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Abstract

This study focused on how two algebraic concemisality and variable- predicted§rade students’ equation
solving performance. In this study, predictive desas a correlational research design was usedddRan
selected 407 eight-grade students who were frontéméral districts of a city in the central regiohTurkey
participated in the study. Multiple regression e was used to answer research questions. Thaksres the
study showed that equality and variable concepiisstitally significantly predicted students’ eqoatsolving
performance. The standardized regression wei@ht®[ the variable and equality concepts predicstgdents’
equation solving performance were 0.46 and 0.kpeetively.
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1. Introduction

In recent years, the impetus and development dihi@gncrement of the knowledge in general alseciéfd the
increment of mathematics specifically; howevesinbt possible for an individual to acquire andclatp with
every progress in general. The common goal of mb#te countries in the world is to nurture indivéds who
can attain necessary knowledge and produce sodutiorihe problems with problem solving systematid a
attain necessary knowledge in order to solve probl¢hat is a result of rapid changes. For that gaep
problem-solving skills were emphasized in the cudtim. Problem solving skills in mathematics wasell as
one of the four foundational skills after the ammedt of the curriculum in Turkey (MEB, 2013).

Algebra is one of the essential subjects in mathiesy@laying an important role in the developmeht o
problem solving skills. Algebra is defined as aaitization of arithmetic (Katz, 2007) and allowslividuals
to solve specific type of problems (Usiskin, 1988his definition shows that algebra is a criticablt for
problem solving. Problem solving is the primary lgoatoday’s mathematics classrooms; thereforegests
need to understand algebra to be a well-equippeldligm solver. However, algebra has been a diffisuliject
for many students and still it is (Hail, 2000).

Two algebraic ideas - variable and equality- arpdrtant concepts and Knuth, Alibali, McNeil, Weinge
and Stephens (2005) indicated that these two ar&ei concepts for algebraic reasoning. Equalitycept and
its symbol are the bases of algebraic understandimfyare used frequently in most of the levels abfos|
mathematics (Alibali, Knuth, Hattikudur, McNeil &&phens, 2007). These two key concepts also exfiiain
reason of why learning algebra is difficulty. Irhet words, if students do not understand equality \ariable
conceptually, students will experience difficultylearning algebra.

The concept of variable is a symbol showing usumage of algebraic mathematical language (Osborne &
Wilson, 1992). Understanding the concept of vadablthe foundation of transition from arithmeticalgebra
and it is necessary in order to use advanced lemathematics meaningfully (Schoenfeld & Arcavi, 1288
Variable can be used in several meanings. These are

e Variable as an unknown (the meaning of variabliéequation: 2x+1=3)

e Variable as range (i.e., codomain) (the meaningaofble in the equation: y=2x+3)

e Variable as generic structure (the meaning of t&ia the equation: x+y=y+x) (Baykul, 2004).

Different and several meanings of variable can Hee dxplanation of why students have difficulties in
understanding the concept. As Dominguez (2001kdtagtudents’ difficulty in understanding the cqicef
variable could be caused by the different usagé @he concept of variable is generally taughasunknown
in schools; therefore, teaching variable conceph wiis limited usage could be one of the reasdmg students
are not able to deal with algebraic expressiordiraaced levels.

Equality, which is an important concept for algelarehievement, is a connection showing that two
mathematical expressions have the same value @falkavi & Carpenter, 1999; Kieran, 1981). The sypindf
equality is necessary in order to understand mahjests in mathematics such as algebraic equaitioaddition
to being complicated symbolic concept (McNeil, Gfan, Knuth, Alibali, Stephens, Hattikudur, & Kri2006).
Students have insufficient understanding of equdlgcause they generally conceive the conceptrasudt of
arithmetical operation rather than mathematicalasityu(Baroody & Ginsburg, 1983; MacGregor & Stacey
1997). Most of the students perceive equalityrag@erational symbol meaning “solve addition” onfter the
result” rather than relational symbol showing mathécal equality (McNeil et al. 2006). For example,
participants who were students at the age of 1R&+Kderan's study (1981) perceived equality as gkting on
the left side and writing the answer on the rigde sof the equal sign. Yaman, Toluk-Ucar and OIKR@03)
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indicated that elementary school students percedepal sign as an operational symbol rather thiatioaal
symbol as well.

