
e — ‘D‘f
Denklemi 2y = 6x + £ seklinde verilen dogrunun egimi asagidakilerden hangisidir?
a 2 By 3 cy’s @De

= {&Df 4SO

Figure 8. S50's answer to question 4
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9. Y A3X ¢ 10 denklemi ile verilen dogrunun €£imi my; ve ———3 vy (S
{ 2y 4N N denklemi ile verilen dogrunun egima mo olmak Grere. oo = —
LSS R 3.
= my ve moa i karsilasunp hangi dogrunun egiminin daha biayik oldugung belirlesinies
Nas:l belirtediginizi agiklayiniZy
COZUM ACIKLAMA
I A - =- — = ot~
)
~—~y = ) | D = 5
== | 2 - P
| > N -~ B
. ' 5 ~
g | e Viarerss bk
| nwene e o8
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Figure 9. S50's answer to question 9

The answers of S84 are presented in Figure 10 and Figure 11 for the example of the mistake related to
the meanings of the slope as "algebraic ratio and parametric coefficient".

5. Asagida denklemleri verilen dogrulardan hangisi egimi 3 olan ve (2.5) noktasindan
gegen bir dogruya aittir? s
a)~v="3x S b) y= 3x+1 @: 3Ix-1 /d/(y—r 2xX+5
Figure 10. Answer of S84 to question 5
14.1

‘i S olan ve (20 9) nokiasindan zegen doZrunun denklemini yaziniz, nasil
buldugunuzn agiklayuaz. T

COZUN ACIKLAMA
(2) =)
< I 9t gk buotusebk X i~ EofF
57° (o
Seyrse eg/\ e
. ( 2.9) nclhast nereds !

Figure 11. Answer of S84 to the question 14

The solution to question 8 of S54, who made mistake for misinterpreting the result of the operation
even though s/he knows the way to resolve the mistake for the meaning of “"geometric ratio” and
"algebraic ratio™ is presented in Figure 12.

8. A(S;?r) ve B(?i,'3-): noktalarindan gegen dogrunun egimini bulunuz. Nasil buldugunuzu
kisaca agiklayiniz.

CcOZUM ACIKLAMA
Goalos)
-
7 q_g? e
d v A, — ¥ o .F :'e\ -5 i
-2 T s2) T e

Figure 12. Answer of S54 to question 8

The answer of S16 to the 11" question as an example of the mistake determined the meaning of the
"geometric ratio" of the slope, is presented in Figure 13.
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11. SORUI: ;
Asagida gratikleri verilen dogiulardan hangisinin egimi 1 dir? Neddn?

3 w
| j/
T S s A
- ll - X e & X ‘/J X
1 +
“Iu grafi no lu grafik
1 no’lu gratik 3 notlu grafik . S J
ACIKL \\t.-\ A“' \...52 2 :§
CEVAP D CIKI = ) - ™
— — e . iy =, A < o ~ =\ = =
A - e Ly ] = 3 : o ’ L
= —’\’&* > : l > A3 B —:“_{ __
== A ,c”:\{{'}f: ) —

Figure 13. S16's answer to question 11

The answer to the 11th question of S146, who solved the question but could not express the solution

in writing, is presented in Figure 14 as an example of the mistake made for the meaning of the
"physical meaning and real-life status" of the slope.

15. SORU:

—
N5 =) B
[ ‘_\ > —
i )
e e e /

Verilen sckle gére A4 A nokrasindan B nokrasia dosrie Y
bdélgeler igin:

uvarlanan bir bilyenin gectigi
a. Egimi en biiyik olan bolge kag numarali bslgedir? Neden?

2 Cun\e U Aiv

Leonact Per\a

b. Bilyenin en ¢ok zorlanacag: bélge kag numaral: bdlgedir? Neden?

