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ABSTRACT

THE EFFECTS OF MATHEMATICAL TASKS ON THE
SEVENTH GRADE STUDENTS’ ALGEBRAIC THINKING AND
LEARNING

Algebra is one of the core branches of mathematics. However, many students
fail in mathematics because they struggle with understanding algebraic concepts and
procedures. Many scholars search for and propose effective ways of teaching and
learning algebra to increase students’ mathematics achievement and understanding.
In the light of such research, the aim of this study was to investigate effects of task-
assisted instruction on the seventh grade students’ algebraic thinking and learning.
This study was conducted in two of the seventh grade classes of a public middle
school in Istanbul which taught by the same mathematics teacher. In one of the
classes task-assisted instruction was applied for seven weeks while there was no
intervention in the other class. The mathematics teacher taught in the same way in
her regular mathematics course for both groups however the intervention took place
in two-hour elective mathematics course of the experiment group. The test was
administered before the study, just after the intervention and three months later the
intervention to observe the retention. The tasks were developed to support three
components of algebraic thinking: recognizing a pattern, writing algebraic
expressions, setting up and solving equations. Students from the study group were
grouped in threes or fours and one pre-service teacher was assigned for each group to
manage the implementation of the tasks. The achievement test results showed that
students in the study group performed significantly better than students in the control
group. For post-achievement test U=124.000, p=.001 and for retention U=159.500,
p=.013. Furthermore, video analysis revealed an improvement in at least two of three
components of students’ algebraic thinking. Therefore, task-assisted instruction
might be taught as one of the effective ways to support students’ algebraic thinking

and learning.



Vi
OZET

MATEMATIK ETKINLIKLERININ YEDINCI SINIF
OGRENCILERININ CEBIRSEL DUSUNME VE OGRENMESINE
ETKILERI

Cebir, matematigin en 6nemli dallarindan biridir. Fakat bir¢ok 6grenci cebirsel
kavramlar ve islemleri anlamakta zorlandig1 i¢in matematikte zorluk yasamaktadir.
Bir¢cok arastirmaci Ogrencilerin matematiksel basarisini ve kavrayisini attirmak
amaciyla cebirde etkili olabilecek egitim ve Ogrenme metotlarini aramaktadirlar.
Alanyazindaki ¢alismalarin 1s1ginda, bu ¢alismanin amaci etkinlik temelli 6gretimin
7.sin1f 6grencilerinin cebirsel 0grenme ve diisiinmelerine etkilerini arastirmaktir. Bu
calisma Istanbul’daki bir devlet okulunun zorunlu matematik derslerinin ayn
matematik 6gretmeni tarafindan yapildigi iki 7. smif subesinde yiiriitilmistiir. Bir
simifta 7 hafta boyunca etkinlik temelli 6gretim uygulanirken diger simfta bir
uygulama yapilmamistir. Ogretmen, zorunlu matematik dersinde her iki grupta da
ayn1 sekilde dgretim yaparken deney grubunun 2 saatlik segmeli matematik dersinde
aragtirmaci tarafindan etkinlik temelli uygulamalar yapilmistir. Testler ¢alismaya
baslanmadan, etkinlikler uygulandiktan hemen sonra ve uygulamadan ii¢ ay sonra
kalicihigr 6lgmek i¢in uygulanmustir. Etkinlikler cebirsel diisinmenin {i¢ bilesenini
desteklemek i¢in gelistirilmistir: Oriintiiler, cebirsel ifadeler, denklem kurma ve
¢ozme. Deney grubundaki ogrenciler 3 veya 4 kisilik gruplara ayrilmis, her bir
gruptaki etkinlik uygulama siirecini birer 6gretmen adayr yoOnetmistir. Basari
testlerinin sonuglar1 deney grubunun kontrol grubundan anlamli 6l¢iide daha basarili
oldugunu gostermistir. Son test sonuglarinda U=124.000, p=.001 ve kalicilik testinde
U=159.500, p=.013 bulunmustur. Ayrica, video analizleri Ogrencilerin cebirsel
diisiinmesinde ii¢ bilesenden en az ikisinde ilerleme oldugunu gostermistir. Sonug
olarak, etkinlik temelli 6gretimin Ogrencilerin cebirsel diisiinme ve 6grenimlerini

desteklemek i¢in etkili bir yol olarak goriilebilecegi soylenebilir.



vii

TABLE OF CONTENTS
ACKNOWLEDGEMENTS. ...t il
AB ST RACT ... A%
OZET .., vi
LIST OF FIGURES. . .. e, X
LIST OF TABLES. .. xiii
1. INTRODUCTION ..o 1
2. LITERATURE REWIEV ... 5
2.1. Algebraic thinking ...........oooiiiiiii 5
2.2. Tasks in mathematics education ...............ccoeveiiiiiiiiiiniinineenenn, 7
2.2.1. Definition of task ..o 7
2.2.2. Structure of tasks .......ooooiiiiii 8
2.2.3. TasK deSIgN. ..., 11
2.2.4. Using tasks in mathematics education .......................oeeuennnns 14
2.2.5. Using tasks in algebra instruction ...............coooeviiiiiiiieinen... 18
3. SIGNIFICANCE OF THE RESEARCH STUDY ....coiviiiiiiiiiiiiiieeae 20
4. STATEMENT OF THE PROBLEM .......ccociiiiiiiiiiieee e 21
4.1. ReSEArCh qUESTIONS ... .oueieiitiiti ettt e et e s 21
4.2. Hypothesis of the first research question ..............c..cooiiiiiiiiiiiiiian 21
4.3. Variables of the Study ........ooviiiiiiiii i 22
4.4. Operational definition of the variables ....................oooiiiiiiiin. 22
S.METHOD ..o 23
5.1 PartiCIPANS . ...ueiet ettt ettt 23
5.2 TaSKS et 24



5.4.Data colleCtion ......oouiiiniiii 28
5.5.Data analySis . .ouuiiietii e 29
6. FINDINGS .. e 32
6.1. Algebra achievement of the students ................cooiiiiiiiiiiiiiiiin, 32
6.2. The components of algebraic thinking of students .............................. 35
6.2.1. Finding the rule of a pattern ...............ccooviiiiiiiiiii e, 35
6. 2.2. Writing algebraic eXpresSions ........oeereieneiiiinneiieieeeaneanen, 39
6.2.3. Setting up and solving equations ..............cccoeviiiiiiiniininienn.n 43

6. 3. Algebraic thinking of sub-sample students ....................ocooeeiiiiin.l. 49
6.3.1. Alper’s algebraic thinking ................coooiiiiiiiiiiiii e 49

6.3.2. Burak’s algebraic thinking ... 53

6.3.3. Doruk’s algebraic thinking ...............coooiiiiiiii 56

6.3.4. Erdem’s algebraic thinking ..., 60

6.3.5. Gonca’s algebraic thinking ..o, 63

6.3.6. Harun’s algebraic thinking ..................cocooiiiiiiiiiiiin, 68

6.3.7. Mert’s algebraic thinking ..., 72

6.3.8. Tansu’s algebraic thinking ...............coooviiiiiiiiiiiiiiieaan, 75

6.3.9. Utku’s algebraic thinking ... 78

7. DISCUSSION AND CONCLUSION ....uiiiiiiiiieie e, 85
7.1. Effect of task-assisted instruction on algebra achievement .................... 85
7.2. Effect of task-assisted instruction on algebraic thinking........................ 89
7.3. Change in algebraic thinking of students in the sub-sample .................. 90
7.4. Limitations and implications for future research .......................... ... 93

REFERENCES. ..., 96



APPENDIX A: TASKS AND THEIR RUBRICS ...t 106
APPENDIX B: THE TASK CHECKLIST ......ooiiiiiiiie e 148

APPENDIX C: ALIGNMENT OF TASKS WITH CURRICULUM
OBJECTIVES. . 150

APPENDIX D: ACHIEVEMENT TEST AND THEIR RUBRICS................... 152

APPENDIX E: EXPECTED MOST INSTANCES. ... 165



Figure 2.1.

Figure 6.1.

Figure 6.2.

Figure 6.3.

Figure 6.4.
Figure 6.5.
Figure 6.6.
Figure 6.7.
Figure 6.8.

Figure 6.9.

Figure 6.10.
Figure 6.11.
Figure 6.12.
Figure 6.13.
Figure 6.14.
Figure 6.15.
Figure 6.16.
Figure 6.17.
Figure 6.18.

Figure 6.19.

LIST OF FIGURES

Simplified version of MOST ..., 14

The change of frequencies of students’ algebraic thinking in
COMPONENt L.t e 38
The change of frequencies of students’ algebraic thinking in
(670] 041070) 1 1<) 1 12072 42

The change of frequencies of students’ algebraic thinking in

(o70] 001 0T0] 0 =T | 0 47
The change in Alper’s algebraic thinking in component 1........... 50

The change in Alper’s algebraic thinking in component 2........... 51

The change in Alper’s algebraic thinking in component 3........... 52

The change in Burak’s algebraic thinking in component 1........... 53
The change in Burak’s algebraic thinking in component 2........... 54
The change in Burak’s algebraic thinking in component 3........... 55
The change in Doruk’s algebraic thinking in component 1........... 56
The change in Doruk’s algebraic thinking in component 2........... 58
The change in Doruk’s algebraic thinking in component 3........... 59
The change in Erdem’s algebraic thinking in component 1.......... 61

The change in Erdem’s algebraic thinking in component 2.......... 62
The change in Erdem’s algebraic thinking in component 3.......... 62
The change in Gonca’s algebraic thinking in component 1........... 64
The change in Gonca’s algebraic thinking in component 2........... 65
The change in Gonca’s algebraic thinking in component 3........... 67

The change in Harun’s algebraic thinking in component 1........... 68



Figure 6.20.
Figure 6.21.
Figure 6.22.
Figure 6.23.
Figure 6.24.
Figure 6.25.
Figure 6.26.
Figure 6.27.
Figure 6.28.
Figure 6.29.
Figure 6.30.
Figure A.1.
Figure A.2.
Figure A.3.
Figure A.4.
Figure A.5.
Figure A.6.
Figure A.7.
Figure A.8.

Figure A.9.

Figure A.10.

Figure A.11

Figure A.12.

Figure A.13

The change in Harun’s algebraic thinking in component 2........... 70
The change in Harun’s algebraic thinking in component 3........... 71
The change in Mert’s algebraic thinking in component 1............ 73
The change in Mert’s algebraic thinking in component 2............ 73
The change in Mert’s algebraic thinking in component 3............ 75
The change in Tansu’s algebraic thinking in component 1........... 76
The change in Tansu’s algebraic thinking in component 2........... 77
The change in Tansu’s algebraic thinking in component 3........... 78

The change in Utku’s algebraic thinking in component 1.............79

The change in Utku’s algebraic thinking in component 2............ 80
The change in Utku’s algebraic thinking in component 3............ 82
TaSK e 106
TaSK 2. 108
TaSK B 112
TasK 4. 114
TaSK S 117
TASK 6. 119
TaSK 7 121
TaSK 8. 122
Task 1T Answer Key....ooovviniiiiiiiii e, 124
Task 2 Answer Key....o.ooviiiiiiiiiiiie e 126
Task 3 Answer Key.......ooiviiiiiiiii e 130
Task 4 Answer Key....o.ooviiiiiiiiiiiie e 133

Task 5 Answer Key......ooviiiiiiiiiiii e 136



Figure A.14.
Figure A.15.
Figure A.16.
Figure A.17.
Figure A.18.
Figure A.19.

Figure A.20.

Task 6 AnSwer Key......oovviiiiiiiiii i 139
Task 7 Answer Key.......ooiviiiiii i 143
Task 8 Answer Key......ooviiviiiiiiiiii e 145
Algebra Pre-Achievement Test..........c.oovvviiiiiiiiiiiiiiiinennn 153
Algebra Pre-Achievement Test Answer Key.......................... 156
Algebra Post-Achievement Test...........ccooevviiiiiiiiiiiniinenn.n. 160
Algebra Post-Achievement Test Answer Key................oo...... 163



Table 5.1.

Table 6.1.

Table 6.2.

Table 6.3.

Table 6.4.

Table 6.5.

Table 6.6.

Table 6.7.

Table 6.8.

Table 6.9.

Table 6.10.

Xiii

LIST OF TABLES
Coding schemes for tasks............cccooevviiiiiiiiiiiiiieeea, 30
Results of achievement tests...........ccovviiiiiiiiiiiiii i, 32
Results of achievement tests in terms of items......................... 33
Sub-sample group’s achievement test results........................... 34

Sub-sample group’s algebraic thinking levels for finding the rule
and the terms of the pattern ..............ccocoiiiiiiiiiiiiieene, 36
Frequencies of students’ algebraic thinking levels for finding the
rule of @ pattern........ooeviiii i 37

Sub-sample group’s algebraic thinking levels for algebraic

EXPTESSIONS .+ v e eete et etee et e et e e e e e et e e e e e e eaeenneeaaaenn 40

Frequencies of students’ algebraic thinking levels for algebraic

o0 TS 10111 41

Sub-sample group’s algebraic thinking levels for setting up and

SOIVING €qUAtIONS. . ....eueeee e 45
Frequencies of students’ algebraic thinking levels for setting up

and  SOIVING €qUALIONS ......vivtieteniitiit ettt e ereeeeeeeas 46
The change in the students’ algebraic thinking in each

(070] 010103 T=T 0 | S5 PPt 84



1. INTRODUCTION

Algebra has a great significance on both students’ academic achievement in
school and their future career in mathematics related jobs (Adelman, 2006; Knuth, et
al., 2006; Palabiyik and Ispir, 2011). However, different studies revealed that
students have difficulties and misconceptions in learning algebra around the world
(e.g., Akkaya and Durmus, 2006; Dede and Peker, 2007; Jupri et al., 2014;
Lucariello et al., 2014; Welder, 2012). Therefore, scholars attempt to investigate
causes of failure in understanding and learning algebra and figure out possible ways
to eliminate them (e.g., Lucariello, et al., 2014; Ispir and Palabryik, 2014; Tabach,
Hershkowitz et al., 2008).

The results of the Trends in International Mathematics and Science Study
(TIMSS), held in 2011 showed that Turkish students performed poorly in
mathematics comparing to the other countries since Turkey ranked 23 out of 41
countries. (TIMSS, 2013a). Turkish students performed better than the national
average only in 13 items out of 31 algebra items (TIMSS, 2013b). 2015 TIMSS
(TIMSS, 2017) scores revealed that Turkish students did not improve their
mathematics achievement, since then Turkey ranked 24 out of 39 countries. Only in
7 items out of 64 algebra items, Turkish students got better scores comparing to the

international average.

Not only the international assessment results but also the national studies
showed that Turkish students’ achievement in algebra is low (Ersoy and Erbas,
2005). Turkish students have difficulties in understanding variables, usage of
mathematical language in algebra, recognition of patterns, and solving equations
(Akarsu, 2013; Akkan and Cakiroglu, 2012; Akkaya and Durmus, 2006; Baysal,
2010; Erbas et al., 2009). Similar difficulties of students were found in international
studies as well (e.g., Jupri et al., 2014; Welder, 2012). Furthermore, Baysal (2010)
noted that such difficulties were frequently seen in 7" grade with respect to the other



grades. For instance, Akarsu (2013) found that the seventh graders could not use
mathematical language effectively. Similarly, Akkaya and Durmus (2006) noted that
students have difficulties especially in using and understanding the variables. In
addition, Kalkan (2014) observed that 8" grade students had difficulties in using
symbols and therefore, their algebraic thinking was weak.

To improve students’ algebraic thinking and understanding, scholars make the
following suggestions: to teach algebra from earlier grades (e.g. Carpenter et al.,
2003 ; Carraher et al., 2006; Carraher et al., 2008), use mathematical tasks (e.g.
Lannin, 2005; Palabryik and Ispir, 2011; Yilmaz, 2015) use concrete manipulatives
(e.g. Saraswati and Putri, 2016), use technology (e.g., Bills et al., 2006; Tabach et
al., 2008) and use contexts from daily life of the students (Walkington et al., 2013).
The researchers revealed that teaching algebra in early grades could facilitate
transition from arithmetic to algebra and contribute to students’ mathematics
achievement. Moreover, using well-designed tasks were likely to improve students’
achievement in algebra as Lannin (2005), and Palabiyik and Ispir (2011) who used
pattern-based activities and Walkington et al. (2013) who used tasks including daily
life contexts observed such an improvement in students’ achievement. As a
manipulative, some of the researchers used algebra tiles (e.g., Saraswati and Putri,
2016), while the others made use of computer spreadsheets (Bills et al., 2006;
Tabach et al., 2008). Saraswati and Putri (2016) concluded that algebra tiles helped
students understand equation with one variable better. Also, the researchers showed
that computer spreadsheets provide opportunities to students to develop more
strategies in solving equations and using algebraic notation. In addition, an online
game intervention was added in early algebra instruction of 6™ graders and stated to
be effective on mathematical achievement of the students (Kolovou et al., 2013).
Therefore, we could conclude that to support students’ understanding, mathematical

tasks, technological tools, and manipulatives could be used while teaching algebra.

In Turkish mathematics curriculum, algebra is being taught formally at 6%
grade such that students are expected to learn about patterns and algebraic
expressions (Ministry of National Education, [MoNE], 2013; 2017). In the 7" grade,

students begin to learn about setting up and solving linear equations. However, even
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in the 1% grade students learn about patterns in numbers and in the 4" grade they are
expected to find the rule of a numerical pattern. These topics are aimed to prepare
students for future topics in algebra. In that sense, students need to conceptualize
what a variable is and how a relationship between two variables is represented to
understand, write and solve a linear equation. Therefore, we need to support the
seventh grade students’ understanding of variables, algebraic expressions, equations
in order to eliminate possible misunderstandings and prevent difficulties in algebra.
As mentioned in the literature, mathematical tasks (e.g., Akkaya, 2006; Palabiyik and
Ispir, 2011; Yildirim, 2016) and manipulatives (e.g., Saraswati & Putri, 2016) might
help students to understand algebra better and make the transition from arithmetic to

algebra easier (Gtirbiiz and Toprak, 2014).

Many researchers investigated the effects of using tasks on teaching different
branches of mathematics such as probability (e.g. Giirbiiz et al., 2010), geometry
(e.g., David and Tomaz, 2012; Giinay, 2013) and algebra (e.g., Lannin, 2005; Rivera,
2010). They agreed that using tasks facilitate students’ learning and understanding of
that particular mathematical content. Moreover, tasks can be used as a tool for
instruction as well as assessment. For instance, there are studies on algebra, where
tasks were used for both assessment and instruction parts of the classroom to
diagnose and eliminate the misconceptions of the students. Kospentaris, Spyrou and
Lappas (2011), Becker and Rivera (2005), and Amit and Neria (2008) used pattern
generalization tasks for assessment and they claimed that the students’ strategies
could be observed using these tasks. On the other hand, some researchers (e.g.,
Glinay, 2013; Yiiksel, 2014) made use of tasks during the instruction and observed
that using tasks was effective for students’ learning in different topics. Carpenter and
Lehrer (1999) and Lin (2004) claimed that the mathematical tasks might give us
opportunities to foster the students’ thinking. Using these opportunities, teachers may
elicit students’ thinking and support students’ learning. Moreover, teachers may use
these opportunities to make inferences about students’ misconceptions and take an
action to eliminate these misconceptions. In that sense, the tasks need to be
connected with the daily life of the students and create a cooperative learning
environment where the students may share their thoughts and work collaboratively.

Leatham and his colleagues (Leatham et al., 2015) called the possible learning
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opportunities that help teachers to elicit students’ mathematical thinking and address
to their misunderstanding as Mathematically Significant Pedagogical Opportunities
to Build on Student Thinking (MOST). They described MOST as having sequential
and interrelated three components such that it should depend on students’
mathematics, be mathematically significant, and be a pedagogical opportunity. They
noted that mathematical tasks can be designed in a way to create MOST instances in
a lesson so that teachers have chance to build on students’ mathematics as well as

assessing their mathematical understanding.

In the light of the literature, the effect of using tasks was investigated which
can create learning opportunities for students’ learning and teacher-student
interaction, on the 7" grade students’ algebraic thinking and learning was
investigated in this study. As suggested by Walkington et al., (2013) the contexts
from students’ daily lives and close neighborhood were included in the tasks to
increase their interests and achievement in algebra. In addition, the tasks were
designed according to MOST Framework to create learning opportunities for the

students to support their algebraic thinking.



2. LITERATURE REVIEW

2.1. Algebraic thinking

Algebra and algebraic thinking have been defined and understood differently
from different perspectives. Malisani and Spagnolo (2009) stated that algebra is
about using the symbols when expressing the relationship among different quantities.
In that sense, understanding algebra requires to comprehend symbols. Moreover,
Usiskin (1988) noted that there are different conceptions for algebra and algebra can
be seen as 1) generalized arithmetic: expressing number patterns mathematically, 2)
study of procedures for solving certain kinds of problems such as finding unknown
from equations, 3) study of relationships among quantities such as representing the
relationships among quantities with formulas, and 4) study of structures. Smith and
Phillips (2000) explained algebra as a study about understanding and analyzing
relationships between the covariating quantities. Some of those quantities might have
linear whereas the others are in a nonlinear relationship. In here, different kind of
relationships of quantities can be shown by using tabular, graphical, symbolic and
verbal representations. Steele (2005) noted that algebraic thinking is about
understanding variables and expressions and expressing relationships among
quantities; whereas algebra is a language that includes symbols. Therefore, since
algebra can be seen as a system and algebraic thinking is a process of using that
system to make generalizations, we may think of algebraic thinking as something
broader than algebra. In this case, the distinction of algebra and algebraic thinking

needs to be done.

To make a distinction between algebra and algebraic thinking, Smith (2003)
claimed that algebraic thinking is about the examination of patterns by understanding
the relationship of variables between patterns whereas algebra is a study of symbol
system. Moreover, algebraic thinking also deals with growing patterns, and
understanding of extension of patterns. Furthermore, Kriegler (2008) identified

algebraic thinking with two different components: the development of mathematical



thinking and the study of basic algebraic ideas. In this definition, mathematical
thinking requires analytical habits of mind including problem solving, representation
skills and quantitative reasoning skills. In addition, basic algebraic ideas can be
developed through three perspectives: algebra as generalized arithmetic, as a
language and, as a tool for developing ideas for functions. Similar to Kriegler
(2008), Driscoll (1999) noted that algebra is more than generalized arithmetic since
algebraic thinking is also necessary for making generalizations. In that sense,
algebraic thinking is used for generalization of functions, relations, and structures. In
addition, Driscoll (1999) claimed that certain habits of mind support algebraic
thinking such as; reversibility, recognizing and building rules for patterns, and
abstracting form computation. In here, reversibility means to do operations
backwards such as putting the roots of the equation to check that whether or not the
number is a root of that equation. Moreover, abstracting from computation requires
thinking independently from particular numbers while thinking about the

computations.

According to Langrall and Swafford (1997) algebraic thinking is necessary to
make transition from arithmetic to algebra. They defined algebraic thinking as “the
ability to operate on an unknown quantity as if the quantity was known, in contrast to
arithmetic reasoning which involves operations on known quantities” (p. 2).
Contributing to Langrall and Swafford’s (1997) claim, Kieran (2004) noted that
development of algebraic thinking depends on focusing relational aspects of the
operations. Also, algebraic thinking needs to include: (i) focusing on relationships
not just calculations, (ii) being able to do operations as well as their inverses, (iii)
focusing on both representation and solution of problem rather than only solution,
(iv) working with numbers and letters, means that understanding unknowns,
variables and parameters, and (v) understanding the meaning of equal sign. From
those definitions we can make a distinction between algebraic and arithmetic
thinking, since algebraic thinking deals with the variables and generalizations rather

than focusing on numbers and calculations.

Kaput (1999) used the term algebraic reasoning rather than algebraic thinking,

and stated that algebraic reasoning is the process of making generalizations using



formal ways. Kaput (1999) noted that algebraic reasoning includes four components:
a) using arithmetic to generalize the mathematical ideas, b) generalizing the
numerical patterns that lead to functional thinking, ¢) modeling to express the
generalizations and d) generalizing the mathematical systems that comes from the
relations. Even though Kaput (1999) preferred the term algebraic reasoning, he

explained algebraic reasoning as similar to the algebraic thinking.

Briefly, from the literature we can conclude that algebra is about expressing the
relationships among quantities using the symbols and making generalizations.
Furthermore, algebraic thinking is claimed to be process of making generalizations
of patterns, analyzing and representing the relationships. Presenting these
relationships, variables, symbols and graphical representations can be used since
algebraic thinking requires making transition from using known quantities to
unknowns. Even though the researchers defined algebraic thinking differently, we
can observe that there are common points in their statements. Therefore, using the
definitions of Steele (2005), Driscoll (1999) and Kieran (2004), we can define
algebraic thinking as ability to make generalizations and to understand variables,
expressions and meaning of the equal sign.

2.2. Tasks in mathematics education

2.2.1. Definition of task

In the literature, there are different definitions and different classifications of
mathematical tasks. Stein and her colleagues (Stein et al., 1996) described
mathematical tasks as “a classroom activity, the purpose of which is to focus
students’ attention on a particular mathematical idea” (p. 460). They noted that a task
can be a single complex problem or consist of related problems around a
mathematical concept. Furthermore, Herbst (2006) defined a task as a unit where
students can develop their thinking abilities on different mathematical ideas in a
problem. Sierpinska (2004) stated that a task can be seen as a mathematical problem

where the assumptions and questions were clear and such that problems might have



more than one solution or interpretation. Watson and Mason (2007) stated that there
is a distinction between an activity and a task. They defined an activity as all of the
communication among the students whereas a task covers the activities that students
perform, how students make sense of it and, how the teacher guides the students and
in which extend the students engage and learn from it. In that distinction, Alexander
(2000) claimed that task is about using cognitive demand to improve students’
learning and an activity describes the usage of different teaching approaches for
students’ learning. Furthermore, according to Vershaffel et al. (2000) a task might be
contextualized since it involves in word problems that connect mathematical
situations with daily life. In that sense, the students are required to use their
experiences from daily life while they are solving the word problems. Therefore, a
task could be defined as the set of problems that might include real life contexts that

aims to support students’ learning.

2.2.2. Structure of tasks

In the literature, different types of tasks were used to promote students’
learning and understanding. These tasks can be categorized according to their
intellectual demands and structure. Stein and Smith (1998) defined Mathematical
Task Framework to categorize the tasks in terms of their intellectual (cognitive)
demands. In that framework, the tasks grouped as lower level demanding and higher
level demanding tasks. If the tasks demand from students to perform the routine
procedure they can lead students to one type of thinking and called lower level
demand tasks. They identified two types of lower level demanding tasks as
memorization tasks and procedures without connection tasks. Memorization tasks
refer to the recall of memorized definitions, facts or formulas where students are
expected to tell or write the answer immediately without doing calculations.
Procedures without connections tasks entail appropriate and correct application of an
algorithm to obtain correct answer. Students are not expected to know the reasoning
behind the procedures but follow the procedure to get the answer. The purpose of
higher level demanding tasks is to elicit students’ conceptual understanding rather
than reinforcing their procedural knowledge. There are two types of the tasks in high

level demand: procedures with connections and doing mathematics tasks. In



procedures with connections tasks, students have to conceptually understand the
procedure behind the solutions to complete the tasks. For doing mathematics tasks
there is no algorithmic solutions and students have to use higher order thinking skills
to put cognitive effort into task. Moreover, Stein and Smith (1998) stated that
implementation of the tasks creates student learning. Similar to Stein and Smith
(1998), Liljedahl et al. (2007) claimed that good tasks can serve to understand
specific mathematical ideas. In addition, how the tasks are implemented is important
to be able to see whether or not the students’ thinking was improved. In some cases,
after the implementation the teachers need to make reflections and adjustments on
the tasks. Therefore, student learning depends on both the design and the

implementation of a task.