The usage of equal sign for different purposes sischrithmetic, trigonometry, algebra, and setrhé@o
mathematics (Saenz-Ludlow and Walgomuth, 1998) adsgplains why elementary school students
misunderstand or have misconception about equalitie usage of equal sign in mathematics has foorapy
categories:

< an answer of an addition (3+4=7)

e (uantitative equality (1+3 =2+2)

« an expression that is right for all values of theiable (x+y=y+x)

« an expression that express the new variable (x+{ErBudenthal, 1983 as cited in Warren, 2006)

The concepts of variable and equality are direetlgted to equation concept and equation concapsn
important role as problem solving strategy whilévisg verbal problems. Learning how to solve theaapt of
equation, specifically solving one-variable linejuations, is indicated as one of the essentiapooents of
school mathematics (Andrews & Sayers, 2012) arglghidy focuses on one variable linear equationsli&s
about equations and solving equations showed ffieuliy of learning and teaching how to solve etijpias (Li,
2007). Students have difficulty in formulating abgaic equations to represent knowledge given irbaler
problems and learning how to obtain a result tonemesimple equations with the use of symbols (Stag
MacGregor, 2000). A great deal of students memsrggerations used in equations and is not awakehgf
they use these operations. Studies showed thaergtichave misconceptions or misunderstandings about
operations used in equations and the rules of mplaigebraic equations (Booth and Davenport, 201Bjs
originates from nonsystematic and strategic mistakhile students use to simplify algebraic expmssiand
these students cannot objectivize the operatioed irsequations (such as their resistance to use speration
to the both sides of equal sign and their propgrisittomprehend equal sign as a symbol to finaljzeration
rather than equality) (Huntley, Marcus, Kahan aritley] 2007).

As indicated above, generally equality and variatdacepts’ difficulties cause problems for learning
algebra. The same problem is valid for the subpé@quation, which has an important place in algelds a
matter of fact, Knuth, Stephens, McNeil, & Alibg2006) indicated that middle school students’ pgtica
about equality plays a critical role in studentgiuation solving and verbal problem solving achiegam
Knuth, Alibali, Hattikudur, McNeil and Stephens (B) found that middle school student who had sebeigual
sign comprehension were able to solve linear egasttorrectly; in addition Osborne and Wilson (198&2ted
that equation solving without building foundatioaisout the concept of variable limited studentstiésy. In
algebra, students should be aware of relationalnmgaof equal sign as “the same as” besides operati
meaning as “do something”. This is important wheéuadsnts encounter learning how to solve algebraic
equations requiring calculation for the both sidésqual sign (e.g. 3x-5=2x+1) (Knuth et al., 2005)loy and
Rojano (1989) pointed out that equations havingabées on both sides are defined as cut point baped the
difficulties of arithmetic operations and solvirfiese types of problems. Equations having variable ion one
side of equal sign are called arithmetic equati@g. ax+b=c) whereas variables in both sides a&ksign are
called algebraic equations.

Misunderstandings or misconceptions about equal ganerally cause difficulties while solving eqoat
as mentioned above, besides that, Osborne and Wil$92) claimed that difficulties of understandiayiable
in an equation are caused by wrong interpretatadresquality concept and equal sign. This situationld be
seen as the need for a priority of the examinatibthe equality concept in equation solving moranthhe
variable concept. However questions about how Bfiewariables are in equation solving need to teneered.
There is not a lot of quantitative studies focusimgthe concepts of variable and equality togedmer showing
to what extent these concepts are effective fodesits’ achievement of equation solving in the ditare.
Determining the effectiveness of two concepts adesits’ achievement of solving equation will shigghtl on
mathematics educators and teachers during desigimngrocess of teaching mathematics. For thatqsespthe
following research questions were answered ingtidy:

« How does middle school students’ knowledge levelualthe concepts of equality and variable predict
their equation-solving performance?

» How does middle school students’ knowledge levelualthe concepts of equality and variable predict
their arithmetic equation-solving performance?

» How does middle school students’ knowledge levelualthe concepts of equality and variable predict
their algebraic equation-solving performance?

