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ABSTRACT

THE EFFECTS OF A FUNCTIONAL THINKING INTERVENTION ON
FIFTH GRADE STUDENTS’ FUNCTIONAL THINKING SKILLS

Akin, Giilnur
Master of Science, Mathematics Education in Mathe_matics and Science Education
Supervisor : Assist. Prof. Dr. Isil Isler Baykal

September 2020, 182 pages

The purpose of the study was to investigate the effects of a functional thinking
intervention on 5M-grade students’ functional thinking skills. The sample of the
current study was 43 fifth grade students in two public middle schools in Ankara, in
which 20 of them constituted the experimental group in one school, and 23 of them
constituted the control group in the other school. The sample was chosen by the
convenience sampling method from public secondary schools in Ankara. While the
control group students did not attend any intervention about functional thinking, the
experimental group students participated in a functional thinking intervention lasting
12 hours (about 3 weeks). A Functional Thinking Test (FTT) was applied as a pre-
and post-test to both groups. The quantitative data was supported by analyzing
students’ functional thinking strategies qualitatively. The statistical analyses were
conducted to investigate whether there was an effect of the functional thinking
intervention on students’ functional thinking skills. The results of the study showed
that there was not a significant mean difference between the experimental and control

group at pre-test or post-test. However, the experimental group showed significant



pre-to-post gains. Also, experimental group students were significantly better at
being able to use variables in defining the function rule after the functional thinking

intervention.

Keywords: Functional Thinking, 5" Grade Students, Early Algebra, Recursive

Pattern, Covariational Thinking, Correspondence Thinking
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0z

FONKSiYONEL DUSUNME UYGULAMASININ BESINCI SINIF
OGRENCILERININ FONKSIYONEL DUSUNME BECERILERINE
ETKILERI

Akin, Giilnur
Yiiksek Lisans, Matematik Egitimi, Fen ve Matematik Bilimleri Egitimi
Tez Yoneticisi: Dr. Ogr. Uyesi Isil Isler Baykal

Eyliil 2020, 182 sayfa

Calismanin amaci, fonksiyonel diisiinme uygulamasinin 5. smif dgrencilerinin
fonksiyonel diistinme becerilerine etkisini incelemektir. Arastirmanin 6rneklemini
Ankara'da iki devlet ortaokulunda 6grenim goren 43 5. sinif 6grencisi olusturmustur.
Bunlardan bir okulda bulunan 20 6grenci deney, diger okulda bulunan 23 6grenci
kontrol grubunu olusturmustur. Katilimcilar, Ankara'daki devlet ortaokullarindan
uygun Ornekleme kullanilarak segilmistir. Kontrol grubu 6grencileri fonksiyonel
diistinme ile ilgili herhangi bir uygulamaya katilmazken, deney grubu 6grencileri 12
saat siiren (yaklasik 3 hafta) fonksiyonel diisiinme uygulamasina katilmiglardir. Her
iki gruba da 6n ve son test olarak Fonksiyonel Diisiinme Testi (FDT) uygulanmistir.
Nicel veriler, 6grencilerin fonksiyonel diisiinme stratejilerinin nitel olarak analiz
edilmesiyle desteklenmistir. Istatistiksel analiz, fonksiyonel diisiinme uygulamasimin
ogrencilerin fonksiyonel diisiinme becerileri lizerinde bir etkisinin olup olmadigin
arastirmak icin yapilmistir. Arastirmanin sonuglari deney ve kontrol grubu arasinda
son testte anlamli bir fark olmadigin1 ortaya koymustur. Bununla birlikte, deney
grubu, On test ve son test arasinda anlamli bir gelisme gostermistir. Deney grubu

ogrencileri, fonksiyonel diisiinme uygulamasi sonrasinda fonksiyon kuralim

vii



degiskenler kullanarak belirlemede anlamli olarak daha iyi bir performans

sergilemislerdir.

Anahtar Kelimeler: Fonksiyonel Diisiinme, 5. Smf Ogrencileri, Erken Cebir,

Yinelemeli Oriintii, Kovaryans Diisiinme, Birebir Esleyerek Diisiinme
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CHAPTER 1

INTRODUCTION

The National Council of Teachers of Mathematics (NCTM, 2000) remarks on the
importance of algebra competence in daily life and for preparation for postsecondary
education, and states that all students should learn algebra. Also, NCTM (2000)
describes ‘algebra’ as a strand that includes major components of the curriculum. In
the traditional curriculum, there is an “arithmetic-then-algebra” approach, so
students learn numbers and operations in the elementary school. The algebra
concepts are introduced in the middle and high school in an abstract way. However,
some researchers defended the idea that arithmetic is not a required precondition for
algebra (e.g., Carraher et al. 2006). Also, Cai and Knuth (2011) stated that
approaching algebra as only symbolization and separating it from the arithmetic
cause lack of comprehension for complex mathematical concepts. Blanton and Kaput
(2011) argued that students need early experiences to deepen mathematical structures
and relationships rather than isolated computation exercises so that early algebra
combines computational, generality, and reasoning perspectives. Thus, students
would become ready for later grades. NCTM (2000) supported the idea of blending
algebra in the curriculum from pre-kindergarten to help students construct a strong
basis for understanding more sophisticated works in algebra in the future. Also,
Common Core State Standards for Mathematics (CCSSM, 2010) suggested that early
algebra should be placed in mathematics education from kindergarten through K-12.

Blanton and Kaput (2005) expressed that the integration of algebraic reasoning into
elementary grades provides an opportunity to build more complex and deeper
mathematics into student’s experiences from the beginning. There are five big ideas

of algebra; equivalence and equations, generalized arithmetic, functional thinking,



variable and quantitative reasoning (Blanton et al., 2011). Mainly, functional
thinking “involves the generalization of relationships between covarying quantities,
representing and justifying these relationships in multiple ways using natural
language, variable notation, tables, and graphs” (Stephens et al., 2017, p.144). So,
this important connection to early algebra and the scope of functional thinking make

functions important in the early grades.

Blanton et al. (2011) defined functional thinking as a combination of generalizations,
representations, justifications, and reasoning with relationships between quantities.
Several researchers (e.g., Blanton, Brizuela et al., 2015; Blanton, Stephens et al.,
2015; Stephens et al., 2015) defended that students can develop algebraic thinking,
specifically functional thinking, in early grades if they are provided with appropriate

instruction and environment.

The 2015 Grades 1-4 National Mathematics Curriculum (MoNE, 2015) included a
sub-learning domain “transition to algebra” under the domain, number and
operations. It contained objectives about variable, patterns, the meaning of equal
sign, generalizations of operations, relationship between two quantities, and
representation of these relationships. As the grade level increased, the number of
objectives also increased (e.g., two objectives for 1% grade, three objectives for 2"
and 3 grades, and four objectives for 4" grade). Turgut and Temur (2017)
interpreted that the development of algebraic reasoning from first grade to fourth
grade was aimed to be improved. In the Grades 1-8 National Mathematics
Curriculum (MoNE, 2018), “transition to algebra” sub-learning domain was not
mentioned. However, some of those objectives were covered under the number and

operations and algebra learning domains.

Studies (Akkaya & Durmus, 2006; Celik & Giines, 2013; Dede & Argun, 2003;
Erbas et al., 2009) mostly focused on middle and high school level and conducted in
Turkey revealed students’ misconceptions and difficulties on algebra and algebraic
thinking.. Students have been carrying their misconceptions about using variables,
meaning of equal sign, solving equations from middle grades through high school.



Studies on functional thinking focused on generalizations of functional thinking
(e.g., Turkmen & Tanisli, 2019) and investigating functional thinking through linear
function tables (e.g., Tanigl, 2011).

Functional thinking intervention is accepted as an effective entry point to algebraic
thinking in early grades (Carraher & Schliemann, 2007, as cited in Stephens et al.,
2017). This study focuses on investigating fifth-grade students’ functional thinking
skills using a quasi-experimental design. The study, using contextual problems,
provided students opportunities to discover relationships between two quantities, to
define these relationships in different types of functional thinking approaches
(covariational and correspondence relationships), and represent these relationships
using different type of representations including verbal, symbolic, graphic forms.

1.1 Research Questions

This study was conducted with fifth-grade students who were enrolled in two public
middle schools in Ankara, Turkey during the spring term of the 2018-2019 academic
year. The study focused on answering the following research questions:

1. Is there a statistically significant mean difference between the functional
thinking post-test scores of the 5"-grade students who attend the functional-
thinking intervention and those who do not?

2. Is there a statistically significant mean difference between the functional
thinking pre-test and post-test scores of the 5™-grade students who attend the
functional-thinking intervention?

3. Is there a significant relationship between the two groups (5""-grade students
who attend the functional-thinking intervention and those who do not) and
the correctness in the functional thinking test items at pre-test and post-test?

4. How does 5M-grade students’ functional thinking strategies differ in the
functional-thinking test for those who attend the functional-thinking

intervention, and who does not?



1.2 Significance of the Study

Kaput (2008) defined functional thinking as an essential part of algebraic thinking,
and it has been accepted as one of the possible entries to algebra (Carraher &
Schliemann, 2007). In Turkey, functional thinking starts with visual and number
patterns in the elementary grades and continues as functions abstractly in high school
(Kabael & Tanighi, 2010). Functional thinking involves the generalization of
relationships, multiple representations of these relationships, and reasoning and
justification of generalizations (Blanton et al., 2011). Many studies show that
students can define functional relationships (using covariational, correspondence
thinking) and represent these relationships by using pictures, tables, graphs, words,
and variables in early grades provided the appropriate environment and instruction
(e.g., Blanton & Kaput, 2004; Blanton, Stephens et al., 2015, Isler et al., 2015;
Strachota et al., 2016).

There is a lack of research in investigating the effects of a functional thinking
intervention on students’ functional thinking skills before formal algebra education
in Turkey. This study aimed to focus on investigating fifth-grade students’ functional
thinking skills and the effects of a functional thinking intervention on students’

functional thinking skills.

1.3 Definition of the Important Terms

Early Algebra: It is “an approach that elementary students are provided the time and
space necessary to build their intuitive and informal ways of reasoning about the
patterns and relationships they see in their everyday experiences as a basis for
algebraic thinking” (Stephens et al., 2017, p. 143)

Algebraic Thinking: It is defined as “a habit of mind that permeates all of
mathematics, and that involves student’s capacity to build, justify and express
conjectures about mathematical structure and relationships” (Blanton & Kaput,

2004, p. 142).



Functional Thinking: It is defined as “generalizing relationship between covarying
quantities, expressing those relationships in words, symbols, tables, or graphs, and
reasoning with these various representations to analyze function behavior” (Blanton

etal.,, 2011, p. 47).

Covariational thinking: It involves analyzing how two quantities vary in relation to
each other and keeping that variation explicit in the description of the function
(Blanton et al., 2011, p. 52).

Correspondence thinking: It is “a correlation between two quantities expressed as a

function rule.” (Blanton et al., 2011, p. 53)

1.4 Motivation for the Study

Algebra is perceived as an intimidating concept of mathematics. The general
perception is that algebra is composed of symbols, formulas, and equations so it is
hard, abstract, and apart from real life. Similarly, as part of algebra, functions can be
a nightmare in the high school. During my own experience as a student and as a tutor,
| observed students having difficulty in comprehending these concepts and they were
not aware of the relationship between algebra and real life. The studies show that
students can think algebraically before the formal operational stage. The functional
thinking intervention has a potential to help students define and represent functional
relationships in multiple ways in early grades. So, | decided to investigate fifth-grade
students’ functional thinking ways, strategies, and representations they used to

explain functional relationships before starting formal algebra education.






CHAPTER 2

LITERATURE REVIEW

The purpose of this study was to investigate the effects of functional thinking
intervention on fifth-grade students’ functional thinking skills. In the first section,
the background of the study will be described. In the second part, functional thinking

studies including studies conducted in Turkey will be presented.

2.1  Background of the Study

Functional thinking is an essential part of early algebra, so the present study was
designed and conducted based on three related perspectives of early algebra. The
first perspective was the core aspects of algebra defined by Kaput (2008). The other
was five big ideas of algebraic thinking described by Blanton et al. (2011). Lastly,

functional thinking levels will be presented based on Stephens et al. (2017).

2.1.1 Core Aspects and Strands of Algebra

Kaput (2008) explained algebra in light of two core aspects (Core Aspect A & Core
Aspect B) and three strands (Strands 1, 2 & 3) that the core aspect is blended in (see
Figure 2.1).

According to Kaput (2008), Core Aspects A refers to regularities and
generalizations. Core Aspect B includes defining those generalizations “in
conventional forms; algebraic notation, graphs and number lines, tables, and natural
language forms” (p. 12). Kaput (2008) stated that Core Aspect B should be improved

after Core Aspect A to strengthen algebraic reasoning.



Core Aspect A & B and Strands 1, 2 & 3 are strongly related with each other. Strand
1 involves generalized arithmetic, including numbers, operations, and their
properties, particular number relationships, and quantitative reasoning. Also, it

includes both conventional and invented computation strategies.