Tasks are also categorized according to their structure such that, among the
other types, there are authentic tasks, heuristic tasks, and contextualized tasks used in
mathematics education. Palm (2002) stated that even though in the literature the
authentic tasks can be perceived as real world tasks, there is not a precise definition
about the authentic tasks. For instance, Kramarski et al. (2002) defined authentic
tasks as the tasks where there is no ready algorithm for the students and so they
differentiated the real life tasks from authentic tasks. On the contrary, Beswick
(2011) stated that depend on the problem solver, real life tasks can be simpler and

there can be an algorithm to solve them.

To overcome the ambiguity in the definition, Reeves, Herrington and Oliver
(2002) listed some criteria for authentic tasks. Authentic tasks:

(1 need to have real world relevance

(i) are ill-defined: students make many interpretations on tasks rather

than using an algorithm for the solution

(i) are complex tasks where the students have to spend time on them

(iv)  arerequired to use multiple sources to complete

(V) give opportunities to students to work collaboratively

(vi)  make possible to do reflections on their learning both individually and

socially
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(vii) are appropriate for the interdisciplinary goals from different subjects:
the perspectives from different areas for instance physics or chemistry
knowledge can be used for the solution process of mathematical
authentic tasks

(viii) are integrated with real world assessment

(ix)  are about whole products process rather than the preparation of other
tasks

x) might have more than one solution.

About the implementation of the authentic tasks, Herrington (2006) claimed
that they can be integrated into both instruction and assessment. The authentic tasks
can be at the center of the course and the learning environment has to be appropriate
for the authentic tasks. In order to do so, teachers need to practice scaffolding during
the instruction and provide a collaborative environment to the students. In the
assessment part of the authentic tasks, as similar to the instruction part the students

need to be active to perform what they learned so far.

From a different perspective, Lee and Reigeluth (2003) separated the tasks into
two categories: procedural and heuristic tasks. In those categories, procedural tasks
are required to apply the steps whereas in the heuristic tasks higher order thinking
skills needs to be used to decide which steps needs to be taken. Lee and Reigeluth’s
(2003) procedural tasks could be think of as Stein et al.’s (Stein & Smith, 1998)
procedures without connections tasks while heuristic tasks could be matched with the
procedures with connection tasks since higher order thinking skills are required to
apply the steps. From a different perspective, Hoon et al. (2013) stated that heuristic
tasks demand from students to make connections among different mathematical
ideas, draw diagrams, examine specific problem cases and reach generalizations
using these specific cases. In addition, Reiss and Renkl (2002) defined heuristic
examples of the tasks as where students are expected to give their argumentation

during their problem solving process to support their answers.

Moreover, Foster (2013) defined the contextualized tasks as the tasks which
build on the real life contexts. Bates and Wiest (2004) and Walkington et al. (2013)
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organized tasks according to the personal lives and interest of the students and
specifically called these tasks as personalized tasks. Bates et al. (2004) stated that the
organization was done by replacing some of the information with the students’
personal information. Walkington et al. (2013) claimed that the personalized tasks
give us opportunities to organize the instruction in accordance with the students’ out
of school experiences and interests. Therefore, the contextual tasks might be

beneficial for motivating the students.

2.2.3. Task design

In the literature, the researchers give importance to different criteria while
describing task design process. Some of the researchers stated the cognitive demand
is the most important factor during the tasks design whereas some of them claimed
the task design is an iterative process. Henningsen and Stein (1997) stated that the
level of students’ mathematical thinking depends on the task attributes. To support
students’ thinking, the teacher needs to prepare the tasks according to existing
knowledge of the students and give enough time to student during the
implementation of those tasks. Moreover, Henningsen and Stein (1997) and Stein et
al. (1996) claimed that better support for students’ learning can be provided with
high level demand tasks. From another perspective, Liljedahl and his colleagues
(Liljedahl et al., 2007) noted that designing a good task is a cyclic process that
includes predictive analysis, trial, reflective analysis, and adjustment. Predictive
analysis phase refers to the initial phase where teachers use their experiences to
develop a task, and then in trial phase teachers implement the task in the classroom.
Then reflective analysis comes, where the implementation of the task is analyzed to
see whether or not the task meets the intended mathematical and pedagogical
affordances. Teacher rethinks and reorganizes the tasks in the final phase, which is
adjustment; then the cycle restarts with predictive analysis. In this process, the tasks
are checked over and over again to meet the best mathematical and pedagogical

affordances.

Furthermore about defining criteria for good tasks, Foster (2013) claimed that

the rich tasks are content-specific, open-ended, accessible by students to give them
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the opportunities to make range of mathematical actions, and contribute to learn
important mathematical ideas. In that statement, good tasks were described as giving
opportunities for mathematical actions that involve making decisions, facing with
challenges, providing motivations. The researcher observed that many of the students
stated that when the tasks are content specific rather than general, they could engage
with the tasks more. Moreover, Shavelson and Stern (1981) noted that during the task
design process the following components need to be taken into consideration: (i) the
content: the topics that will be covered, (ii) materials (i.e. manipulatives), (iii)
activities: what students are expected to perform, (iv) goal: the main aim of the task,
(v) students’ abilities and interest, (vi) social community: the students’ need to

belong in a community.

Mathematical actions taken during tasks can reveal important clues regarding
students’ reasoning processes and misconceptions. Some scholars emphasized
teachers’ noticing skills such that teachers should pay attention to what occurs in the
classroom to create appropriate teaching learning environment for students as well as
to elicit and support students’ understanding (e.g., van Es and Sherin, 2002; Jacobs et
al., 2010). For instance, van Es and Sherin (2002) described three aspects of
teachers’ noticing as identifying what is important in a classroom situation, making
connections between the particulars of the situation and broader educational
principles, and reasoning about the situation in the context. However, Jacobs and his
colleagues (Jacobs et al., 2010) focused more on students’ thinking such that they
identified teachers noticing as having three interrelated components: attending to
students’ strategies, interpreting students’ mathematical understanding and deciding
how to respond on the basis of students’ understanding. Although there are some
minor differences in description of teachers noticing, one commonality in them is to
pay attention to something important. Leatham and his colleagues (Leatham et al.,
2015) noted that there should be some criteria to identify the important instances to
be noticed since it is not possible to attend every instance in a classroom. They
named the instances that should be paid attention by teachers as Mathematically

Significant Pedagogical Opportunities to Build on Student Thinking (MOST).
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Leatham and his colleagues (Leatham et al., 2015) defined MOST as satisfying
three attributes at the same time: depending on students’ mathematics, being
mathematically significant, and being pedagogical opportunity. Student thinking is
the initial step to identify an instance as a MOST. However, student thinking should
be based on student mathematics, that is, what a student does or says should be
inferable and also it should convey a mathematical point. After the initial step is
satisfied, the mathematics in students’ thinking is analyzed in terms of being
appropriate and central mathematics. The mathematical point in students thinking
should be appropriate for students in terms of being discussed in the class or
previously learned. In addition, it should be aligned with the goal of that particular
lesson. As a final step it should have potential to create an intellectual need for
students and it should be the appropriate time to take advantage of that opening. In
other words, it should be a pedagogical opportunity that satisfies both opening and
timing criteria. When an instance satisfies all of these six criteria in order, then it is
named as a MOST instance. A simplified version of MOST Framework is given in

Figure 2.1.

The MOST instances can be observed in any classroom where students actively
engage in the lesson. Although students’ wrong answers have more potential to be a
MOST, students’ correct answers can be counted as a MOST because there may be
some flaws in students’ thinking despite performing the correct answer. To identify
when and how the MOST instances is more likely to occur, Zoest, Stockero,
Leatham, Peterson, Atanga, and Ochieng (2017) conducted a study with students
from 6" to 12" grades. They recorded 11 lessons to determine the MOST instances
from the whole-class discussions during these lessons according to MOST
Framework. The researchers categorized the context and student mathematics
attributes of 278 MOST cases. They found that a MOST instance is more likely to be
revealed when (i) teacher calls on a specific group of students, (ii) students’ thought
is elaborated at the moment of the conversation, (iii) the goal of the lesson is aligned
with the objective of the course, (iv) the students are sure about their answers, (v) the
students’ answers are correct as well as they are incorrect, (vi) the student
mathematics is obvious, and (vii) the students are asked to make sense about

mathematical concepts.
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Student Mathematical Thinking (ST)

Student Mathematics

Mathematical Point

l

Mathematically Significant (MS)

Appropriate Mathematics

Central Mathematics

\4
Pedagogical Opportunity (PO)

Opening

Timing

Figure 2.1. Simplified version of Mathematically Significant Pedagogical
Opportunities to Build on Student Thinking (MOST) Framework (Leatham et al.,
2015, p.103).

MOST Framework was taken into consideration during task development
phase of this study so that the tasks could reveal the MOST instances especially
during the student-teacher interaction in the class in order to improve students’

algebraic thinking.
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2.2.4. Using tasks in mathematics education

The mathematical tasks were used for different purposes in research studies. In
some of the research studies, the researchers used the tasks for assessment. Kendle
and Northcote (2000) categorized assessment tasks as qualitative and quantitative
tasks. The quantitative tasks include closed questions where there is only one correct
solution. On the other hand, qualitative tasks demand from students to create their
own solutions with open-ended questions. Boud (2007) claimed that assessment tasks
might serve many purposes such as improving students’ learning, assessment of

students’ understanding and giving feedback to students to foster their learning.

Kospentaris et al. (2011) examined the strategies and solutions of the students
on area conservation tasks. In these tasks, students needed to develop the strategies to
calculate and compare different areas. However, the results of the study showed that
many of the students failed to give explanations and develop strategies for area
conservation. Similar to Kospentaris et al. (2011), Becker and Rivera (2005)
investigated the students’ strategies about pattern generalization in algebra with
growing patterns. Examined strategies of the students showed that most of the
students developed numerical strategies and less figural or pragmatic strategies were
developed. Amit and Neria (2008) found contradicting results with Becker and
Rivera (2005) even though they worked with the same age group (11-13 year olds)
with same growing pattern. In the study, the students drew numerical, verbal and
pictorial representations while they were solving the tasks. Therefore, some of the
researchers observed different types of representations used by the students while
some of the researchers mostly encountered numerical strategies via assessment

tasks.

To measure students’ performance, some of the researchers make use of the
tasks that include contexts to be close to daily life of the students. For instance,
Bates and Wiest (2004) tried to measure problem solving ability of students via tasks
that includes personalized word problems. The tasks designed according to the
personal interest of the students depend on their daily lives and preferences. The

results showed no significant difference in students’ problem solving abilities
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comparing to their performance in non-personalized questions. In contrary to Bates
and Wiest (2004), Walkington et al. (2013), found that the algebraic problem solving
skills can be supported through personalized tasks. As different than other studies
Cooper and Harries (2002) conducted a study with younger students on solving tasks
including word (realistic) problems on early algebra and observed that even younger
students made use of realistic problems since they could derive more realistic

strategies while they were solving the tasks.

Integrating the tasks to instruction is another way of using tasks. In the studies
tasks were applied different in terms of their ways of presentation and usage of
manipulatives. David and Tomaz (2012) used visualization in geometry tasks and
stated that the visualization can be helpful since the students developed new
strategies as a result of the visualization of area tasks. In addition, Glinay (2013) used
different representations in task- assisted instruction on 7" grades on the topic of
rational numbers and angles. While representing tasks that involve different
representations, the researcher gave the activity sheets in three ways: pictorial,
verbal, and both verbal and pictorial. The achievement test results showed that even
though the verbal and pictorial representations were most effective, each group of
students performed better through usage of activities in instruction. Nathan and Kim
(2007) conducted a similar study to compare the effect of representation of linear
functions using verbal, graphical, and both verbal and graphical representations.
Similar to Gilinay (2013), Nathan and Kim (2007) observed the students more
benefited from when both of the representations were included in the tasks. As a
result, using multiple representations and visualizations in tasks can be effective for

students’ learning and understanding.

Moreover et al. (2012) stated that use of representations may help to convert
abstract concepts into concrete ones and make easier to understand different
mathematical ideas. In that case, Chappell and Strutchens (2001) used algebra tiles to
make abstract facts like algebraic expressions and operations more concrete ones. In
this way, the students developed their reasoning on factorization of second degree
polynomials. The other studies supported the advantage of using the algebra tiles.

Saraswati and Putri (2016) observed that algebra tiles could be useful for improving
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understanding of linear equations with one variable, whereas Leitze and Kitt (2000)
claimed that algebra tiles facilitates understanding of algebra such as algebraic
expressions but also pre-algebra topics such as mathematical operations and

monomials.

Furthermore, mathematical tasks were used to promote students’ understanding
and learning in different topics. Sullivan et al. (2011) claimed that mathematical
tasks give students opportunities to explain their strategies and thinking to the
teachers. In addition, the researchers observed that the students’ engagement with the
significant mathematical ideas increased by using the tasks. Similarly, Dimond and
Walter (2006) stated that task-assisted instruction might be used to support students’
learning since task-assisted instruction is beneficial to introduce mathematical ideas.
Smith and Stein (1998) agreed on the benefits of using tasks since they claimed that
if the students challenged by the appropriate tasks, they can engage in rich
mathematical conversations. Investigating the effect of using tasks in mathematics
instruction, Yiiksel (2013) and Giirbiiz (2010) conducted studies on geometry and
probability, respectively. The researchers concluded that using tasks was likely to

improve students’ mathematics achievement in those subject matters.

From science perspective, the inquiry tasks were used to support students’
scientific understanding. Furthermore, in science education there are inquiry tasks
that requires problem solving skills from mathematics. Bell et al. (2005) defined the
inquiry tasks as the tasks where the students have to solve the scientific research
question through analyzing the relevant data. Similarly, Manlove et al. (2006) stated
that in inquiry tasks, students need to make hypothesis, observations, collect the data
and interpret the data. According to Edelson (2001) the inquiry tasks create
opportunities for students to construct knowledge through discovery and so improve

the understanding of the students.

The research studies implied that the tasks might be used for different topics
including different representations and contexts. In addition, the research studies
emphasized that using manipulatives especially algebra tiles during the

implementation of the tasks is useful to introduce algebra concepts.
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2.2.5. Using tasks in algebra instruction

The algebra tasks are mostly used to eliminate students’ algebraic
misconceptions, develop their understanding of variables, algebraic expressions and
equations. Akkaya (2006) tried to diagnose learning difficulties and overcome these
difficulties of 6™ grade students using tasks in algebra and compared traditional
teaching method with task-assisted instruction. Yildirim (2016) conducted a similar
study with 7" grade students on algebraic equations by using the task- assisted
instruction. Although Akkaya (2006) observed that task-assisted instruction was
effective to deal with the misconceptions of the students, Yildirnm (2016) did not
find any significant difference between the students who were instructed by
traditional instruction and by task-assisted instruction. Kaymakg1 (2015) prepared
algebra tasks by using 5E learning model including engagement, exploration,
explanation, elaboration and evaluation steps. The researcher observed that the
students’ achievement improved after the implementation of the tasks. Moreover,
Walkington et al. (2013) investigated the effect of personalized tasks, which involves
in daily life issues that take students’ interests, on students’ achievement in linear
functions in algebra. They observed that personalized tasks were useful especially for
the students’ who has low achievement in more challenging problems. Even though
the researchers used the tasks with different purposes, they mostly agree on that

using tasks helped to support students’ achievement in algebra.

Yackel (1997) explained that the transition from numerical thinking to
algebraic thinking can be supported with tasks since the tasks are beneficial for
improvement of students’ thinking on relationships. Steele (2005) stated that pattern
tasks might be used to lead students to think about the relationships of variables.
Walkowiak (2010) noted that the nature of the pattern tasks provides many
approaches to students to make generalizations. In accordance with that claim,
Driscoll (1999) stated that high visibility of the pattern tasks can be beneficial to
introduce algebra to younger children. Amit and Neria (2007) preferred to use tasks
that include growing pattern to introduce the algebraic topics to younger children
(11-13 ages). The researchers concluded that pattern tasks were useful to improve

students’ algebraic thinking. In addition, Warren and Copper (2005) claimed that
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younger children could develop their reasoning in algebraic equations and
equivalence as a result of pattern tasks. Using pattern in early grades, Store and
Berenson (2010) made a teaching experiment with 5% graders. Even though at the
beginning of the study the younger children had difficulties to construct schemes
from patterns, at the end of the experiment they could both draw schemes and make
justifications about their reasoning. Therefore, pattern tasks could be used to
introduce ideas about algebra such as understanding the relationships and using

variables.

While preparing the tasks that were implemented in this study, Leatham and
his colleagues’ (Leatham et al., 2015) ideas about MOSTs were taken into
consideration. Tasks also included items that enable assessing students’
misconceptions and difficulties in algebra. Furthermore, the students worked in
groups so that they could learn about their peers’ thoughts and attempt to make sense

of algebraic concepts through group discussions.
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3. SIGNIFICANCE OF THE RESEARCH STUDY

This study had a strong connection with the TUBITAK Project titled as “A
University-School Collaboration Model for Promoting Pre-service Teachers’
Pedagogical Content Knowledge about Students” (Grant no: 215K049), conducted in
Yeditepe University. In that project, pre-service teachers’ pedagogical content
knowledge about students was described in terms of their noticing of students’
mathematical understanding. The researchers investigated pre-service teachers’
noticing by providing an environment for pre-service teacher-student interactions

where mathematical tasks were used as a medium to initiate such interactions.

In this study, the tasks were discussed in terms of whether or not they could
create learning opportunities for students and support their algebraic thinking. As
different from other studies, this study analyzed the task-assisted instruction through
MOST theoretical framework (Leatham et al., 2015) lenses. Therefore, the tasks
were designed in such a way that they both have potential to create MOST instances
and to support students’ mathematical understanding. In order to support students’
mathematical understanding, the tasks were organized around a context emerged
from either students’ close or far neighborhood. Some of the tasks entailed use of
some concrete materials and require collaboration of students. Although such
attributes might be common in other research studies on tasks, having a potential to
create a MOST instance to provide an environment for understanding and supporting
students’ mathematical thinking was a new attempt in this study. Thus, it has
potential to open a window for further research on how to design tasks to create
MOST instances in a classroom and take an advantage of strengthening students’

understanding as well as eliminating their misconceptions and difficulties.

Moreover, to what extent use of tasks in teaching algebra was beneficial for
students’ algebraic learning and understanding in comparison to the traditional
instruction was analyzed. Thus, this study has potential to suggest an alternative
method to support students’ understanding of basic algebraic concepts and their

achievement in algebra.
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4. STATEMENT OF THE PROBLEM

4.1. Research questions

This study has emerged from a TUBITAK Project (Grant No: 215K049) that
aimed to investigate the development of pre-service mathematics teachers’
pedagogical content knowledge where mathematical tasks were used as a medium to
set up an environment for teacher-student interaction. Collaborating with this
TUBITAK Project, the study aimed to understand how students’ algebraic thinking
and achievement in algebra improved as a result of task-assisted instruction. In
accordance with this aim, the following research questions were investigated:

o Is there any significant difference between algebra achievement of the 7" grade
students who are exposed to traditional instruction and who are exposed to
task-assisted instruction?

o How does students’ algebraic thinking change during task-assisted instruction?
(i) How does students’ performance in finding the rule and the terms of a

pattern change during task-assisted instruction?

(i)How does students’ performance in writing algebraic expressions and
converting verbal expressions to algebraic expressions change during task-
assisted instruction?

(ili)How does students’ performance in setting up and solving equations with

one variable change during the task-assisted instruction?

4.2. Hypothesis of the first research question

H1: There is a significant difference between the algebraic achievement of the
students who were exposed to the traditional instruction and who were exposed to

task-assisted instruction in favor of the experimental group.
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4.3. Variables of the study

The independent variable of the study was the type of instruction and the
dependent variables of the study were algebraic thinking and algebra achievement of

students.

4.4. Operational definition of the variables

Task-assisted instruction: An instruction (held in elective mathematics course)
where mathematical tasks were used to explore students’ algebraic thinking via

group discussions managed by pre-service teachers.

Traditional instruction: An instruction (held in elective mathematics course)
where mathematics teacher asked drill and practice problems, students worked
individually and correct solutions of the problems mostly were provided by the

teacher.

Algebra achievement: The achievement of the students measured by the pre

and post-achievement tests developed by the researcher.

Algebraic thinking: The ability to make generalizations and understand
variables, expressions and meaning of equal sign (Driscoll, 1999; Kieran, 2004;
Steele, 2005). Algebraic thinking involves in a) finding the rule and the pattern of
relationship among two variables, b) converting verbal expressions to algebraic
expressions and algebraic expressions to verbal expressions, ¢) setting up and solving

the equations.
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5. METHOD

5.1. Participants

A total of 56 students from 7™ grade classes of a public middle school in
Kayisdag district in Istanbul participated in this study. This school has university-
school collaboration with Yeditepe University where TUBITAK Project had been
carried out. Therefore, in this research study the convenient sampling technique was
used. 7-A and 7-D classes were selected for the study, because the regular
mathematics course of these two classes were carried out by the same mathematics
teacher. In this way, the effect of the treatment can be observed more clearly while
comparing to the control and experiment group. There were 28 students in each of
the classes. Both in 7-A and 7-D there were 13 girls and 15 boys. From the study
group a sub-group was created to examine the changes in their algebraic thinking.
The students in the sub-group were selected according to their pre-achievement test
scores and performances of two weeks of the study. The criteria of the selection are
given in the data analysis part.

As a premise of TUBITAK project, 8 senior pre-service mathematics teachers
were involved in this study. The pre-service teachers had similar academic
background since all of them took fundamental pedagogy courses. The pre-service
teachers were responsible for managing a group of 4 students while the students were
working on the tasks. The pre-service teachers were instructed about task
implementation procedure by the researcher before each implementation. Thus, the

differences between groups in terms of implementation were tried to be diminished.
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5.2. Tasks

Eight tasks were developed to investigate students’ algebraic thinking and
algebra achievement. Four of the tasks (Task 2, Task 3, Task 4, Task 5) were
developed by the TUBITAK research team in previous year (Dogan and Donmez,
2016) while others (Task 1, Task 6, Task 7, Task 8) were developed by the
researcher in accordance with previous tasks. All of the tasks that were implemented
are given in Appendix A. The tasks from Task 2 to Task 8 were implemented during
2016-2017 academic year. In that year, Task 2, Task 3, Task 4, Task 5, and Task 6
were used in the TUBITAK Project to observe the pre-service teachers’ pedagogical
content knowledge and noticing skills during their interactions with students. Task 7
and Task 8 were developed in 2016-2017 academic year and piloted by the
researcher. Task 1 was developed as a result of analysis of the pilot study. The results
of pilot study revealed that students had difficulties to understand the covariance of
the variables since they paid attention to the difference between the numbers given in
a single column rather than checking the relationship between numbers given in
rows, in the given matrices of numbers. Therefore, Task 1 was developed to support
students’ understanding of covariance. The researcher revised the other tasks and

made minor changes in the format of the tasks.

The tasks were developed based on some of the characteristics of authentic task
defined by Reeves et al. (2002), the task design cycle that defined by Liljedahl, et al.
(2007) and MOST Framework defined by Leatham, et al. (2015). The authentic tasks
had real world relevance, and demanded from students to make interpretations rather
than only apply an algorithm, and to reflect on their work. Moreover, the tasks were
designed according to the 4 phases of the design cycle as follows: in the first phase,
the researcher made a predictive analysis according to level of the students. Then, the
pilot study was the trial phase and the reflective analysis was done from videos of the
pilot study. Since the pilot study showed that some of the questions were too hard for
the students or not clearly stated, in the adjustment phase the tasks were reorganized.
In the line of characteristics of authentic tasks, task design cycle, the relevant

literature, and MOST Framework the following criteria were determined to develop
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the tasks in this study. The tasks should 1) encourage students to think about given
situation and follow problem solving procedures 2) allow using manipulatives and
hands on aids 3) lead communication among students (collaborative work) 4) involve
real life contexts 5) have potential to provoke students’ misconceptions. The tasks

were checked for alignment with criteria and the checklist is given in Appendix B.

In all of the tasks, the contexts were chosen from daily life of the students to
increase their engagement. In the literature, inclusion of the students’ interest was
stated to be potentially beneficial for students’ learning. Moreover, especially for
algebra tiles some researchers (e.g., Saraswati and Putri, 2016) claimed that using
manipulatives can be useful to support students’ thinking. Furthermore, students
should be encouraged to share their thoughts with their friends and the teacher to
trigger the occurrence of MOST instances. In that sense, tasks should have a
potential to create opportunity to reveal students’ understanding. In other words,
tasks might be used as a tool by teachers to explore students’ difficulties and
misconceptions as well as support their understanding. The tasks were developed
according to the learning objectives of middle school mathematics curriculum as well
(MoNE, 2013). The alignment of tasks with the mathematical objectives is given in

Appendix C.

For the sequence of the tasks, the pilot study was taken into the consideration.
In the previous year, all of the tasks except Task 1 were applied in one of the 7
grade class in the collaboration school in a similar setting. Each pre-service teacher
was responsible from a group of 4 students. The pre-service teachers introduced the
tasks to students and made some explanations when necessary. Then, the students
worked on the tasks individually for 20 minutes and then they discussed their
solutions with their peers in the group. Finally, the pre-service teachers involved in
the discussion and asked students to explain their reasoning. The results of the pilot
study showed that the students had difficulties especially in understanding
covariation of the variables, and writing and solving the equations. In Task 8 and
Task 2, students paid attention to change in one variable other than covariance of the



26

variables. Moreover, in Task 8 and Task 3 students needed to decide which point has
to be taken as reference point to decide the following paths. Many of the students
took the reference point as the initial point without paying attention to the context of
the problem. In addition, in Task 7 many of the students failed to set the equation
since they could not decide the unknown and known values. Since Task 5 includes a
simpler equation than Task 7, the tasks were ordered consecutively. Because Task 1
and Task 2 were quite similar to each other it was decided to be given in
consecutively such that in Task 2 students were directly asked to find the rule of
given patterns but in Task 1 students were expected to write about the pattern both
arithmetically and verbally before algebraically. Therefore, based on the findings of
the pilot study, the order of the tasks was re-organized to detect any changes in
students’ performances throughout the study. In that sense, Task 6 was designed as
retention for Task 3 since students were asked to convert verbal expressions to
algebraic expressions in both tasks.

5.3. Research setting

The design of the study was convergent parallel mixed method (Creswell,
2011) since both qualitative and quantitative data was collected simultaneously and
interpreted together at the end of the study. The treatment group was randomly
assigned by the researcher such that 7-A was assigned to be the study group and 7-D
as the control group. The achievement test results of both of the groups were
analyzed quantitatively and a representative sub-group was selected to analyze the
change in the students’ algebraic thinking qualitatively. Kaput (2010) also used a
representative sample to understand the strategies of students on problem solving and

analyzed their conversations qualitatively.

At the beginning of the study, pre-achievement test was administered in both
experiment and control group to measure students’ prior knowledge. Then for the
following 7 weeks (dates between 08.11.2017 and 26.12.2017) 8 tasks were
implemented in the elective mathematics course of 7-A. A typical implementation
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took two-lesson hours but Task 6 and Task 7 was applied in the same week such that
one-hour lesson was allocated for the implementation of each task. The students were
divided into groups and one of the pre-service teachers was assigned to each group.
The student groups were formed heterogeneously in terms of their mathematics
achievement during the sixth grade by their regular mathematics teacher. The
appointment of pre-service teachers to each group was done randomly by the
researcher. Before each implementation, the researcher met pre-service teachers to
explain and discuss all of the tasks and inform them about how the tasks would be
implemented in the school. To be sure that all pre-service teachers would follow the
same procedure, the researcher gave a set of questions that would be asked to
students during the discussion part of the implementation. Moreover, possible MOST
instances were introduced to pre-service teachers to ensure that they would pay
attention to those important cases. A list of possible MOST instances including
student mathematics and mathematical point for each task is given in Appendix D.