2. Method

2.1 Participants
In this study, there were 407 eight-grade studerits were selected from 5 public schools from thetred

75



Journal of Education and Practice www.iiste.org
ISSN 2222-1735 (Paper) ISSN 2222-288X (Online) ‘-U.IJ
\ol.8, No.21, 2017 IIS E

districts of a city in the central region of Turkéghis study was performed in the first semeste?@¥6-2017
academic year. Even though students do not actheracquisitions about 8th grade algebra in trst farm of
their academic year, they should have sufficieriissko solve one variable linear equations andvkribe
concepts of equality and variable because of ggiaitquisitions given in the 6th (i.e., algebraipressions)
and 7th grades (i.e., equality, equation, and tiegaations).

2.2 Research Design

This study focused on the prediction of studentdii@vement of equation solving by equality and aale
concepts; therefore, prediction design as a cdivel research design was used. In correlatioaséarch,
researcher determines the relationship betweenotwmore variables by using statistical tests. Gatienal
research design has two types: explanatory andgbiced In prediction design, the anticipated ouey which

is a latent variable, is predicted by measuredabdes serving as predictor variables (Tekbiyik,Z20Because
this study focused on how the concepts of equadityl variable predicted students’ equation solving
performance (achievement), prediction design aereelational design was used as the research de§itre
study.

2.3Instruments (Data Collection Tools)
Author developed an instrument (i.e., test) witlerm@nded questions by using literature about gomcepts
(Falkner, Levi and Carpenter, 1999; McNeil and Alip2005). The test contains 6, 8 and 10 questima total
of 24 open-ended questions to evaluate studentforpgance on equality, variable, and equation sgjyi
respectively.

Test development process:
» Creating test items assessing performance ofligguaariable, and one variable linear equatioivis (28
items)
« Obtaining field specialists’ opinion about thdidiy of items whether they are able to assesatiwpiisitions
about concepts (content validity)
* Pilot test items
e Item analysis
* Review and obtain the final form of the test

After obtaining expert mathematics educators’ apisiin the field about 28 test items whether theyew
appropriate to assess concepts they should med&ifiestudents took the test and test items werlyzethby
using lteman 3.5 item analysis program. As a reslultem analysis, the corrected and final formtlod test
consisted of 24 items. The item difficulty and iteliscrimination indices are represented in Table 1.

Table 1 Item analysis results of pilot study

Concepts Item number °] I'ix
1 0.56 0.60
2 0.47 0.66
3 0.62 0.54
4 0.29 0.52
5 0.79 0.45
Variable ? 815 8‘312
8 0.35 0.28
9 0.39 0.39
10 0.57 0.70
11 0.38 0.67
12 0.58 0.54
13 0.82 0.62
14 0.71 0.69
. 15 0.82 0.62
Equality 16 056 051
17 0.53 0.62
18 0.52 0.60
19 0.47 0.74
20 0.32 0.70
21 0.60 0.75
22 0.56 0.75
. . 23 0.54 0.72
Equation-solving >4 0.46 0.65
25 0.29 0.67
26 0.27 0.63
27 0.21 0.56
28 0.34 0.60
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Four items represented in Table 1 were removed flantest (28 item) because 4 items about the pbnce
of variable had item discrimination indices lowhkan 0.40; therefore, 24 items formed the final. tBstcause
each right answer was coded as 1, each wrong ok kiilems were coded as 0, KR-20 was used to daterthie
reliability in terms of internal consistency. Thaiability coefficient was found as 0.98 and thiasaa very high
coefficient showing the test reliability is highaslI.

2.4.Data Analysis

To examine the relationship between students’ kadgé level about the concepts of equality and kkriand
students’ equation solving performance, Pearsodymtamoment correlation coefficient was used. Ttedrine
predictive relationship between students’ knowledieel about the concepts of equality and varisdnhel
students’ equation-solving performance, multiplgression analysis was used. Multiple regressiotysisais
used to examine the relationship between one depéndhriable and multiple predictor variables. Dgri
analysis procedure some outliers have an effecegression model and these outliers make the modeb fit

to the hypothetical model (Can, 2013). Therefoimmres’ Mahalanobis distances were calculated ara tw
outliers were eliminated, so that the data havifg gcores were analyzed. SPSS (18.0) software s&tb to
execute data analysis.

3. Results
3.1. Results of the first research question
Pearson product-moment correlation coefficient wsesd to determine the relationship between midched
students’ knowledge level about the concepts ofakiyuand variable and students’ equation-solving
performance. The results of the Pearsan®orrelation coefficient among three variables egpresented in
Table 2.