Figure 2. 1

Core Aspects and Strands in Kaput’s Framework of Algebraic Reasoning

The Two Core Aspects

(A) Algebra as systematically symbolizing generalizations of regularities and
constraints.

(B} Algebra as syntactically guided reasoning and actions on generalizations
expressed in conventional symbol systems.

Core Aspects A & B Are Embodied in Three Strands

1. Algebra as the study of structures and systems astracted from computations
and relations, including those arising in arithmetic (algebra as generalized
arithmetic) and in quantitative reasoning.

2. Algebra as the study of functions, relations, and joint variation.

3. Algebra as the application of a cluster of modeling languages both inside
and outside of mathematics.

Note. Reprinted from “What is Algebra? What is Algebraic Reasoning?” by J.J.
Kaput, in J.J. Kaput, D. Carraher and M. Blanton (Eds), Algebra in the Early Grades
(p. 11), 2008, Mahwah, NJ: Lawrence Erlbaum/Taylor & Francis Group.

Strand 2 is mostly related to functional thinking. Kaput (2008) defended that the
scope of this strand is comprehensive. It includes a focus on change, linearity, the

symbolization of functional relationships, and representations such as tables, graphs.

Kaput (2008) explained Strand 3 by three types of modeling. The first type of model
is the number or quantity specific. In this model, the variable is accepted as unknown
in the equation. The second type of modeling refers to Core Aspect A, which includes
generalizations. This model uses one or more variables to define a function. In the
third type of modeling, the variable is accepted as a parameter, and generalizations
of relationships are compared with other situations.Kaput (2008) defended that

generalizations and symbolization are significant parts of algebraic thinking.



2.1.2 Five Big Ideas of Algebraic Thinking

Blanton et al. (2011) stated algebraic thinking as an essential understanding for
students in grades 3-5. Blanton et al. (2011) categorized an essential understanding
of algebraic thinking as composed of five big ideas which are generalized arithmetic,
equations, variables, quantitative reasoning, and functional thinking.

This study was designed based on the big idea of functional thinking. Functional
thinking was defined as “generalizing relationships between covarying quantities,
expressing those relationships in words, symbols, tables, or graphs, and reasoning
with these various representations to analyze function behavior” (Blanton et al.,
2011, p. 47). Also, the intervention of this study focused on the equations (big idea
2) and variables (big idea 3). Understanding the relational meaning of equal sign,
“the same as” (Carpenter et al., 2003, as cited in Blanton et al., 2011; Stephens et al.,
2013) is important in the early grades. The relational meaning of the equal sign
requires students to decide “8 + 4 =12 + 5 is false, because 8 + 4 and 12 + 5 are not
equivalent” (p. 26). According to Blanton et al. (2011), the variable has five roles;
representing a number in a generalization, a fixed unknown, varying quantity, a
parameter, and arbitrary placeholder (pp. 32-34). In functional thinking, variables
have the role of varying quantity to represent relationships between two quantities.
Functions are tools for expressing covariation between two quantities. There are
different types of relationships defined in a function; recursive patterns,
covariational perspective, and correspondence rules (Blanton et al., 2011).
“Recursive patterns describe variation in a single sequence of values” (Blanton et al.,
2011, p. 52). There are some limitations for defining functional relationships by
recursive patterns. Firstly, a recursive pattern shows how to get a number in a
sequence from the previous number. It does not include the independent variable,
and explains the change in one quantity rather than covarying quantities. Thus,
recursive patterns have limited applicability to explain functional relationships
between two quantities. Covariational thinking includes ‘“analyzing how two

quantities vary in relation to each other and keeping that variation explicit in the



description of the function” (Blanton et al., 2011, p. 52). Blanton et al. (2011, p. 53)
defined a correspondence relationship as “a correlation between two quantities
expressed as a function rule.” They also stated that correspondence rules give
information about specific function values not having a need to know other values
(Blanton et al., 2011). Furthermore, Blanton et al. (2011) stated that natural language,
algebraic notation, constructing tables and graphs are different representations for
functional relationships that offer different perspectives. So, it is crucial to
understand these representations and the connections between them. NCTM (2000)
suggested that mathematics instruction should help all students to be able to “create
and use representations to organize, record, and communicate mathematical ideas;
select, apply, and translate among mathematical representations to solve problems;
and use representations to model and interpret physical, social, and mathematical
phenomena” (p. 67). Through representation standard, Blanton et al. (2011) claimed
that a good understanding of functions requires representational fluency, in other
words, a proficiency to represent in different ways and to traverse easily among these

representations.

As a result, an essential part of algebraic thinking, functional thinking, includes
generalizing relationships between covarying quantities and expressing these

relationships in many ways of including as words, symbols, tables, and graphs.

2.1.3 Levels of Sophistication of Functional Thinking

Stephens et al. (2017) focused on investigating students’ improvement in
generalizing and representing functional relationships as a part of a three-year
longitudinal study on early algebra. They aimed to investigate the effects of an
extensive early algebra intervention on students’ algebraic thinking and readiness
and focused on the context that revealed students’ functional thinking and
representations (tables, words, symbols, pictures, and graphs). The instructional
sequence of the study was constructed in light of core aspects, big ideas, and

practices of algebraic thinking. In grade 3, students worked on y=mx and y=x+b
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functions through recursive, covariational, and correspondence relationships using
representations, including coordinate graphs. In grade 4, y=x2 and y=x? + b quadratic
functional relationships were focused on. Students were introduced to exponential
and piecewise functions in grade 5. Seven lessons of functional thinking intervention
were performed in grades 3 and 4, and six lessons were for grade 5. All lessons were
designed as small group works and whole-class discussions. Students’ responses
were analyzed through a coding schema that was based on the levels of sophistication
describing students’ generalization and representation of functional relationships
(see Figure 2.2). The levels were categorized as three modes of functional thinking
identified by Confrey and Smith (1991); recursive, covariational, and

correspondence.
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Figure 2. 2

Levels of sophistication describing grades 3-5 students’ generalization and
representation of functional relationships

NO EVIDENCE OF FUNCTIONAL THINKING
L0: No response or restatement of given. Two people can sit at a table.

[
.
VARIATIONAL THINKING
L1: Recursive Pattern-Particular: Student identifies a recursive pattern in either or both
variables by referring to particular numbers only. If goes 2, 4, 6, 8, ...

| L2: Recursive Pattern-General: Student identifies a correct recursive pattern in either or both =
r variables. The number of people goes up by 2 each time. 1
£ A 4

COVARIATION THINKING CORRESPONDENCE THINKING

L3: Covariation Relationship: L4:  Single Instantiation: Student writes expression or equation with numbers
Student identifies and/or unknowns that provides one instantiation of the function rule but
covariation relationship. /ﬂ does not generally relate the two variables. 2 x 2 =4
The two variables are "Vl L5:  Functional-Particular: Student identifies a functional relationship using
coordinated rather than % particular numbers but does not make a general statement relating the
mentioned separately. variables. I x2=2,2x2=4,3%x2=6,4%x2=8§, ...

Every time you add a desk, L6:  Functional-Basic: Student identifies general relationship between
you add two more peop|é ‘> variables but not the transformation between them. Times 2
L7/8: Functional-Emergent: Student identifies incomplete function rule in
variables (L7) or words (LB), often describing transformation on one
variable but not explicitly relating to other.
%\ dx2

‘\L; You multiply the desks by 2.

\L 10: Functional-Condensed: Student identifies function rule in variables (1L9)
or words (L.10) that describes a generalized relationship between the two
variables.

p=dx2

If you multiply the number of desks by 2, you get the number of people
who can sit.

Note. Reprinted from “A Learning Progression for Elementary Students’ Functional
Thinking” by A.C. Stephens, N. Fonger, S. Scrachota, I. Isler, M. Blanton, E. Knuth,
and A.M. Gardiner, 2017, Mathematical Thinking and Learning, 19(3), p. 153.

Stephens et al. (2017) found that students succeeded in defining function rules in
variables more than in words, so the categories of words are placed at a higher level
(see Figure 2.2). The results were similar for the tasks on y=mx and y=mx+b. There
were four main results of the study; the first one is the “main path” that students
progressed by skipping some levels. In the beginning, students’ responses were at
L2 (recursive pattern); those shifted towards L6 (Functional Basic), L9 (Functional
Condensed in Variables, and L10 (Functional Condensed in Words) (see Figure 2.2).

Secondly, students could define function rules in variables before they could define
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function rules in words. Thirdly, as the functions were getting complex, “symbolic
advantage” became prominent (p. 159). Lastly, they concluded that the learning
progression and levels were identified through the study could not involve all
students’ responses since there were many responses assessed in the “Other”

category, especially for the task on y=mx+Db.

In the present study, the aim was to investigate students’ functional thinking skills
before and after the intervention. Students were expected to define functional
relationships and represent them in multiple ways. Students were expected to define
recursive patterns and covariational relationships to some degree at the pre-test. So,
after the functional thinking intervention, the aim was to help them define
correspondence relationship and write function rules in words and variables (L9 and
L10 in Figure 2.2). Therefore, students’ written responses to both pre- and post-test

were assessed by these levels.

2.2  Functional Thinking Studies

Functional thinking studies are based on defining functional relationships including
recursive patterns, covariational, correspondence, relationships and using multiple
representations such as pictures, tables, graphs, words, variables. Both intervention

and non-intervention studies will be presented in this part.

Blanton, Stephens et al. (2015) designed a comprehensive intervention to develop
students’ algebraic thinking in elementary grades. There were 106 third grade
students, 39 of them were experimental, and 67 of them were control students. There
were 19 lessons taught once a week, throughout one year. Students’ written
responses were analyzed through correctness and strategies. The general result was
that although there was no significant difference between the pre-test of two groups,
the experimental group showed significant gain so that there was a significant mean
difference at post-test between the groups. This result showed that comprehensive

early algebra intervention was appropriate for third graders to engage in big ideas of
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algebra. Some related results about functional thinking of the study will be
summarized in the following. Brady’s birthday task (see Figure 2.3) was asked for
assessing functional thinking. There were recursive and covariational pattern,
function rule in words and in variables strategies for a relationship, and drawing,
recursive and functional rule for near value (p. 67). Except from item e, experimental
group outperformed the control group at posttest. Item e could be solved in arithmetic
way so control group students also showed gain. Although a few students (3% vs.
2% of the experimental and control group, respectively) defined the covariational
relationship (e.g., “every time you add one more table, you add two more people”,
p. 69) at the pre-test, 24% of the experimental group and 8% of the control group
described a covariational relationship at post-test in the item c. More experimental
group students defined functional rule in variables (e.g., A x 2 + 2 = B) than in words
(e.g., Number of tables times two plus two equals number of people. (16% vs. 8%,
respectively) at post-test in item d (p. 67). All in all, functional thinking intervention
had positive effects on the development of students’ functional thinking skills even

in third grade.
Figure 2. 3

Brady’s Birthday Task

Brady is having his friends over for a birthday party. He wants to make sure he
has a seat for everyone. He has square tables.

He can seat 4 people at one square table If he joins another square table
in the following way: to the first one, he can seat 6 people.

© e O
© O © ©

© © O
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Figure 2.3 (continued)

a) If Brady keeps joining square tables in this way, how many people can sit at 3
tables? 4 tables? 5 tables? Record your responses in the table below and fill in any

missing information:

Number of | Number of
tables people

gl Bl W N

b) Do you see any patterns in the table? Describe them.

c¢) Find a rule that describes the relationship between the number of tables and the
number of people who can sit at the tables. Describe your rule in words.

d) Describe your relationship using variables. What do your variables represent?
e) If Brady has 10 tables, how many people can he seat? Show how you got your
answer.

Note. Reprinted from “The development of children's algebraic thinking: The impact
of a comprehensive early algebra intervention in third grade” by Blanton, M.,
Stephens, A., Knuth, E., Gardiner, A. M., Isler, 1., & Kim, J. S., 2015, Journal for
research in Mathematics Education, 46(1), 39-87.

Blanton and Kaput (2004) conducted a study to investigate elementary grade
students’ expressions and representations from pre-kindergarten through fifth grade.
“Eyes and Tails” task asked students, “If there was one dog, how many eyes would
there be? Two dogs? Three dogs? 100 dogs? Do you see a relationship between the
number of dogs and the number of eyes? How would you describe this relationship?”
(p.136). Data were collected through students’ written works and teacher interviews.
Pre-kindergarten students worked by counting visible objects (dog pictures, dots for
eyes, and marks for tails). They found the number of eyes and tails for 3 and 4 dogs
by counting instead of using pattern and predictions. Teachers constructed and

recorded data on t-chart. Kindergarten students calculated the number of eyes and
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tails until ten dogs and recorded them on a t-chart by the teacher’s help. Some
students described the pattern as “counting by twos” and “every time we add one
more dog, we get two eyes.” (p.137). First-grade students defined multiplicative
pattern as “double” (eyes) and “triple” (eyes and tails). Second graders recorded data
up to 10 dogs on t-chart, defined the multiplicative relationship using natural
language. Also, they could find the far value for the number of eyes and the number
of tails for 100 dogs. Third graders defined the rule in words and variables and wrote
“nx2” and “2xn”. One of the 3rd-grade students drew a line graph to show the
relationship. Fourth and fifth-grade students could define the functional relationship
by using fewer data. Besides, a fourth-grade student wrote: “Ox3=n> (p.140) to
represent the relationship between the number of dogs and the total number of eyes
and tails. This study showed that students could think covariationally, even in
kindergarten. Also, even third-grade students could define the relationship by using
symbols, variables and words. Blanton and Kaput argued that students have the

potential for functional thinking in early grades.