During the implementation, the researcher checked all groups to make sure that
the same procedures were followed by the pre-service teacher. At the beginning of
the task implementation in the groups, pre-service teachers explained the tasks in the
light of the discussion that had been held previously with the researcher. Then, the
students were given approximately 20 minutes to work on the tasks individually and
no interaction among the students was allowed. At the end of 20 minutes, pre-service
teachers asked each student to explain his/her solutions and thoughts one by one.
Pre-service teachers were asked to use probing questions such as “how do you know
that?”, “why did you do like this?”” and “what if you do like this?” to elicit students’
understanding. If none of the students figured out the correct answer of a particular
question then the pre-service teacher would attempt to scaffold students’
understanding by simplifying the given situation, using manipulative or visual aids or
reviewing the problem statement and related mathematical concepts. After the
discussions, the pre-service teacher asked for the thoughts of each student about the
tasks and explains the solutions to check their understanding. Additionally, pre-

service teachers were given suggestions about posing similar problems to the ones
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that have been discussed to justify students’ understanding. A sample question for

each task was as follows:
In task 1: How many hours and days are spent to track 200 rails?
In task 2: How many families will move during the 40™ year?

In task 3: How can you express algebraically the amount of the time spent in

Dolmabahge Palace if it is 1/5 of the time that is spent on Topkap1 Palace?
In task 4: How can you represent 3x+2 by using algebraic tiles?

In task 5: How can you algebraically represent the weight of packages that

Sirma holds?

In task 6: How can you express algebraically the amount of the steps are taken
between the florist and stationer if it is 3 times of the steps that are taken between the

house and the school?

In task 7: Find the amount of each ingredient that is needed to make 6 liters of

the Tatlimtirak mixture.
In task 8: How can you algebraically represent the sum of numbers in the row?

It is aimed to elaborate and understand the students’ algebraic thinking deeply
with these questions and all of these questions were shared with the pre-service
teachers to guide them for their discussions with the students.

5.4. Data Collection

The data was collected through students’ written work during mathematical
tasks, achievement tests and implementation videos. The tasks were implemented in
study group for a 7-week period. The pre-service teachers videotaped whole
implementation process and collected students’ worksheets at the end of the
implementation. Two forms of an achievement test were developed by the researcher
and they were administered before and after the implementation. To provide the

validity of the achievement tests, the researcher consulted the TUBITAK Project
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team members. The achievement tests involved in problems similar to the ones given
in the tasks. There were five items in each test and they were evaluated out of 40
points. Pre and post-achievement tests were prepared as parallel forms to prevent the
memorization of the questions and the answers. The achievement tests and their
rubrics are given in Appendix E. In the pilot study the pre-achievement test was
applied to both experimental and control group. The reliability coefficient of the
achievement tests was 0.795. After 3 months from the post-achievement test, the pre-
achievement test was administered as retention to both experiment and control group.
After the conducting main study, parallel-forms reliability analysis was applied to
determine the reliability coefficient of the tests. The reliability coefficient between

pre and post test scores, post and retention scores are 0.71 and 0.954 respectively.

5.5. Data Analysis

Shapiro-Wilk test was used to check normality of the data since the sample size
was small. The results of the test showed that the scores of achievement tests were
not normally distributed. As a result, Mann Whitney U test method was applied on
pre-achievement, post-achievement and retention test results of both experiment and
control groups to check any changes in students’ achievement in algebra due to
intervention. Also effect size was calculated to measure the effect of task-assisted

instruction on students’ algebra achievement.

Students’ answers and their explanations for the solutions of the tasks were
analyzed to interpret students’ algebraic thinking. To determine the depth and the
accuracy of their solutions and explanations implementation videos were analyzed
along with students’ written work. A set of coding schemes were developed to
evaluate each task. In general, students’ algebraic thinking was classified into three
levels. If the student was aware of algebraic concepts but failed to link them with the
procedures or the problem context, then the depth of his/her thinking was coded as
Level 1. If the student attempted to make links between the procedures and the

concepts but failed to justify those links explicitly or give incomplete solution, then it
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was coded as Level 2. And finally, if the student explained the procedures and
concepts clearly and justified his/her solution then his/her thinking was coded as
Level 3. When students did not provide any answer to the questions or their answers
were irrelevant or they stated that they did not know then their thinking was coded as
No Attempt (NA). More specifically, to analyze students’ algebraic thinking in terms
of finding a rule for pattern, writing algebraic expressions and writing and solving
equations, the following coding schemes given in Table 5.1 were used. To provide
interrater reliability, the researcher consulted both of her advisors. Agreement rate

between the researcher and the advisors was 0.97.

Table 5.1. Coding schemes for tasks

Algebraic thinking levels for finding the rule of the pattern

NA Student could not give answer or gave irrelevant answer

Student attempts to find a rule by looking at changes in one (dependent) variable instead
Level 1 of relationship between two (independent and dependent) variables OR student only
recognizes that letters n, m, a, b represent a variable

Student finds the rule by trial and error process but does not recognize what leading
Level 2 coefficient or constant term represent for OR student recognizes what leading coefficient
and constant term represent for but fails to write the rule

Student finds the rule looking at the relationship between the independent and dependent

Level 3 variables and recognizes what leading coefficient and constant term represent for

Algebraic thinking levels for writing algebraic expression

NA Student could not give answer or gave irrelevant answer

Student attempts to write algebraic expressions but neither pays attention to context of the

Level 1 problem nor mathematical operations OR only understands the concept of variable

Student writes algebraic expressions without paying attention to context of the problem
Level 2 OR student understands the context of the problem but fails to apply order of operations
[distributive property correctly

Student writes algebraic expressions correctly by paying attention to context of the

Level 3 problem and applies correct mathematical operations
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Algebraic thinking levels for setting up and solving equation

NA Student could not give answer or gave irrelevant answer

Student only writes the algebraic expressions correctly OR recognizes that s/he needs to

Level 1 ,dd the given amount of goods

Student sets up the equation by adding the algebraic expressions but fails to solve the

Level 2 equation correctly OR sets up wrong equation but solves it correctly

Level 3 Student sets up correct equation and solves it completely

To understand the change in students’ algebraic thinking better, a sub-sample
group was constructed under experiment group. Out of 26 students, 9 of them were
selected for further investigation. Those students were determined by the researcher
and her advisors according to following criteria:

At least one student from each group

Differ in terms of algebraic achievement -excluding the highest and the lowest
scored students

Eagerness to learn and improve himself/herself

Ability to clearly express his/her thinking both verbally and in written form.

To decide about students’ communication skills and motivation, pre-
achievement tests, and videos and students’ written work of first two weeks were
analyzed by the researcher and the advisors. Then Alper, Burak, Doruk, Erdem,
Harun, Gonca, Mert, Tansu and Utku (pseudonym) were decided to be chosen for

further analysis for algebraic thinking and learning.
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6. FINDINGS

6.1. Algebra achievement of students

In this study, pre-achievement, post-achievement and retention tests were used
to determine students’ algebra achievement such that Mann Whitney U test was
applied to analyze whether or not there was a significant difference between control
and experiment group. According to pre-achievement test results, out of 40 points,
the mean scores of the control group and study group were 3.82 and 6.29,
respectively as seen in Table 1. Mann-Whitney U test showed that there was no
significant difference between two groups (U=227.000, z=-1.102, p=0.27) for the
pre-achievement test.

Table 6.1. Results of achievement tests

N Mean Std. dev. P

Pre- Experiment 24 6.29 7.11

hi i 0.270
achievement | control 23 3.82 2.90
Post- Experiment 24 17.77 13.29

hi i 0.001*
achievement | congrol 23 6.39 5.71
Experiment 24 14.06 12.74

Retention 0.013*
Control 23 5.52 4.38

* p<0.05

As seen in the Table 6.1, the mean score of post-test for experiment and control
group was 17.77 and 6.39, respectively such that the mean score of study group was
significantly higher than the control groups’ score (U=124.000, z=-3.242, p=0.001).
Similarly, the mean of retention test scores of study group was significantly higher
than the mean scores of control group (U=159.500, z=-2.492, p=0.013). As seen in
the table, the number of students who took the tests during the pre, post and retention
implementation differed from each other because some students missed the tests.

Therefore, their data was eliminated from the analysis. As a result, the size of the
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experimental group dropped to 24 students whereas the size of the control group

became 23 students after the elimination.

The items in the achievement tests were about finding the rule of a pattern
(item 1), writing algebraic expressions (item 2) and setting up and solving equations
(items 3, 4 and 5). Each type of items was also analyzed by using Mann-Whitney U
test. The item 1 was out of 5 points, the item 2 was out of 8 points and the rest three
items were out of 27 points. The results obtained from the analysis are given in Table
6.2.

Table 6.2. Results of achievement tests in terms of items

Item 1 N Mean Std. dev. P
Experiment 24 2.12 0.67
Pre-achievement 0.680
Control 23 1.95 0.56
Experiment 24 3.08 1.58
Post-achievement 0.043*
Control 23 2.08 0.99
Experiment 24 2.87 1.54
Retention 0.037*
Control 23 1.95 1.02
Item 2
Experiment 24 2.50 3.07
Pre-achievement 0.164
Control 23 1.21 2.23
Experiment 24 4.66 2.56
Post-achievement 0.001*
Control 23 2.00 2.27
Experiment 24 3.95 2.98
Retention 0.041*
Control 23 2.34 2.63
Items 3,4 and 5
Experiment 24 1.66 4.38
Pre-achievement 0.496
Control 23 0.65 1.36
Experiment 24 10.02 10.21
Post-achievement 0.003*
Control 23 2.30 3.66
Experiment 24 6.77 8.92
Retention 0.014*
Control 23 1.21 2.15

* p<0.05
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As seen from Table 6.2, there was no significant difference between
experiment and control group in all items in terms of pre-test scores. However, p-
values for post-test and retention test indicated that there was a significant difference
between experiment and control group. Furthermore, effect size was calculated for
both post-achievement and retention test. For post-achievement test the effect size
was 0.472 and for retention test the effect size was 0.363. The effect size for the post-
test might be interpreted as moderate level while for retention it was counted as small
effect (Creswell, 2011). These results were parallel to p-values for both tests since
the students were benefited from task-assisted instruction. However in the retention
test the students’ scores in retention test were lower than their scores from post-
achievement test probably because they forgot some of the information learned from

tasks. As a result the effect of task-assisted instruction decreased in the retention test.

The change in sub-sample group’s achievement test scores were analyzed by
using Wilcoxon signed rank test since the sample size was small. As seen in Table
6.3 the difference between the pre and posttest, and pre and retention test results

were significant.

Table 6.3. Sub-sample group’s achievement test results

Pre- Post- Retenti p-value p-value p-value
achievement | achievement etention pre-post pre- post-
retention retention
Alper 8 32 32
Burak 2 10 5
Doruk 8 24 17
Erdem 2 19 11
Gonca 6 13 18 0.008* 0.013* 0.049*
Harun 2 5 6
Mert 2 9 4
Tansu 8 29 9
Utku 7 15 6
x 5 17.33 12
Sx 2.92 9.34 9.06
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6.2. The components of algebraic thinking of students

In this study, algebraic thinking of students was defined as students’ ability to
find the rule of a given pattern, convert verbal expressions into algebraic expressions
and vice versa and set up and solve equations. Indeed, setting up an equation and
writing algebraic expressions are related to each other as well as solving equations
entails knowledge of applying four operations into algebraic expressions correctly.
However, some of the items in the tasks were quite specific to each components of
algebraic thinking. Below, the findings about each component are discussed
separately by providing results from sub-sample students’ individual performances

on the tasks and pre-service teacher-student discussions on the tasks.

6.2.1. Finding the rule of a pattern

In this study, Task 1, Task 2 and Task 8 included 7 questions in total about
finding the rule and the terms of given patterns. In Task 1, there were two questions
about finding the rules of given patterns. In one of the questions students were
expected to find the relationship between the number of hours and the rails for roller
coaster was built (the rule was 40n). In the second problem, the students were
expected to find the rule for the number of seats built up on roller coaster such that
the locomotive had two seats and each day three more seats were added up to the
coaster. Then the rule for the pattern was 3n+2. In Task 2, students were given
related problems about renovating their neighborhood such that each year three
families had moving to another place for renovation (the rule was 3y), the number of
floors in new apartment buildings were getting higher by adding four flats each year
(the rule was 4n+2) and the number of renovated streets were increasing by two each
year (the rule was 2m+1). In Task 2, there was an additional problem whose rule was
2s+11. Finally, in Task 8, the students were given a puzzle such that the number of
squares was increasing by four in each step and the rule was 4n+1 (see Appendix A
for the tasks). The students’ performances on these questions during both individual

work and discussions were analyzed by using the coding scheme of algebraic
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thinking levels for finding the rule for patterns. The results of coding are given in

Table 6.4.
Table 6.4. Sub-sample group’s algebraic thinking levels for finding the rule of a
pattern
Task 1 Task 1 Task 2 Task 2 Task 2 Task 2 Task 8
Q1 Q2 Q1 Q2 Q3 Q Extra Q1
Ind. - - - - - L2
Alper ] L3
Dis. L1 L2 L2 L2 L3 L3
Ind. - - - - - -
Burak -
Dis. L1 L3 L1 L2 L1 L2
Ind. - - - - - -
Doruk L1
Dis. L1 L2 L1 L1 L2 L3
Ind. - L1
Erdem L1 L3 L2 L2 L3
Dis. L1 L2
Ind. - - L1 L1 L1
Gonca L1 L1
Dis. L3 L2 L3 L3 L2
Ind. L1 L1 - L1
Harun L1 L1 -
Dis. L2 L2 L2 L3
Ind. - - - - -
Mert - -
Dis. L3 L2 L2 L1 L2
Ind. L1 - L1
Tansu L3 L3 L1 L3
Dis. L2 L3 L3
Ind. - L1
Utku L1 L1 L1 L1 L1
Dis. L1 L2

Note: L: Level, Ind: Individual work, Dis: Group discussion, -: No Attempt (NA)

In Table 6.4, if a student did not attempt to solve the question or s/he wrote

something irrelevant then it is shown as (-) in the cell. Furthermore, (-) sign was used

to show that the additional problem of Task 2 was not discussed during the

implementation. Whenever the level of student’s algebraic thinking changed during

the group discussions then it is shown separately in rows of the table. However,

when it was not the case then the code of student’s thinking is shown in a single row.
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To analyze the change in students’ algebraic thinking in finding patterns,

students’ algebraic thinking levels during the individual work and group discussions

are summarized in Table 6.5.

Table 6.5. Frequencies of students’ algebraic thinking levels for finding the rule of a

pattern
Task 1 Task 2 Task 8
NA L1 | L2| L3 | NA| L1 L2 L3 | NA | L1 L2 L3
Ind. 2 3 1 1
Alper ]
Dis. 1 1 2 2 1
Ind. 2 4 1
Burak
Dis. 1 1 1 2 1 1
Ind. 2 3 1 1
Doruk
Dis. 1 1 3 1 1
Ind. 1 1 1 2 1 1
Erdem
Dis. 1 1 1 2 1 1
Ind. 2 4 1
Gonca
Dis. 2 2 2 1
Ind. 2 2 2 1
Harun
Dis. 2 1 3 1
Ind. 2 4 1
Mert
Dis. 1 1 1 1 2 1
Ind. 2 1 2 1 1
Tansu
Dis. 2 1 1 2 1
Ind. 1 1 4 1
Utku
Dis. 2 3 1 1

From Table 6.4 and Table 6.5 it can be deduced that the students’ prior

knowledge was low since most of the students gave irrelevant or no attempt answers

in individual work of Task 1. After the discussions however, the level of most of the

students’ algebraic thinking was Level 1 since they could only understand the

meaning of the variable. In Task 2, again some of the students gave irrelevant or no

attempt answers. For instance, Mert attained a number to “y” in the first question and




38

wrote 21 instead of the rule of the pattern. As a result, his thinking was coded as NA.
After the discussions in Task 2, only in some of the questions the students could
reach Level 3 thinking. As an example, Tansu stated the number of the constant
triangles in the flower will be the constant term of the formula and the coefficient
terms will be the amount increase in the number of the leaves in the flower. The
students’ algebraic thinking rose to Level 3 only in the second and the forth
questions of the task where the students were required to use manipulatives (pattern
blocks). In this case using pattern blocks probably supported their algebraic thinking
since they realized where the coefficient term and constant term of the rule of the
pattern emerged from pattern blocks. Furthermore, in Figure 6.1, the distribution of
the percentage of the frequencies of students’ algebraic thinking levels during

individual work and group discussions is summarized as a chart.

Distribution of Percentages of Frequencies
70%
60%
50%
40%

30%

o | [

: I » 10 11
Ind Dis Ind Dis Ind Dis

Task 1 Task 2 Task 8

X

ENA mL1 ml2 mL3

Figure 6.1. The change of frequencies of students’ algebraic thinking in

component 1

From Tables 6.4 and 6.5 and Figure 6.1, it can be concluded that most of the
students’ algebraic thinking levels increased after group discussions. Furthermore,
students’ algebraic thinking had developed through Task 1 to Task 8 since their
algebraic thinking was mostly coded as at Level 2 and Level 3 in Task 8 whereas in
Task 1 they gave irrelevant answers or could not give any answers as seen in the

Table 6.5. Only 3 of the students’ algebraic thinking level coded as NA in individual
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work of Task 8. The reason might be their lack of prior knowledge according to their
pre-achievement test results. However, these students benefited from task-assisted
instruction since the level of algebraic thinking became at least Level 2 at the end of

the discussions.

6.2.2. Writing algebraic expressions

In this study Task 3, Task 5, Task 6 and Task 8 involved 4 questions in total
about algebraic expressions. In Task 3, the students were given a route for historical
tour such that the distance between the school and Ayasofya was given as ‘X’ and
the time spent in the initial place (Ayasofya) as ‘T’. There were 10 directions to be
followed for the route such that the students were expected to read the directions
carefully, choose appropriate variable and write correct algebraic expression for the

route.

In Task 5, there was one question related to algebraic expressions. In the
context of the task, four kids went to Bazaar with their father and bought some fruits
and bag of pickles. The weight of the bag of pickles was unknown. There was a
question asking for writing an appropriate algebraic expression for the amount of
weight that two of the kids were carrying on. It was written that Ayse carried on 3
bags of pickles whereas Murat carried on one bag of pickle, a kilo of banana and half
kilo of apple. Therefore, the algebraic expressions of weights that Ayse and Murat
carried on were 3x and x + 1.5, respectively. As similar to Task 3, in Task 6 a map
showing the paths of the two siblings took for different places after school was given.
The number of the steps taken for each place was written in terms of the number of
steps between home and the school. For instance, Mehmet (one of the siblings)
would walk as twice number of the steps that taken between the school and home.
The algebraic expression for his steps was 2x when the number of steps taken

between the school and home was accepted as x.

In Task 8 there was one question about writing algebraic expressions. In the
task it was stated that Ali prepared a mathematics puzzle consisting of squares with

different colors. He assigned an unknown value for the blue square and he gave
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directions about the values of other squares with respect to the blue square’s value.
For instance, the value of green square was 2 more than 5 times the value of the blue
square. Then the value in the green square would be 5x+2 if the value of blue square

was assigned as to be x.

To analyze the change in students’ algebraic thinking in converting verbal
expressions into algebraic expressions, students’ algebraic thinking levels during the
individual work and group discussions are summarized in Table 6.6, Table 6.7 and

Figure 6.2.

Table 6.6. Sub-sample group’s algebraic thinking levels for algebraic expressions

Task 3 Task 5 Task 6 Task 8
Q1 Q2 Q1 Q2
Ind. L2 - L2
Alper ] L3
Dis. L3 L3 L3
Ind. L1 L2
Burak L2 L2
Dis. L2 L3
Ind.
Doruk L1 L3 L2 L2
Dis.
Ind. L2 -
Erdem L2 ::g
Dis. L3 L3
Ind. L2 L2
Gonca L2 I|:§
Dis. L3 L3
Ind. - L2
Harun tg L2 L3
Dis. L3
Ind. L1 L3
Mert L2 L2
Dis. L2 -
Ind.
Tansu tg L3 L3 I|:§
Dis.
Ind.
Utku L2 L3 L2 L2
Dis.

Note: L: Level, Ind: Individual work, Dis: Group discussion, -: NA



Table 6.7. Frequencies of students’ algebraic thinking levels for algebraic

expressions
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Task 3 Task 5 Task 6 Task 8
NA|LL|L2]| 3 |NA i |2|w3|NAalLr| 2| 3| NA|LL|L2]|L3
Ind 1 1 1 1
Alper 1
Dis 1 1 1
Ind 1 1 1 1
Burak 1
Dis 1 1 1
Ind 1 1 1 1
Doruk 1
Dis 1 1 1
Ind 1 1 1 1
Erdem 1
Dis 1 1 1
Ind 1 1 1 1
Gonca 1
Dis 1 1 1
Ind 1 1 1 1
Harun 1
Dis 1 1 1
Ind 1 1 1 1
Mert 1
Dis 1 1 1
Ind 1 1 1 1
Tansu 1
Dis 1 1 1
Ind 1 1 1 1
Utku 1
Dis 1 1 1

Furthermore, in Figure 6.2, the distribution of the percentage of the frequencies

of students’ algebraic thinking levels during individual work and group discussions is

summarized as a chart.
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Distribution of Percentages of Frequencies
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Figure 6.2.The change of frequencies of students’ algebraic thinking in

component 2

From Table 6.6, Table 6.7 and Figure 6.2 it can be concluded that all of the
students’ have some prior knowledge on algebraic expressions since from Task 3
their thinking levels were at least Level 1. Most of the students’ algebraic thinking is
improved at the end of the task. Except Doruk, the level of students’ thinking became

at least Level 2 at the end of the discussions.

Even though the students had some prior knowledge, 3 of the students (Alper,
Erdem and Harun) gave irrelevant answers. As an example of their irrelevant answer,
Alper wrote some random fractions instead of focusing algebraic expressions. As a
result, his algebraic thinking was coded as NA (no attempt answer). After the
discussions however the level of students’ algebraic thinking became at least Level 2
since they could write correct algebraic expressions with the help of their teacher.
All of the students could use what they learned the following task because even in
the individual work the level of their algebraic thinking was at least Level 2
However, only in Mert’s group the question cannot be discussed and his algebraic
thinking cannot be interpreted and so coded as NA answer. In Task 6, 3 (Alper,
Harun and Tansu) of the students’ algebraic thinking was at Level 3 even in their

individual work. The same students’ algebraic thinking was at Level 2 in the
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individual work of Task 8. The reason might be that the complexity of the context
since the students had difficulties in understanding the problem in Task 8. In Task 8,
the values in different squares were sequentially depend on each other whereas in
Task 6 all of the algebraic expressions were depend on the steps taken between home
and the school. Therefore, students had to write harder algebraic expressions in Task
8. In this case, they especially made mistakes in writing the algebraic expressions of
yellow and red squares. For instance in her individual work Tansu failed to use
parenthesis for red and yellow squares. On the contrary she could write the correct
algebraic expressions for the rest of the squares. As a result her algebraic thinking
was coded as Level 2. The other students had the same difficulties with Tansu, but 5
of them could improve their algebraic thinking to Level 3 after the discussions.
Therefore, most of the students could improve their algebraic thinking in algebraic

expressions from Task 3 to Task 8.
6.2.3. Setting up and solving equations

In this study, Task 5, Task 6, Task 7 and Task 8 include 6 questions in total
about setting up and solving equations. As explained the previous section, Task 5
was related to shopping at Bazaar. Four kids were helping their father to carry the
fruits and bags of pickles. The weight of a bag of pickles was unknown and, in the
question, total weight that one of the kids (Ali) was carrying on was given as 6
kilograms. Ali was carrying on two bags of pickles and two kilos of mandarin. Thus,
the equation to find the weight of a bag of pickles would be as 2x + 2 = 6 and the
weight of the bag would be 2 kilograms. The context of the extra question was
similar to that question since a recipe of a pickle was given such that the amount of
ingredients was given with respect to the amount of the carrot would be put in pickle.
The total amount of ingredients was given as 5.5 kilograms such that the equation to

find the amount of the carrot would be as x + 3x + 2x + 500 + E = 5000. The

solution of this equation (the amount of carrot) was 800 grams.

In Task 6, there was one question about setting up and solving equations. As
described in the previous section, a map that showing the route of two siblings was

given in Task 6. In one of the questions, the steps taken by Mehmet between the
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stationary and the school and the steps taken by Pelin between the school and
volleyball court were given to be equal. The equation was 4x — 120 = 3x + 30 such
that x would be 150. As similar to the additional question of Task 5, in Task 7 there
were two recipes for juice mixtures and in both of them the amount of ingredients
was given with respect to one of the ingredients in the recipe. The total amounts of

two mixtures were 3000 ml and 2000 ml, respectively. The equation for the first one

was 9x + 300 = 3000 and the second one was 1%" = 2000.

In Task 8, there was one question about setting up and solving equations. As
mentioned in the previous section, Ali prepared a mathematics puzzle which
consisted of squares with different colors. Each color of square has a different value
and these values were determined by some rules. The sum of the values written in
two green squares, two purple squares and one blue square was given as 66. Then,
the equation for the unknown value in blue square would be 21x + 24 = 66 such
that x would be 2.

To analyze the change in students’ algebraic thinking in setting up and solving
equations, students’ algebraic thinking levels during the individual work and group

discussions are summarized in Table 6.8 and Table 6.9 and Figure 6.3.
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Table 6.8. Sub-sample group’s algebraic thinking levels for setting up and solving

equations

Task 5 Task 5 Task 6 Task 7 Task 7 Task 8
Q1 Extra Q Q2 Q1 Q2 Q3
Ind. L1 L2
Alper ] L3 L3 L3 L3
Dis. L2 L3
Ind. -
Burak - - - L1 :j
Dis. L1
Ind. - - -
Doruk L2 - L2
Dis. L2 L3 L2
Ind. -
Erdem - ::; - L1 L3
Dis. L2
Ind. - - L2 L1 L1 -
Gonca L3 L3
Dis. L2 L1 L2 L2
H Ind. - - L1 L -
arun -
Dis. L3 L1 L2 L2
Ind. L1 L2
Mert - L1 - L1
Dis. L2 L3
Ind. . L2
Tansu L3 L3 L3 - L3
Dis. L3
Ind. L1 L1 - - -
Utku L1
Dis. | L2 L3 L1 L1 L2

Note: L: Level, Ind: Individual work, Dis: Group discussion, -: NA



Table 6.9. Frequencies of students’ algebraic thinking levels for setting up and

solving equations
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F Task 5 Task 6 Task 7 Task 8
NA|JLL|L2(L3|NA|L1[L2|L3|NA|LL|L2]|L3|NA|LL|L2]L3
Ind. 2 1 1 1 1
Alper ]
Dis. 2 1 1 1 1
Ind. 2 1 1 1 1
Burak
Dis. 1 1 1 1 1 1
Ind. 1 1 1 1 1 1
Doruk
Dis. 1 1 1 1 1 1
Ind. 2 1 1 1 1
Erdem
Dis. 1 1 1 1 1 1
Ind. 2 1 2 1
Gonca
Dis. 1 1 1 1 1 1
Ind. 2 1 1 1 1
Harun
Dis. 1 1 1 1 1 1
Ind. 1 1 1 1 1 1
Mert
Dis. 1 1 1 1 1 1
Ind. 1 1 1 1 1 1
Tansu
Dis. 2 1 1 1 1
Ind. 2 1 2 1
Utku
Dis. 1 1 1 2 1

Furthermore, in Figure 6.3, the distribution of the percentage of the frequencies

of students’ algebraic thinking levels during individual work and group discussions is

summarized as a chart.
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Distribution of Percentages of Frequencies
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Figure 6.3.The change of frequencies of students’ algebraic thinking in

component 3

As seen in Tables 6.8 and 6.9 and Figure 6.3, most of the students had
irrelevant answers or had no attempt to answer the questions in Task 5 in the
individual work except two students (Alper and Utku). Alper had Level 3 thinking
both in individual work and discussion part for both of the questions. That is, he
could set up and solve the equation by himself. So, his results did not change as a
result of the discussion. On the contrary, Utku could improve his thinking during the
discussions since one of his answers in Level 1 became Level 2 in the discussion. In
the individual work Utku could only write the algebraic expressions so the level of
his thinking was Level 1 whereas in the discussion part Utku solved the equation
after his teacher helped him to set up the equation. In Task 5, Burak, Harun, Gonca
and Erdem failed to answer given question during individual work. At the end of the
discussions Burak and Erdem were able to understand the problem to some extent
but their thinking was at Level 1 and Level 2, respectively. On the other hand, they
did not answer the extra question of the task. Harun’s and Gonca’s level of thinking
changed for both questions. While Harun’s thinking level became Level 1 and Level
3 during discussions, Gonca’s thinking level became Level 1 and Level 2.
Differently; during individual work Doruk, Mert and Tansu had one irrelevant

answer and their thinking level were in Level 2, Level 1 and Level 3 respectively.
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Doruk’s thinking level did not change during the discussions whereas one of Mert’s
thinking level became Level 2. Moreover, at the end of the discussions Tansu had
Level 3 thinking in both of the questions. That is, she was able to set up and solve the

equation, and explain the steps of the solution by herself.