U . CGaned oLinn oz
——
Figure 14. S146's answer to question 15

The answers of S37 to the 1st and 12th questions are given in Figure 15 and Figure 16. as an example
of the misconception determined "geometric meaning" of the slope.

ML SORUT

S cm <4 cmm —

Yukanmndaki rampanin eSimi a\as_ldakllglgigl1 hangisidir?
—

\a) 3/5 l_b,;,..;- R v gy s—

Figure 2. S37's answer to question 1

=

£=
13 < S <m —
r

ukarmndaki: rampanin egimini bulunuz, Nasil buldusunuzu agiklax L

<OrNa

ACIKLANMA

= ; i il
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o I e J c.\c\ug_\\ \<_-11\ <:,~.;¢ P ";:>3 —\;;3
Figure 16. S37's answer to question 12

The answers of S104 are presented in Figure 17 and Figure 18 as an example of the misconception
determined for "trigonometric" meaning of the slope.

Copyright © International Journal of New Trends in Arts, Sports & Science Education 223


http://www.ijtase.net/

> =IJTASE i fonee o

International Journal of New Trends in Arts, Sports & Science Education — 2021, volume 10, issue 4

SORU:

yj 2 no’lu rampa .~ 3 no’lu rampa—~<_| 4 no’lu rarnp':/j
‘ ‘

Yukarida verilen rampalardan hangisinin egimi daha biuyuktiir?

a) 1 no’lu rampamn b) 2 no’lu rampanin <) 3 no’lu rampanin @ 4 no’lu rampanin

Figure 17. S104's answer to question 2

1no’lu dosru 2 notlu dogru

S02 408

yvatay zemin syatay Zermin

rukandaki dogrularin hangisinin egiminin daha fazla oldugunu bulunuz. Nasil buldugunu=u
giklayiniz.

COZOUM o ACTK L ANMA
| Ve Lo e A = e S % - e R =30 mYer T ain
L e A oG oen Y Ane T el a Y e eq o [ERP -
i L

Figure 3. S104's answer to question 13

The answers given by S83 are presented in Figure 19 and Figure 20 as an example of the
misconception determined for "real life" meaning of the slope.

- -
= SOOI \_{,' ]
. —_— (\__.._ b c—
TTT— 17 <
=2 < =
= e, T
Yukarmdaki tako=un egimi asagidakilerden hangisidir? (tako=: arag tekerleklerinin
arlkasina. kasmmay: encellemelk icin konulan alettic)

=3 = L= e - T
= G B 52 <- 5= T IE R

Figure 19. S83's answer to question 3

loN—%
10. SORU: _<<, — =5
= 'e
1 no’lu rampa
S5 cn 2 no’lu ramps 3cm
5 cm 10 cm

ukaridaki rampalardan hangisinin egiminin daha bll\uk o!du‘unu nedennu de aciklayarak yaziniz.
CEVAP T ACIKLAMA
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Figure 20. S83's answer to question 10

The answers of S63 are presented in Figure 21 and Figure 22 as examples of the misconception that
determined as the "parametric coefficient” meaning of the slope.

4. SORU:

Denkleml 2y (6.’; +5 seklmde verilen dogrunun egimi asagidakilerden hangisidir?
A2 3 /)/ @

Figure 21. S63's answer to question 4
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2. v — 3x ¢ 10 denklemi jle verilen dogranun oSimi g ve Rt
2v— dix — S denklemi djle verilen dodrunun cfimi ma olmak Greres sty

1y ve ma yi karsilastunp hanoi doSranuan coiminin daha biiviik olduZunu belirlexiniz.

Nasil boelirtediginizi aciklayimiz=
GO ACITK T AN
[..—\.\,\.T TN S ean ot et I Seaypysiass e | &
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Figure 22. S63's answer to question 9

In another example, the answer of S30 is presented in Figure 23 from the students who describe the
line in the equation as a slope in finding the slope of the given line.