Moreover, Blanton et al. (2017) performed a study to investigate first-grade students’
development in variable notation using functional thinking contexts. Forty students
participated in the study from two schools. Two cycles of the task-based instructional
sequence were implemented, lasting 16 lessons in total. While the first cycle focused
on y=mkx, the second cycle focused on y=x+b. Data were collected by pre-, mid- and
post-interviews with a similar task (p. 186). The results of the pre-interview that
performed on dogs and noses (y=x) task were presented. There were six levels of
sophistication in variable notation. The first two levels were defined as pre-variable.
The first level was defined as “pre-symbolic” that students could not use any symbol
or variable and conceptualize quantity “unknown.” Hence, students have to “count
and find a numerical value” (p. 189). At the second level, students used letters as a
label to represent an object rather than a quantity. At the third level, students started
to see symbols representing a variable. Students accepted the symbols as arbitrary.

For instance, if a variable was represented by “c,” children think that its only value
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should be “three” because of the order in the alphabet. At the fourth level, students
accepted the variable as a fixed unknown like at level 3 but, here, the fixed value was
determined randomly. At the fifth level, students comprehended ‘“variables as
varying unknowns” (p. 195). At the sixth level, students both realized “variables as
varying unknowns” (p. 196) and used them in representing functional relationships.
Level 6 was not observed in the pre-interview. This study suggested that if students
were provided long-term experiences, they can develop symbol sense and overcome

their misconceptions.

Similarly, Canadas et al. (2016) worked with second-grade children on Brady’s
birthday party problem (adapting from Blanton, Stephens et al., 2015) based on y=2x
functional relationship in Spain. The lessons were based on whole group discussions,
and small group works. Students were able to construct and organize data in a t-chart.
Students defined both recursive (counting by twos) and functional relationships
(doubling) for small numbers, but they shifted towards functional strategies for
bigger numbers (e.g., 30; 40; 1,000,000). Also, through the intervention some
students used variables to generalize the relationship. Cafiadas et al. (2016) defended
that classroom teaching activities based on functional thinking allow student to

explore, define, represent and justify the relationship between variables.

Isler et al. (2015) presented a part of an early algebra teaching experiment in grades
3 through 5. There were six classes, two for each grade level, in the study. This part
of the study was designed focusing on recursive, covariational, and correspondence
thinking (Blanton et al., 2011) and multiple representations. Students' development
was assessed by pre- and post-test. During the teaching experiment, as part of
functional thinking, students worked on the string task (see Figure 2.4) in small
groups. Five different colors of pieces of strings were given to students. The strings
had a knot and folded over the knot. Students were expected to define the relationship
between the number of cuts and the number of pieces. Students organized data on

the table and initially engaged in recursive thinking. Through the questions asked,
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students realized the relationship by looking across the table. Students could define
the correspondence rule as “L X 2+1=S” L represented the number of cuts, and S
represented the number of string pieces.

Figure 2. 4

The String Task

Fold a piece of string at the knot. While it is folded, make 1 cut.

Cut line

How many pieces of string do you have?

Fold a new piece of string at the knot. Make 2 cuts and find the
number of pieces of string.

Repeat this for 3, 4, and & cuts, always remembering to use a new
piece of string.

a. What can you say about the number of cuts? What can you say
about the number of pieces of string?

b. Organze your information in a table. What do the variables
represent?

<. What relationships do you see in the data? Use this information
to predict the number of pieces of string you would have after
8 cuts.

d. Find a relationship between the number of cuts and the number
of pieces of string.

How would you describe your relationship in words?

Describe your relationship using variables.

Note. Reprinted from “The string task: Not just for high school” by Isler, I., Marum,
T., Stephens, A., Blanton, M., Knuth, E., & Gardiner, A. M., 2015, Teaching
Children Mathematics, 21(5), 282-292.

The Brady task (see Figure 2.3) was implemented in the written form at pre- and
post-test. In the item b that asked to describing patterns in the table, while fourth and
fifth-grade students showed an increase in the covariational relationship at post-test,
third-grade students showed an increase in both covariational relationships and
recursive patterns, but mostly in the recursive pattern. Moreover, in the item c
(asking function rule in words) and in the item d (asking function rule in variables),

there was no correspondence thinking (functional relationship in words and in
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variables) observed in the pre-test. Students defined function rule in words and
variables at post-test. Fifth-grade students showed a higher increase compared to 3™
and 4™ grade students in writing the function rule. The findings of this study
supported the findings of other studies (e.g., Blanton & Kaput, 2004; Pinto &
Canadas, 2018; Stephens et al., 2012) in that students can improve their functional

thinking and use multiple representations.

Besides the studies that had an intervention, Isler et al. (2017) conducted a study to
investigate the effect of a grades 3-5 early algebra intervention on 6" grade students’
success in functional thinking. There were 80 sixth grade students; 46 of them
participated in the intervention across grades 3-5, and 34 of them were the control
group. Brady's task (see Figure 2.3) was used as an assessment tool asked students
the function rule “2x d = p” (p. 435) in words and variables. Results showed that
experimental group students used functional condensed in words (48% vs. 26% for
the experimental and control groups, respectively) and functional condensed in
variables (65% vs. 48% for the experimental and control groups, respectively)
strategies more than the control group. Similarly, in the items that asked to define
the function rule “2x d +2 =p” (p. 435), experimental group students used functional
condensed in words (24% vs. 12% for the experimental and control groups,
respectively) and functional condensed in variables (43% vs. 26% for the
experimental and control groups, respectively) strategies more than the control
group. Also, this study found that students in both groups were more successful in
defining function rule in variables than words. As a result, the experimental group
outperformed the control group in all items. This study emphasized that students who
were engaged with functional thinking activities in early grades were better in

generalizing and representing functions at the middle school.
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2.2.1 Functional Thinking Studies in Turkey

In this part, studies on functional thinking conducted in Turkey will be presented.

There are not many studies that focused on functional thinking in Turkey.

Tiirkmen and Tanisli (2019) conducted a study to investigate 3rd, 4th, and 5th-grade
students’ levels of generalizations of functional thinking in the early grades. There
were 116 participants in total; 45 third grade students, 36 fourth grade students, and
35 fifth grade students. Data were collected by two open-ended tasks (Brady Task,
see Figure 2.3) referred to y=mx and y=mx+n functional relationships. In Task 1,
students were asked to define patterns and generalize the patterns whose rule was
y=2x. In Task 2, students’ functional thinking skills for the y=2x+2 functional
relationship was examined. Students’ functional thinking levels were determined by
regarding levels of sophistication constructed by Blanton, Brizuela et al. (2015) and
Stephens et al. (2017). Students’ written responses were categorized based on seven
levels and six sublevels. For the task y=2x, the majority of students (46.7 % of 3"
graders, 44.4 % of 4™ graders, 34.2% of 5" graders) were found in the “Functional
Particular-Multiplicative Relationship” level. At this level, students could define the
multiplicative relationship between the number of tables and the number of people
as “Ix2=2, 2x2=4, 3x2=6", but they could not generalize this functional
relationship. Moreover, 31.4 % of fifth-grade students were at the “Emergent
Functional-Variables” level (M x2=K). Furthermore, 19.4% of fourth-grade
students were in the “Primitive Functional-Words” level, and they could define the
functional relationship on one of the variables as “If we multiply the number of tables
by 2, we get the result” (p.354). Also, 2.8% of the fourth-grade students were at the
highest level, ‘Function as Object.” Those students could define the functional
relationship by abstracting objects so they could describe the rule for other objects
as “How many socks are 50 pairs of socks?” (p.362) In addition, 20% of third-grade
students responded at the “Recursive Pattern-Particular” level. Those students just
focused on the patterns limited to the numbers on the table and found the number of
people as 2, 4, 6, 8, 10, 12, 14 for the number of tables. For the task y=2x+2, students
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were found to tend to ignore the constant term. The majority of the students (28.9%
of 3 graders, 33.3% of 4" graders, 22.9% of 5" graders) were in the “Functional
Particular-Multiplicative Relationship” level. Those defined the function rule as
“Four people sit on a table. If we multiply one by 4, we get 4; if we multiply four by
4, we get 16” (p.358). They defined a wrong multiplicative relationship. On the other
hand, some students could define the y=2x+2 functional relationship. About 18% of
3 grade, 25 % of 4" grade, and 14% of 5" grade students were defined the correct
rule in the “Functional Particular-Multiplicative Relationship” level by regarding the
constant term. For example, a fourth-grade student explained the rule by applying
functional particular multiplicative relationship for 100 tables as “100x 2= 200
200+2=202". About 23% of 5" grade students responded at the “Emergent
Functional-Variables.” Lastly, about 3% of 4" grade students gave a response at the
highest level, ‘Function as Object.” To sum up, this study that was investigated in
Turkey showed that students can think functionally, they can define function rules
in variables in the early grades. Therefore, Tiirkmen and Tanigh (2019) suggested
that functional thinking and algebraic thinking should be placed in the curriculum in

early grades.

Similarly, Tanislt (2011) performed a study to investigate fifth-grade students’
functional thinking ways by linear function tables. Task-based interviews were
conducted using 16 tasks with four participants. Those tasks were presented in
function tables in which square and triangles represented dependent and independent
variables, respectively. The study focused on students’ identifying patterns and their
functional thinking ways. The researcher found out that students looked down
columns on the table, so they focused on the constant difference between the
dependent variable and independent variable recursively. Thus, they defined a
recursive relationship. Moreover, it was examined that students looked at the table
horizontally, and they focused on the difference between the dependent variable and
the independent variable in each row. Therefore, in the first part, students could not
define the functional relationship between variables. When students’ functional

thinking ways were examined, students were found to define correspondence
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relationship both additively and multiplicatively. For example, one of the students
explained that “Whenever the number of triangles increases by 1, the number of
square increases by 3” (p. 213), then he realized the multiplicative relationship and
defined correspondence relationship between the number of triangles and the number
of squares in natural language. He tested the function rule on the 60" step. In Turkey,
fifth-grade students do not know to use variables as letters, so students defined the
correspondence rules in natural language as “the number of triangles X 2 + 2= the
number of squares” (p. 215). The study showed that fifth-grade students could think
covariationally and define correspondence relationships in words and semi-symbolic
forms that is using numbers and operations like x,+, +.Also, students used reasoning
abilities in generalizing the functional relationships. So, this study suggested that
teachers should support students to think functionally in multiple ways in order for

them develop functional thinking in early grades.

Girit and Akyiiz (2016) defined that generalization of patterns is important to
develop algebraic thinking so they conducted a study about middle school (6%, 7"
and 8" grades) students’ reasoning and strategies for generalizing patterns. 154
middle school students (48 6" graders, 59 7™ graders, and 47 8" graders) participated
in the study and answered 6 open-ended linear growth pattern problems including
numeric, pictorial, and tabular representations. Students’ generalizations were
assessed by two reasoning strategies; numerical reasoning and figural reasoning and
two generalization strategies; using notations and using descriptive words. The
results showed that 6th graders focused on numerical reasoning and descriptive
words strategies by describing recursive pattern verbally (e.g., chairs increase by 3,
p. 252). A few six graders (7%) used symbolic notation such as n-3, n-4+2, 4:n-1,
n+2 (p.253). Seventh grade students tended to write algebraic expressions by trial
and error. Unlike 6th graders, 7th grade students preferred to use formal notations
and descriptive words strategies. Although the percentage of 8th grade students who
wrote algebraic expression for generalizations was the same as 7th graders, 8th grade

students wrote more correct expressions. In general, while the grade level increased,
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tendency to define algebraic notation also increased. However, most of the students
who wrote algebraic expressions could not define correct generalizations. Lastly,
students showed a tendency to give constant number for variables. Girit and Akyiiz
(2016) suggested that students should be provided opportunities to investigate
relationship between patterns and variables by using different types of patterns. They
also stated that the importance to ask questions to lead students define

generalizations (e.g., asking far terms 50th, 100th).

2.3  Summary of the Literature Review

In the literature part, firstly, the theoretical background of the study, Kaput’s (2008)
algebraic thinking framework, and the place of functional thinking in this
framework, were presented. Core Aspects A & B and Strands 1, 2 & 3 are strongly
related to each other. Strand 2 refers to functional thinking and representations that
were the basis of the present study. Then, the five big ideas of algebraic thinking that
were described by Blanton et al. (2011) were presented. Big Idea 5 was defined as
functional thinking, and it covered the scope of the study. Also, the relational
meaning of the equal sign (Stephens et al., 2013) and the roles of variables that were
covered in the big ideas defined by Blanton et al. (2011) were important for the
design of this study. Next, the levels of sophistication describing generalizations and
representations of functional relationships were presented based on Stephens et al.
(2017). These levels were used to assess students’ responses in addition to

correctness in this study.

