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Abstract

The aim of thisresearchiston ve st i gat e e i gand rhiscanceptidnef the"Slopehcoscepatkaetake place

in the mathematics curriculumnd tomake recommendatienfor solution According to this purposehe sample of the

research consisted @65 eighth graders frowdh different public schoolbcatedinPal and°® ken di strict of Er
The student®f the sample were those, who weeady at the school on the datywhich the research was carried oig.

determinethe mistakesand misconceptionsf the students othedope,a A S| ope Te s 7 dultipleoandce st i ng o
quesions and 8 opeended questions, waseated in accordance with the gaiExpert opinions were applieduring

developing the Slope tesindvalidity and reliance studies were carried thubugh a pilot studyin the researghhe"Slope

Test"was applied to the students and this test was used amtheollection tool. Theescriptive scanning method was

employed in the research and as ititerview was held with some of the students if necessary, the mixed method was the

method of the studyThe obtaineddatawere analyzed with the descriptive analysis and content analysis techniqaes. Th

mistakes and misconceptions of the students werenixedaccording to the results of the study and some recommendations

were made considering the results

Keywords: Slope, nisconceptiongeighth gradetsdents mathematicsducation.

INTRODUCTION

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

The teaching of the conceptual and operational integrity of these slope insigess,(Nagle, &
Moore-Russg 2020).Acquiredby students from daily life during the school term is significantHer t
students to fully learn the higlvel 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 emphadgizie 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 artide was produced from the first author's master's thesis titled "Examining the errors and misconceptions of eighth gtade stude
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.

A The slope to y= 3x+2 equation is 3, but is 3

A Il's the slope of the |line, whose t whbtotheoi nts
difference of "y" or vice versa?

A Il's the slope m or ¢ in the equation y= mx +

A lnability to find the slope with two known p

A lnability to find the slope when given a fun

One of the st 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 experigmeimglationship
between slope and rate of change by tabulating the problems involvidgeesdtuations, graphing
the obtained pairs in order to comprehend slope as the rate of changes.

Students, who learn the slope at the operational level, oftendobusn 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 answer
different at the timehey are planted and assumed to grown linearly, after which month does the short
one pass the taller sapl i ng? Gaddirgp 66 hoonw yt hceo nssh odretr

growth amount during reading the elongation versus time graph; theyhsaithe 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 operatially and conceptually to use the slope in probserving.

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

A Geometric ratio: The sl ope iodallengte r ati o of t

A Algebraic ratio: It is the ratio of the char
line to the change in the horizontal components.

A Physical feature: The sl omedgiadientt he expressi o
A Fionaldetture: It is the ratio of changes in two variables.

A Parametric coefficient: The slope of the Iin
is the coefficient of variable x.

A Trigonometrically: It i enal angle of tha fhing avithtthe o f t h
horizontal.

A Calculus (Analysis course) concept: Because

concept of calculus.

The individual's ability to fully explain perpendicularity measurement and his/her perceptibe

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)
eighthgr ade st udent s§tatthmeokceptugl leveleas wel as thé 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 soytlwntiselve
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 offfes/mistake and insists on her/ his mistake, it is
considered as the misconception (Yenilmez & Yacxka

One of the reasons for the misconceptions is the previous life of the individual regarding the concept.
Difficulties in transferring the informal lowledge 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

mi sconceptions that may occur among students on
to know the misconceptions that occur among students. In this tdntéxs 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 (Md&\ 2017). In addition, as the relationship of the slope with the
derivative is included in the curriculum during high school years, 5 meanings adtifiereabiations

from the 7 slope perception classification by Stump are taught to the students dei@ighth class

of the secondary school. Stump (1999)'s study will be taken as the basis of this study. In addition,
studentsd mistakes and mi s c o-rade mathematics cuaribubumt t he
will be investigated.

The aim of this reseeh is to investigate the mistakes and misconceptions about the slejagntbi
gradersn 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,
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 peocegiassification?"