4. SORU:

Denklenn 2y = 6x + S seklinde verilen dogrunun eElml d:;-dg:lddkllerden ‘hangisidir?,

w2 s NESESIDE

Figure 23. S30's answer to question 4

Examples of the misconception that the slope, determined for the "algebraic ratio and parametric
coefficient” are presented in Figure 24 and Figure 25.

5. Asapgida denklemleri verilen dogrulardan hangisi egimi 3 olan ve (2_5) noktasindan
gegen bir dogruya aittir?
a) y= 3x b) y= 3x+1 c) y= 3x-1 @) y= 2x+5

Figure 4. S72's answer to question 5

14. Egimi 5 olan ve (2. 9) noktasindan gegen dogrunun denklemini vaziniz, nasil
buldugunuzu aciklayimz.,

COzZUM ) ACIKLAMA
’ R R NTa [ axsarisva v waz do™m ‘
Dy = Hw o L Aegiw dellaai —n boldo.
g J |
- — |

Figure 25. S72's answer to question 14

The answers of S72 given as the examples of the misconception that the slope is determined for the
"algebraic ratio and parametric coefficient” are presented in Figure 26.

il -
7. SORU: _y=4 denklemi ile verilen dofrunun cfimi asafidakilerden hangisidir?
= = T
ay 1~ @ /»6 sinn) /r)/ngimi voktur (Belirsizdir)
= = — S e—— =

8. ;\(ﬁ g) ve B(7 a) noktalarindan gec¢en dogrunun e¢&imini bulunuz. Nasil bulduSunuzu
kisaca aciklaymiz.
ALs-S) s & c23)
A~

COZUM ACIKLAMA _
= == e =g
1= cid".f? 5,55 PRy =
= L ——F L o -3 - Sa
g =3 = e
| B = ao <z e =
L u\c\um
—7
S
/

Figure 26. S1's answers to questions 7th and 8th

The answer of S40, who found the slope of the line, with to two points given, incorrect, is presented in
Figure 27.
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et A o
8. /\(3.3) ve B(7.3) noktalarindan gegen dogrunun efgimini bulunuz. Nasil buldugunuzu
kisaca agiklayiniz.

. — COZUM ACIKLAMA
=atgai o Fo b , CeveP & cioks ki adilenin
R R % _{aﬂ S o Ay . ‘?;> L \ L . . Yak
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Figure 27. S40's answer to question 8

The answers of S36 as the examples of the misconception determined for the "geometric ratio" of the
slope are presented in Figure 28 and Figure 29.

6. SORLUT:

Giratigi verilen dogrunun egimi asagidakilerden hangisidir?

Figure 28. S36's answer to question 6

d N ]
Asagida grafikleri verilen dogrulardan hangisinin eZimi I dir? Neden®

X £ F
3 A &

1

-— >

l <

— T =
/A erafik 2 notlu prank 3 no’lu grafik B no"l)ygﬂluk
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[tse <> S\Iduxu icta oSlameaz - ,_I

Figure 29. S36's answer to question 11

The answers of S98 and S105 as examples of misconception, determined for "physical meaning and
real-life status” of the slope, are presented in Figure 30 and Figure 31.

15. SORU:

A —
1 on s

2\ —% //v/

Verilen sekle gore A noktasindan B nokiasina dogrie yuvarlanan bir bilyenin gegtigi
bolgeler iging

a. Egimi en biyiik olan bdlge ka¢ numarali bélgedir? Neden?

C, &—»___'é___u o3 ,‘i‘j< Sega 53/0—} &

-

Figure 30. S98's answer to question 15
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1S. SORUI: l
A

O e

Verilen sckle gére A rnoktasiricdarr 13 nokiasirica dogrn yuvarlanan bir bilyenin gegtigi
bOlgcler igin:

. Efimi en biyiik olan bdlge kag numarah bélgedir? Nn_:dcn'.’_
EGuie e Logpob ol  bSlge L ~vniorot e
Ae

G ceencvals Lolgede o
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al. e e e BT 3 \\\\9/
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Figure 31. S105's answer to question 15
Findings Related to the Second Sub-Problem

In this section, findings Related to the sub-problem "What are the mistakes and misconceptions
according to Stump's Slope perception classification?" will be presented.