Table 2. The correlation between equality, variahiel equation solving performance

Equality Variable Equation-solving
Equality 1
Variable 0,61 1
Equation-solving 0,45 0,56 1
** p<.01

The correlation coefficients between eight gradelents’ knowledge level about the concept of véeiab
and equality and their equation-solving performangere .45 and .56, respectively. These correlation
coefficients were statistically significanp<.01). Both concepts were moderately statisticalignificantly
correlated with students’ equation-solving perfonce The correlation coefficient between the cohadp
variable and equation-solving performance was highan the correlation coefficient between the emioof
equality and equation-solving performance.

To determine the predictive relationship betweenlents’ knowledge level about the concept of vagiab
and equality and equation-solving performance, esitgl equation-solving performance was used asnikpe
variable whereas students’ knowledge level abouw toncepts were used as independent variables; thus
multiple regression analysis was used. The reetiltsultiple regression analysis are displayed ibl&s.

Table 3 Multiple regression analysis results for equatiolvisig

Model R R F

Equality-Variable 0.58 0.33 99.59

Variables Un_standardizeqi SE Stqndardize@ i
weights weights

Equality Concept .33 102 17 3.292

Variable Concept .88 .099 46 8.923

** p<.01

As a result of multiple regression analysis, thatrenship between students’ knowledge level alibat
concept of variable and equality and equation-sglperformance (R= .58,°R33) was statistically significant
(F=99.99,p<.01). The predictors -equality and variable- exyd 33% of the total variation of equation-solving
performance. In addition to that, in terms of thandardized regression weights, the order of ingmme of
predictors for equation-solving performance weragade (=.46) and equalityfE.17), respectively. In other
words, the concept of variable had higher significpositive regression weight than the equalitglidgating
students with the knowledge about variable weresetqnl to have higher equation-solving performariter a
controlling other variable in the model. Howeventtb predictors were significantly effective on stats’
equation solving performance.
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3.2 Results of the second research question
Another critical question in this research is hawdents’ knowledge level about the concepts of Eguand
variable predicted students’ arithmetic equatiolviag performance. To determine predictive relasiop
between students’ knowledge level about the cosagfpequality and variable and students’ arithmetjaation-
solving performance, multiple regression analysas wsed when latter was dependent variable andeferm
were independent variables. The results of thed@ear correlation coefficient among three variables and
multiple regression analysis are represented i€Taland 5, respectively.

Table 4. The correlation between equality, varightel arithmetic equation solving performance

Equality Variable Arithmetic Equation-solving
Equality 1
Variable 0,59 1
Arithmetic Equation-solving 0,40 0,51 1

** p<.01

The correlation coefficients between eight gradelents’ knowledge level about the concept of etpali
and variable and their arithmetic equation-solyaegformance were .40 and .51, respectively. Theselation
coefficients were statistically significanp<.01). In other words, both concepts were moderattdtistically
significantly correlated with students’ arithmegquation solving performance while the correlatimiween
variable concept and arithmetic equation solving Wwigher than the correlation between equality ephand
arithmetic equation solving.

To determine the predictive relation between thecepts of equality and variable and arithmetic &qna
solving performance, multiple regression analysés wised where the concepts of equality and variable
independent variables and students’ arithmetic #@uaolving performance was dependent variablee Th
results for multiple regression analysis are digpdbin Table 5.

Table 5. Multiple regression analysis results fithenetic equation-solving

Model R R F

Equality-Variable 0.53 0.28 76.51

Variables Un_standardizeﬁ SE Stqndardize@ t
weights weights

Equality Concept 19 .06 15 2.80

Variable Concept 54 .06 43 811

** p<.01

The concepts of equality and variable were sta#lji significant predictors (F=76.9(0.01) of students’
arithmetic equation solving performand®=(53, R?=.28). The predictors -equality and variable- ekmd 28%
of the total variation of students’ arithmetic etjoa-solving performance. The order of strengttpiefdictors in
terms of standardized regression weights for agtisrequation-solving performance were variaifte.43) and
equality $=.15), respectively. The concept of variable haghér significant positive regression weight tham th
equality, indicating students with the knowledgeowatbvariable were expected to have higher aritheneti
equation-solving performance after controlling othariable in the model.