The subproblems 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 reseaashthe 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 iacbanswers 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 glisative 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 basicatly obaskee
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 anenture data diversity and confirmation in this

way (Greene et al., 1989). In this study among the mmethod research patterns, the triangulation
pattern was used. The purpose of the triangulation pattern is to use qualitative and quantitative data
togeher, to diersify, 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
vari ous pur poses when usi ng tr i al6)g inltheststuadyn pat't
gualitative 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 ofdtrectaned

interview with them are arrard and they are asked to provide more detailed information about their
solutions or explanations.

Participants

The universe of the research consisted of eightidle students who had already learned the slope
subject. In this context, the sample of theecegsh consisted of the students, who were at the eighth
grade of 4 different state schools with moderat
of Erzurum province in the 201817 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" appledti 65 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 tejustions 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 thestage diagnostic tests is a multigleoice including

4o0pit ons that wildl reveall the students6é6 misconcep
and the other 8 questions are ojewled questions that require solutions and explanations.- Open
ended questions in the second section of the test, theguastions that control multiple choice
guestions 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 researddr's 14 years of teaching experience was beneficial in preparing the options. The relevant
guestions, the skills measured by the questions, and what meaning of slope these questions are related
to according to Stump (1999) are presented in Thble

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

Relevant Questions  Measured Knowledge/Skill Skill

1stand 12" Questions Telling the slope is the ratio of the vertical length Geometric meaning
horizontal ength.

2dand 1% Questions Telling that the perpendicular angle of the line with 1 Trigonometric meaning
horizontal is the slope angle of that line

3dand 10" Questions Finding the slope in real life situations Real life
4 and 9" questions  Finding the slope of the line whose equation is given Parametric coefficient

5thand 14 Questions Finding the equation of the line whose slope and on p Algebraic ratio and
has already known parametric coefficient

7 and 8 Questims Finding the slope of the lines parallel to the axis Find Geometric ratio anc
the slope of the line with known two points algebraicratio

6 and 11" Questions Finding the slope of a line whose graph has already give Geometric ratio

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

The 7" and 8 questions, presented in the table above having correlation, questioning the meaning of
the sl opebs geometric ratio end algebraic rati o,
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“F- QUESTION: What is the slope of the right given by the equation y=47
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 & questiongelevant toeach 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 questidrich is inmultiple-choice type.

After the slope test was preparedpilot study was heldith 25 eighth graderwho were studying at

a stateschool and necessary adjustmewere givento the question roots misunderstood by the
students Final form was given to the tesfter the opinions of other magimaticsteachers 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 questi@rsppportunitywas given iemto reexamine their papers, and

asked tostate 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 interviezd were determineds a result ofhis comparison. For example, if a student

has answered the multiptdoice question correctly and answered the question correctly, if he or she
has maderaincorrect statementhis studentvas selected to be interviewekhey are also reminded

that their answers to the test will not affect their grades in any way.

Data Collection Process

The 165 eighth graderto whom the subject ofigpe was previouslyaught were applied with the
i S| o p eintAeelassr@aom enviroment, in mathematicsoarseand under the supervision thfeir
mathematics teacher. Thest lastedn 40 minutesSemistructured 5L0-minute interviews weréeld
with students who did not fully understand the answer to the question receiplanationln these
interviews by asking'You answered that question, and you explained théisnl can you give more
explanationwvhat you mean here"? to understand what they actually mean. Intewigeieported in
documents

Data Analysis

In the analysis ofthe data, we looked at whether the studemswered thenultiple-choicequestions

correctly, which is the firgbartof the slope test, organized in the form of a-stage diagnostic test.

Each question in the firglartof the test and the relevant gties in the second phase were evaluated

together. For exampleye gave attentiowhether the studentasho answered question 1 incorregtly

answered the relevant question, question 12, incorremtlgot.In this processof the data analysis,

students' aswersto questions wer analyzedvith thec ont ent a n adngksiinsk. e kY &(l 2d0elr 68)
definedthe main purpose of content analysis as "identifying data and uncovering facts that may be
hidden within the data". Within the framework of content analysis de¢ analyzeth four stages:

the Flis the attermination bcodes, the Pis creation of categories, th& & thereguation of codes

and categories, andthéigident i fi cati on and interpretation of

Analysisof questions in the first stage was performed fathie answer is correct, the code is "True
and if the code is incorrect or not answeitbd,codds "Empty".