The findings that the students explained the slope within the framework of the 7 areas Stump (1999)
are presented in Table 3 below.

Table 3. Findings of the students’ explaining the slope within the framework of the 7 areas Stump
(1999)

Question(s) Meaning Mistake Rate Misconception Correct Rate  No solution
(%) Rate (%) (%) Rate (%)

1land 12 Geometric meaning 115 12.1 67.3 9.1

2 and 13 Trigonometric meaning 21.2 23.6 394 15.8

3and 10 Real life status 5.5 21.2 69.7 3.6

4and 9 Parametric coefficient 2.4 17.6 56.4 23.6

5and 14 Algebraic ratio and 3 13.9 26.1 57
parametric coefficient

7 and 8 Geometric ratio and 15.2 39.4 21.8 23.6
algebraic ratio

6and 11 Geometric ratio 4.8 44.8 47.3 3

15 Physical meaning and 18.8 18.2 55.2 7.9

real-life status

As it is understood from the Table 3, 67.3% of the students gave correct answers for the geometric
meaning of the slope. For the meaning of the trigonometric ratio of the slope, it is understood that
39.4% of students gave correct answers, 21.2% incorrect, and 23.6% had misconceptions. For the
real-life situation of the slope, it is observed that 69.7% of students gave the correct answer and 21.2
% had misconceptions. For the parametric coefficient meaning of the slope, it is observed that 56.4%
of students gave correct answers, 17.6% had misconceptions, and only 2.4% of students made
mistakes. It is observed that 57% of students did not answer the questions related to the meaning of
the algebraic ratio and parametric coefficient of the slope. It is observed that 39.4% of the students
had various misconceptions for the meaning of geometric ratio and the algebraic ratio of the slope.
For the geometric ratio meaning of the slope, it is observed that 47.3% of the students gave correct
answers and 44.8% had misconceptions. It is understood that 55.2% of students found correct
solutions for the physical meaning and real-life status of the slope, 18.8% made mistakes and 18.2 %
had misconceptions.

DISCUSSION and CONCLUSION
In this section, the analysis results of the findings are presented severely for each sub-problem.

Results of the first sub-problem

The results reached as a result of the analyses of the findings within the scope of the first sub-problem
“Do the students make mistakes related to the slope? Do they have misconceptions?” are presented in
this section.
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As a result of the data analysis, it was concluded that the students made some mistakes about the slope
and had misconceptions (Table 1, and Table 2).

Results of the second sub-problem

The results reached as a result of the analyses of the findings within the scope of the second sub-
problem "What are the mistakes and misconceptions according to Stump's Slope perception
classification?” are presented below.

As a result of the data analyses, it was found that,

It is the “parametric coefficient” meaning of the slope in which the students made mistakes at the
lowest rate [2,4% (Table 3], in addition, were not able to solve at the high rate [23,6% (Table 3)].

It is the “algebraic rate and parametric coefficient” meaning of the slope in which the students made
mistakes at the low rate [3% (Table 3)], were not able to answer at the highest rate [57 % (Table 3)],
and the correct answer rate was low [26,1 % (Table 3)].

It is the “physical meaning and daily life” meaning of the slope that students made higher mistakes
[18,8% (Table 3)], and the rate of correct answering was high [55,2% (Table 3)].

It is the “trigonometric” meaning of the slope in which the students made mistakes at the highest rate
[21,2% (Table 3)], and gave a low rate of correct answers [39,4% (Table 3)].

It is the “real-life situations” meaning of the slope that the students made mistake at the low rate
(5,5% (Table 3)), with the highest answering rate [69,7% (Table 3)], and left empty [3,6% (Table 3)]
at the lowest rate.