In Task 6, the levels of students’ thinking were generally higher than the
previous task even in their individual work. As a result, it can be deduced that they
learned from previous task. In this case Burak was an exception since his answers
were irrelevant both in individual work and discussion session. The group dynamics
and his lack of prior knowledge probably effected Burak since two of his friends had
difficulties in understanding setting up and solving the equations. Therefore, his pre-

service teacher might have no enough time to discuss with Burak.

In Task 7 however, the students (except Alper and Gonca) failed to give correct
answer at least one of the questions. The students could not apply what they learned
from previous tasks probably because of the different context of the problems. A
mentioned in the previous section the questions in Task 7 had a more complex nature
since the amount of ingredients depend on the previous amount of ingredient so the
students required to follow the context more carefully to understand the reference
point. Also, there were more than 2 algebraic expressions needed to be added in this
task different than the previous tasks. Therefore, they wrote wrong algebraic
expressions by not paying attention to context of the problem or could not decide
how to set up the equation so their algebraic thinking coded as NA (no attempt or
irrelevant answer). After the discussions Doruk, Gonca and Tansu could reach Level
3 thinking that is, setting up and solving the correct equation by themselves, at least
in one question. Moreover Alper and Harun had Level 2 thinking in one of the
questions since they could set up and solve equations with the help of their pre-
service teachers. On the contrary, nearly half of the students could not improve their

algebraic thinking probably because of the complex nature of the problems in Task 7.
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Some of the students could transfer what they learned from previous tasks
since the number of students who gave NA answer decreased comparing to Task 7.
In their individual work Burak and Mert could only write correct algebraic
expressions and their algebraic thinking coded as Level 1. Within the task only Mert
could not improve his algebraic thinking. The other students could improve their
algebraic thinking at least one level and 3 of the students (Alper, Erdem and Tansu)
could improve their thinking up to Level 3 since they could set up and solve correct

equation.

6.3. Algebraic thinking of sub-sample students

In the following sub-sections, the students’ algebraic thinking in each
component is given in the tables and graphs for each student. Component 1 is used to
indicate finding the rule and the terms of the pattern, Component 2 is for converting
verbal expressions to algebraic expressions and algebraic expressions to verbal
expressions and lastly Component 3 is for setting up and solving the equations. The
first level indicates the students’ algebraic thinking level in the individual work of
the related task and the second level reflects the students’ highest level in the last
task of the related task in both tables and graphs. In graphs NA (no attempt or
irrelevant answer) is represented with Level 0 to get a simplified graph. Moreover,
description of a MOST instance is used to explain changes in students’ algebraic
thinking. In this case each dialogue between the researcher-student and pre-service
teacher-student can be seen as the example of MOST instances that occurred during

the implementations.

6.3.1. Alper’s algebraic thinking

Alper’s prior knowledge on all of the components of algebraic thinking was
higher than most of the students in the sub-group since his algebraic thinking was
mostly coded as at Level 2 even during the individual work even though it was not
the case for Component 1. Changes in Component 1 are presented as a graph in
Figure 6.4.
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Figure 6.4. The change in Alper’s algebraic thinking in component 1

For component 1, finding the rule and the terms of the patterns, Alper had two
and three irrelevant answers at the beginning but he could develop his thinking up to
Level 2 and Level 3 in Task 1 and Task 2, respectively. Afterwards, his algebraic
thinking in Task 8 was coded as at Level 2 for the individual work but it increased to
Level 3 after discussion as seen in Table 6.5. That is, he was able to find the rule by
trial and error process (Level 2) or he was able to understand the relationship
between the independent and dependent variables and recognized what leading
coefficient and constant term represented for (Level 3). Similarly, in tasks related to
algebraic expressions Alper could develop his algebraic thinking through Task 3 to
Task 6 as seen in Figure 6.5 since his algebraic thinking was at Level 3 in the
individual work at Task 6. Only in Task 8 the level of his algebraic thinking
decreased to Level 2 probably because of the complexity of the problem.
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Figure 6.5. The change in Alper’s algebraic thinking in component 2

In writing algebraic expressions we expected 1 MOST instance where students
would have difficulties in using the correct operation. This MOST instances was
observed in Alper’s answer in Task 5. From Table 6.7 it can be observed that Alper
had an irrelevant answer in Task 5 and the reason of his wrong answer was his
difficulty on algebraic operations of verbal expressions such as “the one-fifth of the
steps taken between the school and home”. He was not sure if it is needed to use
multiplication or division for “the one-fifth”. For this case, he overcame his difficulty
in the next task since he had Level 3 thinking because he used correct operation. In
the last task, his thinking level was again in Level 2 individual work but it can be
explained with the complex context of the problem since the problem required using
many operations in one time such as addition, multiplication and parenthesis. After
the discussions however, his thinking became Level 3 again since he realized that he
confused the algebraic expressions of green and purple squares and wrote the correct
algebraic expressions by himself. For the last component of algebraic thinking
which is setting up and solving algebraic expressions, Alper’s prior knowledge was
in a high level since his algebraic thinking were in Level 3 even in his individual
work as seen in Figure 6.6.



52

3
2
== |ndividual
Discussion
1
0 T T T 1
Task 5 Task 6 Task 7 Task 8

Figure 6.6. The change in Alper’s algebraic thinking in component 3

Alper could explain his thinking in the solution of the equation with the
following sentence: “We need to subtract 2 from 6 and since there are 2x we need to
divide the result with 2” and he could find the unknown weight in this way. Only in
Task 7 and Task 8 he had Level 1 and Level 2 thinking respectively since he did not
know how to do operations on algebraic expressions. He could only write the correct
equation in one question in Task 7, so his algebraic thinking was categorized as
Level 1. Also in Task 8, he solved the wrong equation correctly because he wrote
some of the algebraic expressions incorrectly. However, he realized that he made a
mistake and wrote the correct equation by himself, solved it correctly and found all
of the values of the squares. This case was thought as a sign for the improvement in
his algebraic thinking since even though he made mistakes he managed to increase

his thinking level to Level 3 afterwards.
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6.3.2. Burak’s algebraic thinking

Burak had mostly irrelevant or no attempt answers in the first tasks of each
component, indicating that he had a lack of prior knowledge on all components of
algebraic thinking. Changes in Component 1 are presented as a graph in Figure 6.7.
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Figure 6.7. The change in Burak’s algebraic thinking in component 1

Even though he had a lack of prior knowledge in all of the components, in the
first task on finding the rule of the terms of the pattern he could understand the
constant seats will be the constant term of the rule after the discussion of the rule in
the 3" question. Unfortunately, he could not transfer his knowledge neither Task 2
nor Task 8 but from Table 6.5 it can be concluded that he could develop his own
algebraic thinking within the discussions. The reason behind this fact might be his
lack of prior knowledge or the group dynamics since in his group there were two
students who had lowest scores. Therefore, the pre-service teacher had to focus on
the other two students in the discussions. On the contrary to first component, in the
second component Burak had some prior knowledge since his algebraic thinking was

at Level 1 in the first task of related component as seen in Figure 6.8.
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Figure 6.8. The change in Burak’s algebraic thinking in component 2

The student’s performance on converting verbal expressions to algebraic ones
was low since in the first task (Task 3), Burak only could write 3 out of 10 algebraic
expressions correctly in his individual work. He failed to use variable in some of the
questions and wrote the fractions such as one third of the previous road incorrectly.
Therefore, he both failed to use mathematical operations correctly and understand the
concept of variable. Only in some of the questions he could identify the appropriate
variable. As a result, his individual algebraic thinking is coded as Level 1. Because
of the time limitation, during the discussion the pre-service teacher discussed some
of the algebraic expressions. The dialogue between the pre-service teacher and the

student is given below:

Teacher: What did we say for the algebraic expression between the school and
Ayasofya?

Burak: X.
Then, the researcher came and posed questions.

Teacher: How can we describe the twice of this road?

Burak: 2X...

Researcher: How we can take the twice of the 2x+6?
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Burak wrote 2(2x+6) and used the parenthesis correctly.

At the end of the discussions, Burak could use the mathematical operations and
variable correctly in 8 questions out of 10. Since he met two of the criteria, his

thinking level became Level 2.

In Task 5, in individual work, Burak misunderstood the question and wrote the
algebraic expression for total amount of weights that Murat and Ayse carry.
Teacher: We have 3 bags, how can we say the amount of weights that Ayse

carries?

Burak: 3X...

Burak could tell the weights separately but still fails to add half kilo of banana, so his
algebraic expressions were not totally correct and his algebraic thinking was coded
as Level 2. Even though in Task 6 he wrote one of five algebraic expressions
incorrectly, he could realize his own mistake and changed his answer. Therefore, his
algebraic thinking level increased from Level 2 to Level 3. As seen in Figure 6.9.
Burak could develop his algebraic thinking from Task 5 to Task 8 in setting up and

solving equations.
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Figure 6.9. The change in Burak’s algebraic thinking in component 3
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Also, for setting up and solving equations, Burak had difficulties in the first
task since he had two irrelevant answers at the beginning. After the questions of his
teacher, he could only understand setting up the equations. In the Task 6 and Task 7
his friends and teacher explained the correct equation to Burak and applied what he
learned from previous tasks to Task 8 since his algebraic thinking was in Level 1 in

his individual work.

6.3.3. Doruk’s algebraic thinking

Similar to Burak, Doruk had prior knowledge only in component 2 (writing

algebraic expressions). Changes in Component 1 are presented as a graph in Figure
6.10.
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Figure 6.10. The change in Burak’s algebraic thinking in component 1

Burak had two no attempt or irrelevant answers related to finding the rule
and the terms of the pattern, indicating that he had lack of prior knowledge in this

component. After the discussions he understood the meaning of the variable in one
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question, and in the other question he could state that the amount of increase in the
dependent variable will be the coefficient of the variable in the rule. In the second
task, he again focused on the change of one variable or gave irrelevant answers in his
individual work. However, with the help of the discussions in the extra question; he
could also realize that the amount of increase would be the leading coefficient and
the rule must start with 2s. The reason of his Level 2 answer might be the similarity
between this question and the question in the previous task that where his algebraic
thinking was in Level 2. In both of the questions there were pictures that showed the
difference in the dependent variable in days or weeks. In the individual work of the
last task, Doruk gave an incorrect answer by focusing on the change in one variable
again. In finding rules we expected 1 MOST instances where students would focus
on the change in one variable rather than covariation. This MOST instance was
observed in Doruk’s individual work of the last task. After the discussion with the
researcher however he realized the coefficient and the constant term of the rule with

the following dialogue:

Researcher: What is the constant?

Doruk pointed the square in the middle of the shape, which is the

constant square.

Researcher:  You said the red square is constant, how many squares | add to this

square in that shape? (She pointed the second shape).
Doruk: 8?
Researcher: What n represents in here?
Doruk: The unknown...
Researcher:  There are 4 in the first shape, 8 in the second shape.
Doruk: 4x2...
Researcher:  What can you say about third shape then?

Doruk: 3X4...
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Researcher: What is our rule then?

Doruk: 4n+1...

He actually derived the rule of the pattern by himself with the previous
discussion, and then his thinking level became Level 3 at the end of the discussions.
Therefore, his algebraic thinking was developed from irrelevant answers to Level 3
through the tasks. The change in Doruk’s algebraic thinking is given in Figure 6.11.
As seen in the Figure 6.11 Doruk’s algebraic thinking did not changed within the
tasks since the levels of his algebraic thinking were the same for his individual work

and after group discussion.
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Figure 6.11.The change in Doruk’s algebraic thinking in component 2

Doruk could not improve his algebraic thinking within the Task 3 since both in
individual work and after discussion his algebraic thinking was in Level 1. He failed
to understand the concept of the problem since he always took the reference as the
previous road. His teacher and group friends explained him the correct algebraic
expressions but he failed to explain the reasoning behind the answers so the level of

his algebraic thinking did not change. On the contrary, he could show that he learned
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from previous task since he had Level 3 thinking in his individual work in Task 5. He
wrote both of the algebraic expressions correctly. Different than Task 5, in Task 6
Doruk’s algebraic thinking was in Level 2 since he had difficulties to follow the
context of the problem. The same difficulty can be seen in his algebraic thinking in
the first task of algebraic expressions (Task 3) because he also took the reference
point as the steps taken in previous road instead of the steps taken in initial road
(between the home and the school). In the last task also, Doruk’s algebraic thinking
on writing algebraic expressions remained in Level 2 since he failed to use
parenthesis correctly by ignoring the order of the operations. The reason behind his
difficulty might be the complexity of the problem since the students were expected to
write algebraic expressions including many operations (such as addition,
multiplication) at the same time. Therefore, different than finding the rule and the
terms of the pattern Doruk’s algebraic thinking for writing algebraic expressions
increased to Level 2 through the tasks. Doruk’s algebraic thinking related to the third
component is given in Figure 6.12. As seen in the Figure 6.12 different than the
second component, Doruk could develop his algebraic thinking within the tasks since

the level of his algebraic thinking was higher after the group discussion.
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Figure 6.12.The change in Doruk’s algebraic thinking in component 3
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For setting up and solving equations, at the beginning of the tasks Doruk did
not know how to solve the equations but he could set up the equation. Unfortunately,
because of the time restriction in his group this question was not discussed efficiently
so it is hard to understand whether or not his algebraic thinking was developed
within this task (Task 5). In the following task, the teacher of the group interfered the
individual work of the student, and they set up and solved the equation together so
his algebraic thinking categorized as Level 2 since he got the help of his teacher in
each step of the problem. Similar to Task 5, in Task 7 Doruk could set up one of the
equations by himself but since some of his algebraic expressions were incorrect he
failed to solve the equation. In the other question he had difficulties in
comprehending the problem, so the researcher created a discussion with the student
by skipping his individual work part. However, after the discussion he totally
understood the step of setting up and solving the equation since he could tell these
steps to his friends in the group and persuade them to the solution. Therefore, his
algebraic thinking level became Level 3 in one of the problems. In Task 8, the group
had a time limitation so similar to Gonca’s situation (Gonca and Doruk were in the
same group for this task) so he stated the steps of the solution orally but failed to
complete his solution. Therefore, because of the missing steps his algebraic thinking

was evaluated as Level 2 even though he knew the steps.

6.3.4. Erdem’s algebraic thinking

At the beginning of the tasks Erdem had mostly irrelevant or no attempt
answers in the first tasks of first and third component, indicating that he had a lack of
prior knowledge on these components of algebraic thinking. However in the second
component that is writing algebraic expressions, the student’s algebraic thinking was
at Level 2 even in his individual work. Changes in Component 1 are presented as a

graph in Figure 6.13.
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Figure 6.13. The change in Erdem’s algebraic thinking in component 1

Erdem’s expressions can be seen as an evidence for his improvement since he
was one of the students who made the huge progress in his algebraic thinking. For
finding the rule and the terms of pattern component, he only focused on the change
in one variable and defined the rule with that change in the first task. He stated that
the difference between two consecutive terms of dependent variable is the constant
term in the pattern rule so his algebraic thinking level was Level 1. In the second
task, the student found the rule by trial and error process while in the last task he
understood where the constant term and the coefficient of unknown come from in the
rule. For instance, he said that we can find the number of renovated streets by
multiplying number of weeks and adding one. The students’ expressions from Task 8
categorized as Level 3 since the student understands that the constant square in the
pattern will be the constant term of the rule, and the amount of increase will be the
coefficient of the variable. Therefore, the student recognizes what the leading
coefficient and the constant term represent in the rule of the pattern and showed his
improvement in finding the rule and the terms of the pattern. Also, for the second and
third component of algebraic thinking Erdem could develop his thinking up to Level

3 as seen in Figure 6.14 and Figure 6.15.
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Figure 6.14.The change in Erdem’s algebraic thinking in component 2
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Figure 6.15.The change in Erdem’s algebraic thinking in component 3

In Task 3, Erdem’s paper for individual work indicated that the failed to
understand the context of the problem. Moreover, in Task 5 Erdem could not write
the algebraic expressions and in the following task he could not write one of the six

algebraic expressions. In the last task, Erdem could understand the context and used
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the algebraic operations except parenthesis so his thinking was in Level 2. Then with
the following dialogue his algebraic thinking was developed:

Teacher: Are these algebraic expressions same with or without using parenthesis?
Erdem:  We wrote in a wrong way teacher.
Teacher: Did we? How we should write?

Erdem:  We need to use parenthesis from 5 to 10. Without using parenthesis we
are taking the two fifths of the 10. It must be the same for the yellow
square (The algebraic expression was (5x+10).2/5 for the red square and

the yellow square was related to red square).

In this case he could realize his own mistake and achieved an improvement in
writing algebraic expressions. Erdem also failed to set up an equation in Task 5, Task
6 and Task 7 but in these tasks his friends and teacher explained to Erdem the correct
equation and steps of the solution. In the last task he could use what he learned from
previous tasks since the level of his algebraic thinking was Level 3 even in his
individual work. Erdem could set up and solve the equation correctly and also could

find the values of different squares.

6.3.5. Gonca’s algebraic thinking

Gonca’s prior knowledge was similar to Erdem’s prior knowledge in all of the
components of algebraic thinking since she gave irrelevant answers or no attempt
answers except Component 2. Additionally, changes in Component 1 are presented

as a graph in Figure 6.16.
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Figure 6.16.The change in Gonca’s algebraic thinking in component 1

For finding the rule and the terms of the pattern, Gonca improved her algebraic
thinking from irrelevant answers up to Level 3 even in the first task. When the
researcher asked the meaning of “n” in the rule she could explain her rule of pattern.
Also, she realized where the constant term and coefficient of variable come from. In
the second task, Gonca had Level 3 thinking in two questions out of four questions
after the discussions. The questions where pattern blocks were used as manipulatives
probably supported her algebraic thinking better since she realized the constant term
and the coefficient by means of these manipulatives. In the last task also, she focused
on the change in dependent variable shows that she forgot some of the information
when time passed. Even though she failed to derive the rule, when the researcher
asked to check her rule and constant term she realized that her rule was wrong. After
the discussions, Doruk explained the rule to her and she could understand the logic
behind the rule (he was in her group for this task) so her thinking level became Level
2. In component 2, Gonca could develop algebraic thinking up to Level 3 in group
discussions except Task 5. The change in her algebraic thinking is given in Figure
6.17.
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Figure 6.17. The change in Gonca’s algebraic thinking in component 2

As the second component of algebraic thinking, Gonca mostly answered
questions from Task 3 correctly but fails to understand the context of the problem in

some of the questions. For instance, she wrote x — 10 instead of 2x + 6 — 10 and
Té instead of 2T.§. Since she missed one of the criteria in algebraic expressions, her

thinking level was Level 2. When the researcher asked, Gonca stated that her answer
as x.2 is wrong and wrote correct algebraic expression using the parenthesis
correctly. In this case, she could both use mathematical operations and follow the
context of the problem at the end of the discussions and her algebraic thinking was
categorized as Level 3. In the following tasks, her answers were in Level 2 in her
individual work for different reasons. In Task 5, she misunderstood the question
while in Task 6 she was not sure one of the algebraic expressions and in the last task
she failed to use parenthesis. In the following dialogue in the last task she understood
the order of operations:

Gonca: Since it is connected with the value of the green square it must be
X.(2+5) and | add 8.



Researcher:

Gonca:

Researcher:

Gonca:

Researcher:

Gonca:

Researcher:

Gonca:

Researcher:

Gonca:

Researcher:

Gonca:

66
If we want to do the operations, what is the order of operations?
Inside the parenthesis...
If we do the operations inside the parenthesis how many x’s we get?
7...
Do we have 7x here?
| would do 5x.
You told me that we have 7x, are 5x and 7x equal to each other?
No...
What will you write then?
S5x+2+8...

| warned you that you multiplied 2/5 with only 10, do we multiply
2/5 with only 10?

No teacher, we need to use parenthesis (she pointed at the correct

place of the parentheses).

Therefore, the dialogue above indicates that Gonca understood her mistake and

remembered order of the operations. Therefore, her thinking level became Level 3 at

the end of the task. Moreover, the change in Gonca’s algebraic thinking in

component 3 is given in Figure 6.18.
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Figure 6.18. The change in Gonca’s algebraic thinking in component 3

As the last component of the algebraic thinking, in setting up and solving the
equations Gonca initially had a wrong answer in the first task since her algebraic
expressions were wrong. Similar to the previous dialogue, when Gonca recognized
correct algebraic expressions she could set and solve the equation. She also could
transfer her knowledge into the next task and her thinking level in her individual
work was also Level 2. Even though in Task 7, her answers during individual work
were at Level 1, she stated that she did not know how to add the algebraic
expressions. As a result, it can be concluded that her problem was not about setting
up and solving the equations but about writing algebraic expressions. In the last
task, Gonca failed to understand the question since she did not comprehend which
squares need to be added. Therefore, she failed to set up the equation. However,
during the discussions she interpreted that two green, one blue and two purple
squares would be added and expressed some steps of the solution. Because of time
limitation she could not complete her solution even though she stated the steps of
the whole solution. As a consequence, her thinking level remained as in Level 2.
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6.3.6. Harun’s algebraic thinking

Harun’s prior knowledge on all of the components of algebraic thinking was
higher than most of the students in the sub-group since his algebraic thinking was
mostly coded as at Level 1 and Level 2 even during the individual work even though
it was not the case for Component 3. Additionally changes in Component 1 are
presented as a graph in Figure 6.19.
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Figure 6.19.The change in Harun’s algebraic thinking in component 1

At the beginning of the tasks, Harun failed to interpret the covariation since he
only paid attention to the change in one variable to write the rule in both of the
guestion. Due to the time restriction, one of the questions cannot be discussed and
his algebraic thinking could not be developed within this task. In other question,
Harun only comprehended the meaning of the variable so his algebraic thinking was
remained as Level 1. In the next task, Harun also gave Level 1 answers mostly by
looking the change in the dependent variable and writing the amount of increase as
the constant term of the rule. The following dialogues show improvement in Harun’s

algebraic thinking:
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For the first question;
Harun: Everything is multiplied by 3, multiplied since each year 3 flat families
are moving to another place.
The researcher wants him to try his rule.
Researcher: You said it is multiplied, how is it going to be?
Harun: This is multiplied by 3 and it is multiplied by 3
(he pointed different years).
Researcher: If each year is multiplied by 3 what is the rule?

Harun: y.3

For the second question:

Researcher: The roof is constant right? If we don’t think the roof there is 8
apartments in here, 12 apartments in here, 16 apartments in here
right? 4, 8, 12, 16 if want to express the relationship the number of

the years and the number of apartments, how | can express?
Harun: 4 apartments are added up.

Researcher: If 4 apartments are added up and if you think like in the first

question, how can you express?
Harun: 4n...
Researcher: How can | include the roof to our rule?
Harun: Isn’t it 6.n?

The researcher asked him to try his rule.

Researcher: You said 4n, it is going 4 times how can | add the roof then? Which
operation should we apply?

Harun: Addition...
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Researcher:  Addition, there are 4 apartments in the first year and what?
Harun: +2...
Researcher:  What is the rule then?

Harun: 4n+2...

Then, Harun realized the constant term of the third rule since he stated all of
the number of the streets obtained by adding 1 to 2m. From the dialogues above, it
can be observed that Harun could transfer what the learned from the first dialogue
(question) to the second and third question since he could understand the constant
term and the coefficient of the rule and his algebraic thinking was categorized as
Level 2. On the contrary, he probably forgot some of the information from Task 1
and Task 2 since in the last task; he again defined the rule by paying attention to
increase in the dependent variable. After the discussion with his teacher however, he
realized the constant term and the coefficient. Therefore, his algebraic thinking was
improved to Level 3 at the end of the three tasks. Furthermore, the change in Harun’s

algebraic thinking in component 2 is given in Figure 6.20.
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Figure 6.20.The change in Harun’s algebraic thinking in component 2
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In the second component of algebraic thinking, Harun took the reference point
wrongly and in one question he could not apply mathematical operation correctly. In
this case, his teacher guided him and asked the previous road to lead him to the
correct reference road. After the teacher’s questions, Harun realized his mistakes by
himself and wrote correct algebraic expressions. In the next task, he could write
some of the algebraic expressions but failed to add the amount of fruits correctly
since he expressed the weights as unknown. Therefore, even though he could transfer
his knowledge into the next task, he failed to write algebraic expressions including
the known and unknown weights at the same time. Using what he learned from
previous tasks, Harun increased the level of his algebraic thinking to Level 3 even in
his individual work. In parallel to Task 3, Harun had difficulties to follow the context
of the problem in Task 8 since he wrote the value of the yellow square incorrectly.
After the discussions he stated that the algebraic expression was missing and could
correct his own mistake. As a result, even though his algebraic thinking was in Level
2 in his individual work, by correcting his mistake his thinking became Level 3 after
the discussions. Different than component 1 and 2, Harun had a lack of prior

knowledge in component 3 as seen in Figure 6.21.
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Figure 6.21.The change in Harun’s algebraic thinking in component 3
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For setting up and solving the equations, Harun could not give answers for any
of the questions in Task 5. After the discussion with his teacher, he was able to
explain the solution with his own words in the first question. The next question was
the extra question where students are expected to add different ingredients. Harun
could only understand that these ingredients must be added probably because of the
complexity of the problem, so his algebraic thinking was categorized as Level 1. On
the contrary to second component, Harun could transfer only some of his knowledge
into the next task since his algebraic thinking was at Level 1 in his individual work.
In his individual work he could set up the equation but failed to solve it. Then, after
the discussions, he could explain some of the steps so his algebraic thinking level
was increased to Level 2. In Task 7 his algebraic thinking was at Level 2 since he set
up equation but could not solve it. After the discussions, he could solve the equation
only with the help of his teacher. The next question could not be discussed because
of time limitation. Therefore, his algebraic thinking became Level 2 at the end of the

tasks.