In the second part, intervention and non-intervention studies on functional thinking
(e.g., Blanton et al., 2017; Blanton & Kaput, 2004; Canadas et al. (2016); Isler et al.,
2015; Isler et al., 2017) were reviewed. These studies revealed that students were
able to describe functional relationships and represent them in multiple ways such as
pictures, tables, graphs, words, and variables in early grades. Non-intervention

studies revealed students’ current understandings in functional thinking. They
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defined that students could define recursive and covariational relationships mostly;
also, correspondence relationships. Generally, intervention studies were presented as
a part of comprehensive early algebra intervention studies. They investigated
students’ level of functional thinking before the intervention, then they observed
students’ progression in defining and representing function rule after the
intervention. These studies found that although students focused on recursive
patterns at the beginning, they could describe function rule in words and in variables

after the intervention.

In the last part, functional thinking studies in Turkey (e.g., Girit & Akyiiz, 2016;
Tanigh, 2011; Tirkmen & Tanigh, 2019) were presented. Girit and Akyiiz (2016)
found that middle grade students tend to generalize patterns by algebraic expressions
as the grades increase. Tanisli (2011) investigated that fifth grade students could
define covariational relationships and represent those relationships by words and
semi-symbolic notations. Tirkmen and Tanishi (2019) found that fifth-grade students
could define function rule in words and variables. Students were more successful in

the y=mx functional relationship than y=mx+b.
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CHAPTER 3

METHODOLOGY

This chapter presents the design of the study, participants, context of the study, data

collection methods, instrument, data analysis procedures, the validity and reliability

of the study, assumptions of the study, limitations of the study, and ethics.

The present study aimed to investigate fifth-grade students’ functional thinking

skills. The following research questions were sought through this aim:

1.

3.1

Is there a statistically significant mean difference between the functional
thinking post-test scores of the 5"-grade students who attend the functional-
thinking intervention and those who do not?

Is there a statistically significant mean difference between the functional
thinking pre-test and post-test scores of the 5™-grade students who attend the
functional-thinking intervention?

Is there a significant relationship between the two groups (5"-grade students
who attend the functional-thinking intervention and those who do not) and
the correctness in the functional thinking test items at pre-test and post-test?
How does 5"-grade students’ functional thinking strategies differ in the
functional-thinking test for those who attend the functional-thinking

intervention, and who does not?

Research Design

The present study aimed to investigate the effect of functional-thinking instruction

on 5"-grade students’ functional thinking skills. To find answers to the research

questions, both gquantitative and qualitative methods were used. To Williams (2007),

the guantitative method includes data collection that information can be measured

by statistical methods to support or refute the hypothesis. Statistical tests were used
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to analyze the data and get quantitative results in the present study. Qualitative
research aims to collect detailed information for the studied topic. Frankel et al.
(2012) defined that “Qualitative data are collected in the form of words or pictures
rather than numbers” (p. 427). In the present study, the Functional Thinking Test
(FTT) was used as a pre- and post-test instrument. This test was comprised of open-
ended questions. Students’ answers were analyzed by correctness and the strategies
they used. The analysis of correctness was performed by using descriptive and
inferential statistics. Therefore, the first, second, and third research questions were
sought through quantitative research. Student strategies were coded according to a
coding scheme prepared by the researcher. Thus, the fourth research question was

sought by qualitative research.

The present study aimed to test hypotheses about the cause-and-effect relationship,
so it was carried out with the control and experimental groups. These groups received
a pre-test in the same week. Then, the experimental group attended a functional
thinking intervention. At the end of the intervention, the groups received a post-test
in the same week. The static group pretest-posttest design was used to assess the
effect of these processes in the quantitative part of the study (Fraenkel et al., 2012).
While the independent variable of the study is the functional thinking intervention,
the dependent variable is students’ functional thinking skills. The design of the study
was shown in Table 3.1.

Table 3.1

The Symbolic Notation of The Static Group Pretest-Posttest Design

Groups Pre-test Intervention Posttest
EG O FTI O
CG @) - @)

In Table 3.1, “EG” shows the experimental group, and “CG” shows the control
group. In this study, the effect of functional thinking intervention on students’

functional thinking skills was investigated, so Functional Thinking Intervention
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(FTI) was provided to the experimental group (EG). However, the control group
(CG) did not attend any intervention process between the pre-test and post-test. To
evaluate the effects of functional thinking intervention, an instrument, Functional
Thinking Test (FTT), was used, which is shown as “O”. This instrument was used

as both pre-test and post-test in both experimental and control groups.

3.2 Population and Sample

In this study, the target population was 5"-grade students in Ankara. By the
convenience sampling method, two public schools were selected in Cankaya,
Ankara. One of them was assigned as a control group, so these students participated
in the pre-test and post-test in the same week with the experimental group. The
school chosen as the control group applies foreign language intensive program to
fifth grade students so students attend 13 lesson hours of English class each week.
Also, students are enrolled to school according to their primary school GPAs, so
students’ academic level might be higher than the average. The school principal
assigned one of fifth-grade classes as the control group according to the schedule.
The control school was a full-time school and had 520 students. The average class
size was 26. All classes had two whiteboards and a smartboard. There were 42
teachers, and five of them were mathematics teachers. The school chosen as the
experimental group was a full-time school as well and had 284 students. The average
class size was 17. There were 26 teachers in this school, and 3 of them were
mathematics teachers. There were 16 classes, and their physical conditions were
similar. This school was similar to the control school about physical conditions. The
principal was assigned one of fifth-grade classes as the experimental group. The
experimental group students were administered the pre-test and post-test and the
functional thinking intervention between the tests. Intervention was conducted by
taking lessons from different teachers not to affect time schedule of teachers. This

study was conducted during the Spring semester of the 2018-2019 academic year.
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In the control group, there were 24 students; 12 girls and 12 boys. One of the students
had a medical report during the pre-test, and another student did not participate in
the post-test. Control group students interested in the study. Those asked questions
to the researcher about context of the problems, variables, patterns and relationships
between the variables at the end of the test. In the experimental group, there were 20
students; 7 girls and 13 boys. The experimental group was more diverse than the
control group. There was a non-native student in the experimental group. The
researcher provided materials by translating them into English and gave explanations
in English throughout the study. Thus, she attended the intervention process actively.
Also, there was an inclusive student. She did not participate in the intervention
regularly because she participated in the Individualized Education Program. At the
beginning of the intervention, the experimental group was not motivated sufficiently.
However, students learned the flow of the lessons and became interested in the
context of the activities in time. Some exit cards were applied as a competition to

motivate the students.

The number of students who took the pre-test and the post-test in the experimental
and control groups were presented in Table 3.2. The table shows that a total of 42

students composed the sampling of the study.

Table 3. 2

The Number of Students who took the Pre-test and the Posttest in the Experimental

and Control Groups

Groups Pre-test Posttest Pretest N Posttest
Experimental 20 20 20
Control 23 23 22
Total 43 43 42
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3.21 The Role of the Researcher

The researcher had a role as a designer and practitioner. The researcher designed the
instruments and lesson plans. Also, she implemented the intervention and observed
the classroom actively. She analyzed the data through quantitative and qualitative

methods. The researcher did not have teaching experience at the time of the study.

3.3  Context of the Study

In the Grades 1-8 National Mathematics Curriculum, algebra is one of the learning
domains, and objectives related to algebra starts at the 6" grade level for the first
time and continues until the end of the middle grades (MoNE, 2018). Algebra is not
explicitly mentioned in the curriculum before the 6"-grade level. However, there are
some objectives related to the big five ideas of algebra: equivalence and equations,
generalized arithmetic, functional thinking, variable, and quantitative reasoning
(Blanton et al., 2011). Therefore, Table 3.3 presents the objectives related to
functional thinking in the Grades 1-8 National Mathematics Curriculum provided by
the Ministry of National Education (MoNE, 2018).

Table 3.3

Objectives addressing functional thinking in Grades 1-8 (MoNE, 2018)

Numbering
Grades in the Obijectives
Curriculum

1% Grade M.1.2.3.1  Students find the rule of a pattern consisting of objects,
a geometric object or figure, and completes the pattern
by identifying the missing objects in the pattern.

2"Grade M.2.1.1.6  Students identify number patterns that have a constant
difference, find the rule of the pattern, and complete the
pattern by determining the missing item.

39 Grade M.3.1.1.7  Students expand and generate the number of patterns that
have a constant difference.
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Table 3.3 (continued)

5" Grade M.5.1.1.3  Students find the required steps of the given number and
figure patterns.

6" Grade M.6.2.1.1  Students write an algebraic expression for the given
verbal situation and write a verbal situation for the given
algebraic expression.

M.6.2.1.2  Students compute the value of the algebraic expression
for different natural number values that the variable can
take.

M.7.2.1.3  Students express the rule of the number patterns using
letters and find the asked term of the pattern when the
rule was expressed by letters

M.7.2.2.2 Students identify linear equations with one unknown and
construct a linear equation with one unknown

7 Grade corresponding to the given real-life situations.

M.7.2.2.3  Students solve equations with unknown.

M.7.2.2.4  Students solve the problems that require constructing
linear equations with one unknown.

M.8.2.2.1  Students solve the problems that require constructing
linear equations with one unknown.

th M.8.2.2.2 Students identify the coordinate system with its

8" Grade . )
characteristics and show the coordinates.

M.8.2.2.3  Students express how one of the variables changes in
relation to the other using a table and an equation when
there is a linear relationship between the variables.

M.8.2.2.4  Students draw the graph of linear relationships.

M.8.2.25  Students formulate equations, tables, and graphs for real-

life situations involving linear relationships and interpret
them.
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Data collection tools and lesson plans that were used in this study were prepared
according to the objectives defined by Blanton et al. (2018) that will be presented in
Table 3.8.

3.4 Data Collection Method

The purpose of the study was to investigate 5"-grade students’ functional thinking
skills and the effects of functional thinking intervention (FTI) on students’ functional
thinking through the Functional Thinking Test (FTT) that was constructed by the
researcher. Through this purpose, students participated in a pre-test and a post-test.
The pre-test and post-test were identical. Moreover, an intervention was applied to
the experimental group students between the tests. The FTT and lesson plans used
during the intervention were revised after the pilot study. The revisions will be
mentioned in the pilot study section.

The pre-test and post-test aimed to investigate students’ knowledge about functional
thinking. After the pre-test, experimental group students attended a functional
thinking intervention lasting two weeks. Then, both the experimental group and
control group students participated in the post-test, which was identical to the pre-
test, at about the same time. Students were allowed 40 minutes to take the pre-test

and post-test.

Data were collected in the Spring semester of the 2018-2019 academic year (see
Table 3.4). The data collection procedure started when the approvals were obtained
from the University Human Subjects Ethics Committee (see Appendix C) and the
Ministry of National Education (see Appendix D). After the written consent forms
were collected from the parents, the data collection process started. The schedule of

the data collection process was presented in Table 3.4 below.
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Table 3. 4

The Schedule of The Data Collection Process

Time Administration
04.02.2019 - Conducting the pilot study
15.02.2019
18.03.2019 Applying pre-test to the control group
(1 hour for each group) Applying pre-test to the experimental group
19.03.2019 Implementing the 1 lesson plan of FTI
(2 Hours)
21.03.2019 Implementing the 2" lesson plan of FTI
(2 Hours)
25.03.2019 Implementing the 3 lesson plan of FTI
(3 Hours)
27.03.2019 Implementing the 4™ lesson plan of FTI
(2 Hours)
29.03.2019
(2 Hours) Implementing the 5™ lesson plan of FTI
02.04.2019
(1 Hour)
05.04.2019 Applying post-test to the control group
(1 hour for each group) Applying post-test to the experimental group

35 Instrument

In the present study, to investigate students’ knowledge of functional thinking, a pre-
test and post-test were conducted. The instrument that was used in the present study
is the Functional Thinking Test (FTT) (see Appendix A). This test was applied as
both pre-test and post-test in the experimental group and control group. The
instrument of the study will be presented in Section 3.5.1 in detail.

35.1 The Functional Thinking Test

Functional thinking includes generalization of relationships between co-varying

quantities, representing these relationships in multiple ways, including tables, words,
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equations, and graphs. The present study aimed to investigate students’ existing
functional thinking and to investigate the effect of a functional thinking intervention
on experimental students’ functional thinking skills. Through this aim, the
Functional Thinking Test (FTT) was designed. The FTT aimed to assess students’
functional thinking skills so the main problems were related to y=mx and y=mx+b
types of equations (see Appendix A). Through these questions, students were
expected to identify data, organize the data in a table, define patterns in this table,
define the rule of the relationship between two quantities in variables and words and
draw the coordinate graph to show the relationship. The Functional Thinking Test
and the intervention lessons were designed according to the instructional objectives
in the framework that will be shared in Table 3.8. (Blanton et al. 2018) Also, the
objectives in the Grades 1-8 National Mathematics Curriculum (MoNE, 2018),

which were covered in the FTT, were given in Table 3.5.

Table 3.5

Objectives in the 2018 Middle School Mathematics Curriculum Covered in The
Functional Thinking Test

Obijectives Iteminthe FTT

M.3.1.1.7 Students expand and generate the number of patterns  1a, 2a,1b, 2b
that have a constant difference.