3.3 Results of the third research question
The third research question focused on how studéntswvledge level about the concepts of equalityl an
variable predicted students’ algebraic equatiomiagl performance. To answer this question, multiple
regression analysis was used when students’ kngeléslzel about the concepts of equality and vasiatere
independent variables and students’ algebraic emuablving performance was dependent variable. rékalts
of correlation between students’ algebraic equasioining performance and independent variablesraunltiple
regression analysis are represented in Table & arepectively.

Table 6. The correlation between equality, varighiel algebraic equation solving performance

Equality Variable Algebraic Equation-solving
Equality 1
Variable 0,59 1
Algebraic Equation-solving 0,35 0,48 1

** p<.01

The correlation between students’ knowledge lebelua two concepts and students’ algebraic equation-
solving performance was statistically significapt.01) and the correlation coefficients were .35 a8,
respectively. The relationship between correlabetween variable concept and algebraic equationngpivas
higher than the correlation between equality coheepl algebraic equation solving according to dati@n
coefficients.
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To investigate the predictive relationship betweke concepts of equality and variable and algebraic
equation-solving performance, multiple regressinalysis was used where the concepts of equalityaridble
were predictor variables and students’ algebraimggn-solving performance was outcome variable fsults
of multiple regression analysis are presented Il a.

Table 7. Multiple regression analysis results fgehraic equation-solving
Model R R F

Equality-Variable 0.49 0.24 63.46

Variables Un;tandardlzeﬁ SE Sta}ndardlze@ ¢
weights weights

Equality Concept | .08 .04 .10 1.87

Variable Concept| .36 .04 42 7.88

** p<.01

The results in Table 7 showed that the conceptsqofality and variable were statistically significan
predictors (F=63.46<0.01) of students’ algebraic equation solving periance R=.49, R’°=.24). The equality
and variable predictors explained 24% of the tetaiation of students’ algebraic equation-solvimgfprmance.
In regard to standardized regression weights, tteraf importance of predictors for algebraic egprasolving
performance were variabl<.42) and equality f&.10), respectively. The concept of variable haghér
significant positive regression weight than the aiy, indicating students with the knowledge abuwatiable
were expected to have higher algebraic equatiorirgplperformance after controlling other variabte the
model.

4. Conclusion

The results of this study focusing on prediction stfidents’ equation-solving performance by students
knowledge about equality and variable concepts skiothat both concepts were statistically significan
predictor of students’ equation-solving performaniceaddition to that, one unit of change in thexaapt of
variable created more increase on the outcomeehaality concept, when the other predictor heldstamt in
both cases. Thus, the concept of variable had ggroaffect on the prediction of students’ equasohsng
performance than the concept of equality. How walliable and equality concepts predicted students’

performances about algebraic equation having vi@satn both sides of equal sign (é‘.’é.i b=cxt 'j) and

arithmetic equation not having variables on bottesiof equal sign (e.§* T b =) \yas examined. As a result
of this examination, both concepts were statidticsignificant predictor of students’ algebraic aadthmetic
equation-solving performance. The concept of véeidiad stronger effect on the prediction of stuslent
algebraic and arithmetic equation-solving perforogathan the concept of equality. However both iedelent
variables had stronger effects on the predictioaritimetic equation not having variables on badles of equal
sign in comparison to the prediction of algebraguaion having variables on both sides of equah.sig
Understanding the equal sign as a relational synplejs an important role in students’ learning blgéc
equation solving such as 3x-5=2x+1 (Knuth, AlibMicNeil, Weinberg, & Stephens, 2005). Within thiady’'s
context, the higher explanation of arithmetic eguasolving performance by equality and variableaepts
compared to algebraic equation solving performafmved that understanding equality as a relatiooatept
supported the importance of equality in algebrajgation-solving. Moreover, conceptual comprehensibthe
variable concept is critical for students’ algebraguation-solving performance.

Bernard and Bright (1984) emphasized the esseinfialence of variable concept in most instances and
specifically in equation solving. The prediction efuation solving performance by the concept ofatéde in
this study supported this important influence. Rerimore, Knuth, Stephens, McNeil and Alibali (208&ted
that there is a strong relationship between undeditg the role of equal sign and algebraic lineguation
solving when test scores were controlled. In thiglg, the relationship between equality concept eqdation-
solving performance is moderately positive and suigal Knuth and his colleagues’ study results (2006
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