6.3.7. Mert’s algebraic thinking

Mert had a lack of prior knowledge on all of the components of algebraic
thinking except component 2. Changes in Component 1 are presented as a graph in
Figure 6.22.

Similar to his friends, Mert could not answer both of the questions related to
finding the rule and the terms of the pattern in the first task. Unfortunately, only one
of the questions could be discussed but, in that question, Mert could realize the
constant term and chancing value of n and therefore, his algebraic thinking was
coded as Level 3. However Mert failed to figure out the rule of the pattern given in
Task 8 during individual work. Then the researcher asked him to tell about the
constant and he said the square in the middle is constant. Therefore, his algebraic
thinking was consistent with his algebraic thinking from the previous task.

Furthermore, Mert’s algebraic thinking in second component is given in Figure 6.23.
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Figure 6.22.The change in Mert’s algebraic thinking in component 1
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Figure 6.23: The change in Mert’s algebraic thinking in component 2

In writing algebraic expressions, Mert had limited prior knowledge in the first
task (Task 3) because he could write only one algebraic expression correctly. During
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the discussions, Mert could understand 6 out of 10 algebraic expressions with the

given dialogue below:

Teacher: What is the distance between home and school?
Mert: X...

Teacher: How we can express twice of that distance?
Mert: 2X...

Teacher: It says this road is 6 kilometers more than it.
Mert: +6...

Teacher: So what is the algebraic expression?

Mert: Is it 8x?

Teacher: What we said before 2x?

Mert: 2x+6...

With this discussion, Mert could write the similar algebraic expressions and his
algebraic thinking level became Level 2. It can be concluded that he benefited from

the discussions within the task.

He also could transfer his knowledge to the next task since his algebraic
thinking level was at Level 2. He wrote algebraic expressions partially correct but
failed to add known weights to algebraic expressions. Even after the discussions, he
could not write exactly correct algebraic expressions because he had difficulties in
writing fractions. Consistently, Mert could write all of the algebraic expressions
correctly in the following task and his algebraic thinking was in Level 3 probably
because there were no algebraic expressions including unknown and known weights
at the same time. In the last task, Mert had difficulties in understanding the context of
the problem and failed to pay attention to the order of the operations. However, Mert
could not understand how to use parenthesis even at the end of the discussions so his
algebraic thinking was remained at Level 2. Moreover, Mert’s performance in setting

up and solving equations is given in Figure 6.24 with related tasks.



75

3
2 i E—
=¢==|ndividual
Discussion
1 .
0 T T T 1
Task 5 Task 6 Task 7 Task 8

Figure 6.24. The change in Mert’s algebraic thinking in component 3

In Task 5, Mert could only write algebraic expressions for setting up and
solving the equations. Mert failed to solve the equation individual work but could
understand the steps of the solution after the individual work. Therefore, the level of
his algebraic thinking increased from Level 1 to Level 2 with discussions. In parallel
to the previous task, Mert could set up the equation in his individual work. Moreover,
he solved the equation together with his teacher. In the Task 7 only one question
could be discussed, in the other question the teacher tried to guide Mert to the
solution. Even though the teacher tried to give simpler example, Mert could not

understand this example and his algebraic thinking level was remained at Level 1.

6.3.8. Tansu’s algebraic thinking

Tansu’s prior knowledge on all of the components of algebraic thinking was
higher than most of the students in the sub-group since his algebraic thinking was

mostly coded as at Level 2 and Level 3 even during the individual work even though
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it was not the case for Component 3. Additionally changes in Component 1 are

presented as a graph in Figure 6.25.
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Figure 6.25.The change in Tansu’s algebraic thinking in component 1

Tansu’s algebraic thinking in finding the rule and the terms of the pattern was
mostly coded at Level 3. One of the possible reasons behind her high level thinking
is that her prior knowledge was high in the patterns. In the first task she realized that
constant seats will be the constant term and the amount of increase in the number of
seats will be the coefficient of the variable. In her paper from individual work she
wrote that the first two seats are constant and the seats increased by 3 in each day.
Therefore the rule must be 3n+2 for the 4" question. Therefore, she knew the
coefficient and constant term of the variable at the beginning of the implementation
of the tasks. In this case, when her teacher poses the questions she could realize her
mistakes or find the correct rule as a result of the questions. For instance; in the Task
2 Tansu paid attention to the difference between dependent variable in her individual
work. As a result, she wrote n+2 for the third question and her algebraic thinking
coded as Level 1 since she only knows the meaning of the variable but fails to
understand the covariation. After the discussion of the first and the second questions,
Tansu figured out that the rule for the third question was incorrect because the

coefficient must be two. She said that “It is increasing by two, so I wrote 2m for the
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rule. When we replace 1 for the variable, the number of the streets must be equal to
3, and when we replace 3 for the variable the number of the streets must be equal to
the 7. Since then, we need to add 1 to the rule”. Thus, based on her previous work
Tansu rethought about her rule and revised it. It can be inferred that the previous
questions in the task helped her to understand how to figure out the rule of a given
pattern. As seen in Figure 6.26, Tansu’s prior knowledge was also high for the
second component since the level of her algebraic thinking was at least Level 2 in her

individual work.
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Figure 6.26. The change in Tansu’s algebraic thinking in component 2

Tansu’s algebraic thinking in writing algebraic expressions was at Level 2 in
her individual work since she failed to follow the context of the problem and apply
order of the operations. When the researcher asked the order of operations and the
previous road taken she realized her mistakes. Then, in Task 5 and Task 6 she could
benefit from previous tasks and started to increase her thinking level to Level 3. Only
in last task, her algebraic thinking was at Level 2 probably because this task included
the questions with more complex context. When the teacher asked, she again could
understand her own mistakes and give correct answers by herself. On the contrary to

component 1 and 2, Tansu had a lack of prior knowledge in the third component
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(setting up and solving equations). The level of her algebraic thinking in related tasks

is given in Figure 6.27.

3 I
2
=¢=|ndividual
Discussion
1
0 T T T 1
Task 5 Task 6 Task 7 Task 8

Figure 6.27. The change in Tansu’s algebraic thinking in component 3

For setting up and solving equations Tansu had already Level 3 thinking even
in her individual work except last task. In the last task, she found some algebraic
expressions wrongly so she had difficulties in the solution of the equation. Then, like
previous components of the algebraic thinking she found the correct answer by

herself and her level of thinking became Level 3.

6.3.9. Utku’s algebraic thinking

Utku had a lack of prior knowledge only in component 1 since he had no
attempt or irrelevant answers in his individual work at the beginning of related tasks.
However at the first tasks the level of his algebraic thinking was Level 1 and Level 2
in component 2 and 3. Additionally changes in Component 1 are presented as a graph
in Figure 6.28.
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Figure 6.28. The change in Utku’s algebraic thinking in component 1

As the first component of the algebraic thinking, Utku’s pre-knowledge on
finding the rule and the terms of the pattern was weak since he only understood the
meaning of the variable. In the discussion part, Utku insisted on looking the
difference in dependent variable. In Task 2, Utku still paid attention to the difference
between the dependent variable in his individual work. After the discussions he was
convinced about the rules of the first and the second questions. Then he was able to
transfer his knowledge to the third question with the following dialogue:

Utku: The rule must be a.2+1...

Teacher: Why it must be a.2+1?

Utku: Because the number of weeks goes up 1 by 1 and the number of the

streets goes up 2 by 2.

Therefore, Utku found the rule by trial and error process and his algebraic
thinking level became Level 2. On the contrary to his friends, Utku could not transfer

his knowledge to the last task since he defined the rule by looking the change in only
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one variable. As seen in the Figure 6.29, Utku’s algebraic thinking did not change
within the tasks since the level of his algebraic did not change from his individual

work to group discussion.
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Figure 6.29.The change in Utku’s algebraic thinking in component 2

For writing algebraic expressions Utku had some prior knowledge but on the
other hand he had some difficulties in terms of order of operations such as using
parenthesis. In the discussion part, the teacher tried to show the difference between
dividing a number by 1/3 versus by 3 to Utku but he insisted on that there was no
difference between these operations. As a consequence, Utku could not improve his
algebraic thinking because he had problems with applying the order of operations in
the fractions and the level of his algebraic thinking was still at Level 2. On the
contrary to Task 3, in Task 5 Utku’s algebraic thinking was at Level 3 probably

because there were no algebraic expressions with fractions in the question. In Task 6,
Utku had the same mistake with Task 3 since he wrote x+§ while expressing “one

fifth of the road between home and school”. In this case, his teacher tried to ask
guestions to lead him to figure out difference between the division and multiplication
with the following dialogue:



Teacher:

Utku:

Teacher:

Utku:

Teacher:

Utku:

Teacher:

Teacher:

Utku:

81
Utku what does 1/5 mean?
Dividing by 5 and multiplying with 1.

What do you do when you divide by 1/5? Could you all try to find 1/5 of
120?

24...
What is 2/5 of 120?
48...

| said the one-fifth and then you divided it by 5 and multiplied by 1, when
| said two fifths you divided by 5 and multiplied by 2. All right. Please
divide 120 by 1/5, how we can do division with fractions?

Another student said 1/5 must be inverted.
Are 600 and 24 are equal? What we are doing when we say 1/5?

We are multiplying.

Therefore, Utku could write algebraic expressions with the help of his teacher.

As a result, the level of his algebraic thinking did not change. Similar to the previous

task, in the last task Utku had Level 2 thinking since he failed to use parenthesis

correctly. In the discussions also he learned how to use parenthesis from his teacher

so his algebraic thinking was at Level 2 at the end of the tasks. Moreover, the change

in Utku’s algebraic thinking in the third component is given in Figure 6.30 in below.

Similar to finding the rule and the terms of the pattern, Utku had a lack of prior

knowledge in terms of setting up and solving the equations since in the first task he

could only write algebraic expressions. Therefore, his algebraic thinking level was at

Level 1 at the beginning of the tasks.
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Figure 6.30. The change in Utku’s algebraic thinking in component 3

With the discussion below his teacher supported his algebraic thinking and
guided him to solution of the problem:
Teacher: 4 equals to what? When | take away 2 kilos of mandarin, what would |

have?
Utku: Pickles...
Teacher: 2 bags of pickles?
Utku: 2X...
Teacher: We can write 2x for them. If 2x equals to 4, one x equals to what?

Utku: 2...

This conversation shows that Utku could understand the solution of the
equation to some extent. Therefore, his algebraic thinking level became Level 2. In
the extra question Utku also could write the algebraic expressions but he had no
chance to improve his thinking since because of the difficulty of the problem, the

teacher had to teach the steps of the solution of the equation. In Task 6, he showed a
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similar improvement in his algebraic thinking with the Task 5 after the discussions.
Differently, in Task 7 he could not write the algebraic expressions since he failed to
pay attention to order of the operations. In the discussions, the teacher asked
questions for order operations and because of the time limitation he could only write
the algebraic expressions correctly at the end of the discussions and the level of his
algebraic thinking was Level 1. Finally, in Task 8 Utku tried to find the values of
different squares by trial and error process. At the end of the discussions he could
partially understand the steps of the solution since he could solve 21x=42 and found
the values of the other squares using this equation. As a result, through the
discussions his algebraic thinking mostly became Level 2 and he could not transfer
his knowledge to the other tasks probably because he could not internalize what he

learned from the previous tasks.

The change in all students’ algebraic thinking is summarized in Table 6.10. As
seen in Table 6.10, task-assisted instruction was effective to support students’
algebraic thinking since the students could improve their algebraic thinking at least
in two of three components. Except Utku, all of the students could improve their
algebraic thinking in all of the components even though they had weak prior

knowledge especially in component 1 and component 3.



Table 6.10. The change in the students’ algebraic thinking in each component

Component 1

Component 2

Component 3

Alper NA-Level 3 Level 2-Level 3 Level 3-Level 3
Burak NA-Level 2 Level 1-Level 2 NA-Level 2
Doruk NA-Level 3 Level 1-Level 2 NA-Level 2
Erdem NA-Level 3 Level 2-Level 3 NA-Level 3
Gonca NA-Level 2 Level 2-Level 3 NA-Level 2
Harun Level 1-Level 3 Level 2-Level 3 NA-Level 2
Mert NA-Level 2 Level 1-Level 2 NA-Level 1
Tansu Level 3-Level 3 Level 2-Level 3 NA-Level 3

Utku

NA-Level 1

Level 2-Level 2

Level 1-Level 2

84
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7. DISCUSSION AND CONCLUSION

In this study, the change in students’ algebraic thinking through task-assisted
instruction was examined. For this purpose, 8 tasks were applied during 7 weeks.
Algebraic thinking was defined as consisting of 3 components: finding the rules and
the terms of the pattern, converting verbal expressions to algebraic expressions and
algebraic expressions to verbal expressions, and lastly setting up and solving the
equations. In this section, change in students’ algebraic thinking will be discussed by

taking into consideration the previous studies in the literature.

The design of this study was convergent parallel design. As Creswell (2011)
suggested the qualitative and quantitative data were separately collected. In this
section results obtained from two different sources of data will be examined to
understand to what extend these two data sources are merged. The pre, post and
retention achievement test results and the change in students’ algebraic thinking
levels will be compared. At the end of the discussion the limitations of this study will

be mentioned.

7.1. Effect of task-assisted instruction on algebra achievement

In the literature, many of the international (e.g. Rivera, 2009) and Turkish
studies (e.g. Ispir and Palabayik, 2011; Yiiksel, 2013) revealed that using tasks in
algebra instruction can be useful to support students’ algebraic thinking. In this study
when the post-test and retention test results were compared, significant differences
were observed between experiment and control groups in terms of algebra
achievement. These results showed that the students could benefit from task-assisted
instruction more than traditional instruction. Moreover, it can be concluded that the
students from study group could remember what they learned after three months
since there was a significant difference between the results of the two groups in the
retention test. Another benefit of task-assisted instruction is its effect on eliminating
misconceptions. When the student-teacher interactions were analyzed from that
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perspective, it can be seen that students” some of the misconceptions were
eliminated. For instance, in converting verbal expressions to algebraic expressions
many of the students had misconceptions while writing the algebraic expression of
“twice of the road that is taken to arrive Miniatiirk”. In this question the road is taken
to arrive Miniatiirk was 2x + 6. The students wrote 2x + 6.2 instead of (2x + 6).2
without paying attention to order of the operations. The teacher-student interactions
were beneficial to eliminate this kind of misconceptions since the students could
correct their own mistakes. During the discussions, Alper and his friend realized their
own mistakes and stated the necessity of the parenthesis. When their teacher asked
the reason of putting parenthesis, Alper said that in the order of operations the
multiplication has the priority. Furthermore, Gonca stated that the expression is the
twice of 2x+6 not the twice of only 6 after the discussions of the previous algebraic
expressions. As a result, Gonca understood the necessity of the parenthesis in
algebraic expressions. In parallel to current study’s conclusion Akkaya (2006)
reported that task-assisted instruction was more effective to eliminate these
misconceptions then traditional instruction since the number of students who had

misconceptions decreased more in task-assisted instruction.

When change in students’ algebraic thinking in finding the rule and terms of
the pattern (see Table 6.4) and setting up and solving equations (see Table 6.8.) was
examined it can be seen that especially students who were lacked of prior knowledge
could benefit from task-assisted instruction. For instance, Harun and Burak were
low-achieving students since both had irrelevant or no attempt answers in their
individual work at the beginning of the tasks. Also, they both took 2 points out of 40
points in pre-achievement test. After the discussions, the level of their thinking
became Level 2. The students with lacked of prior knowledge comparing to the other
students, had a chance to improve their thinking mostly since their thinking level
starts from lower levels. Yiiksel (2013) also stated that such low-achieving students
mostly benefited from task-assisted instruction. That is, the findings of the current

study are compatible with the results of the previous studies.
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Moreover, in this research the tasks include the contexts that were from the
close environment of the students such as going to bazaar, taking paths to school
from home. In the literature also, some of the scholars suggested that personalized
tasks which is inclusion of the contexts that are related to the interest and daily lives
of the students. Walkington et al. (2013) claimed that using personalized contexts in
the tasks are likely to contribute students’ algebraic thinking especially in learning
new contexts. Since the tasks in this study were designed in the light of this
perspective, the findings of this study can be seen as a support of the previous study

conducted by Walkington and her colleagues (2013).

In terms of application of the tasks, Saraswati and Putri (2016) preferred to use
algebra tiles. The discussion on Gonca’s answers in section 6.3.5 could be thought as
an evidence of benefits of using manipulatives. In finding the rule and the terms of
the pattern, Gonca achieved Level 3 thinking after the discussions in two questions
out of four questions in Task 2. Her teacher used manipulatives in these two
questions in accordance with the suggestions of the researcher. During the
discussions Gonca stated that “the roofs are constant so we need to add 2 to the rule,
the rule become 4n+2”. In the last question, she said “There are 11 pieces that are
constant in the flower and the leaves increased twice each time so the rule includes
multiplication by 2.” Her expressions were proof of how she made use of
manipulatives to improve her algebraic thinking since she realized the constants will
be the constant term in the rule of the pattern. The current studies’ findings are
consistent with Saraswati and her colleagues’ (2016) since they claimed that using
algebra tiles can be useful to support students’ understanding in one variable

equation.

A student-centered teaching model was preferred during the implementation of
tasks. The pre-service teachers were scaffolding students by asking questions to them
during the discussions. During the implementation of the tasks, the researcher asked
questions such as “What is constant?”, “You said the red square is constant, how
many squares we add to here?”. With these questions Doruk could derive his rule of
the pattern by himself and he could change his wrong answer in his individual work.

In accordance with the aim of the study, the level of his thinking became Level 3.
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Therefore, these discussions and student-centered teaching could support his
algebraic thinking. On the other hand, the control group was instructed by traditional
instruction where the students were less active comparing to the student-centered
teaching model. Since there was a significant difference between control and
experiment group, it could be concluded that student-centered teaching model was
effective for supporting students’ algebraic achievement. Similarly Schukajlow et al.
(2012) investigated effects of different teaching models in implementation of the
tasks. The researchers claimed that student-centered teaching model was more
effective than teacher-centered model on students’ achievement. Billings et al.
(2007) preferred similar questions to the questions of pre-service teachers during the
discussions to enhance students’ thinking. The researchers noted that the students
could reach the relationship between the patterns by means of growing patterns and
the question. Moreover, Billings et al. (2007) and Moyer-Packenham (2005) used
growing patterns as in the first question of the last task of this study. Moyer-
Packenham (2005) claimed that this pattern helps students to identify the rule of the
pattern since in the growing pattern students can comprehend the amount of increase
from one shape to another. Briefly, the findings of previous studies support the
current studies’ findings about the effects of task-assisted instruction on students’

algebra achievement.

Many of the scholars (e.g. Lannin, 2005) preferred pattern tasks to elaborate
students’ thinking on finding the rule of the pattern. Lannin (2005) observed that
students could reach the generalizations especially in small group discussions. In
the current study some of the students could learn from their friends in small group
discussions. For instance, Burak’s group was changed because in his previous
group there were two low-achieving students who had difficulties in understanding.
In the last task he was in the same group with Erdem and he could make use of the
discussions with Erdem since Erdem explained the rule of the pattern to him. With
small group discussions Burak could understand the logic behind the rule of the
pattern. It can be deduced that the small group discussions and pattern based
teaching supported Burak’s algebraic thinking in finding the rule and the terms of
the pattern. Moreover, Palabiyik and Ispir (2011) compared the effect of pattern

based and algebra teaching which was not based on patterns with an experimental
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study. Palabiyik and Ispir (2011) noted that the study group performed significantly
better in the algebra achievement test consisting questions from all algebra topics
including both conceptual and procedural questions. In the current study there was
a significant difference between the study and the control groups since p-values
were 0.014 for post-achievement test and 0.021 for retention test in related item.
Therefore, the p-values indicate that the results of this study overlapped with the
previous studies since the students could make use of pattern tasks in finding the

rule and the terms of the pattern.

7.2. Effect of task-assisted instruction on algebraic thinking

As the first component of algebraic thinking the task-assisted instruction
supported finding the rule and the terms of the pattern. In the individual work of
Task 8, the students defined the rule with the amount of change between the numbers
of squares in consecutive figures. Afterwards, the researcher demanded them to focus
on the relationship between the number of the figures and squares. Also, the
researcher asked “What was changed?” and “What was stable in the figures?”. Then,
the students realized that the stable squares will be the constant term and change
between the consecutive figures will be the coefficient of the variable. Billings et al.
(2007) claimed that one of the students could observe the increase in the number of
dots (dots in the pattern) in consecutive figures but he failed to understand what is
remained unchanged and which dots were changed among the figures. The
researchers claimed that with this task the student started to understand the
covariation of the variables rather than the change in the dependent variable.
Therefore, current study supports Billings et al.’s study (2007) in terms of

eliminating students’ difficulties about covariation.

As another component of algebraic thinking, it was observed that the students
who were instructed by task-assisted instruction performed better in setting up and
solving equations as shown in Table 6.2. Similarly, Giirbiiz and Toprak (2014)
conducted an experimental study to investigate the effects of task-assisted instruction

compared to traditional instruction. In accordance with the results of the current
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study, the results of achievement tests indicated that task-assisted instruction was

more effective.

7.3. Change in algebraic thinking of students in the sub-sample

In this study, the tasks were designed to reveal MOST instances to support
students’ algebraic thinking. As seen in teacher-student and researcher-student
interactions MOST cases helped to elicit and improve students’ algebraic thinking
(see section 6.3). The items in the tasks were prepared to elicit students’ common
misconceptions to give an opportunity for pre-service teachers to eliminate those
misconceptions and support students’ algebraic thinking and learning. For instance,
one of the MOST instances described for Task 2 was to focus on the change in one
variable rather than the covariation (see Appendix E for the list of MOST instances).
During the implementation of this task, this MOST instances occurred in many
groups. For instance, Harun focused on the change in the number of apartments and
defined the rule as n+4 although the rule was 4n+2. Then the researcher asked
questions to make him to recognize the relationship between variables. He eventually
found the answer by help of the researcher (see section 6.3.6). Harun also made use
of what he learned in the next question with this MOST instance. He probably easily
transferred his information to the next question since the contexts of the problems
were very similar. In both of the questions there were constant terms in the rule and
the amount of the increase were the coefficient term. In other words, MOST
instances not only provide a platform for promoting students’ thinking through
scaffolding practices but also create an opportunity for students to correct their own

mistakes and understand mathematical concepts and procedures better.

On the other hand, in some of the cases students could not transfer what they
learned from previous tasks probably because of the more complex nature of the
following tasks. As the second component of algebraic thinking, in writing algebraic
expressions some of the students gave irrelevant answers even though their algebraic
thinking was at least Level 1 in the individual work of Task 3. Even though the
contexts of the Task 3 and Task 5 were similar, the number of questions was less

than in Task 5. For instance, in Task 5 only in 1 question students needed to choose
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multiplication or division. Therefore, when they could not use the correct operation
even in this question they could not meet one criterion in algebraic thinking. Not
only writing algebraic expressions but also in setting up and solving equations the
level of students’ algebraic thinking in their individual work were lower in Task 7
with respect to Task 6 most probably because of the complex nature of the problems.
In Task 7 for both of the problems students were expected to add more than two
algebraic expressions to solve the equation and they need to understand there were
more than one reference points different than the previous tasks. As a result, the
students might not apply what they learned from the previous tasks because of the
complexity of the problem in the following tasks.

Both qualitative and quantitative data collected from sub-sample group is
compared to understand the nature of changes in students’ algebraic thinking.
According to pre-test results Alper, Doruk and Tansu had highest scores since they
had 8 points out of 40 points and other students had lower scores. At the beginning of
the tasks, Alper had Level 3 thinking in component 3 (setting up and solving
equations) whereas Tansu had Level 3 thinking in both component 1 (finding the rule
and the terms of the pattern) and component 3. In that case, Tansu and Alper’s
algebraic thinking in the tasks and their pre-achievement test scores overlapped since
they had highest levels at the beginning of the tasks and highest test scores in pre-
achievement test. Moreover, Doruk had Level 2 thinking in component 3 and Level 1
thinking in component 1. Therefore, his high score in pre-achievement test

overlapped with his Level 1 and Level 2 thinking levels in his individual work.

In terms of the difference between the pre-test and post-test scores; Alper,
Tansu, Erdem’s scores increased by 24, 21, and 17 points, respectively. That is,
their scores increased up more than the other students’. In the tasks, same students
could reach Level 3 thinking in all of the components of algebraic thinking.
However, in the retention test only Alper could get the same score as in the post-
test. In the beginning of the tasks the level of his thinking was also high and he
might remember what he learned easily because of his prior knowledge. Harun
could improve his score only 3 points whereas Mert and Gonca increased their

scores 7 points. On the contrary to test scores, Harun’s algebraic thinking improved
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to some extent in all of the components. Even though he could not enhance his score
in post-test, he could use his knowledge in the retention test. Similar to Harun’s
situation, Gonca could improve her algebraic thinking through tasks but increased
her test score less than her friends. Different than the other students Gonca could
increase her test score in retention test comparing to the post-test. The reason behind
Gonca and Harun’s lower scores might be timing of the tests. Since the post-test
was administered just after the implementation of the last task, students might not
have time to repeat what they learned. Different than Gonca and Burak, Mert could
not increase his test score from post-test to retention test and also he had a lower
increase from pre-test to post-test comparing to his friends in the sub-group. The
results from the achievement tests overlapped with Mert’s performance in the tasks
since the level of his algebraic thinking changed in two components (see Table
6.10). In the second component his algebraic thinking changed only one level and in
the first component his algebraic thinking became Level 2 at the end of the
discussions. As a result, there was a consistency between students’ performance in

achievement tests and the change in students’ algebraic thinking.

Moreover, some of the groups had more suitable dynamics to discussions since
in some of the groups the students were more eager to express their thinking via their
expressions or eager to help their friends even though the researcher tried to equalize
the groups. In this case, the other students in that group (especially the students who
were lacked of prior knowledge) could learn from other friends. For instance, Erdem
was in a group of three students where one student was the highest achieving student
of the class (Sena) and Sena helped Erdem during the discussions. Starting from
Task 1, Sena used pattern blocks to illustrate the logic behind the rule of the pattern.
Therefore, Erdem might increase the level of his thinking up to Level 3 probably
with the help of his friend and his teacher. On the other hand, Mert and Burak were
in the same group where two of the students had difficulties and misconceptions. The
teacher of this group had to focus on these two students rather than Mert and Burak
and the discussions in this group were shorter than the other groups’. Therefore, Mert

and Burak had fewer opportunities to improve their algebraic thinking.
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On the contrary, Utku was one of the students who got benefit from task-
assisted instruction less than his friends since he was able to improve his algebraic
thinking only one level in two of the components. Also, his score increased up 8
points from pre-test to post-test however in the retention test his score decreased
down. Utku’s teacher asked many questions during the discussions to elaborate his
thinking. Moreover, his group friends tried to help them because both of them were
successful according to pre-test results and answers in the individual work of the

tasks. However, he consistently repeated his mistakes in parallel tasks. For instance
he wrote x + § instead of x% while writing one third of given road in Task 3 and he

did the same mistake in Task 5 even though this question was discussed in Task 3.
Therefore, he could not comprehend writing algebraic expressions and revealed less

improvement in algebraic thinking.

As seen in Table 6.10, all of the students were able to achieve an improvement
in their algebraic thinking at least in 2 out of 3 components. In total the increase in
students’ scores from pre-test and post-test verifies the improvement in students’
algebraic thinking. However, some of the students benefited more from task-assisted
instruction. The reasons behind their improvement might be their prior knowledge

and group dynamics.
7.4. Limitations and implications for future research

This study was conducted in two classrooms of a public middle school in
Kayisdag district, Istanbul. Therefore, the results of this study limited for that
school. The students did not possess prior knowledge that was supposed to be taught
in earlier grades, such as finding the rule and the terms of a given pattern. The
patterns are taught in the 6" grade, however, the students could hardly remember
what they learned and even failed to transfer their knowledge while implementing
such tasks during the study. In that sense, it might be thought that some students

could not get benefit from the tasks because of their lack of prior knowledge.