M.5.1.1.3 Students find the required steps of the given number

and figure patterns.

M.7.2.2.2 Students identify linear equations with one unknown

and construct a linear equation with one unknown 1d. 2d

corresponding to the given real-life situations.

le, 2e
M.8.2.2.5 Students formulate equations, tables, and graphs for

real-life situations involving linear relationships and interpret

them.
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Table 3.5 (continued)

M.7.2.2.3 Students solve equations with unknown. 1f, 2f

M.8.2.2.1 Students solve the problems that require constructing

linear equations with one unknown.

M.7.2.2.4 Students solve the problems that require constructing 29

linear equations with one unknown.

M.8.2.2.1 Students solve the problems that require constructing

linear equations with one unknown.

M.8.2.2.3 Students express how one of the variables changes in 1c, 2¢
relation to the other using a table and an equation when there is
a linear relationship between the variables.

M.8.2.2.4 Students draw the graph of linear relationships. 19

The test had two main problems, and each had seven sub-questions. The objectives
of each question in the functional thinking test are given in Table 3.6 and Table 3.7.

For the content validity of the test, questions were reviewed by an expert studying in
the early algebra field of mathematics education. Also, a pilot study was performed.

According to feedbacks, the test was revised.

Item 1 asked students to define the y=2x functional relationship. This item was
adapted from Stephens et al. (2017). Students were given a contextual problem about
drawing circles and were asked questions to define, represent, and generalize the
functional relationship using variables and words. Item 1, its sub-questions, and

objectives addressed were given in Table 3.6.
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Table 3.6

Item 1 of The Functional Thinking Test and Objectives Addressed

Iltem 1

Objectives

Each day in the class, Selin creates a picture by
drawing circles joined together. Following are

the pictures of circles that she drew on each day:

Day 1 Day 2 Day 3

a) How many circles are in her picture for Day
5?

Finding the value of unknown
steps in a pattern

b) Organize your information in the given table.

Number of | Number of
Days Circles

Generating the data and
organize in a function table

¢) Which patterns do you see in the table?

Describe.

Identifying patterns, define it

in words, in variables
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Table 3.6 (continued)

d) In your own words, describe the relationship
between the number of days and the number of

circles.

Identifying the function rule in
words

e) Explain the relationship between the number
of days and the number of circles by using

variables (letters).

Identifying the function rule in
variables

f) How many circles will be in the picture that
Selin draws on the 100th day of the school?

Show how you got your answer.

Using the function rule to
predict far function values

g) Show the relationship between the number of
days and the number of circles on the graph
below.

Number of circles

A

»Number of days

Constructing a coordinate
graph to represent the
relationship  between two
variables

Note. Adapted from “A Learning Progression for Elementary Students’ Functional
Thinking” by A. C. Stephens, N. Fonger, S. Strachota, 1. Isler, M. L. Blanton, E.
Knuth, and A. M. Gardiner, 2017, Mathematical Thinking and Learning, 19(3),

p.149.

Item 2 asked students to define the y=3x+2 functional relationship. This item was

adapted from Blanton (2008). Some changes were made to the item after the pilot

study. These changes were mentioned in detail in Section 3.5.2. Students were given

a contextual problem about saving money and were asked to define, represent, and

generalize the functional relationship by using variables and words. Item 2, its sub-

questions, and objectives addressed were given in Table 3.7.
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Table 3.7

Item 2 of The Functional Thinking Test and Objectives Addressed

Iltem 2

Objectives

There are 2 TL in Mert’s piggy bank at the beginning. Every week Mert’s dad
gives him 3 TL for helping with chores around the house. Mert is saving his

money in his piggy bank to buy a bike.

a) How much money is there in Mert’s piggy bank in
total at the end of Week 2? Week 3? Week 4?

Finding the value of
unknown steps in a
pattern

b) Organize your information in a table.

Generating the data and
organize in a function
table

c¢) Which patterns do you see in the table? Describe.

Identifying  patterns,
define it in words, in
variables

d) In your own words, describe the relationship
between the number of weeks and the total amount of
the money in Mert’s piggy bank.

Identifying the function
rule in words

e) Explain the relationship between the number of
weeks and the total amount of money in Mert’s piggy
bank by using variables (letters).

Identifying the function
rule in variables

f) How much money will be in Mert’s piggy bank in
total at the end of the 30th week? Show how you got
your answer.

Using the function rule
to predict far function
values

g) If a bike’s cost is 95 TL, how many weeks will it
take to have enough money for the bike?

Given the dependent
variable, determining
the independent
variable

Note. Adapted from Algebra and the elementary classroom: Transforming thinking,
transforming practice (p.179) by M. L. Blanton, 2008, Heinemann.

3.5.2 The Pilot Study of the Functional Thinking Test

The study began with the pre-test that lasted a class hour. Thirty-six students attended

to the pre-test. This test included open-ended questions; a total of 14 sub-questions

under two main questions. The same test was applied as a post-test after FT1. At the
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end of the pilot study, some changes were required about the questions in the test.
There were two main questions in the test; these questions were not changed in terms
of their context. However, some wording of the questions changed to make them
clearer. The changes made were detailed below.

The first main question was related to the y=mx functional relationship and it had
seven sub-questions. In the first question, item la was omitted because the shape
included the answer. Item 1b was changed as “How many circles are in her picture
for Day 5?” to observe students’ different strategies other than drawing to solve the
question.

Figure 3. 1

Old Version of Item 1a and Item 1b in the FTT

1. Each day in the class, Selin creates a picture by drawing circles joined together.
Following are the pictures of circles that she drew on each day:

Day 1 Day 2 Day 3

a) How many circles are in her Picture for Day 1? Day 2? Day 3?

b) Draw the Picture that she draws on Day 5.

Item 1d was not clear for some students so the expression was changed as “Which
patterns do you see in the table? Please describe”. Also, students could define more

than one strategy in this way.
Figure 3. 2

Old Version of Item 1d in the FTT

d) Describe the pattern in the table.
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Item 1e and item 1f were questions asking students to write the rule that explains the
relationship between the number of days and the number of circles. However, again,
these were not clear to students, especially the old version of item 1f. Since, when
students were asked to find the number of circles on any day of the school, students
generally defined a constant number of the day and applied the function rule, so they
gave a numerical result instead of writing the function rule in variables. Therefore,
item 1e was changed as “Use words to describe the relationship between the number
of the days and the number of circles.” Item 1f was changed as “Use variables
(letters) to describe the relationship between the number of days and the number of

circles” correspondingly to make what students are expected to do clear.
Figure 3. 3

Old Version of Item 1e and Item 1f in the FTT

e) Write the rule that explains the relationship between the number of days and
the number of circles.
f) How can you find the number of the circles that Selin draws on any day of

the school?

The second main question was related to y=mx+b functional relationship and it had
seven sub-questions (see Appendix A). The changes in this question were similar to
changes in the first main question.

Item 2d was changed as “Use words to describe the relationship between the number
of the days and the number of circles,” and item 2e was changed as “Use variables
(letters) to describe the relationship between the number of days and the number of

circles” parallel to the wording of item 1.
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Figure 3. 4

Old Version of Item 2d and Item 2e in the FTT

d) Write the rule that explains the relationship between the number of weeks and
the amount of money.
e) How can you find the amount of money that Mert saves in any number of the

week?

In the old version of item 2h, students were asked to draw a graph to show the
relationship between the number of weeks and the amount of money in Mert’s piggy
bank. This question required the y=3x+2 functional relationship and most of the
students had difficulty in this type of function. Most of the students could not define
the function rule. Many students ignored the amount of money in the piggy bank at
the beginning so they defined the relationship as y=3x instead of the y=3x+2. In this
case, students defined the points incorrectly. Therefore, this graph question was
omitted from the second question and added to the first question which required the

“y=2x" functional relationship.
Figure 3.5

Old Version of Item 2h in the FTT

h) Show the relationship between the number of weeks and the amount of money
in Mert’s piggy bank.

Amount of
Money in piggy
bank

The number of
> weeks

The post-test was the same with the pre-test, so all changes detailed above were valid
for the post-test.
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3.6 Intervention

3.6.1 The Functional Thinking Intervention

The study aimed to investigate 5 grade students’ functional thinking skills. Through
this aim, a control group and an experimental group were chosen. Then, students
were administered a pre-test to investigate their existing knowledge about functional
thinking. After the pre-test, experimental group students attended the intervention
lasting 12 lesson hours (about 3 weeks). There were five lesson plans to develop
students' functional thinking skills (see Appendix B). Each activity was designed
towards the objectives aimed at the types of functions; y=x, y=2x, y=x+1, and
y=2x+1, in order. All lesson plans were developed by using three instructional
methods: questioning, discussion, and cooperative learning. Students were asked to
work in pairs. Each lesson had an activity sheet and an exit card. Some of these exit
cards were solved by group work as a competition between groups and some of them
were given as homework because of the time limitation. At the end of the
intervention, the experimental and control group students attended the post-test at
about the same time. The flow of the intervention was presented in Table 3.8. Details

of the intervention will be presented in the following sections.

Table 1.8

The Instructional Sequence of the Functional Thinking Intervention

Objectives Time Materials Instructional
Students should be able to Methods
1%t Lesson
Examine the role of the equal sign; the 2 class Activity Sheet  Questioning
relational meaning of the equal sign hours Boxes Discussion
“Identify a variable to represent an Cooperative
unknown guantity” Learning Individual
“Examine the role of variable as a varying work

quantity”

“Represent a quantity as an algebraic
expression using variables”

“Interpret an algebraic expression in a
context”
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Table 3.8 (continued)

2nd | esson

“Generate data and organize in the Activity Sheet  Questioning
function table” Exit Card Discussion
“Identify variables and their roles” Cooperative
“Identify a recursive pattern, describe in Learning Individual
words” work
“Identify covariational relationship and
describe in words”
“Identify function rule and describe in
words and variables” (The type of
function: y=x)
Use a function rule to predict near and far
data

3¢ Lesson
“Generate data and organize in the 3 class Activity Sheet  Questioning
function table” hours Exit Card Discussion
“Identify variables and their roles” Cooperative
“Identify recursive pattern, describe in Learning Individual
words” work
“Identify covariational relationship and
describe in words”
“Identify function rule and describe in
words and variables” (The type of
function: y=2x and y=3x)
Use a function rule to predict near and far
data
“Construct a coordinate graph to represent
problem data”

4™ Lesson
“Generate data and organize in the 2 class Activity Sheet  Questioning
function table” hours Exit Card Discussion
“Identify variables and their roles” Ribbon Cooperative
“Identify recursive pattern, describe in Scissors Learning Individual

words”

“Identify covariational relationship and
describe in words”

“Identify function rule and describe in
words and variables” (The type of
function: y=x+1)

Use a function rule to predict near and far
data

work
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Table 3.8 (continued)

5 Lesson
“Generate data and organize in the 3 class Activity Sheet  Questioning
function table” hours Exit Card Discussion
“Identify variables and their roles” Ribbon Cooperative
“Identify recursive pattern, describe in Scissors Learning Individual
words” work

“Identify covariational relationship and
describe in words”

“Identify function rule and describe in
words and variables” (The type of
function: y=2x+1 and y=2x+2)

Use a function rule to predict near and far
data

Note. Adapted from Implementing a Framework for Early Algebra by M. Blanton et
al., C. Kieran (ed.) Teaching and Learning Algebraic Thinking with 5- to 12-Year-
Olds, ICME-13 Monographs, pp. 36-37, 2018, Springer Cham.

3.6.1.1 The First Lesson Plan

The objectives of the first lesson plan were presented in the Table 3.8. Two class

hours were allocated for the first lesson.

The study aimed to define a functional relationship between two quantities in
different ways: words, tables, variables, and graphs. Students were expected to
define functional relationships in correspondence form that shows the relationship
between two quantities in variables. Thus, this required students to understand the
meaning of the equal sign, meaning of unknown and variable, and using them in an
equation as prerequisite knowledge. Therefore, the intervention process was started

by discussing the meaning of equal sign, unknown, and variable.