Theanalysis of thenswers to the questions in the second phase of trentb#ite data gagied from
the explanations were performex; ifthe answer and explanaticorrect, the code is "True", if the
answer and the description is incorrect, the codentrect”, if the answer is incorredt there is no
explanation, if the answer igritorrect", if the answer is true and there isexplanation the code is
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"Partially Incorrect", if the answer is incorreekplanation is correcthe codeis "Partially hcorrect”
and if there is no answehe analysis is performextcording to the cabf "Empty".

Theitems in the first stage of the test were multiple chaicd thefollowing roadmap was used to
determine whether students had a misconceptioncdmysideringthe codes obtained and that
answering the questions at this stage incorrectijomectly would not be enough to make judgments
such as "there fis not misconceptioh alone @s the answer can be correct by random marking or
incorrectas a result of a minaoperation error)Accordingly, during the analysis of the data, the
situatiors as,

AGi vi ng #Ai nc otharetecant questins 81 wothpartsof the test.

A L e a the question in the first paof the tesfi e m pand answering the relaat question in
the second partincorrectly”, were taken as a sign ahisconceptionsand these situations were
presentedvith the category "there is a misconception”.

The situations,
AGi vi ng @ cor r eqoestidns i batpars of thé test, t h e

A L e ¢he queston in the firgiartof the tesfi e mpang ahswering the relevagestion in
the secongbart"correctly", were presentedith the categorydnswering correctly".

The situations as,

AGi ving "correct", nswentbeoquestorcin the fippartdf the esapd y 0 a
answeringhe relewant question in the sendpart”partially incorrect; were presenteith the category
"making mistakes".

The situations as

AAnsweing the question "incorrect" in the firgiart of the test and answag the relevant
guestion in the secomghrt"correctly”,

A Answeing the queson in the first stage of the test "correcind answeng the relevant
guestion in the second stage "incorrestere regardedas a sign that these students should be
interviewed and categorized aan'sweringcorrectly”, ‘has amisconception”, "making istakes" and
"no results"as a result athe interview.

The 19" question in the test consists of two parts ialftdn both parts, the reflection of the slope
in reatlife situationswas analyze@nd categorized as following.

Aconsidering the directionf the lines, calculating the slope arttie status oémphasizing this
answer in the statemewere presentedith the categoryf "having misconceptidn

AThe region with a large slope due to its vertical/horizontal ratio is zone 2; the ball wilcie for
is also the % zone because the ramplp situations were presentadth the category dnswering
correctly”,

AThe sentences dfThe slope of the 2nd region is the largelss.the slope is the largest, it is
forced in zone 4" or the description simtwith close understanding with these senteneese
presented ithe categoryf "making mistakes".

RESULTS

In this section, the findings obtainedth the analysis othe answersf the students to the relevant
guestionsare presented

Findings Relatedto the First Sub-Problem

In this sectionthe findings related to the sydsoblem"Do the students make mistakes abdiaipe?
Are there any misconceptions about the concep®&iresented.
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Among the students' answers to the related questions, the maistagtanisconceptions about slope in
terms of frequency and percentageadingto Stumps s e v e n ,@ie prasenied inable2t i o n
below.

As it is understood from the data in Table 2, theresameralstudents who make mistakes for all
meanings ofthe slope and have a misconception. For example, 19 students made mistakes in the
guestions, in which they explain the sl ope as
misconceptions.

Table 2. Themistake and misconceptidrequency and perogage valueselated to slope of thieom
studentsanswers to the relevant questiamsl 1% question.