Although there was a significant difference between pre-test and post-test

results, for some of the students such a change was not observed. Therefore, it could
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be concluded that an improvement of algebraic thinking might not be achieved for all
students although they were exposed to the same intervention. For instance, Utku
was one of the students whose algebraic thinking shown less improvement than other
students’ most probably because of deficiencies in his prior knowledge. Similarly,
Burak was in a group where two of the students had serious learning difficulties.
Therefore, not only gaps in students’ prior knowledge but also group dynamics were

likely to influence students’ performance.

Another limitation of this study was that each group of students was managed
by different pre-service teachers. Although the researcher provided written
instructions for the implementation of each task and discussed possible
misconceptions of the students before the sessions, during the implementation the
pre-service teachers asked some additional questions or gave clues to students during
their individual work. During the individual work some of the students had
difficulties especially in setting up and solving the equations. At that point, some of
the pre-service teachers gave some clues about how to set up equation without giving
the right equation such as “How we can show the equality of 5 and 5?” or “How can
we express the total amount of weight of 2 bags of pickles and 2 kilos of banana?” in
Task 5. As a consequence, in some cases, the level of students’ algebraic thinking
might be affected from those clues. To eliminate these differences, in the future
studies the researchers might restrict student-teacher interaction in the individual
work or might give the exact questions to pre-service teachers during the discussion

of instructions.

When the student-teacher interactions are examined, it can be concluded that
some of the students benefited from task-assisted instruction probably because of
probing questions of their teachers. When pre-service teachers could make use of the
opportunities that defined by MOST Framework, they posed questions to students to
enhance their algebraic thinking. Leatham et al. (2015) claimed that timing and
opening are important to define a case as MOST. In that case, the pre-service
teachers were expected to open the students’ thinking with additional questions. For
instance, in two of three questions in Task 2 Alper focused the change in dependent

variable. Then, his teacher realized the student’s mathematics from his individual
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work and tried to pose questions about the covariance of the variables in both of the
questions. As a result, Alper could interpret the logic behind the rule of the pattern
with the help of his teacher and his thinking level became Level 2. Therefore, it can
be concluded that the tasks could reveal the students’ mathematics and made use of a
MOST case to promote students’ algebraic thinking. On the contrary, some of pre-
service teachers missed the opportunities even though the researcher informed them
about the possible MOST instances in the discussions. Some of the pre-service
teachers missed the opportunities because of the time limitation. Since they had no
time to discuss all of the questions, they skipped some of the questions or demand
from higher achieving students to teach solution method instead of initiating
discussions. Specifically in Task 1, many of the groups had no chance to discuss the
last question (the question about converting verbal expressions to algebraic
expressions and algebraic expressions to verbal expressions). As a result, it might be
useful to reduce the number of the questions in some of the tasks to create more time

to discussions.
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APPENDIX A: TASKS AND THEIR RUBRICS

ETKINLIK 1
Lunapark
Mahallemizde veni acilacak bir
Lunaparkta gesitli ovuncaklar
olacaktr. Bu ovuncaklardan biri de
hizls trendir.

1. Treni inga etmek igin de Lunapark gérevlileri énce tren ravlari déseveceklerdir. 1
saatte O tane rav ddsenmektedir. Lunapark girevlileri giinde 8 saat calistiklarma
gire

a) Bir giinde kac tane ray dosenir? Islemlerinizi gosteriniz.

b) Iki giinde kac tane rav désenir? Islemlerinizi gésteriniz.

c) Ug giinde kac tane rav dosenir? Islemlerinizi gésteriniz.

2. Trenin kurulabilmesi icin 400 tane ravin désenmesi gerekmektedir. Bu ravlarm
digenmesi igin kag saat ve kag giin calisilmas1 gerekmektedir? Aciklaviniz.

3. Daisenen rav miktan ile saat sawvisi arasmda nasd bir iliski varde? Bu iliskivi

giisteren driinti kuralni bulunuz. Bu kurala nasil ulagtigmizi agiklavmiz.

Figure A.1. Etkinlik 1



4. Ray kurulumu bittikten sonra ilk 3 giinde verlestirilen koltuklar resimlerdeld gibi
gisterilmistir. Ilk 3 giinde verlestirilen koltuklar: orintd bloklariyla gosterip, giin
sayist ile verlestirilen koltuk sayii arasmdaki iliskivi gésteren &riintii kuralmi

bulunuz Bu kurala nasil ulastigmiz aciklaymiz.

Koltuk sayisi. .. Koltuk savist: ...

Koltuk sayist: ...

5. Lunapark sahibi hizli trene koltuklar eklemeve devam edivor. Koltuklar
verlestirmek igin toplam 13 giin harcaniwvor ise, hizli trende ka¢ koltuk wardw?
Aciklaviniz.

6. Cem, Lunapark acilisi igin arkadaslarivla beraber davetiveleri dagitmaistir.
Dagittikdar: davetive miktarlarini sévle ifade edivorlar:

o  Avlin, Cem’in dagittig1 davetive savisinm 2 kat: davetive dagtmistor.
*  Merveise Avlin’in dagitif1 davetive savismm 3 fazlas: kadar davetive dagitmagtir.

o Burak ise, Turgay'm dagittig: davetive savismm 3 katmm 5 eksigi kadar davetive

dagitmistir.

Verilen bilgilere gére, dagimilan davetive savismi cebirsel ifade olarak kutuculklara

VaZinIz.

Cem Avlin Merve

a

Turgay Burak

s g

Figure A.1. Etkinlik 1 (cont.)
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Mevcut depreme dayaniksiz, ekonomik dmriinii tamamlamis binalarm vaganabilir,
depreme dayvanikli, sosyal donatilars, otoparki, vesil alanlari olan kaliteli vagam
alanlarma doniistirme siirecine (projesine) kentsel dontgim denir.  Kentsel

donigimin bu tir vararlart olmasma ragmen bu siire¢ iginde bazi ailelerin

ETKINLIK 2

Kentsel Déniigiim

33
. o

mahallelerinden bagka yerlere tagmmasi da gerekir.

1) Istanbul’da kentsel déniisime girecek mahallelerden biri de Kayisdag: mahallesidir.
Bu siirecte mahalleden tasmacak aile savis1 agagidaki tabloda verilmigtir. Yil sayist
ile Tasman Aile Sayis1 arasindaki iliskivi (érintd kuralini) bulabilir misiniz?

i Tasinan aile sayis,
say1st
1 3
7 6
3 9
1 12
5 15
?
¥

Figure A.2. Etkinlik 2
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2) Kentsel dénisim projesi kapsammda insa edilen apartmanlar sekildeld
gibidir. Yeni vapilan apartmanlarm yiiksekligi her vil biraz daha artmaktadir.

9

1.vil

2.Yil

LR 4.Yil
Sekildekd tiggenler (gat:1 katindakiler de dihil) apartmandald daireleri gistermektedir.

Ornegin, 1. vil vapilan apartmanda 6 daire vardur.

a) 4.vilda vapilan bir apartman nasil olacaktr? Orinti bloklar vardmiyvla olusturunuz.
b) Apartmanlarm her yil bir kat yikseldigini digintrsek, 2, 3. ve 4. yilda apartmanda
kag¢ daire olacaktx? Peki wa “n wvil” sonra?

il Daire sayis1 (Dm_mu kuralm1 bulunuz.)
say1sl

i [

2

3

4

Figure A.2. Etkinlik 2 (cont.)
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3 Atagehir Beledivesi tarafndan hazolanan kentsel dénisim planma gore
hangi haftada toplam kac sokakta déonisim gerceklesecegi tabloda
gosterilmektedir.

a) Bu plana gére 4. ve 5. haftada diizenlenen sokak savisi kac olacakta?
b) Peki. “m hafta” sonra kac olacaktr? (Oriintii kuralmni bulunuz.)

Hafta Sokak sayisi
say1s1

1 3

3 -

Figure A.2. Etkinlik 2 (cont.)
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Ek sorular:

1 Kentsel dénigim projesinde bahge
diizenlemesi igin cigeklendirme
vapilacaktwr. Elilen ¢igegin sapmm
giinliik uzama miktar1 vanda gdsterildigi

gibidir. 3. ve 4. giinde cicegl olusturmak

icin kac iicgen kullanmak gerekir? Peki

va s giin” sonra?

1.giin 2.gin
Giin say1s1 Kullamlaniicgen sayist
1
2
3
4

2) Oriintii bloklariyla bir Griinti olugturarak arkadasmizdan olusturdugunuz

driintiiniin kuralmi bulmasmi isteviniz.

Figure A.2. Etkinlik 2 (cont.)



ETKINLIK 3
Gezelim Gérelim
Celal Yardimei Ortackulunda gezi kuliibii bir gezi organizasyonuhaziamistir Bu gezi kapsarminda sirasiyla gezilecek verler, vaklasik uzaklik ve ne kadar zaman
geginilece@ine dair yonergeler agagidald kutucuklarda verbmigtir. Bu bilgilendinmelere gére kutucuklardaki eksiklen uygun cebirsel ifadeler ile tamamlavinmz.

Ornegin, Okul ile Avasofya arasmmdaki mesafe X, Ayasofyva’da gecirilen siire ise T’dir. Gérdigiiniz verlerin vamma bir arti isarei kovimuz.

Okul ile Ayasofya arasindald Miniatiirk
Okul Okulile Ayasofya Ayascfyq Okulile Avasofya arasidala Topkap Saray1 meszafemn 2 katindan 6 !

kilometre fazlas:

v om wewma Arasmdakimesafe | mesafenin 18 km eksig
L By o
[ .E; Cebirsel ifade: X Cebirsel ifade: .oisninsics
B | ) '
Ayasofya’da Ayasofya’da gegirlen Ayasofyd'da gegirlen strenin
gecirilen siire siirenin 2 kati Bir éncesinde 3 katindan 46 dakika eksigi
. gidilen seyahat . . .
Cebirsel ifade: T Cebirsel volumm 10 Cebirsel ifade:
LT T — kilometre eksifi
Cebirsel ifade:
Kiigiiksu Kasr
Beylerbeyi Saray1 Dolmabahce Saray
Miniatirk’e gidilen yolun vans Miniatiirk’e gidilen vohm 2 katy
Cebirsel ifade: Cebirselifade: ...............

Dolmabahce Sarayinda oA

gecirilen zamanm £ - - L Topkapi Sarayi'nda gegirilen
2 Avasofya’da gecirilen siirenin o siirenin figte biri

Cebirselifade: .. ..o Cebirsel ifade: __ . Cebirsel ifade:

Figure A.3. Etkinlik 3

112



Asagidaki sorular: cevaplamak icin dgretmeninizin Okulunuzla Avasofva arasmdaki

mesafevi ve Avasofva’da gecirilecek siireve karar vermesini bekleviniz.

& Okulunuzla Avasofva arasmdaki mesafe (X) =
& Avwasofva’da gecirilecek siire (T) =

Verilen bilgiler 1513mda asagidaki sorular vanitlaymiz.

1) Topkap1 Saravi'ndan Dolmabahce Saravi'na gitmek igin ka¢ km sevahat
edilmigtir?

2) Avwasofva ve Topkapi Saravi‘nda gecirilen toplam siire ne kadardu?

3 Toplam kag kam sevahat edilmistir?

4) Toplam gez siiresi ne kadardx?

5) Topkap: Saraymda 90 dakika gecirmis olsavdmiz, Kiiciiksu Kasrmda kag

dakika gecirirdiniz?

Ek sorular:

1 Gez kuliibii ayrica Biiyviikada, Yildiz Parka ve Emirgan Korusu'na da
gezi diizenlevecektir. Yukandaki verlerin aralarindaki mesafeleri ve buralarda
gecirilecek siireleri belirten ifadeler vazip bu ifadeleri cebirsel olarak gosteriniz.

Gezilecek ver Mesafe (k) Gecirilecek zaman (dk)

1. Bifyiikada

2. Yilduz Parla

3.Emirgan
Korusu

2) WVerileri kullanaral: bir problem olusturunuz ve denlklem kurarak ¢dziiniiz.

3) Toplam gezi siireniz 470 dakika olsavdy, her bir zivaret verinde ne kadar
vakit gegirmeniz gerekirdi?

Figure A.3. Etkinlik 3 (cont.)
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ETKINLIK 4

Cebirsel Oyunlar

Lego parcalarivla gesitli vapiar olusturan Cenk, bu vapilari matematiksel olarak

nasil ifade edebilecegini diigiinmiis ve ilk olarak pargalari asagida gémildiigii gibi

isimlendirmigtir.
Cebir Karelan

1

1
+

D]Ii

Alan=1-1=1

&
+1

X
-
%

Alan= 1"x=x

x2
X
. I

%

Alan= x.x=x?%

1. Cebirsel ifadeleri, cebir karolarivla (lego) g@steriniz ve iglemlerin sonucunu

VazZmiz.
Iglem Sonug Gésterim
[
e e EEEEEN
1
b S it

(3x +5)+ (2x+2)

(4% +7)— (2x +3)

bx + 4

Figure A.4. Etkinlik 4
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2. Asagida lego parcalarivla gdsterilen cebirsel ifadeleri islem wve sonucg olacak

sekilde vazmiz.

Cebir karolan géstennm Islem Sonug
X+3
* x T 1 T
.l
3| 3-(x+3) 3x+0
I N N N
vl
| §p
| || 1
| | [
| | [
| | |
2-( 2x+1)
2x+6

Figure A.4. Etkinlik 4 (cont.)
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Ek soru:

1. Cebir Karolarmi kullanarak bir dikdértgen olusturunuz. Swra arkadasmizdan bu

dikdértgenin alanmi cebirsel olarak ifade etmesini isteviniz.

Figure A.4. Etkinlik 4 (cont.)

116



117

ETKINLIK 5

Pazara Gidelim

Ali, Ayse, Murat ve Sirma babalarina yardim

etmek igin  onunla  pazar  alisverisine A
ctkmuglardir. O hafta evde tursu kurulacak I
oldugundan  alinmasi  gereken  kilolarca

malzeme vardir, # _

Pazardan esit agirhkta 7 poset tursu
malzemesi ve birkag kilo meyve almiglardir,

* Al 2 kilo mandalina ve 2 tursu posetini tasmimaktadir.
*  Avse tursu pogetlerinden 3 tane tagmmaktadr.
¢  Murat ise 1 tursu poseti, 1 kilo muz ve varm kilo elma tagmaktadr.

* Sima 1 tursu poseti ve 3 kilo portakal tasimaktadir.

Eve déniis volunda kardesler arasnda kimin wviliinin daha agwr

olduguna dair bir tartigma baslar.

Al elindelkd tim posetleri pazarm gikigmdaki terazide tartar ve

agmligm 6 kilo oldugunu gérir. (Unutmavim! Tursu posetlen esit agmoliktads)

1. Tursu posetlerinin tek bir tanesinin agrlifmi denklem kurarak bulunuz.

2. Avse ve Murat'mn tasidiklar: agwliklart cebirsel olarak gisteriniz ve agulik

miktarini hesaplavmiz.

3 Pazardan alman tursuluk malzemenin ve meyvenin toplam agwligmi
bulunuz.
4. Ali, Avse, Murat ve Stma'nm tasidiklar: agwolik miktarlarmi kargidastmrmaz.

Figure A.5. Etkinlik 5
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Ek Soru:

Fatma Hanm eve gelen tursuluk malzemelerden tursu kuracaktwr. Fatma Hanim'm

karisik tursu tarifi asagidaki gibidir.

/- Bir miktar havug \

¢ Havug miktarinin 3 kat kadar beyaz
lahana

+ Havug miktarinin 2 katindan 500 gr doha
fazla salatalik

+ Havug miktarimin dértte biri kadar sivri
biber

N J

Fatma Hanm, toplam 5,5 kilo tursuluk malzeme kullanarak tursu wapacaktwr
Yukaridaki tarife gére her bir malzemeden ne kadar kullanmasi gerekir? Denklem
kurarak ¢éziniiz. (1 kilo=1000 gr)

Figure A.5. Etkinlik 5 (cont.)
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ETKINLIK 6

Saghkl Admmlar
Diinva Saglik Orgiiti'nin (WHO) kurulus giini olan 7 Nisan her vil Diinya Saghk
Giinii olarak kutlanmaktadwr. Diinva Saglik Orgiitiine gére saglikli bir vasam icin

giinde en az 5000 admm atmak gereklidir.

Yaklasan giiniin Snemini vurgulamak icin Banu Hanm, cocuklari Pelin ve
Mehmet'ten gin iginde farkli wverlere giderken attiklarn adimlari savmalarmi
istemistir. Bir giin igerisinde farkli verlere giderek en ¢ok admm atan cocuk

annesinden bir §diil alacaktwr. Kardeslerin gittikleri verler asagida verilmistir.
(Kardesler ev ile okul arasinda ayvm sayvida adim atmmstir.)

Avni okula giden kardesler sabah evden beraber cikmislar ve okula gitmislerdir.

Okuldan sonra; Mehmet &nce okul malzemelerini almak icin kitasiveve, daha sonra
dogum giinii olan annesine cicek almak icin cicekcive gitmistir. Ablasi Pelin ise,
dnce volevbol ovnamak icin volevbol sahasma daha sonra da annesine pasta almak

icin pastaneve gitmistir.

Mehmet ve Pelin en son olarak eve dénmiiglerdir.

1. Asagidaki sekilde Mehmet ve Pelin'in izledikleri vollar verilmisgtir.

2. Asagidaki sekilde Mehmet ve Pelin’in admm savidarmi hesaplavarak kutucuklara

VAZMIZ.

3. Mehmet cigekciden eve dénerken 300 adun; Pelin ise; pastaneden eve dénerken
230 adm atmistwr. Giiniin sonunda hangi cocuk annesinden &dil kazanacaktir;

bulunuz.

Ek soru:
1. Siz de giin iginde gittiginiz verleri diigiinerek her mesafe igin admlarmizi tahmin

etmeve caliginiz. Toplam attigmiz admmlan belirleviniz.

Figure A.6. Etkinlik 6
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Ad Soyad:

Ev-okul arasi1 atilan adim sayisinin 2 kati

Cebirsel ifade: ........................
Adim sayisi: ...

Ev-okul arast adim
sayisinin 4 katinin 120
eksigi

Cebirsel ifade: ............

Ev-okul arasinda adim Voleybol Sahasi Pastane

sayist

Cebirsel ifade: ............
Adim sayisi:

Ev-okul arasi atilan adim

sayisinin 3 katinin 30 fazlasi

1.
Ev-okul arasinda atilan adim sayisinin !

Cebirsel ifade:..................

Adim sayist: ..................... Cebirsel ifade: ........................

Adim sayist: ...l

Figure A.6. Etkinlik 6 (cont.)
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ETKINLIK 7
Earsik Meyve Swuyu

Selin annesivle birlikte taze meyveler almak icin pazara gitmistir. Haftasonu
arkadaglarmi evine davet etmis ve onlara annesinin vitamin deposu olan lezzetli
meyve suvu kangimlarndan ikram etmek istemektedir.

Selin’in hazwlamawvi diisindiigi 2 cesit tanf vardir:

/_ Tarif1: Datlimtrak \ / Tarif 2: TurungSu \

¢ Birmiktar portakal suyu

¢ Portakal suyunum yvansi kadar
limon suyu

¢« Limonsuyununticte bin kadar
mandalina suyu

¢  Birmiktar nar suyu

¢«  Narsuyunun 4 katindan 200 ml fazla
elma suyu

¢  FElma suyunun varns: kadar anmut suyu

¢ Narsuyunu? katikadarportakal suyu

- AN /

1. Selin, 3 litre Tathmirak kansimmdan vapmak isterse her bir mevve suvundan
kac ml. kullanmasi gerekir? Denklem kurarak c¢oziniz wve cozimiiniizi
aciklavmiz. {1 litre=1000 ml)

2. Selin, 2 litre TuruncSu kansmmdan vapmak isterse her bir mevve suvundan
kac ml. kullanmasi gerekir? Denklem kurarak c¢oziniz wve cozimiiniizi
aciklaymiz.

Ek soru:

Siz de arkadasmiz icin bir mevve suvu karngimi tarifi hazolayvm. O tariften toplam ne
kadarlik karisim hazmlavacagmi sdvleverek her bir mevve suvundan ne kadar
kullanmasi gerektigini bulmasmi istevin.

Figure A.7. Etkinlik 7




ETKINLIK 8
Gizli Sayi

Ali kareler ile asagidald sekilleri olusgturmugtur.

]..Sekil 2.5E]ﬂ‘1

1) a) Ali'nin sekillerindeld driintiive gére 3. ve 4. geklin nasil olacagmi gizerek gdsteriniz.

b) Sekillere bakarak Ali'nin n. seklindeki kare savismi g@steren Griintii kuralint tabloyu

tamamlavarak bulunuz. Yazdigmiz kurala nasid ulagtifmniz agddaviniz.

Sekil savisi Seklindeki kare savis1

1. Sekil

LA

]

~Sekil 9

3. Sekil

1. Sekil

LA

~Sekil

n. Sekil ?

Figure A.8. Etkinlik 8
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2) Ali matematik bulmacalarmi gok sevmektedir ve 2.
seklini arkadaslarma bir bulmaca olarak hazmlamagtar.
Bulmacadaki kareler sekildelkd gibi bovamistr wve
karelerin her birine gizli saviar kovmava karar
vermistir. Bu savilani ise asagidakd kurallara gére
belirlemigtir.

Yesil karedeld savt, mavi karedeld savmm 5 katmm 2 fazlasidr.
Mor karedeld savi, vesil karedeld savinm 8 fazlasidir.

Kirmizi karedeki savi, mor karedeld saymm 2/5 idir.

-+ & &

Sari karedeld savi, komiz karedekd savinm 4 eksigidir.

Buna gére kumizi, mor, mavi, vesil ve sar1 karelerdeki savilarin cebirsel ifadesini
vazmiz.

Mavi:

Yesil-

Mor:

Kmmuzi:

Sar:

3) Bulmacada vukanidan agagi dogru (situnda) olan saydarm toplami 26 dor. Buna
gire mavi, sari, kumizi, mor ve vesil karelerdeki savilar1 denklem kurarak bulunuz.

Coziimiinizi agiklaviniz.

Renk Karedeki Savi

San

Eirmizi

Yesil

Mawvi

Mor

Ek soru: Siz de kendi bulmacanizi hazirlavin. Bulmacanm her bir karesine bir kurala

gire savi verlegtirerek arkadasmizdan bu sayilar bulmasmi isteyin.

Figure A.8. Etkinlik 8 (cont.)
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ANSWER KEYS OF THE TASKS

ETKINLIK 1
Lunapark

Mahallemizde veni
acgtlacak bir Lunaparkta

gesitli ovuncaklar olacaktir.

Bu ovuncaklardan biri de hizli trendir.

1. Treni insa etmek icin de Lunapark gérevlileri énce tren raylan déseveceklerdir. 1
saatte > tane ray ddgenmelktedir. Lunapark gérevlileri ginde & saat calistiklarma
gore
a) Bir giinde kag tane rav désenir? Islemlerinizi g&steriniz.

1 giinde & saat var ve her saatte 5 rav dégenivor ise, 1 giinde 1.8.3=40 tane ray
dégenir.

b) Iki giinde kac tane ray désenir? Islemlerinizi gGsteriniz.

2 giinde 1 giinde ddsenen ray savismm 2 kat: rav désenmektedir, vani 2.5 8=80 tane
ray dégenir.

¢) Ug giinde kag tane ray dogenir? Islemlerinizi g@steriniz.

3 giinde 1 giinde ddgenen ray sayisinin 3 kati ray ddgenmektedir, vani 3.5 8=120
tane rav ddgenir.

2) Trenin kurulabilmesi igin 400 tane ravin ddsenmesi gerekmektedir. Bu ravlarm
désenmesi icin kac saat ve kag giin calisilmasi gerelanektedir? Aciklavmiz.

Her giin 40 tane rav d&senivor ise 400 tane rayv ddsenmesi igin %= 10 giin

harcanmasi gerekmektedir Her giin 8 saat galisilivor ise, 10 giinde 10=x8=80 saat

galistlmigtir. 400 tane ray désenmesi igin 10 giin ve 80 saat gerekanektedir.

3) Désenen rav miktan ile saat savisi arasmda nasid bir iliski vardoe? Bu iligkivi

gdsteren driinti kuralmi bulunuz. Bu kurala nasil ulastigmizi agiklaymiz.

Rawv désemek icin harcanan saat savist ile désenen ray miktar: arasinda bir dogru

oranti vardir ¢iinkii saat savisi arttikga ddgenen rav miktar1 da artmaktadir.

Oriintii ise; 1.8.5; 2.5.8; 3.5.8 terimled ile ilerlemektedir. Ilk 3 terime bakiddigmda
3.8 vani 40 sabit kalmakta bagmdalki katsay: ise sirekli degismektedir. Bu nedenle
griinti kurali 40 n olmalidwr.

Figure A.9. Etkinlik 1 Cevap Anahtar1
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4) Ray kurulumu bittikten sonra ilk 3 giinde verlestirilen koltuklar resimlerdeki
gibi gosterilmistir. Ik 3 ginde yerlestirilen koltuklan orinti bloklariyla
gisterip, giin sayist ile yerlestirilen koltuk sayvisi arasindald iligkivi g@steren
griinti kuralmi bulunuz. Bu kurala nasi ulastigmiz agiklayvmiz.

1. gin 2. gin

Koltuk sayist: 3 Koltuk savist: 8

Koltuk savist: 11

Koltuk sayisi 5, 8, 11 seklinde ilerlemektedir Sekillerde ilk 2 koltuk sabit
konumdadwr. Her giin bu 2 koltuga 3 tane koltuk eklenmistir. Degisim miktary,
bilinmeven giin sayismi temsil eden “n” nin Gniine katsavi olarak gelecek; sabit olan
koltuklar ise Griinti kuralma toplam olarak eklenecektir. Bu nedenle Grinti kurali
2+3n olmahdr.

5) Lunapark sahibi koltuklar eklemeve devam edivor. Koltuklar1 verlestirmek icin
toplam 15 giin harcanivor ise, hizli trende kag koltuk vardo? Acikdavmiz.
Toplam 15 giin harcanivor ise ¢rinti kuralmda bilinmeveni temsil eden “n™ verine
15 konulmalidwr. Bévlece vagon sayvisi 3x15+2=47 olacaktir.

6) Cem, Lunapark acilisi igin arkadaglarivla beraber davetiveleri dagitmasti.
Dagittiklan davetive miktarlarmi sivle ifade edivorlar:

Avlin, Cem’in dagittigi davetive savismm 2 kati davetive dagitmagtar.
Merve ise Avlin'in dagitt1fs davetive sayvismmn 3 fazlasi kadar davetive dagitmigtir.

Burak ise, Turgav'm dagittigi davetive savismm 3 katmin 5 eksigi kadar davetive
dagitmistir.

Werilen bilgilere gére, dagitilan davetive savismi cebirsel ifade olarak kutucuklara

Vaziniz.

Cem Axlin Merve
a 2a 2a+3
Turgay Burak

] 3b-3

Figure A.9. Etkinlik 1 Cevap Anahtar1 (cont.)
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ETKINLIK 2

Kentsel Déniigiim

Mevcut depreme davaniksiz, ekonomik o6mriinii tamamlamis binalarm vasanabilir,
depreme dayvanikli, sosval donatilari, otoparki, vesil alanlari olan kaliteli yasam
alanlarma doniistiirme siirecine (projesine) kentsel donisim denir.  Kentsel
dénigimin bu tir vararlar1 olmasma ragmen bu sire¢ iginde bazi ailelerin

mahallelerinden baska verlere tagmmasi da gerekir.