In the beginning, students were expected to find missing numbers in the given
equalities. The researcher gave time to students to think. Then, the relational
meaning of the equal sign was handled through the discussion of students’ strategies.
The researcher asked, such as “What is the meaning of the symbols (dot, letter, boxes,
line) here?” and “Why do we use them?” (See Figure 3.6). Thus, students were

aimed to comprehend the meaning of the unknown and the use of symbols to
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represent these unknowns and also the relational meaning of the equal sign, which

means “the same as” (Stephens et al., 2013).
Figure 3. 6

The 1% Question in Task 1

1) Find the unknown numbers in the given equations below.
15+[ ] =22 —-37=48
8+42=.... +8 9:-6=6-X
5+4=3+/\ a+11=13+7
53+ 27= 1N+ 23 118+ Y =62+ 119

In the middle part of the lesson, the aim was to help students to have an initial sense
of variables. The researcher brought two identical boxes into the class and asked
“Elif and Can have a box of candies. There is an equal number of candies in their
boxes. Elif has three more candies in her hand. How can you define the number of
candies they have? ” This task was originally used by Carraher et al. (2008) Students
worked in pairs, and the researcher guided them to use different ways like drawing
and table. Most of the students tended to define constant values for candies like if
Can has ten candies, Elif has 13. Some pairs drew a certain number of candies for
Can and three more for Elif. The researcher organized these numbers in a table (see
Figure 3.7), and students realized that there was not a certain number of candies so
that the unknown value can be shown by symbols like [ |. In this case, If Can’s
number of candies was defined by|:| ,Elif’s number of candies would be [_] +3. The
researcher asked, “Can you define the number of candies in another way?”. Thus,
students learned to use a letter to define the number of candies. One of the groups
showed the number of candies Elif has by “b” and the number of Can’s candies by
“b-3”.
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Figure 3.7

Students’ answers for Task 2

[
3 e
20 |20+3:23
qole 100+5=103
S%‘O 56*3: 33
6 | 6
QD
(o 1 +3
Fedl

The third question aimed students to define two variables representing two quantities
in an equation. Students were expected to define the “x + y=28" equation in a word
problem. Students found the different number of compositions that their sum equals
28, such as 14+14, 10+18. Then, the researcher wrote all the numbers on the board
in a table. Students used symbols to represent the number of poetry books and the
number of novels. The researcher asked students to write an equation by using
variables. Students had difficulty in that part. So, the researcher guided students to

write the equation by variables.

3.6.1.2 The Second Lesson Plan

By the second lesson plan, functional thinking-based activities were started. Students
were expected to define the y=x functional relationship (see Table 3.8). Two class

hours were allocated for this lesson plan.

The researcher reminded students of the meaning of the variable at the beginning of
the lesson. Then, she asked students to work in pairs on the problem. Students were
expected to provide the answer as 2 chickens give 2 eggs; 3 chickens give 3 eggs; 4
chickens give 4 eggs, and 5 chickens give 5 eggs (see Appendix B). The researcher
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asked students to write these findings in a given table. The researcher asked, “What
are the variables here?” Students answered as “the number of chickens and the
number of eggs.” The researcher asked, “Which patterns do you see in the table?”
and wrote all answers on the table. Most of the students defined recursive patterns as
“+1”. Then, the researcher asked, “How many eggs can Ali get from 50 chickens or
100 chickens?” to make students realize the relationship between the number of
chickens and the number of eggs. Some of the students had difficulty in defining
covariational and functional relationships, so the researcher guided students as “As
the number of chickens increases by...., the number of eggs increases by ...”. Then,
students became aware of the covariational relationship between two variables. One
of the students said, “The number of chickens equals the number of eggs.” The
researcher asked her to explain in detail and then to the class if they agree with her
or not. Other students also agreed with this. The researcher aimed to have students
define this functional relationship by using variables (letters). Then, the researcher
asked, “How can you define the number of eggs for any number of chickens? . Some
of the students continued to assign a constant number like “20 eggs for 20 chickens .
Some of the students used symbols to define the functional relationship. However,
most of the students answered as “[_] =[] . The researcher asked students the
meaning of this equality, and students explained that the number of chickens equals
to the number of eggs. Therefore, these boxes represent the number of eggs for any
number of chickens. One of the students defined this relationship as “ [(1=/\” The
researcher dwelled on that the number of chickens and the number of eggs are
different variables, so different symbols represented them. The researcher asked
students, “How can you define this relationship by using letters (variables)?”
Students wrote different equations like T=Y, a=b. The last question aimed to have
students use the function rule for far values, so students find the answer as 50 eggs
for 50 chickens. The researcher summarized the lesson, and the exit card was given

as homework because of the time limitation.
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3.6.1.3 The Third Lesson Plan

Students were expected to define the y=2x functional relationship (see Table 3.8).

Three class hours were allocated for this lesson plan.

The researcher repeated the previous lesson by discussing the exit card given as
homework. The flow of the lesson was similar to the second lesson. Students were
familiar with the questions in the activity sheet and the researcher’s expectations, so
they concluded this activity quicker than the previous activity. Students worked in
pairs. The researcher asked them to read the problem situation and discuss it with
their pairs for the first item. The problem was, “Imagine that you are an officer
working in the dog shelter and want to find the number of eyes that dogs have. How
many eyes does a dog have? How many eyes do two dogs have? How many eyes do
three dogs have? ”(Blanton & Kaput, 2004, p.136). Most of the students gave correct
answers. Then, the researcher asked students to organize their findings in a table.
The researcher asked, “What are the variables here?” Students answered as “the
number of dogs and the number of eyes. ” The researcher asked, “Which patterns do
you see in the table? ” and wrote all answers on the board. In the beginning, students
defined recursive patterns as “The number of dogs increases by one.”, “The number
of eyes increases by two.” The researcher asked, “Is there any relationship between
the number of dogs and the number of eyes?” and gave time students to think. Some
students defined that “The number of the eyes is not equal to the number of eyes”
and “The number of eyes is bigger than the number of dogs.” Then, they showed

them these relationships by variables as y # z (see Figure 3.8).
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Figure 3. 8

Students’ answers for Task 3

The researcher aimed students to define a covariational relationship and wrote, “4s
the number of dogs increases by ...., the number of eyes....."” on the board. Then,
students concluded the sentence correctly, “As the number of dogs increases by 1,
the number of eyes increases by 2.” The researcher asked students if there is any
other relationship they realized. One of the students described that the number of
eyes equals two times the number of dogs. Then, the researcher asked students to
define this relationship by using variables (letters). One of the pairs used symbols as;
«[] x 2=, Those explained that * (]~ represents the number of dogs, and
[1x2 represents the number of eyes. Then, the researcher asked the students to
discuss this. The researcher suggested that students put any constant number instead
of boxes. Then students tried with different numbers, and they agreed that this
equation is not correct for the functional relationship. Most of the students’ answers
were like “Kx2=G”, “G=2XK”. “G” represents the number of eyes, and “K”

represents the number of dogs. One of the students described the functional
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relationship differently; “The number of dogs is half of the number of eyes.” Then,
the researcher asked the students to write this relationship by using variables (letters).
Students wrote “G+2=K", “K=G-+2". After this, students were expected to use the
function rule by further values. The last question asked them to represent the
relationship between the number of dogs and the number of eyes on a coordinate
graph. Students were familiar with the picture graph and bar graph so they drew the
bar graph at first. The coordinate graph was drawn on the activity sheet; the x-axis
represented the number of dogs, and the y-axis was for the number of eyes. The
researcher asked students to go back to the table, then, students and the researcher
placed the values on the graph taken from the table. The researcher summarized the
lesson and distributed exit cards. Students worked in groups of four. Each group
decided on a group name. Then, they answered questions on the exit card in 20
minutes. Students were expected to define the y=3x functional relationship through
the same steps in activity sheets. Questions were discussed with all groups, and the
groups got a star for each correct answer. In the end, the group that received the

maximum number of stars won the game.

3.6.14 The Fourth Lesson Plan

Students were expected to define the y=x+1 functional relationship. The objectives
of the fourth lesson plan were presented in Table 3.8. Two class hours were allocated

for this lesson plan.

Students worked in pairs through the activity. The researcher distributed the activity
sheet, a scissor, and a ribbon for each group. She explained that students were
expected to cut the ribbon in the given number of cuts and record the number of
pieces in the given table. The researcher observed students during the activity, and
after being sure the cutting process was concluded, she asked them to define patterns
in the table. A number of students described the recursive pattern as “The number of
cuts increases by one.” and “The number of pieces increases by 1”. The researcher

asked, “Is there any relationship between the number of cuts and the number of
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pieces?” t0 have students realize the functional relationship. Then, students defined
the functional relationship between the number of cuts and the number of pieces.
They defined that the number of pieces is one more than the number of cuts. One of
the groups described the functional relationship inversely as “The number of cuts is
one less than the number of pieces.”. The researcher asked students to write this
relationship by using variables (letters). Students wrote “P=K+1" and “K=P-1".
The researcher asked, “What do P and K represent in the equations?”. Students
explained that “P” showed the number of pieces, and “K” showed the number of
cuts. After this, students were expected to use the function rule by further values.
The last question was, “At the end of a cutting process, 100 ribbon pieces were
gotten. How many cuts were done?”. Students used the function rule and got the
answer as “99 cuts”. The researcher asked more questions like this. By the help of
the questions, “How many cuts were performed to get 201 pieces?” and “If we cut
a rope in 48 times, how money pieces would be gotten?” students used the function
rule in different cases. The researcher distributed exit cards. This exit card asked
three things they learned that day, two things they found interesting, and one thing

they wanted to ask.

3.6.1.5 The Fifth Lesson Plan

Students were expected to define the y=2x+1 functional relationship. The objectives
of the fifth lesson plan were presented in Table 3.8.

Students worked in pairs through the activity. The researcher distributed the activity
sheet, a scissor, and ribbons for each group. In this activity, the researcher distributed
four different colors of ribbons; red, yellow, blue, pink to each group. There was a
knot in the center of all ribbons. The researcher explained the cutting process. Then,
all groups and the researcher cut the red ribbon together. The ribbon was folded from
the middle then, the ribbon became double-deck. Then, the ribbon was cut once. The
researcher asked students how many pieces there were. They got three pieces; one

of them was a knotted piece. The researcher observed the groups and helped them
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during cutting and recording data in the table. Students cut blue ribbon two times,
pink ribbon three times, and yellow ribbon four times in order in the same way. The
researcher used different colors of ribbon to make it easier to decide the number of
pieces. Students had difficulty in concluding the cutting process because of folding
the ribbon. Students could define the recursive pattern in the table as “The number
of pieces increases by 2”. They could not find any covariational and functional
relationship in the table. Therefore, the researcher drew a different table on the board.
In the previous activities, tables were comprised of two columns for two variables.
However, for this activity, one column for the number of cuts, one column for the
number of pieces without a knot, one column for the number of knotted pieces, and
one column for the total number of pieces were drawn as described in Isler et al.,
(2014). Firstly, students realized that the number of pieces increases by two
(recursive pattern). The researcher asked students if there was a relationship between
the number of cuts and the number of pieces. The researcher asked students if there
was any other relationship they realized. One of the groups described that z#x and
X>2; “X” represents the number of pieces, and “z” represents the number of cuts (see
Figure 3.9). Then, students defined a covariational relationship as “As the number of
cuts increases by one, the number of pieces increases by two.” One of the groups
described that “The number of the pieces equals two times the number of cuts”
(functional relationship). The researcher asked students to write this relationship by
using variables. Students were familiar with this relationship from the previous
activities so that they could write “Kx2=P” and “P=2xK". “K” showed the number
of cuts, and “P” showed the number of pieces. After these, the researcher asked,
“What about the number of the knotted piece?” Students realized that there is one
knotted piece in all cases. Through discussions and the researcher’s help, students
could notice that one knotted piece were added in each case, the relationship between
the number of cuts and the number of total pieces, P=2xK+1. They defined that the
total number of pieces is equal to 1 more than two times of the number of cuts. As
aresult, they were able to write this relationship by using variables like “Kx2+1=P”.

However, some students wrote the equation as “Kx2=A+1=P” (see Figure 3.9). The
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researcher reminded students the meaning of the equal sign, and she suggested
students put constant numbers instead of variables in the equation to see if that
works. Then, students could understand the misconception in this equation regarding
the equal sign and corrected it as “Kx2+1=P”. Moreover, one of the pairs defined
the functional relationship inversely as “P-1+2=K”. The researcher made students
aware of the order of operations. Lastly, students were expected to use the function
rule by further values. The last question was, “How many pieces will we get at the
end of the 20 cuts? . Thus, students used the function rule and found the answer as
41 pieces. This lesson plan activity was the hardest one for students. They were
observed to have difficulty in using data in the table, noticing the functional

relationship, and representing this relationship by using variables.
Figure 3.9

Students’ answers for Task 5
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The exit card was given as homework, but one class hour was allocated for this exit
card. Defining the y=2x+2 functional relationship was expected from students in the
exit card. It was comprised of two parts; in the first part, students were expected to

find the number of people for the given number of tables. There was not any person
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sitting on the sides of the tables (see Figure 3.14). Students were able to define the
functional relationship (y=2x) for this part. In the second part, it asked how the
functional rule changes if people added on the sides of the tables. Most of the
students had difficulty in defining the relationship between the number of tables and
the number of people in this part. In the question, if there was one table, four people
could sit. If there were two tables, six people could sit. However, students just
focused on the first figure, and they wrote the rule as “K=4 x M". “K” represented
the number of people, “M” represented the number of tables. The researcher wrote
this equation on the board and asked students to discuss it. The researcher asked
students to organize data in the table. Some students drew further steps of the given
figure of the pattern. Then, students realized that the number of people increased by
two. They could define the recursive pattern in the table correctly, but they could not
write the function rule. Then, the researcher asked students to ignore the people who
sat at the beginning and at the end. So, they realized that the number of people equals
two times the number of tables, then we add the two for the ignored people who were

supposed to sit on the sides.