Relevant Meaning Code Obtained in The FirstStage Code Category
Questions Obtained in
Correctly Incorrect Empty Part Two
f % f % f %
1 and12 Geometric 15 9.10 4 2,4 0 0 Partially Making mistake.
meaning incorrect

10 6.06 10 6,06 0O o Kncor r Having
misconception

2 and 13 Trigonometric 19 1150 16 9.70 0 O Partially Making mistake.
meaning incorrect
12 7.30 27 1640 0 O Incorrect Having
misconception
3and 10 Real life status 3 1.80 6 3.60 Partially Making mistake.
incorrect
13 7.90 22 1330 Incorrect Having
misconception
4 and 9 Parametric 1 .60 3 1.80 Partially Making mistake.
coefficient incorrect
17 1030 12 7.30 Incorrect Having
misconception
5and 14 Algebraic ratio 4 240 1 .60 Partially Making mistake.
and parametric incorrect
coefficient 10 6.70 13 7.90 Incorrect Having
misconception
7 and 8 Geometric ratio 13 7.90 11 6.70 1 .60 Partially Making mistake.
and algebraic ratic incorrect

27 1640 35 2120 3 1.80 Incorrect Having
misconception

6 and 11 Geometricratio 6 3.00 3 1.80 Partially Making mistake.
incorrect
40 2420 34 20.60 Incorrect Having
misconception
f %
Question 15 Physicalmeaning and redife status 31 1880 Making mistake
30 18.20 Having
misconception
89 54 Answering
correctly.
13 7.90 No solution

As it can be seen from Tab® 31 students made mistakes for the "Physical meaning and real life"
status 6 the slope from the data obtained from the answers to questieamd380 studenthave
misconceptions

Mistakes and misconceptions related to tflopes from students' answersttee relevant questions are
presentedn Table3 belowaccording to Stump's genclassifications
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Table 3. Mistakesand misconceptions about Slope from studemsiverdo the relevantjuestions.

Meaning Mistakes Concept Misconception

Geometric Description of horizontal length a [ Finding the slope by proportioning the lengths of ¢

meaning slope without proportioning verticc  given sides (regardless of whether they are vertica
length to horizontal length. horizontal),

To express the slope as "ratio of horizontal length
vertical length",
"1 Expressing only the length of tiperpendicular edge as

slope.
Trigonometric Explaining that the slope gets larger AExpressing the given angle asi@pe angle without paying
meaning as the angle gets smaller attention to the position dfie angle given in the triangle.
ADe s c r iahglewity the nagimum exterds a bpe
angle,

ADef i n lope@ngle bf dine as the angl at which it
made to the vertical
Real life status Inability to sort fractions. Consideringvhen the direction of the line should not be
Sometimes taking the direction ¢ taken into account (using expressions such as "the slop
the line into consideration but ~ negative because it is tilted to the left" in the explanatior
sometimes ot.

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

coefficient of variable "x" in the giveriine Expressinghat the constant term in the given equation
equation (algebraic error). slope.

Algebraic ratio Inability to determinea point in the Inability to express the equation of tlree given the slope

and parametric coordinate @ne and a point it passes through.

coefficient

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

and algebraic rational numbers. (expressig y=4 correctly; "no slope" bgnsuring its

ratio parallelismof thisline to the "x" axis with the informal

knowledge that "there is no slope”, even though e
paints the correct one)
A T mcka point such as A(x,y) as two points (x.0) and
0.y),
Anability to find the slope of the line with two points give
Geometric ratio Lack of directionknowledge When you find the slope of the givéine in the coordinate
plane, don't take into account the direction oflithe, just
takingthe points where thiine cuts the axisnto
consideration
Physical meaning Inability to express thesolution in AReferring'If the slope is going uphill, the slope is large,
and reallife status writing downhill, the slope is small",
Referring, slaftd@reduirscaving agange
slope and beintgft-slantedrequires a small slope."

There aresomeexamples of possible causes and datariistakeshatare given for each meaning in
Table3 below.