1) Istanbul’da kentsel donigime girecek mahallelerden biri de Kayigdag: mahallesidir.
Bu siiregte mahalleden tagmacak aile savis1 agagidaki tabloda verilmistir. Yil savis:
ile Tasman Aile Savis1 arasmdaki iliskivi (&rinti kuralmi) bulabilir misiniz?

Yil sayst Tagiman aile say1sa
1 3=3.L

2 6234

3 8=3.4.

4 12=4 3

5 15=33

v ? 3y

Figure A.10. Etkinlik 2 Cevap Anahtari



2) Kentsel daniigim projesi kapsaminda inga edilen apartmanlar gekildeki gibidir. Yeni
yapilan apartmanlarin yiiksekligi her yil biraz daha artmaktadir.

1.vil

2.Yil

vl

4.l

Sekildeld tggenler (cat: katmdakiler de dahil) apartmandaki daireleni gostermektedir.
Ornegin, 1. vil vapilan apartmanda 6 daire vardwr.

a) 4. vilda vapilan bir apartman nasd olacaktw? Omintd bloklart yardmiyla

olusturunuz.

b) Apartmanlarm her yil bir kat vyiikseldigini digindrsek, 2, 3. ve 4. yida

il Daire savisi
5a¥1s1
1 6=4.1+2
2 10=4,2+2
3 14=4 3+2
4 18=4 4+2
+
n An+tIoo

apartmanda kac daire olacaktrr? Peki va “n
vil” sonra? (Omintid kuralmi bulunuz.)

Figure A.2. Etkinlik 2 Cevap Anahtar (cont.)
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3) Atagehir Beledivesi tarafindan hazirlanan kentsel déniigiim planma gére hangi haftada
toplam kag sokakta déniisim gerceklesecegi tabloda gisterilmektedir.

a) Bu plana gére 4. ve 5. haftada diizenlenen sokak savisi kag olacakinx?

b) Peki “m hafta”™ sonra kag olacakte? (Orinti kuralmi bulunuz.)
Hafta Sokak sayis1
say1sl
: 3=3,1+1

;

2 T=2 3+1
1 0=34+1
m 2m+1

Figure A.2. Etkinlik 2 Cevap Anahtar1 (cont.)
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Kentsel ddnigim projesinde bahge dizenlemesi igin
gigeklendirme yapilacaktir. Ekilen gigegin sapinin gunlik
uzama miktart yanda gdsterildigi gibidir. 3. ve 4. giinde
gigedi olusturmak igin kag lggen kullanmak gerekir? Peki
ya"s gin” sonra?

1.giin
g 2.giin

Ciiin Kullamilan licgen
sayis say1s

1 13=7,1+11

2 15=2,2+11

3 17=1,3+11

4 19=2 4+11

g 2.s+11

2) Orinti bloklarvla bir &rintd olugturarak arkadasmizdan olusturdugunuz

Sriintiintin kuralmi bulmasini isteviniz.

Figure A.2. Etkinlik 2 Cevap Anahtar1 (cont.)
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ETKINLIK 3
Gezelim Gorelim
Celal Yardime1 Ortaokulunda gezi kuliibii bir gezi organizasyonu hazirlamistir. Bu gezi kapsaminda sirasiyla gezilecek yerler, yaklagik uzaklik ve ne kadar zaman
gegirilecegine dair yonergeler asagidaki kutucuklarda verilmistir. Bu bilgilendirmelere gore kutucuklardaki eksikleri uygun cebirsel ifadeler ile
tamamlayiniz. Ornegin, Okul ile Ayasofya arasindaki mesafe X, Ayasofya’da gecirilen siire ise T°dir. Gordiigiiniiz yerlerin yanina bir arti

isareti koyunuz.

Miniatiirk

Okul Ayasofya
arasindaki mesafe mesafenin 18 km eksigi Topkapr Sarayr e 2 katindan 6

Okul ile Ayasofya Okul ile Ayasofya arasindaki Okul ile Ayasofya arasindaki ‘, %
1] AL

CELAL YaRDIMc =
ORTAOKULU

kilometre fazlasi

Cebirsel ifade: X-18

)

Cebirsel ifade: X

Cebirsel ifade: 2X+6

Ayasofya’da gegirilen siirenin 3

Ayasofya’da Ayasofya’da gegirilen katindan 46 dakika eksigi
gegirilen siire stirenin 2 kat1 . E
Cebirsel ifade: 3T-46
Cebirsel ifade: T Cebirsel ifade:2T
Bir 6ncesinde gidilén
Kiiciiksu Kasri D
olmabahce Saray:
Beylerbeyi Saray1 seyahat yolunun 10

kilometre eksigi Cebirsel

Miniatiirk’e gidilen yolun yarisi
ifade: (2X+6)-10=2X-4

L 2X+6
e Miniatirke gidilen yolun 2 kat
Dolmabahge Sarayi'nda gegirilen ; ; . -
¢ Y o ge¢ Cebirsel ifade: 2(2X+6)=4X+12 Topkapt Sarayr’nda gegirilen
zamanin —-u . 1 . .
4 Ayasofya’da gegirilen siirenin gﬁ stirenin Gigte biri
2T _1_T
Cebirsel ifade: — X —=— L
ebirsel ifade: 5 X 376 Cebirsel Ifade:§ Cebirsel ifade: 23—T

Figure A.11. Etkinlik 6 Cevap Anahtari
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Asagidalki sorular1 cevaplamak icin &gretmeninizin  Okulunuzla Avasofva arasmdaki
mesafevi ve Avasofva'da geginlecek siireve karar vermesini bekleviniz.

Okulunuzla Avasofva arasmdaki mesafe (X) = 20 kilometre
> Avasofva’da gecinilecek siire (T) = 60 dakika

&

Verilen bilgiler 15133 mda asagidaki sorularn vanitlayvmiz.
1) Topkap: Saravi'ndan Dolmabahge Saravi'na gitmek igin kag km sevahat edilmigtir?

Topkap: Saravindan Miniatirk’e gitmek igin 2x+6 kilometre, Miniatirk ten
Dolmabahge Saravi'na gitmek icin ise 2x-4 kilometre vol gitmek gerekmektedir.
Toplam wvol 2x+6+2x-4=4x+2 kilometredir, bilinmeven x degeri verine 20 vi
verlestirirsek, 4X20+2=82.

2) Avasofva ve Topkap1 Saravi'nda gegirilen toplam siire ne kadardux?
Avasofva’da gegirilen sure T, Topkap: Saravi'nda gegirilen sure 2T oldugundan
toplam sure T+2T=3T dir, bilinmeven verine 60 kovarsak toplam sure 3 X60=180
dakika olur.

3) Toplam kag km seyahat edilmistir?

Toplam gidilen sevahat volu tim sevahat vollan toplanarak bulunabilir. Bu durumda
X+x-18+H2x+6+2x-4+4x+12+x+3=11x-1 toplam vol miktar: olur. Bilinmeven verine 20
kovarsak toplam sevahat volu, 11 X20-1=119 kilometre olur.

4) Toplam gezi siiresi ne kadardw?
Toplam gezi siiresi tim gezi sirelern toplanarak bulunabilir. Toplam gezi siiresi,

IT T T 43T o . .. 43160
T+2T+3T—'16+3—+;+E=6— — 46 dir. Bilinmeyven verine 60 1 verlestirirselk, % —

46 = 384 dakika tiim gez siiresi olur.

5) Topkapr Saravinda 90 dakika gecirmis olsavdmiz, Kiiciiksu Kasrmda kacg
dakika gegirirdiniz?
Topkapi Saravinda gecgirilen sure 2T=90 dakika olmus olsayvd:i T= 45 olurdu.

o - . N s . 45
Kiigiksu Kasni'nda gegirilen siire - ise bilinmeven wverine 43 kovarsak - =

7.5 dakika olur.

Figure A.11. Etkinlik 3 Cevap Anahtar1 (cont.)



132

Ek sorular:

1) Gezi kulibii avrica Biiviikada, Yildiz Park: ve Emirgan Korusu'na da
gezi diizenlevecektir. Yukaridaki verlerin aralarmdaki mesafeleri ve buralarda
gecirilecek siireleri belirten ifadeler vazip bu ifadeleri cebirsel clarak gdsteriniz.

Gezilecek yer Mesafe (k) Gegirilecek zaman (dk)

1. Biiyiikada

1. Y1ldiz Parla

3. Emirgan
Korusu

2) WVerileri kullanarak bir problem olugturunuz ve denklem kurarak ¢éziiniiz.

3) Toplam gezi siireniz 470 dakika olsaydi, her bir zivaret verinde ne kadar
wvakit gecirmeniz gerekirdi?

Toplam gezi siiresi, ‘IZ—T—46=4?D olsaydi, 42—T=516da.n T=72 olurdu.

Bilinmeven T werine 72 kovarsak, Avasofva’da gegirilen siire T=72 dakika, Topkap1
Saravi'nda gegirilen siire TX2=T72X2=144 dakika olur. Miniatiirk'te gegirilen siire
3T-46 oldugu icin 3 X72-46 dan 170 dakika olur. Dolmabahce Saravi'nda gegirilen

272

siire = 48 dakika olur, Bevlerbevi Saravi'nda gecirilen siire ise 3£ =Z—2ten 24
dakikadwr. Avni sekilde bilinmeven verine 72 vi verlestirirsek, Kiigiiksu Kasni'ndan

gegirilen siire 65 ise, % = 12 dakikadir.

Figure A.11. Etkinlik 3 Cevap Anahtar1 (cont.)
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ETKINLIK 4
Cebirsel Oyunlar

Lego pargalarivla gesitli vapalar olusturan Cenk, bu wapiart matematiksel olarak
nasi ifade edebilecegini didsinmiis ve ilk olarak parcalari asagida gomildigid gibi
isimlendirmisgtir.

Cebir Karolar
1 X x?
1 X
o+ ;ﬁ-
mi ——
t 1 %
Alan= 1-1=1 S

Alan= 1-x=x

Alan= x.x=x*

1. Cebirsel ifadeleri, cebir karclarivla (lego) gésteriniz ve islemlerin sonucunu

vazmiz.
Islem Sonug Gésterim
xtxt6 2xt+6
xtxtxt3 3x+3

(Bx+35)+(2x+2) | 5x+7

Ux+T)—(2x+3) | 2x+4

6x T4+ |, 3

Figure A.12. Etkinlik 4 Cevap Anahtari



2. Asagida lego parcalarivla gisterilen cebirsel ifadelen iglem ve sonug olacak

sekilde vazmiz.

Cebir karolar: gésterimi

Islem

Sonug

x+3

3-(x+3)

3x+9

4.(2x+1)

8x+4

2-(2x+1)

4x+2

2.(x+3)

2xt+6

Figure A.12. Etkinlik 4 Cevap Anahtar (cont.)
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Ek soru:

1. Cebir Karolarmi kullanarak bir dikdérigen olugturunuz. Sma arkadagmizdan bu

dikdértgenin alanmi cebirsel olarak ifade etmesini isteviniz.

Figure A.12. Etkinlik 4 Cevap Anahtar1 (cont.)
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ETKINLIK 5

Pazava Gidelim

Ali, Ayse, Murat ve Sirma babalarina yardim

efmek igin onunla pazar alisverisine .
gtkmuglardir. O hafta evde fursu kurulacak [
oldugundan  alinmast  gereken  kilolarca

malzeme vardir. # .

Pazardan esit agirhkta 7 poget fursu
malzemesi ve birkag kilo meyve almiglardir,

* Al 2 kilo mandalina ve 2 tursu pogetini tagmaktadr.
*  Avyse tursu pogetlerinden 3 tane tagimaktadwr.
& Murat ise 1 tursu poseti, 1 kilo muz ve yarmm kilo elma tagmaktadw.

#Suma | tursu poseti ve 3 kilo portakal tagmaktade.

Eve déniis volunda kardegler arasmnda kimin viikiiniin daha agwr

olduguna dair bir tartigma baglar.

Al elindeki tim pogetleri pazarm c¢iasmdaki terazide tartar ve

agrligm 6 kilo oldugunu gérir. (Unutmavim! Tursu posetlen esit agnliktadmr.)

1. Tursu pogetlerinin tek bir tanesinin agwligmi denklem kurarak bulunuz.

Ali 2 klo mandalina ve 2 tane tursu poseti tasivor ve toplam agwligm 6 kilo
oldugunu gérivor. Tursu pogetinin agwligmi bilmedigimiz igin bir tursu pogetinin
agmligma x divelim, 2 tursu posetinin aguhifs 2x olur. Buradan denklem kuracak
olursak 2x+2=6

2x=6-2

2x=4 x=2 olur denklemden gorilebilecegi gibi bir tursu posetinin agwlyg 2
kilodur.

2. Avse ve Murat'm tasidddan agualiklar: cebirsel olarak gosteriniz ve agulik

miktarin hesaplavimniz.

Avse tursu posetlerinden 3 tane tasidigi icin elindeld agwlikc 3x olur. Murat ise 1
tursu poseti vani x, ve vanmda 1 kilo muz wve yvarm kilo elma tagmaktadwr. Bu
nedenle Murat'm tasidigs toplam miktar x+1+0.5 ten x+1.5 olacaktwr. Bilinmeven x
degerini 1. soruda 2 bulduk, bunu verine vazacak olursak, Avse=2=3= 6 kilo tagmmug;

Murat ise 2+1.5 olmak tizere 3.5 kilo tasmmstir.

Figure A.13. Etkinlik 5 Cevap Anahtari
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3. Pazardan alman tursuluk malzemenin ve mevvenin toplam agurligmi bulunuz.

Pazardan alman turguluk malzeme her bir ¢ocugun tasidigs agwliklars toplanarak
bulunabilir. Toplam 2+3+1+1=7 tane tursu poseti tagmmigtir, her bir tursu pogeti 2
kilo olduguna gére toplam tursuluk malzeme miktar: 2=7=14 kilodur. Mevve ise vine
avnt vol izlenerek tim c¢ocuklarm tasidiklart mevvenin agwliklart toplanarak
bulunabilir. 24+14+0_3+3=6,5 kilo toplam mevvenin agwligidr.

4. Ali, Avge, Murat ve Strma'nm tasididdan aguolik miktarlarmi kargilagtormiz.
Ali=6 kg
Avse=H kg

Murat=3_5 kg oldugu wvukandaki sorularda bulunmustur. Stma'nmn tasidig agwlik
ise x+3 oldugu icin bilinmeven verine 2 waziarak toplam agwlik 2+3=3 kilo olarak
bulunabilir. Bu nedenle swralama; Ali=Avyse=>Syma=Murat olacalktir.

Ek Soru:

Fatma Hanmm eve gelen tursuluk malzemelerden tursu kuracaktr Fatma Hanmm'm
karigik tursu tarifi asagidakd gibidir.

+  Bir miktar havug

¢ Havug miktarinin 3 kat kadar beyaz lahana

+  Havug miktarimin 2 kafindan 500 gr daha
fazla salatalik

+ Havug miktarinin dirtte biri kadar sivri biber

S5.Fatma Hanm, toplam 5,5 kile tursuluk malzeme kullanarak tursu wapacaltir.
Yukanidaki tarife gére her bir malzemeden ne kadar kullanmas: gerekir? Denklem
kurarak ¢éziniz. (1 kilo=1000 gr)

Havug miktar bilinmedigi icin ona x divebiliriz. Bu durumda bevaz lahana 3 x olur,
salatalik ise 2.x+500 dur. Sivri biber ise havug miktarmm dortte bir oldugu igin x i
Y4 ile carpmak gerekamektedir, ciinki biitinin bir miktari bulunurken carpma islemi
vapilir. Bovlelikle sivri biber miktari X.H bulunur. Salatalik miktarinda kullanilan
birim gram oldugu icin toplam tursuluk malzemenin birimini de grama cevirmeliviz.
Toplam malzeme 5.5 1000 = 5500 olur.

X+3x+2x+500+ = 5500

zjx = 5500 — 500 zzx = 5000 bulunur, icle dislar carpmm1 vapilarak 25x=5300x=4,
K_sscic;m = 800 cikar vani havuc miktar: 800 gramdwr, vukandald cebirsel ifadelere

bi].in.r;myen verine 800 gram wvazarsak; Bevaz lahana=3x=800=3=2400 gram olur.
Salatalik=2x+500=800x2+500 den 2100 gram. sivii biber de §=Bi“—zoo gram

bulunur.

Figure A.13. Etkinlik 5 Cevap Anahtar1 (cont.)
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ETKINLIK 6
Saghith Admmlar
Diinya Saglik Orgiiti'nin (WHOQ) kurulug giini olan 7 Nisan her vil Diinya Saghk
Giinii olarak kutlanmaktadr. Diinva Saglik Orgiitine gére saglili bir vasam icin

giinde en az 5000 adm atmak gereklidir.

Yaklasan giniin GOnemini vurgulamak icin Banu Hanm, cocuklari Pelin we
Mehmet'ten giin icinde farkli werlere giderken attiddari adimlari savmalarmi
istemistir. Bir gin icerisinde farkls verlere giderek en ¢ok admm atan gocuk

annesinden bir §diil alacaktr. Kardeslerin gittikleri verler asagida verilmistir.

(Kardesler ev ile okul arasinda aym sayida adim atmstir.)

Avni okula giden kardesler sabah evden beraber cikmislar ve okula gitmislerdir.
Okuldan sonra; Mehmet @nce okul malzemelerini almak igin kutasiveve, daha
sonra dogum giini olan annesine ¢icek almak icin cigekeive gitmistir. Ablasi Pelin
ise, dnce volevbol ovnamak igin volevbol sahasma daha sonra da annesine pasta
almak igin pastaneve gitmistir.

Mehmet ve Pelin en son olarak eve dénmiislerdir.

1.

Asagidaki gekilde Mehmet wve Pelin’in izledikleri vollar verilmigtir. Kutucuklara
dogru cebirsel ifadevi vazmiz.
Mehmet’in okul ile kwatasive arast attifi admm sawisy, Pelin’in okul ile wolevbol

sahasi arasi attif: adim savisma egit ise ev ile okul arasi kag adimdw? Denldem

kurarak ¢@ziiniiz.

Mehmet'in okul ile kwtasive arast attifi adm savist 4x-120, Pelin’in okul ile

volevbol sahasi arasi attif1 adim savist 3x+30 dur. bunlarm esit oldugu bilinivorsa,
4x-120=3x+30
4x-3x=120+30

x=150 bulunur. x ev ile okul arasi: adm sayisma esit olduguna gére, ev ile okul aras:

atilan admm sayist 150 dir.

Figure A.14. Etkinlik 6 Cevap Anahtari
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i Asagidalkd sekilde Mehmet wve Pelin’in adm savilarmi hesaplavarak
kutuculklara vazmiz.

Mehmet'in okul ile kutasive arasmda atfig: admm savis: 4x-120, katasive ile cicekel
arast attifi admm sayisi 2x tir. Bilinmeyeni temsil eden x degeri yerine 150 yazacak
olursal; okul ile kirtasive arasi: 4=150-120=480 adm, kutasive-gigekei=2=150=300
adm olur. Pelin ise, okul ile volevbol sahasi arasmda 3x+30; volevbol sahasi ile
pastane arasmda ise g adim atmistr. Bilinmeven verine wvine 130 vazacak olursak

okul ile wvolevbol sahasim 3=130+30=480 adum, wvoleybol sahasi ile pastane arasi

li—ﬂ = 30 adm bulunur.

4. Mehmet cigekciden eve dénerken 300 admm; Pelin ise; pastaneden eve
dénerken 230 admm atmistwr. Giinin sonunda hangl cocuk annesinden &dil

kazanacaktir; bulunuz.

Mehmet'in toplam admm savismi tim vollar igin attigi adumm savilarmi toplavarak

bulabiliriz. Buradan, Mehmet 1530+480+300+300=1230 admm atmis olur. Benzer bir
volla Pelin ise, 150H+480+30+230=910 adm atmistwr. Mehmet daha ¢ok admm attig:

igin giinin sonunda &diili kazanan Mehmet olacakt.

Figure A.14 Etkinlik 6 Cevap Anahtar1 (cont.)
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Ad Soyad:

Kirtasiye Cicekei

Ev-okul aras1 atilan adim sayisinin 2

Ev-okul aras1 adim sayisinin Kkati

4 katinin 120 eksigi

Cebirsel ifade: 2x
Adim cavici: 300

Cebirsel ifade: 4x-120

Adim sayisi:480

Voleybol Sahasi Pastane

Ev-okul arasinda
adim sayi1s1

Cebirsel ifade: x
Ev-okul aras1 atilan adim

Adim savisi: 150

1.
Ev-okul arasinda atilan adim sayisinin ;!

sayisinin 3 katinin 30 fazlast

Cebirsel ifade: 3x+30
Adim sayisi: 480

Cebirsel ifade: - ya da x%

Adim sayisi: 30

Figure A.14. Etkinlik 6 Cevap Anahtari (cont.)



Ek soru:

Siz de giin iginde gittiginiz verleri diiginerek her mesafe icin admmlarmizi tahmin

etmeve caligmiz. Toplam attigmiz adimlar belirleviniz.

Figure A.14. Etkinlik 6 Cevap Anahtari (cont.)
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ETKINLIK 7
Kargik Meyve Suyu
Selin - annesivle birlikte taze mevveler almak icin pazara gitmistic. Haftasonu
arkadaglarmi evine davet etmis ve onlara annesinin vitamin deposu olan lezzetli meyve
suvu kangmlarmdan ikram etmek istemektedir.

Selin’in hazrlamay: diisindiigi 2 cesit tarif vardmr:

/ Tarif1: Tathmtrak 1\1 / Tarif 2: TurungSu \
¢  Bir miktar narsuyu +  Bir miktar portakal suyu
¢+ Marsuyunun4 katindan 200 ml fazla +  Portakal suyumn yansi kadarlimon
elma suyu Sy
¢  Elma suyunmum vans: kadar anmut suyu ¢ Limon suyummiigte bin kadar
\: Marsuyunu 2 kati kadarportakal suyu j \ mandalina suyu j

1. Selin, 3 litre Tathmitrak kangmindan vapmak isterse her bir meyve suyvundan kag
ml. kullanmasi gerekir? Denklem kurarak céziniiz ve ¢Ozimiinizi aciklavmiz. (1
litre=1000 ml)

Elma suoyvu ml cinsinden werildigi igin tim kansmmi da aym birimde almak

gerelamektedir, 1 litre 1000 ml ise 3 litre 3000 ml olur.

Nar suvu bilinmedigi igin nar suvuna x divebiliiz. Elma suvu da nar suvunun 4

katindan 200 ml fazla oldugu igin 4 x+200 olur. Armut suyu ise elma suvunun varisi
4 +200

oldugu igin = 2x + 100 bulunur. Portakal suvunun miktar: belirlenirken nar
suvu referans noktasi olarak almmalidwr, portakal suvu da nar suvunun 2 kati oldugu icin
2x olur.

Toplam kangm 3000 ml oldugu igin, x+4x+200+2x+100+2x=3000 ml olur.
Ox+300=3000

Ox=2700

x=300 ml olur.

Cebirsel ifadelerde bilinmeven verine 300 vazacak olursak,

Nar suvu: 300 ml,

Elma suvu: 4x+200=4=300+200=1400 ml,

Armut suvu: 2x+100=2=300+100=700 ml,

Portakal suyu 2x=2=300=600 ml bulunur.

Figure A.15. Etkinlik 7 Cevap Anahtari
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2. Selin, 2 litre TuruncSu karigmmmdan vapmak isterse her bir mevve suyundan kag
ml. kullanmasi gerekir? Denklem kurarak céziniiz ve ¢cizimiinizi agiklaymiz.

Portakal suvunun miktart bilinmedigi igin bilinmevene x divebiliriz. Limon suvu
portakal suvunun varisi oldugu ve bir biitiiniin bir miktar1 carpma voluvla bulundugu
igin, limon suyu x‘x% = ;—f olur. Mandalina suvu limon suvunun ticte biri kadar oldugu
igin, mandalina suvunu hesaplarken limon suyunu referans almak gerekmektedir. Bir
bitinin belli bir kismmi bulurken carpma iglemi vapimas: gerektifinden mandalina
suvu ;—rb-(%:%olur.

Toplam mevve suvu karigmmmi 2 litrevi islem kolavligi icin ml ve gevirebiliriz, karigmm
2000 m! olur.
=i = % = 2000 ml olur, igler diglar ¢arpmmi vaparsak 10x=6x=2000, x=2200

2
T

1200 ml olur. Cebirsel ifadelerde bilinmeven verine 120 vazacak olursak, portakal suvu
120

1200 ml, limon suyu = 600 ml, mandalina suyu ise ss_u = 200 ml olur.

n
&

Ek soru:

Siz de arkadasiniz icin bir mevve suvu karigmmi tarifi hazelavim. O tariften toplam ne
kadarlik karnsmm hazrlavacagmi sivleveresk her bir mevve suvundan ne kadar
kullanmas: gerektigini bulmasmi istevin.

Figure A.15. Etkinlik 7 Cevap Anahtar1 (cont.)
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ETKINLIK 8
Gizli Sayt
Ali kareler ile asagidaki gekilleri olugturmustur.

1.5ekil 2.5ekdl
1) a) Ali'nin sekillerindeki &riintive gére 3. ve 4. geklin nasd olacagmi gizerek
gdsteriniz.
3. sekil
4., sekil

Figure A.16. Etkinlik 8 Cevap Anahtari



b) Sekillere bakarak Ali'nin n. seklindeki kare sawismi gdsteren dminti kuralmi tablovu
tamamlavarak bulunuz. Yazdigmiz kurala nasi ulagtigmizi agiklaviniz.

Sekil sayis1 Seklindekd kare sayis1
1. Gekil 5

2. Gekil 9

3. Gekil 13

4. Sekil 17

5. Gekil 21

n. Sekal ?

Her bir sekilde merkezdeki 1 kare sabittir. Sekil sawvisi arttikca seklin kenarlarma 4 er
kare eklenmektedir. Bu durumda kare savisi sekil savismm 4 katidw ve ortadaki kare
sabit oldugu igin Grintd kuralma sabit olarak eklenmelidir n sekil sayvismi ifade

edivorsa, 4n kare savismi ifade etmelidir, ortadaki sabit karevi de +1 olarak &riintii

kuralma eklersek @riinti kural: 4n+1 olur.

Figure A.16. Etkinlik 8 Cevap Anahtar1 (cont.)
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2) Ali matematik bulmacalarmi ¢ok sevmektedir ve 2. seklini arkadaslarma bir bulmaca
olarak hazwlamistr. Bulmacadaki kareleri sekildeld gibi bovamistr ve karelerin her

birine gizli savilar kovmava karar vermistir. Bu savilari ise agagidaki kurallara gére

belirlemisgtir.

+ Yesil karedeld say1, mavi karedeld savinm 5 katmm 2 fazlasidr.
+ Mor karedeki savi, vesil karedeki savimm 8 fazlasidw.

+ Kiumizi karedeki savi, mor karedeki savinin 2/5 idir.

+ Sar1 karedeki savi, kumizi karedeki savinm 4 eksigidir.

Buna g@re kumizi, mor, mavi, vesil ve sar1 karelerdeki savilarmn cebirsel ifadesini

Vazimz.
Yegil:5x+2
Mor5x+2+8=5x+10
Kirmizr:(Sx+10) 2 =2x-+4

Sar: 2x+4-4=2x

3) Bulmacada yukaridan agag: dogru (siitunda) olan sayiarm toplami 26 dir. Buna gére
mavi, sari, kumizi, mor ve vesil karelerdeki saviari denklem kurarak bulunuz.