3.6.2 The Pilot Study of Functional Thinking Intervention

Before the main study, the tests and intervention were piloted with 37 5" grade
students in one of the middle schools in Ceyhan, Adana at the beginning of the Spring
semester of the 2018-2019 academic year. Five lesson plans were designed for the
intervention. It was assumed that two class hours would be allocated for each lesson
plan. To minimize the unexpected situations during the intervention of the main

study, all lesson plans were implemented at the pilot study.

The study, which was composed of 5 lessons, took 12 class hours in total, including

two class hours for the pre-test and post-test.

These lessons started with an activity about the meaning of the equal sign, unknowns,
and variable concepts and continued with functional thinking activities. Each activity
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was designed towards the objectives aimed at the types of functions; y=x, y=2x,
y=x+1, and y=2x+1 in order (See Table 3.8). The intervention process was planned
as inquiry-based learning and group work. Activities aimed that students explore the
functional relationships by the small group works and whole class discussions.
Through these aims, the classroom was arranged for cooperative learning. Eight
groups had four students, and one group was formed by five students. Each activity
had an exit card that was related to a functional relationship studied during the lesson.
However, because of time limitation, some of these exit cards were assigned as
homework. These homework problems were discussed the next day at the beginning
of the lesson. Finally, at the end of the 10 hours of the intervention process, students
took a post-test. As described in Table 3.8, the instructional objectives were adopted
from Blanton et al. (2018).

In the first lesson, students were given five equations, including missing numbers,
and students were asked to find those numbers (see Figure 3.10). This question aimed
to have students use the meaning of the equal sign. Also, the role of symbols
representing an unknown number was discussed. One of the students found the
missing numbers by using the structural meaning of the equal sign (e.g., numbers
changed place so 8+42=42+8) and other students responded by using operational
meaning of equal sign (e.g., 8+42=50+8). Therefore, three more items were added
to the first question for the main study after the pilot study to help students
understand the meaning of the unknown and the relational meaning of the equal sign
(see Figure 3.10). Also, the balance concept was mentioned during the first activity
to make students comprehend the meaning of the equal sign. In the pilot study,
students had difficulty in understanding the relational meaning, the same as,
structural meaning of the equal sign, and the difference between meaning of
unknown and variable. Thus, some additional questions were added to the first
activity in the main study. These additions were detailed below.
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Figure 3. 10

Old Version of the 1% Question in Task 1

Find the unknown numbers in the given equations below.
15+[ ] =22

- 37 = 48
8+42=.... +8
a+11=13+7
53+ 27=n+ 23

In the second and third questions, students were expected to use variables to define
varying quantities. Students were expected to progress from using symbols such as

0,0t using letters e.g., ¢,x,y,n to define varying quantities. The context was the
same for the two questions. Students worked on a word problem (see Appendix B).
The researcher gave students time to think about the problem. In the beginning,
students came up with values for the number of candies Can and Elif have. The
researcher wrote all answers on the board. The majority of the groups described that
“The number of Can’s candies is less than the number of Elif’s candies.” The
researcher made students realize multiple cases for the number of candies, and a class
discussion was held to define symbols to represent the unknown number. Some
groups drew boxes to use symbols, but they drew three boxes to represent the number

of Can’s candies and added as “+3” (see Figure 3.11).
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Figure 3. 11

Students’ answers for the 2" question in Task 1

The researcher mentioned the unknown and variable concepts and explained the use
of letters to represent the variable amounts. Then, students gave a response like
“Can: V and Elif: V+3, Can: BJK and Elif: BJK+3”.

In the third question, students were expected to use two different variables (see
Figure 3.12). However, it was observed that the students continued to use the
information in the second question. Since the same context was used, most of the
students wrote only one case as “Can has six candies, and Elif has nine candies, and
they have 15 candies in total.” Therefore, that question was changed in terms of the
context as “Tuna loves reading story and poetry books and he imagines setting up a
library with books he read. He has 28 story and poetry books in total: a) Express the
number of story and poetry books in Tuna’s bookshelf in different ways and b) Write
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mathematical expression by using a variable that shows the number of story and
poetry books in Tuna’s bookshelf” was the new problem context used in the main

study (see Appendix B).
Figure 3. 12

Old Version of the 3™ Question in Task 1

Elif and Can, each have a box of candies. There are 15 candies in total. According
o
this;

a)Express the number of candies that Elif and Can has in different ways.
(Picture, table...)

b)Write the mathematical expression by using a variable (letter) that shows the
number of candies Elif and Can each have.

c)What do variables mean in the expression you wrote above?

The exit card problem was removed from the first activity (see Figure 3.13). The exit
card was given as homework, but the majority of the students had difficulty in
solving this problem. This problem required both multiplication and addition in an
equation as “2x+y=20", so they had difficulty in defining the relationship between
quantities and writing an algebraic expression. While most of the students could not
solve the problem, others gave values to find the answer instead of using variables.
Therefore, this problem was not used in the first activity of the main study.

Figure 3. 13

Exit Card of the First Lesson

If Alp has 20 TL to spend on 2 TL pencil and 1 TL eraser, how many ways can he
spend all his money without receiving change?

a)Write the mathematical expression by using variables (letter) that shows the
relationship between the number of pencils, number of erasers and total money
for Alp’s shopping.

b)What do variables mean in the mathematical expression you write above?
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In general, students tended to define a single value for a varying quantity. Also, they
had difficulty in symbolizing the varying quantity. The second, third, and fourth

lessons were not changed in the main activity.

The fifth lesson, and the last lesson, was designed for y=2x+1 functional
relationship. Students cut different colors of ribbons in different numbers of cuts and
recorded the number of pieces they got in the given table. They had difficulty in
completing the cutting process. Students were not able to define patterns in the table.
There was an exit card for the function of y=2x+2 as homework. The questions in
the exit card were in the same order with the tests and activities. Students were asked
to define the relationships between the number of tables and the number of people
who can sit at the tables at a birthday party (see Figure 3.14). Students generated the
data, organized them in a table, and defined the functional relationship in words, and
wrote an equation that is a rule for this relationship. Students had difficulty in
defining the rule in words and in writing the function rule as y=2x+2. Therefore; in
the main study, this problem was changed in the way that helps students to reach the
function y=2x+2 through two parts; the first part problem required the functional
relationship y=2x (see Figure 3.14), in the second part, students were asked to define

the change in the problem and to write the new rule as y=2x+2.
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Figure 3. 14

The Exit Card of The Fifth Lesson

PART A

Nehir is planning for a birthday party. She wants to make sure she has a seat for
everyone. She has square desks.

She can seat 2 If she joins another desk to  If she joins another
people at one desk the first one , she can seat 4  desk to the second
in the following people : one , she can seat 6
way: |© ©| people : ()

© OO

a) Isthere a relationship between the number of desks and the number of people?
If so, use words to write the rule that describes this relationship.

b) Use variables to write the rule that describes this relationship. What do these
variables mean?

PART B

Nehir figured out she could seat more people if two people sat on the end of the

rows of desks. For example, If Nehir had 2 desks, she can seat 6 people; if Nehir

had 3 desks, she can seat 8 people.

@) © O ©OO6
O_© © © © ©
© © O ©OO

f) How does new information affect the rule you wrote in part (c) and (d)?
g) Use words to write the new relationship between the number of desks and the
number of people.

Note. Adapted from “The development of children's algebraic thinking: The impact
of a comprehensive early algebra intervention in third grade” by M. Blanton, A.
Stephens, E. Knuth, A. M. Gardiner, 1. Isler, and J. S. Kim, 2015, Journal for
research in Mathematics Education, 46(1), pp.85-86.
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To sum up, it was observed that students had difficulty in comprehending the
meaning of variables and the meaning of the equal sign in the pilot study. The flow
of the lesson plans for functional thinking was the same across the lessons, so
students were familiar with the expectations of activities. The last activity required

more time for the cutting process and describing functional relationships.

3.7  Data Analysis

Data were analyzed by both the qualitative and quantitative methods. By the
qualitative part of the data analysis, students’ answers were assessed through
correctness and strategies. Therefore, a coding scheme document was created based
on Stephens et al. (2017) (see Figure 3.15).

Figure 3. 15

Levels of Sophistication Describing Grades 3-5 Students’ Generalization and
Representation of Functional Relationships

NO EVIDENCE OF FUNCTIONAL THINKING
L0: No response or restatement of given. Two people can sif at a table.
e

VARIATIONXL THINKING
L1: Recursive Pattern-Particular: Student identifies a recursive pattern in either or both
variables by referring to particular numbers only. it goes 2, 4, 6, &, ...

i L2: Recursive Pattern-General: Student identifies a correct recursive pattern in either or both
r variables. The number of people goes up by 2 each time. j

COVARIATION THINKING CORRESPONDENCE THINKING
L3: Covariation Relationship: Single Instantiation: Student writes expression or equation with numbers
Student identifies andfor unknowns that provides one instantiation of the function rule but
covariation relationship. does not generally relate the two variables. 2 x 2 =4
The two variables are Functional-Particular: Student identifies a functional relationship using
coordinated rather than / particular numbers but does not make a general statement relating the
mentioned separately. variables. 1 2 =2,2x2=43x2=6,4x2=8§8 ...
Every time you add a desk, L6: Functional-Basic: Student identifies general relationship between
you add two more peoplE P variables but not the transformation between them. Times 2
L7/8: Functional-Emergent: Student identifies incomplete function rule in
variables (L7) or words (L8), often describing transformation on one
"Q variable but not explicitly relating to other.
dx2

VIS

“m You multiply the desks by 2.

1 10: Functional-Condensed: Student identifies function rule in variables (L9}
or words (L10) that describes a generalized relationship between the two
variables.

p=dx2

If you multiply the number of desks by 2, you gef the number of people
who can sit.

Note. Reprinted from “A Learning Progression for Elementary Students’ Functional
Thinking” by A.C. Stephens, N. Fonger, S. Strachota, I. Isler, M. Blanton, E. Knuth,
and A.M. Gardiner, 2017, Mathematical Thinking and Learning, 19(3), p. 153.
Copyright 2018 by Taylor & Francis.
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Items that asked to define patterns, describe function rule in words and variables
were coded according to these levels (see Figure 3.15). For some items, codes varied
according to the structure of the item. Items that asked to find near value, far value
and represent the relationship on the graph were coded by emerging codes and also
using codes from the related literature. However, some students answered questions
in the way that did not correspond to any level and was not of interest to the study or
the response was not discernible. Those answers were coded as “Other (O)” (see an
example in Table 3.8). Moreover, “Answer Only (AO)” code was used in the case
that students gave only answer without showing their work. “No Response (NR)”
code was used when students did not respond to the item. For some items, in the case
of getting similar answers, new codes emerged. These codes were discussed and
negotiated among coders. As an example, in Item 1c, students were asked to define
patterns they saw in the table. Table 3.8 presents an example from the coding

scheme.
Table 3. 8

Coding Scheme for Item 1c

Each day in the class, Selin creates a picture by drawing circles joined together. Following

are the pictures of circles that she drew on each day:

Day 1 Day 2 Day 3

Which patterns do you see in the table? Describe.

Strategy Code Response

Functional Condensed-
Words

o

oo

Syl R Tkl eope sek Oxe sepsiar bolorue
)it e S (Ndan

=

C

W Bstessd (O
(FC-W) wh Coa epear buticy
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Table 3.8 (continued)

Functional Emergent-
Words

(FE-W)

Gon SIS\ Da""( Seyisain L2

Dalse Szys| ju" SAPS N £

Functional Basic (FB)
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Covariational Relationship
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“50 USe~ qr oty oo g Sopi1s .
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Recursive Pattern-General
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Recursive Pattern-Particular >
— 10 {2 1[2 +
(RP-P) G& o /o (WA
Other (O)
Dotre SrSo\US U NI Y

b ek §okonyeQ Amamblensar iy,

For item 1c, there was no new emerging code. However, in the item 2g, “If a bike’s

cost is 95 TL, how many weeks will it take to have enough money for the bike?”,

students were expected to find the value for the dependent variable given the value

for the independent variable using the function rule. There were no strategy codes

for this item in Stephens et al. (2017) levels of sophistication. Therefore, students’

answers were examined and some strategies were utilized from the literature.

“Unwinding (U)” and “Guess and Test” strategies were adopted from Blanton,
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Stephens et al. (2015). Also, new strategies were defined by examining the common

responses used by students, (e.g., Pl and D3 codes) (see Table 3.9).
Table 3.9

Coding Scheme for Item 2g

Strategy Code Response
Unwinding (U
g ( ) 055—¢3 a3z \ -~ !
\_)/’ UJZQL LWZ lﬁas 3 2—5 .
AT 7@’_
%,
=W ©

Guess and Test 37 x3:93 J93+2:357¢

g
37 hafta.

From the Previous item-2f

' 972, TLY%0 et
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Dividing by 3 (D3)
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In the quantitative part of the analysis was performed by statistical tests at IBM SPSS
Statistics 24. To investigate whether there was a significant difference between
experimental group students’ test scores and control group students’ test scores
independent samples T-test was performed. To investigate whether there was a
significant difference between experimental group students’ pre-test and post-test
scores, paired samples T- test were conducted. Lastly, Chi-Square test of

Independence was conducted for analysis at the item level.