The reason for thenistakefor the "geometric meaning" of the slopeaynbe because students are
distracted when faced with multiple process stages within the same question, moving away from the
question of what they are looking for. Students who made this mistake found theoédgeen using
Pythagoreamelation in questin 12 but could not find the slope.

For examplethe answer of S1® the12" question is shown in Figuz

12. SORL
= i
e R Cerar V= =S¥ — ol

Yukaordaki rianpinanm e@imini bulunuz. Nasil buldugunuzu agiklayiniz

< CHZTIN ACIIK L ANMA
[ etate AN o den Bodoge |
Ay e oy 7|
S - A0 —1> r"\f” |
Sl 55 ) CR
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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, asthe students' solutionsere correct, interviewsvere held withthese studentabout

their explanations and wésund that theywereall think in the right waybut unable to express their
opinions. Therefore, the situation under discussias not considered a misconception, but as a
mistake.

There are the interview report witt6% one of the stdents who explained that "thkoge grows as
the angle shrinks", are given in Figure 2.

& cSsmme T e

Selin PP
s 2 - . V\/-
e . A
L QP daFgreonoa wrmr il n_g b oo G e
2 = M dayremm P e T
B By yoicn o g, B oy Sy A § Z el Y P, rrin Bamg e repedesn  mes  ododoe
g = S Pr P ——i—i Ao dea PPN

Figure2.l nt er vi ew mi nutes with ¥63

Although some of thetsdents who made this mistake know the conceptlopé angle”, it is seen
that they use incorrect expressiombé smaller the angle, the greater the glopgampleghat can be
given tothis sitwation are the answers given b§23n Figure 3 and Figu#

P E £
S0~ 27\
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Figure 3.S82's answer to questlon 13
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SORUT:

A

Figure 4.S82's answer to question 2

The answer to th&27 for the mistakein the "reallife" situationsof the slopeis presented as a
example in Figure.5

10. SORU:

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

5 cm 10 cm e

Yukaridaki rampalardan hangisinin egiminin daha blyiik oldugunu nedenini de aciklayarak yvaziniz.
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2 Defu o) Yot Coned = Dikew Lofs oo, , ‘
—— A ) PRI RER Ry '-tl:, e F pooo
| e R AT /v .

Figure 5. The answer of &7, which failed to soffractions.
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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Anothermistakewith reallife situations has sometimes emergedg@setimesakingthe direction of
line into accounandsometimesot

For example, the answerngiven byS116 from students whmade mistakearepresentedn Figure6
and Figure 7.

2. SORLU:

17 cm
Scm

B L C

Yukandaki tnkozun cfimi asagidakilerden hangisidir? (lakoz: arag tekerlcklerinin
arkasina, kaymay: engellemek igin konulan alettin)

-9/— 8 —8
317 bz ©-Is s

Figure 6.S116's answer to question 3

10, SOR1L

1 no’lu rampa /
S om 2 nn'lu}p}\ 3em

Secm 10 cm

Y uharidahi rampalardan hangisinin cZiminin daha biyik oldugunu nedenin de agikiayarak yazimz.
CEVAP e AGCIKLAMA

Figure 7.S116's answer to question 10

In spite of statinghat "I pass the coefficient of gther sideto leave y alone, and the coefficient in
front of x becomes the slopethe reason for the mistake made for the meaning of the "parametric
coefficient” of the slope ithe coefficient of the y variable is taken as a slope in the equation without
any influerce 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 thati@it@re the answers given bys

in Figure8 and Figure 9.

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

= t&:)/a 4SO
Figure 8. S50's answer to gqséon 4
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N
9. Y AEX ¢ 10 denklemi ile verilen dogrunun €imi my ve ——3 vy (S
£ 2y = 4x 8 denklemi ile verilen dogrunun egimi mo olmak izere: oo - —
O TR -
= my ve moa i karsilasunp hangi dogrunun egiminin daha biayik oldugung belirlesinies
Nas:l belirtediginizi agiklayiniZy
COZUM ACIKLAMA
[ g\ e = - —
~~y = 3 | D D
- - | ’ ey AN
| > N~ n
== A ' : -
Y- A [' e VoS L
| nwene e o8
”—‘-'/lﬂ G
— \

Figure 9. S50's answer to question 9

The answers of S84 are presented in Figure 10Fayude 11 for the example of the mistake related to
themeanings of the slopas"algebraic réio and parametric coefficient”.