Cozimiiniizi aciklaviniz.

Renk Karedeld Sav1
San 4
Einmizt g

Yesil 12
Mawi 2

Mor 20

Yukaridan agagiva kadar clan savilarm toplammi, her bir savivi ifade eden cebirsel
ifadevi toplayarak bulabiliiz. Yukaridan asagiva iki tane kamizi, iki tane sari, bir tane
de mavi kare olduguna gére bu savilari ifade eden cebirsel ifadeleri toplavabiliriz.

2.(2x+4)+2.2x)yrx=26
4x+8+4x+x=26
9x+8=26

9x=26-8

9x=18 x=2 bulunur.

Bilinmeven x verine 2 vazacak olursak, mavi karedeki savi 2, vesil karedeld sawvi
Sx+2=2%X5+2=12, mor karedeld savi 5x+10=5X2+10=20, kumizi karedeki savi
2x+4=2 X 2+4=8. sar1 karedeki savi 2x=2 X 2=4 bulunur.

Figure A.16. Etkinlik 8 Cevap Anahtar1 (cont.)
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Ek soru: 5iz de kendi bulmacanizi hazirlavmn. Bulmacanm her bir karesine bir kurala
gire savi verlestirerek arkadasmizdan bu savilan bulmasmi istevin.

Figure A.16. Etkinlik 8 Cevap Anahtar1 (cont.)
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Taskl/Lunap | Task Task 3/Gezelim Task 4/Cebirsel Task 5/Pazara | Task 6/Gizli Task 7 /Karigik | Task
ark 2/Kentsel o . Meyve Suyu 8/Saglikli
Goérelim Oyunlar Gidelim Say1 Adimlar
Dontisiim

Encourages Students Students need | Students need to Students need to Students need | Students have to Students have to | Students
students to need to to understand | understand the demonstrate the to understand | realize the understand the need to
think about understand the pattern sequence of the formulas and area the contextto | relationship relationship understand
given situation | the places and follow | of the rectangle set the among different . the path of
and follow relationship the paths equation color of puzzles | Among different | e children
problem among the juices (follow
solving quantities the sequence)
procedures and write

algebraic

expressions
Using v v v v v v v v
manipulative _ . -
and hands on Pattern Pattern blocks | Map for the route Algebraic tiles Representation | Pattern blocks can Real juice Map for the
aids blocks of the places. of the bags be used mixture routes of the

(concrete children is
material) given

Leading v v v v v v v v
communicatio . . . . . .
n among Group Group Group discussion Group discussion Group Group discussion Group Group
students discussion discussion discussion discussion discussion
(collaborative
work)
Involves in v v v v v v v 4
real life .. .
contexts Algebraic tiles were Puzzle pieces

called as lego.
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Potential to
provoke
students’
misconception
S

Students
might have
difficulties
about the
covariation
of the
quantities.

Students can
focus on
changes in one
variable rather
than the
relationship
between
dependent and
independent
variable

Students might
have difficulties
about converting
verbal expressions
into algebraic
expressions (e.g.
1/10 of x=x+
1/10.)

Also they might
have problems on
determination of
reference point
[criteria.

Students may have
misconceptions
about; doing
operations with
algebraic
expressions,
making distinction
between variable
and constants,
applying arithmetic
operations
correctly.

(e.g. 2x+3=5x,

(4x+7)-(2x+3)=2x-
4

Students may
have
difficulties on
determining
unknown
value, setting
up appropriate
equation, and
solving
equations by
following
correct
procedures.

Students may
have
misconceptions
about
determination of
reference point/
criteria and
writing algebraic
expressions.

Students might
have difficulties
on
determination of
the reference
point /criteria
and setting up
the equations.

Students
may have
misconcepti
ons about
setting up
the equation
and
determining
the real
value of
algebraic
expressions.
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APPENDIX C: ALIGMENT OF OBJECTIVES WITH THE
CURRICULUM OBJECTIVES

Etkinlik 1- Lunapark

Kazanim: 6.2.1.1. Aritmetik dizilerin kuralim1 harfle ifade eder; kurali harfle ifade

eden dizinin istenilen terimini bulur.

6.2.1.2 Sozel olarak verilen bir duruma uygun cebirsel ifade ve verilen bir cebirsel

ifadeye uygun sozel bir durum yazar.
Etkinlik 2- Kentsel Doniisiim

Kazanim: 6.2.1.1 Aritmetik dizilerin kuralim1 harfle ifade eder, kurali harfle ifade

edilen dizinin istenilen terimini bulur.
Etkinlik 3- Gezelim Gorelim

Kazanim: 6.2.1.2 Sozel olarak verilen bir duruma uygun cebirsel ifade ve verilen bir

cebirsel ifadeye uygun sozel bir durum yazar (ilk sayfa sorular).
1. 2. 3. ve 4. Sorular:

Kazanim: 6.2.1.3. Cebirsel ifadenin degerlerini degiskenin alacag: farkli dogal say

degerleri i¢in hesaplar.

Ek sorular: 2. soru: Kazanim: 7.2.1.1. Gergek yasam durumlarina uygun birinci

dereceden bir bilinmeyenli denklemleri kurar.

7.2.1.4 Birinci dereceden bir bilinmeyenli denklemleri ¢ozer.

Etkinlik 4: Cebirsel oyunlar

l.soru: Kazanim: 6.2.1.5 Cebirsel ifadelerle toplama ve ¢ikarma islemleri yapar.
2. soru: Kazanim: 6.2.1.6 Bir dogal sayu ile bir cebirsel ifadeyi ¢arpar.

Etkinlik 5: Pazara gidelim

1. ve 5. soru: Kazanim: 7.2.1.1 Ger¢ek yasam durumlarina uygun 1. dereceden bir

bilinmeyenli denklemleri kurar.
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Kazanim: 7.2.1.4 Birinci dereceden bir bilinmeyenli denklem kurmayi gerektiren

problemleri ¢ozer.

2.soru: Kazanim: 6.2.1.2 Sozel olarak verilen bir duruma uygun cebirsel ifade ve

verilen bir cebirsel ifadeye uygun sézel bir durum yazar.
Etkinlik 6: Gizli say1

1.soru: Kazamim: 6.2.1.1 Aritmetik dizilerin kuralim1 harfle ifade eder, kurali harfle

ifade edilen dizinin istenilen terimini bulur.

2.soru: Kazanim: 6.2.1.2 So6zel olarak verilen bir duruma uygun cebirsel ifade ve

verilen bir cebirsel ifadeye uygun sézel bir durum yazar.

3.soru: Kazanim: 7.2.1.1 Ger¢ek yasam durumlarina uygun 1. dereceden bir

bilinmeyenli denklemleri kurar.
Etkinlik 7: Karisik meyve suyu

l.ve 2.soru: Kazanim: 7.2.1.1 Ger¢ek yasam durumlara uygun 1. dereceden bir

bilinmeyenli denklemleri kurar.

Kazanim: 7.2.1.4 Birinci dereceden bir bilinmeyenli denklem kurmay1 gerektiren

problemleri ¢ozer.
Etkinlik 8: Saghkh adimlar

l.soru: Kazanim: 6.2.1.2 Sozel olarak verilen bir duruma uygun cebirsel ifade ve

verilen bir cebirsel ifadeye uygun sézel bir durum yazar.
2. ve 4.soru: Kazanim: 7.2.1.2 Denklemlerde esitligin korunumu ilkesini anlar.

7.2.1.1. Gergek yasam durumlarina uygun 1. dereceden bir bilinmeyenli denklemleri

kurar.

3.soru: Kazanim: 6.2.1.3. Cebirsel ifadenin degerlerini degiskenin alacagi farkli

dogal say1 degerleri i¢in hesaplar.



APPENDIX D: ACHIEVEMENT TEST and THEIR RUBRICS

AKLIMDA KALANLAR — CEBIiR ON TESTI

N
‘)
N,
g
A

\
\‘f
N

2.hafta :

1)

1.hafta

Avse bahgelerindeki agacin biiviimesini haftalar iginde goézlemlemistir ve

agactaki vaprak saviarmi g@steren vukaridald fotograflari cekmistir. Buna gére
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asagidaki tablovu doldurarak Avse’'nin n. haftada gézlemlevecegl vaprak savismi

gosteren dnintd kuralmi bulunuz. (5p)

Hafta savis1 Agactald vaprak sayis1
1. hafta 5
2. hafta g
3. hafta 11
4 hafta AR
5. hafta AR
1 hafta AR

Figure A.17. Cebir On Test



2) Asafida verilen sézel veva cebirsel ifadelerin uvgun karsiliklarmi vazmiz. (8p)

Sizel ifade Cehirsel ifade
Elif'in 5 vil sonraki vas
Bir sayin 2 katinn 3 eksig

% +8
Elimdeki cevizlenn 13 fazlasmun 3 kats

3) Mehmet elindeli 42 pargalik wapbozu kuzeni Avla ile vapacaktwr. Yapbozu
tamamladiktan sonra, Avla'’nm kovdugu parca savismm Mehmet'in koydugu parca
savismm 3 katindan 6 fazla oldugunu gémiiglerdir. Mehmet ve Avla’nm vapboza
kag parca eklemis olduklarmi denklem kurarak bulunuz. (Sp)

4) Emre’nin evi ile okulu arasmdaki mesafe, evi ile park arasmdaki mesafenin
4 katmdan 50 m daha fazladw. Emre’nin evi ile market arasmdaki mesafe ise ev-
park mesafesinden 30 m daha kisadwr.

Emre bu sabah okula gidivor, okuldan geldikten sonra annesi marketten ekmek

almasmi sdvlivor. Emre marketten ekmek alip eve bwraktiktan sonra parka gidivor.

Alksam eve déndiigiinde o giin toplam 320 metre wiiridigiini hesaplivor.

Buna giére, Emre’nin evi ile okul arasindald mesafe ne kadardue? (12p)

Park

Figure A.17. Cebir On Test (cont.)
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5) Asagida verilen problem icin Hande, Nur ve Semih farkli denklemler vazmislardir.

Dogru yvazilan denklemi bularak ciziiniiz. (7p)

Problem: Bir savinm 3 katinm & eksiginin 1/51, 2 ise bu sav1 kactr?

Hande Nur Semih
(3x-8)=1-2 8, 3x-8-1-2
5 5 5
Dogru denklem:
Cdzitm:

Figure A.17. Cebir On Test (cont.)
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AKLIMDA KALANLAR - CEBIR ON TESTI
COZUMLER VE PUANLAMA CETVELI

L)
g
/
»% p
‘\f/ __‘\ =
b\ & :

Y,

x
1.hafta 2. hafta 3. hafta

Avse bahgelerindeki agacin biiviimesini haftalar icinde gézlemlemistir ve
agactaki wvaprak sayvilarmi gdsteren vukandaki fotograflarn celamigtic. Buna gére
asagidaki tablovu doldurarak Avyse’nin n. haftada gézlemlevecegi vaprak savismi

gisteren riinti kuralmi bulunuz. (5p)

Hafta sayis Agactaki yaprak sayis
1.hafta 3
2. hafta 2
3. hafta 11
4.hafta 14 (1p)
3. hafta 17 (1p)
n hafta An+l (3p)
Puanlama: Yukarida g&sterildigi sekilde olacaktr.

Figure A.18. Cebir On Test Cevap Anahtar1
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2) Asagida verilen sdzel veva cebirsel ifadelerin uvgun karsiliklarmi vazmiz. (Sp)

Suzel ifade Cebirsel ifade
Elif"in 3 wil sonraki vas: &S (2p)
Bir sayimun 2 katiun 3 eksig 2a-3 (2p)
X g
Bir sayimin varisimn 8 fazlasi (2p) E -
Elimdelki cevizlenin 13 fazlassmun 3 kats 3(c*+15) (2p)

Puanlama: Yukarida gasterildigi sekilde olacaktr.

3) Mehmet elindeldi 42 pargalik vapbozu kuzeni Avla ile wvapacaktr. Yapbozu
tamamladiktan sonra, Avla’nm kovdugu parga savismm Mehmet'in koydugu
parca savismim 3 katmdan 6 fazla oldugunu gémiislerdir. Mehmet ve Avla'nmn
wvapboza kac parca eklemis olduklarmi denklem kurarak bulunuz. (Sp)

Puanlama
Coziim
8p: Dogm denklemi kurup, dogr sonuca ulasp,
istenilen degerleri bulduvsa
Mehmet: x s .
7p: Dogr denklemi kurup, dogru sonuca ulagmig
Avla: 3x+6 ancak Avlanin vapboz savismi bulmamigsa
Sp-6p: Dogru denklemi kurmug ancak ¢fziimiin
sonunu getirememigse
e ey =42 5p: Denklemi 3x+6=42 seklinde kurup. dogru
dx+6=42 gizmiig, hem x degerini hem de Avla’nm vapboz
4y =36 savismi bulmugsa
x=0 dp: Denklemi 3x+6=42 seklinde kurup, dogru
gizmiiy ancak Avla'nm vapboz sayvismi bulmamigsa
Mehmet: 9 1p: Sadece Avlaigin 3x+6 vazmigsa veya sadece
Ix+6=42 varmissa
Ayla:3-9+6=33 Onemsiz islem hatasmdan 0.5p kmrilacaktr.

Figure A.18. Cebir On Test Cevap Anahtar1 (cont.)
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4) Emre'nin evi ile okulu arasmdaki mesafe, evi ile park arasmdaki mesafenin
4 katindan 50 m daha fazladw. Emre'nin evi ile market arasmdald mesafe ise ev-

park mesafesinden 30 m daha kisadrr.

Emre bu sabah okula gidivor, okuldan geldikten sonra annesi marketten ekmek

almasmi sévlivor. Emre marketten ekmek alip eve braktiktan sonra parka gidivor.

Aksam eve déndiigiinde o giin toplam 520 metre wiridigini hesaplivor.

Buna gore, Emre’'nin evi ile okul arasmdaki mesafe ne kadardw? (12p)

Coziim

Ev-park: x
Ev-okul: 4x+50

Ev-market: x-30

(4x +30) = (d4x + 50) = (x —30) + (x—30) + x +x = 520
12x+40 =520

12x =480

x=40

Ev-okul: 4-40+50=210m

Puanlama

12p: Dogru denklemi kurup,
dogru sonuca ulasip, istenilen
degeri bulduvsa

8p: Denklemi kurarken
mesafeleri sadece bir kez
vazip ona gire ¢dzmiis ve
istenilen degeri ona gére
bulmugsa

6p: Mesafeleri vanlis sekilde
ifade etmis ama dogru
vintemi izleverek sonuca
ulagmigsa

2p-4p: Birkag dogru cebirsel
ifade var ancak ¢dziim voksa

Onemsiz islem hatasmdan
0.5p kmrilacaktr.

Figure A.18. Cebir On Test Cevap Anahtari (cont.)
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5) Asagida verilen problem icin Hande, Nur ve Semih farkli denklemler vazmislardw.

Dosgru vazilan denklemi bularak coziiniiz. (7p)
Problem: Bir savinm 3 katmm & eksiginin 1/3i, 2 ise bu sav1 kactwr?

Hande Nur Semih

._
[
-
|
o

(3x—8)+= =2

5 5

Dagru denklem: Nur

=2 Jx—8=-=2

"
Lh | =

Cdziim:
3x -8

3
Ix-8=10
Ix =18

x=6

-

Puanlama

7p: Dogru denklemi secip denklemi dogru sekilde ¢iziip sonuca ulasmigsa
4p: Yanliy denklemi segip dogru bir sekilde ¢éziip sonuca ulasmigsa

Veva

Denklemi bulmadan ters iglem voluvla dogm sonucu bulmugsa

2p: Sadece denklemin hangisi olacagmi bulmug ama denklemi ¢dzmemisse

1p-3p: Rastgele birkag dogru iglem varsa

Figure A.18. Cebir On Test Cevap Anahtari (cont.)
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AKLIMDA KALANLAR — CEBIiR SON TESTI
COZUMLER VE PUANLAMA CETVELI

&

1)

—

LY

A
e
=
1.hafta 2. hafta 3. hafta

Avse bahgelerindeki agacm biiviimesini haftalar iginde gézlemlemistir ve
afactaki vaprak savilarmi gdsteren vukandalki fotograflar cekmistir. Buna gire
asagidaki tablovu doldurarak Avse'nin n. haftada gézlemlevecegi waprak sawvism

gdsteren orinti kuralmi bulunuz. (3p)

Hafta sayis1 Agactald yaprak sayisi
1.hafta 5
2. hafta 7
3. hafta 9
4 hafta U,
5. hafta PO
n hafta AR

Figure A.19 Cebir Son Test
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2) Asagida verilen siizel veva cebirsel ifadelerin uvgun karsgiliddarmi vazmiz. (8p)

Sizel ifade Cebirsel ifade
Fulya'nmn 6 vil éncela yvas
Bir zayimun 4 katiun 10 eksig

2

5

Ehmdeki balonlarnn 7 fazlasmmin 2 kats

3) Mehmet, kuzeni Avla ile kelime tiretme ovunu ovnamistr. Owunu tamamladiktan
sonra, Avla'nm tirettigi kelime savismm Mehmet'in tirettigi kelime savismm 4
katmdan 9 eksik oldugunu gémmislerdir. Toplam tiretilen kelime savisi 21 ise,
Mehmet ve Avla'nm ka¢ kelime tiretmis olduklarmi denklem kurarak bulunuz.

Sp)

4) Emre'nin evi ile okulu arasmdaki mesafe, evi ile park arasmdaki mesafenin
3 katmdan 100 m daha fazlader. Emre’nin evi ile market arasmdald mesafe ise ev-
parkmesafesinden 40 m daha kisadr.

Emre bu sabah okula gidivor, okuldan geldikten sonra annesi marketten ekmek

almasmi sévlivor. Emre marketten ekomek alip eve braktiktan sonra parka gidivor.

Aksam eve dondiiginde o giin toplam 720 metre viiridigiini hesaplivor.

Buna gére, Emre'nin evi ile okul arasimmdaki mesafe ne kadarda? (12p)

Park

Figure A.19. Cebir Son Test (cont.)



5) Asagida verilen problem igin Hande, Nur ve Semih farkli denklemler vazmiglardir.

Dogru vazilan denklemi bularak coziiniiz. (7p)

Problem: Bir saymm 3 katmm 4 fazlasmm 1/3 i, 8 ise bu savi1 kactir?

Hande

Nur Semih

=8 Sx+ 4+

(W]
| —
I
%)

Dogrudenklem: .. ... . ...

Caziim:

Figure A.19. Cebir Son Test (cont.)
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AKLIMDA KALANLAR — CEBIR SON TEST
COZUMLER VE PUANLAMA CETVELI

1)

1. hafta 2. hafta 3.hafta

Avse bahgelerindeki agacmn biviimesini haftalar iginde g&ézlemlemistir ve
afactaki wvaprak saviarmi g@steren wukaridali fotograflari gekmistir. Buna gére
asagidaki tablovu doldurarak Avse'nin n. haftada g@zlemlevecegi vaprak savismi

giisteren driintii kuralmni bulunuz. (5p)

Hafta sayis Agactaki vaprak sayis1
1. hafta 5
2. hafta 7
3. hafta 9
4 hafta 11 (1p)
3 hafta 13 (1p)
n. hafta 2nt+3 (3p)
Puanlama: Yukanda géstenldigi sekilde olacakt.

Figure A.20. Cebir Son Test Cevap Anahtar1
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2) Asagida verilen sézel veva cebirsel ifadelerin uvgun karsdiklarm vazmiz. (8p)

Sizel ifade Cehirsel ifade
Fulya™nin 6 wil dnceld vas -6 (2p)
Bir saymm 4 katiumn 10 ek=if 4a-10 2p)

X 7
Bir sayimmun 1/5 nin 2 fazlas1 (2p) 5
Elimdelki balonlarm 7 fazlasin 2 kats 2(b+7) (2p)

Puanlama: Yukarida gésterildigi gekilde olacaktir.

3) Mehmet, kuzeni Avla ile kelime tiiretme oyvunu oyvnamigtir. Ovunu tamamladiktan
sonra, Avla'nm tirettigi kelime sayismm Mehmet'in tirettigi kelime savismm 4
katmdan 9 eksik oldugunu gommiiglerdir. Toplam tiiretilen kelime savisi 21 ise,
Mehmet ve Avlanin kag kelime tiretmis olduldarmi denklem kurarak bulunuz.
(8p)

o = 9
Puanlama

Ciiziim 8p: Dogru denklemi kurup, dogru sonuca ulagip, istenilen

’ degerleri bulduysa

Mehmet- x Tp: Dogrm denklemi kurup. dogm sonuca ulagmis ancak
Avla'nmn kelime savismi bulmamigsa

Ayla: 4x-9 Sp-6p: Dogru denklemi kurmug ancak ¢éziimiin sonunu
getirememisse

4x-9+x=21 ik !

Sy —0=71 5p: Denklemi 4x-9=21 seklinde kurup, dogru ¢ézmiis, hem

5230 % degerini hem de Avla'nm kelime sayisini bulmugsa

x=6 P: Denklem 4x-Y=11 geklinde p. dogru ¢izmii§ anc
4p: Denklemi 4x-9=21 seklinde kurup, dog ak
Avlanm kelime savismi1 bulmamigsa

Mehmet: 6 1p: Sadece Avla igin 4x-9 vazmigsa veva sadece 4x-9=21
vazmissa

Ayla-4-6-9=15 Onemsiz islem hatasmdan 0.5p kirdacaktir

& - &

Figure A.20. Cebir Son Test Cevap Anahtari (cont.)

163



4) Emre’nin evi ile okuhli arasmdald mesafe, evi ile park arasmdald mesafenin
3 katmdan 100 m daha fazladr. Emre'nin evi ile market arasmdaki mesafe ise ev-

park mesafesinden 40 m daha kisadwr.

Emre bu sabah okula gidivor, okuldan geldikten sonra annesi marketten ekmek

almasimi sévliivor. Emre marketten ekmek alip eve biraktiktan sonra parka gidivor.

Aksam eve dondiigiinde o giin toplam 720 metre viinidiigiini hesaplivor.

Buna gére, Emre’nin evi ile okul arasmdaki mesafe ne kadardw? (12p)

Ciziim

Ev-park: x
Ev-okul: 3x+100

Ev-market: x-40

(3x+100+(3x =100+ (x —40) = (x —40)+x +x =720
1 +120=720

10 =600

x=>060

Ev-okul: 3-60+100=280 m

Puanlama

12p: Dogru denklemi kurup, dogru
sonuca ulagip, istenilen degeri

bulduvsa

8p: Denklemi kurarken mesafeleri
sadece bir kez vazip ona gére
cizmiig ve istenilen degeri ona
gdre bulmusgsa

op: Mesafeleri vanls sekilde ifade
etmis ama dogm véntemi izleverek
sonuca ulagmigsa

2p-4p: Birkag dogru cebirsel ifade
var ancak céziim voksa

Onemsiz islem hatasmdan 0.5p

kirlacaktir.

Figure A.20. Cebir Son Test Cevap Anahtari (cont.)
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APPENDIX E: EXPECTED MOST INSTANCES

Task 1: Lunapark
Expected MOST instances;

Instance 1: Students might pay attention to the difference between the amount of rails
over years rather than look for the relationship between the amount of hour and rails
that were tracked.

Student Mathematics: We can find the rule for the pattern by looking the difference

between the amount of rails and thus the answer is n+5.

Mathematical Point: When finding the rule of the pattern, it is needed to check the
relationship between to variables rather than the change in one variable.

Instance 2: Students might algebraically express the amount of invitation cards as
3(x-5) rather than 3x-5.

Student Mathematics: When writing algebraic expressions follow the same order of

operations as given in verbal expression.

Mathematical Point: When converting verbal expressions to algebraic expressions,

the order of operations is taken into consideration.
Task 2: Kentsel Doniisiim
Expected MOST instances;

Instance 1: Students might pay attention to the difference between the number of
families that they move among years rather than look for the relationship between

number of families and number of years.

Student Mathematics: We can find the rule of the pattern by looking the difference

between the number of families and thus the answer is n+4.

Mathematical Point: When finding the rule of the pattern, it is needed to check the
relationship between two variables rather than the change in one variable.

Instance 2: Students might confuse about and unknown and a variable.
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Student Mathematics: A variable has a unique numeric value.

Mathematical Point: In a one-variable equation a letter is used for an unknown

value. Otherwise a letter may represent a varying value.
Task 3: Gezelim Gorelim
Expected MOST instances;

Instance 1: Students might insert the x variable in expressing the distance without

paying attention to context.

Student Mathematics: In all of the algebraic expressions we can take unknown as X.
Mathematical Point: In one problem situation same unknown is represented with

the same variable.
Instance 2: Students might write “one third of a number” as x+1/3 instead of x/3.

Student Mathematics: When finding the fraction of a fraction the division needs to

be done.

Mathematical Point: When finding fraction of a fraction given numbers (fractions)

are multiplied.
Task 4: Cebirsel Oyunlar
Expected MOST instances;

Instance 1: Students might distribute the minus sign over parenthesis in a wrong way,

for instance 4x+7-2x+3 in (4x+7)-(2x+3).

Student Mathematics: The minus sign in front of the parenthesis will affect only the

first term of the parenthesis.

Mathematical Point: The minus sign in front of the parenthesis will affect each term

of the parenthesis.
Instance 2: Students might take the 2x+6 parentheses as 2(x+6).

Student Mathematics: Factorization of two terms can be done by dividing only first

term with coefficient.
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Mathematical Point: Factorization of two terms can be done by diving both terms

with coefficient.
Task 5: Pazara Gidelim
Expected MOST instances;

Instance 1: Students might have fail to solve the equations such as 2x+2=6 divide

only one side with two and write x+1=6.

Student Mathematics: In solving equations we can divide only one side with a

number and equation is still held.

Mathematical Point: In solving equations we need to do same operations to both

sides to hold the equation.

Task 6: Saglikli Adimlar

Expected MOST instances;

Instance 1: Students might write “one fifth of a number” as x+1/5.

Student Mathematics: When taking fraction of a fraction the division needs to be

done.

Mathematical Point: When finding fraction of a fraction given numbers (fractions)

are multiplied.
Task 7: Karisik Meyve Suyu
Expected MOST instances;

Instance 1:Students may fail to understand and determine the reference point since in
some cases the juice depend on the previous amount and in some other cases depend

on the initial point.

Student Mathematics: Converting the verbal expressions into algebraic expressions

we can take initial amount as reference point.

Mathematical Point: Depend on the context the reference point needs to be

determined.
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Instance 2: Dividing 4x+200 with two students might divide only 4x or 200 with 2
and find 2x+200 or 4x+100 rather than 2x+100 (in pear juice).

Student Mathematics: When we are dividing binomials with a constant it is enough

to divide one term with that number.

Mathematical Point: Dividing binomials with a constant requires the division of

both terms with the same constant.
Task 8: Gizli Say1
Expected MOST instances;

Instance 1: Students might pay attention to the difference between the amount of
squares in consecutive shapes rather than look for the relationship between the

amount of squares and the number of shapes.

Student Mathematics: We can find the rule of pattern by looking the difference

between the amount of squares and thus the answer is n+4.

Mathematical Point: When finding the rule of the pattern, it is needed to check the
relationship of the two variables rather than the change in one variable.

Instance 2: While taking the 2/5 of 5x+10 students may divide only 5x or 10 with 5

rather than both of the terms.

Student Mathematics: When we are dividing binomials with a constant it is enough

to divide one term with that number.

Mathematical Point: Dividing binomials with a constant requires the division of

both terms with the same constant.