It was determined that the students had a different rate of misconceptions related to the “geometric
meaning” and “geometric rate” of the slope (12,1% for the 1st and 12" questions; 44,8% for the 6th
and 11" questions [Table 3)]. These results demonstrate similarity with the study by Clement (1985),
Duncan and Chick (2013) suggesting that “Students who learn the slope at an operative level usually
focus only on height and do not pay attention to the length of the horizontal.” Some students
interpreted the situation as "there is no slope" when they obtained a line parallel to the horizontal axis.
This result indicates that students have problems in transferring some of the information they have
gained through experiences to the conceptual level. The information "There is no ramp on the straight
road" was regarded as "There is no slope" by these students and this result is parallel with the result
reached by Yenilmez and Yasa (2008) as problems can be experienced while transferring informal
information to the formal level may reveal misconceptions.

It was determined that one-quarter of students had misconceptions related to the “trigonometric
meaning” of the slope [23,6 % (Table 3)].

It was observed that more than one-fifth of students had misconceptions related to the “real-life
situation” meaning of the slope (21,2% [Table 3)].

It was determined that approximately one-fifth of students had misconceptions related to the
“parametric coefficient” meaning of the slope [17,6% (Table 3)]. This result is parallel with the result
of the study by Barr (1981) as “Is the slope m or ¢ in the equation y= mx + ¢?”

It was also determined that few students [13,9% (Table 3)] had misconceptions related to the
“algebraic rate and parametric coefficient” meaning of the slope.

It was observed that more than one-third of students [39,4% (Table 3)] had misconceptions related to
the “geometric rate and algebraic rate” meaning of the slope. This result shows similarity with the
result reached by Crawford and Scott (2000) as “the students had difficulty in relating the informal
and formal forms of the slope” and the result by Barr “Is the slope of the line whose two points are
known division of the difference between "x" s by the difference of "y" or vice versa?”

Approximately one-fifth of students [18,8% (Table 3)] had misconceptions related to the “physical
meaning and real-life situation” meanings of the slope.
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Suggestions

As the results of the study, in which the mistakes and misconceptions of the students about the slope
were investigated, are evaluated, the activities that can be applied in the classroom environment can
be listed as follows in order to provide full learning about the slope.

1) It can be noted first of all whether we have vertical and horizontal lengths to find the slope
of the hypotenuse in a given triangle.

2) Whether the slope question is given in the coordinate system or is it a real-life situation
should be determined.

3) If it is the real-life situation, it can be emphasized that the result cannot be negative, and the
direction of the truth is not important.

4) If the question is given in the coordinate plane, determining that it will be positive if it is
leaning to the right, negative if it is leaning to the left by considering the direction of the line first and
only lengths should be proportioned can be useful.

5) In finding the slope of a line with giving equation, it can be stated that it is necessary to
look first at whether y is alone.

6) In a given direction (two unknowns), it can be stated that the term line in the equation does
not affect the slope in any way. To do this, by changing the fixed term in the equation, a few lines can
be drawn and shown that they are parallel, that is, their slopes are the same.

7) By writing a question on the board, for example, "draw the truth through the (4,3) point in
the coordinate system", and all students who volunteer are given the opportunity until the answer is
given correctly as that the (4,3) point is only one point and an infinite number of different truths can
pass through this point.

8) To explain the straightness of the road as "slope is zero" rather than "there is no slope,"
draw a straight line (path) on the board and by asking questions in the form of "what do you think
about the slope of this?’, the answers can be discussed in the classroom environment.

9) Studies on how the study of the subject of education in out-of-school learning
environments affects the conceptual learning level of the subject can be conducted.

10) Studies on how students interpret the slope in solving mathematical problems can be
conducted.

11) Studies on what problems are encountered while transferring the images of slope acquired
through experiences to the conceptual level can be conducted.
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