5. Asagida denklemleri verilen dogrulardan hangisi egimi 3 olan ve (2.5) noktasindan
gegen bir dogruya aittir? s
ay~v=3x b)) y= 3x+1 @: 3x-1 y= 2Xx+5
Figure 10.Answerof S84to question 5
I4. IFcimi S olan ve (2. 9) nokiasindan segen doZrunun denklemini yaziniz, nasil
buldugunuzn agiklayuaz. “¥i i
COZUN ACIKLAMA
3=5S%w — 1
(2) =)
= I Yt yonla bwokirsek = i Eef
Seyrse €§7%\, oluus
N _ < = l
E— ( 2. D) nolbasi ne=di ]

Figure 11.Answerof S84to thequestion 14

The solution tagquestion8 of S54, who made mistake for misinterpreting the result of the operation
even thoughs/he knows the way to resolve themistakefor the meaning of "geométrc r at i o0 an
"algebraic ratio" is presented in Figure 12.

8. A(5l3) ve B(?i,'3-)t noktalarindan gegen dogrunun egimini bulunuz. Nasil buldugunuzu
kisaca agiklayimiz.

CcOZUM ACIKLAMA
Goalos)
-
- e /'\"‘53 ~M o= u P \LAF
d v A, — ¥ o , :' s f
-2 T s2) T e

——

Figure 12. Answer ofS54to question 8

The answer of S16 to the Ltjuestion asn example of thenistakedeterminedthe meaning of the
"geometric ratio" of the slope, ppesentedn Figure 13.
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. _ —
11. SORU: ;
Asagida gratikleri verilen dogiulardan hangisinin egimi 1 dir? Neddn?

\.
I )
| : /¢
S S 1
- 1 — = pP— - - J -
-1
L
1 B | ratik 3 no'lu grafik 4 no’lu grafik J
no lu gra
SR AP ACIKLAMA Aatte~2 o
SN S I e — = ]
— . ] S rr ~ ot . c :r'_‘r.l-l)

F—-z\z = o S
= ——-’\:S:“ B l R + o= B
K o B ,c%\’_\f: T —— —

Figure 13.S16's answer to question 11

The answer to the 11th question3i46, wio solved the question butould not express theolution
in writing, is presentedn Figure 14as an example of thenistakemade for the meaning of the
"physical meaning and rebfe statis” of the slope.

15. SORU:

-
—_—

N5 5 B
| “\ v r———
— /

e e e /

Verilen sckle = )3
gore A nokrasiridan B rnokrasiy 7 varla i i i s
2¢t do z .
bélgeler icin: dogrui yuvarlanan bir bilyenin gectigi

a. Egimi en biiyik olan bolge kag numarali bslgedir? Neden?

1.9 T, Cine G A Lenact Le\a
b. Bilyenin en ¢ok zorlanacag: bélge kag numaral: bélgedir? Neden?
b . CGuncd oQinn oz

==

Figure 14. S146's answer to question 15

The answersf S37to the 1st and 12th questioase given in Figurd5 and Figurel6.as an example
of the misconceptiodetermined'geometric meaning" of the slope.

1. SORUT

S cm <4 cmm —

Yukanmndaki rampanin eSimi a\as_ldakllglgigl1 hangisidir?
‘ﬁ

= a/5 I - =S S _ LAy S
Figure 2. S37's answer to question 1

=
13 e S cm
=
- |

ukarmndaki: rampanin egimini bulunuz, Nasil buldusunuzu agiklax L

<OrNa ACIEKLANMA )
2 : — '
Ao = —=_ @‘O\m O T nreanten o —-\;L‘é}
| = =

e

—l ol\ctus s ‘<—'1“ _=Sien ‘;=>3 R
Figure 16.S37's answer to question 12

The answers of B4 arepresentedn Figure17 and Figure 18 as an example of the misconception
determined for "trigopnometriatheaning of the slap
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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 yatay Zemin

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

COZOUM o ACTK L ANMA
l 1Thne b I — S ST % - e eyl . - =50 —=Xee D el A
5 - ‘ o R 2 & — S
L 2 ne T Lo ™ ocgen - - N\ L P T A
i Y D -

Figure 3. S104's answer to question 13

The answers given by 83 are presentedin Figure 19 and Figure 20 as an example of the
misconception determined for "real life" meaning af #hope.

= . _ 2N
=L SsORUT: - Y
AN > c—
T— 17 <
=2 o "“‘,¥_7_
= e, =

Yukaridaki tako=un egimi asasgidakilerden hangisidir? (tako=: arag tekerleklerinin
arkasima. kasmay: ecnecellemelk icin konulan alettie

_ PR
Po = B, =2 <. P

1= R = o a=

B

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 nedemnl de aciklayarak yaziniz.
CEVAP T ACIKLAMA

! l({ \;rlc»‘ PO <;c3l [V Y S e n.g:‘c_).f l|
— jz AT 2, ( AN EER Y T ‘[,‘;a Yo ro e
| - ‘9 = —= daian o<z st I -~ ’5'3
= ———

Figure 20.S83's answer to question 10

The answers of & arepresentedn Figure21 and Figure 22 as examples of the misconception that
determined as the "parametric coefficient” meaning of the slope.

4. SORU:

Denkl emr 2y (6.’; +5 seklmde verilen dogrunun egimi asagidakilerden hangisidir?
A2 P13 /)/ @

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

N1y ve e i karsilastionp hanei doSranun cZiminin dahe biiviik olduZunu belirlexiniz.
Nasil boelirtediginizi aciklayimiz=

GO ACITK T AN
[.«_,\fs I e i [ Soyrsieios e o |
S, S = | bomote ol egirlers bo b &
= < Cn S S e LN S S X ~e HQ\)\,k 0(0_,\ \_TGC _‘:'M‘ 1
| g o O == et e - e e

—— !ﬁ“’;/

Figure 22 S$63's answer to question 9

In another example, the answerS¥0 ispresentedn 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:

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

w2 s NESESIDE

Figure 23.S30's answer to question 4

Examples of themisconception that the slopdetermined for the "algebraic ratio and parametric
coefficient" arepresentedn Figure24 and Figure5.

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

’ M Ve Y g Eaxsarisian yarndom ‘
\‘ ] e S e L Aoj ¢ Ao ot~ boldo. |

Figure 25.S72's answer to question 14

The answers of S72 given as themples of the misconception that the slope is determined for the
"algebraic ratio and parametric coefficient" aresentedn Figure26.

il -
7. SORU: _y=4 denklemi ile verilen dofrunun cfimi asafidakilerden hangisidir?
= = eI
ay 1~ @ /»6 (Sifiry /r)/ngimi voktur (Belirsizdir)
s : L yoRtIn S =

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= cidnﬁ 3,;5 PRy =
= .4———————— b L o - = S o
g =3 = e
| B = ao <z e =
L u\c\um
—7
S
/

Figure 26.S1's answers to questions 7tideBth

The answer 0840, who foundthe slope of théne, with to two pointsgiven,incorrect, ispresentedn
Figure 27.
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Figure 27.540's answer to question 8

The answers of S36 as theaeples of the misconception determined for the "geometric rattitiie
slopearepresentedn Figure28 andFigure29.

Figure 28.S36's answer to question 6

Figure 29.S36's answer to question 11

The answers 0698 and S105 as examples of misconceptietermined for "physicaheaning and
reatlife status"of theslope, are presentedfigure 30 andrigure31.

Figure 30. S98's answer to question 15
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