3.8  Validity and Reliability

Validity and reliability are essential terms in the selection and design of the
instruments for all studies in the literature. The validity of the study is
appropriateness, meaningfulness, correctness, and usefulness of the researcher’s
inferences on the data. Reliability refers to the consistency of the scores and answers
across time, locations, and researchers (Frankel et al., 2012). The instrument FTT’s
validity and reliability were conducted by the researcher. These will be explained in
detail next. The items in the instrument and tasks in the lesson plans were adapted
from the literature and they were reviewed by a mathematics education researcher to

increase the validity of the instrument

3.8.1 Internal Validity

According to Fraenkel et al. (2012), “any relationship observed between two or more
variables should be unambiguous as to what it means rather than being due to
something else” (p. 166). There were some threats to internal validity in this study,
such as subject characteristics, mortality, location, instrumentation, testing, and

implementation (Fraenkel et al., 2012).

The subject characteristic could be a threat to internal validity, there were two
different classes in which one is control group, and the other one is the experimental

group in the study. The participant schools were selected by the convenience

64



sampling method. The control and experimental group assignments were done based
on talking with the principals of the schools and their schedules. The schools were
located in the same district, and their physical characteristics were similar. On the
other hand, one of the schools, the control school, accepted students according to
their grade-point average. The other one has not that criteria, so their classrooms had

students at varying levels in terms of academic achievement.

The location threat was controlled. Both classes had approximately the same

environment during the study.

The mortality threat is the loss of participants. To prevent this, the researcher
requested the students to participate in the pre-test and post-test. All students in the
experimental group attended both pre-test and post-test. However, two students in
the control group had medical reports during the test implementation. So, one of the

students could not participate pre-test, and the other could not participate post-test.

Another threat to internal validity is testing. To minimize this threat, there were three
weeks between pre-test and post-test, which were identical in both experimental and

control groups.

The instrumentation threat includes data collector characteristics, data collector bias,
and instrument decay. In the study, the same researcher collected pre-test and post-
test data, implemented the intervention, and analyzed the pilot study and the main
study data. Therefore, data collector characteristics and data collector bias threats
were eliminated. Fraenkel et al. (2012) defined that “Instrument decay threat occurs
if the nature of the instrument (including the scoring procedure) is changed in some
way” (p. 170). Essay type questions were used in the instrument. A coding scheme
was prepared, and all students’ answers were scored according to it by the researcher.

Students’ answers were evaluated by one by for each item.

The implementation is a threat to internal validity. Fraenkel et al. (2012) defined that

instructor characteristics, and different instructors may affect post-test scores. To
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prevent this threat, the intervention and data collection processes were applied by the

same researcher at the pilot study and the main study.

3.8.2 External Validity

According to Creswell (2012), external validity is “the validity of the cause-and-
effect relationship being generalizable to other persons, settings, treatment variables,
and measures” (p. 303). The present study was carried out by convenience sampling
method. Because a nonrandom sampling method was used, the generalization of
results to population might be limited.

“Ecological generalizability refers to the degree to which the results of a study can
be extended to other settings or conditions” (Fraenkel et al., 2012, p. 105). The
findings can be generalized to other groups having similar characteristics.

3.8.3 Reliability

Reliability is the consistency of data gotten with instruments over time,
circumstances, and location (Fraenkel et al., 2012). The reliability of the qualitative
part of the data, coding strategies, was checked by the inter-rater agreement method.
To supply the reliability of FTT, a pilot study was performed. To assess the reliability
of the coding, the interrater agreement was sought randomly selecting 20% of the
data and coding it independently by a second coder who was an academician working
on early algebra for the pilot study. The same process was repeated for the main
study. The second recorder was a master student who studied early algebra in her
research. In the cases where the agreement between two coders was lower than 80%,
the codes were discussed and revisions were reflected to the analysis until 80%
agreement between the two coders was reached. The instrument was considered as

appropriate and reliable to measure proposed variables.
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Moreover, Cronbach Alpha values were calculated for the quantitative part of the
instrument. There are 14 items in the instrument that were assessed by correctness.
Cronbach Alpha value for pre-test was 0.657, and this showed that the instrument
was adequately reliable (Taber, 2018). Cronbach Alpha value for post-test was
0.813, so the instrument had high reliability (Taber, 2018) (see Table 3.10).

Table 3. 10

Cronbach’s Alpha Value for Functional Thinking Test for Pre- and Posttest

Test Type Cronbach’s Alpha Value
Pretest .657
Posttest 813

3.9  Assumptions and Limitations

39.1 Assumptions

In the present study, it was assumed that standard conditions were supplied for the
implementation of instruments. Moreover, it was assumed that all participants

reflected their own opinions, and they did not affect each other.

3.9.2 Limitations

Creswell (2012) defines that “in the convenience sampling, the researcher selects
available participants for the study. Therefore, convenience sampling makes it
difficult to defend the population representativeness” (p. 145). The schools were
selected according to the researcher’s convenience, so this could limit the
generalizability of the results. The results can be generalized for just other groups
having the same characteristics. Moreover, the generalization of the results might be

limited because of the limited sample size of the study.
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In the present study, there were two groups; experimental and control groups. These
groups were selected from different schools in the same district in Ankara. While the
physical conditions of the schools were similar, the characteristics of students, due
to control school’s enrolling students based on previous GPAs, might have been

different.

In the present study, the intervention lasted 12 hours, but this duration was used
mainly in functional thinking activities. It was observed that the first lesson plan
could be extended to have students comprehend the meaning of variables and the

equal sign. In future studies, this could be extended if needed.

3.10 Ethics

The collected data, participants’ names and personal information were kept
confidential. Participants were coded by assigning numbers, so the interrater coder

did not have any personal information about the participants in the analysis.

Before the data collection process, official permissions were received from the
Human Research Ethics Committee and MoNE (see Appendices C and D).
Moreover, a parental approval form was prepared that included the information about
the process and permissions from both the control group and the experimental group
parents were obtained. Students were asked to participate in the study, and their

permissions were obtained orally.
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CHAPTER 4

RESULTS

This chapter presents the results of the descriptive and inferential statistics analysis

and findings in detail to respond to the research questions below.

4.1

1.

Is there a statistically significant mean difference between the functional
thinking posttest scores of the 5"-grade students who attend the functional-
thinking intervention and those who do not?

Is there a statistically significant mean difference between the functional
thinking pretest and posttest scores of the 5"-grade students who attend the
functional-thinking intervention?

Is there a significant relationship between the two groups (5"-grade students
who attend the functional-thinking intervention and those who do not) and
the correctness in the functional thinking test items at pretest and posttest?
How does 5M-grade students’ functional thinking strategies differ in the
functional-thinking test for those who attend the functional-thinking

intervention, and who does not?

Inferential Statistics Results of Functional Thinking Test

Students’ answers were analyzed in terms of both correctness and strategy. Answers

were assessed as “0” in the case of incorrect answers and no response, and “1” in the

case of correct answers.

411

The Results of Pretest

To investigate whether there was a significant mean difference between the

experimental group and control group’s pretest scores, an independent samples T-
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test was conducted. Before the T-test, assumptions were checked and presented in

the following sections.

4.1.1.1  Assumptions of the Independent Samples T-test for the Pretest

There are five assumptions of the independent sample T-test; the level of
measurement, random sampling, independence of observations, normal distribution,

homogeneity of variance (Pallant, 2011).

4.1.1.1.1 Level of Measurement

According to Pallant T-test requires continuous scale as dependent variable instead
of discrete ones. In the current study, the dependent variable was the students’ pretest

scores, so this assumption was satisfied.

4.1.1.1.2 Random Sampling

According to Pallant (2011), “this is often not the case in real-life research” (p. 205).

Therefore, this assumption was not sought in this study.

4.1.1.1.3 Independence of Observation

Pallant (2011) explained that measurements and observations should not be affected by
each other and other measurements. (p. 205). In the current study, it was assumed that

the measurements were not affected by each other.

4.1.1.1.4 Normal Distribution

In this study, the sample size of both groups was smaller than 50 so Shapiro-Wilk
Test was conducted to check the normality assumption.
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Table 4.1

The result of the Shapiro-Wilk Test for the Pretest

Statistics df Sig.
Experimental Group 943 20 274
Control Group 944 23 215

p >.05

According to the test of normality, for both groups, experimental and control group

p > a. (a=.05). So, both groups had normal distribution.

4.1.1.1.5 Homogeneity of Variance

Pallant (2011) explained that “the variability of scores for each of the groups is

similar” (p. 206). To test this, Levene’s test for equality of variance was performed.
Table 4.2

The result of the Levene’s Test for the Pretest

F Sig. t df
Equal variances .000 .986 -1.518 41
assumed
Equal variances -1.512 39.514
not assumed
p >.05

According to Levene’s test p> o (.986 > .05). So, the variances of the groups are

equal.

The five assumptions of the independent sample T-test were satisfied, so the data

was found appropriate for the test.
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4,1.1.2  The Results of Independent Samples T-test for the Pretest

The Functional Thinking Test included 14 items in total. Thus, the maximum point
was 14 in the pretest that students could get. Twenty students in the experimental
group and 23 students in the control group were administered the pretest. Table 4.3

presents the descriptive statistics of the pretest for both groups.
Table 4.3

Descriptive Statistics of Scores in the Pretest for Both Groups

Experimental Group Control Group
N 20 23
Minimum 0 3
Maximum 8 10
Mean 4.75 5.65
Standard Deviation 1.99 1.89

As seen from the Table 4.3, the experimental group students’ mean score in pretest

(M=4.8, SD =2.0) was lower than the control group students’ mean score in pretest

(M=5.7, SD = 1.9).

To investigate whether there was a significant mean difference between experimental
group and control group students’ pretest scores, Independent samples T-test was

conducted. The result of the T-test was presented in Table 4.4 below.
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Table 4. 4

The results of the Independent Samples T-test for the Pretest

t-test for Equality of Means

95% Confidence
Interval of the

Difference
Sig. (2- Mean Std. Error
t df tailed) Difference Difference  Lower Upper
Pretest Equal variances -1.518 41 137 -.90217 .59441 -2.10260 .29825
assumed
Equal variances -1.512 39.514  .138 -.90217 59657  -2.10835 .30401

not assumed

An independent samples T-test was conducted to compare the pretest scores for
experimental and control groups. There was no significant difference in scores for
the experimental group (M= 4.75, SD = 1.99) and the control group (M= 5.65, SD =
1.89; t (41) = —1.52, p = .14, two tailed). The magnitude of the differences in the
means (mean difference = —.90, 95% CI: -2.10 to .30) was small (eta squared = .05).

41.2 The Results of Posttest

To investigate whether there was a significant mean difference between the
experimental group and control group posttest scores, independent samples T-test
was conducted. Before the T-test, assumptions were checked and presented in the

following sections.

4,1.2.1  Assumptions of the Independent Samples T-test for the Posttest

There are five assumptions of the independent sample T-test; the level of
measurement, random sampling, independence of observations, normal distribution,

homogeneity of variance (Pallant, 2011).
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4.1.2.1.1 Level of Measurement

Pallant (2011) defined that dependent variable should be continuous. In the current
study, the dependent variable was the students’ posttest scores, so this assumption

was satisfied.

4.1.2.1.2 Random Sampling

According to Pallant (2011), “this is often not the case in real-life research” (p. 205).
Therefore, this assumption was not sought in the study.

4.1.2.1.3 Independence of Observation

In the current study, it was assumed that the measurements were not affected by

each other.

4.1.2.1.4 Normal Distribution

In this study, the sample size of both groups was smaller than 50, so the Shapiro-

Wilk Test was conducted to check the normality assumption.
Table 4.5

The Result of the Shapiro-Wilk Test for the Posttest

Statistics df Sig.
Experimental Group 951 20 376
Control Group .949 23 282

p>.05

According to the test of normality, each group’s p values (.376 for the experimental
group and .282 for the control group) are bigger than the alpha value (.05). So, both
groups had a normal distribution for posttest scores.
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4.1.2.1.5 Homogeneity of Variance

To test this assumption, Levene’s test for equality of variance was performed.

Table 4.6 presents the results of the Levene’s test.
Table 4.6

The Result of the Levene’s Test for the Posttest

F Sign. t df
Equal variances 5.775 021 1.001 41
assumed
Equal variances .968 30.254
not assumed
p<.05

According to Levene’s test p < a (.021 < .05). The significance value violated the
homogeneity of variance assumption. Therefore, a non-parametric alternative of the
t-test for independent samples, Mann-Whitney U test was conducted.

4.1.2.2  Mann Whitney U Test for the Posttest

The assumptions of the Mann-Whitney U test are independence of observation and
random sampling (Pallant, 2011). These assumptions were supplied by the posttest
scores for both groups and detailed in section 4.2.1.

Table 4.7

The Results of the Mann-Whitney U Test for the Posttest

Mann-Whitney U Z Asymp.Sig. (2-tailed)
Posttest 199.500 -.750 453
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The Mann-Whitney U Test revealed no significant mean difference in the posttest
scores of the experimental group (M = 23.5, n = 20) and the control group (M = 20.7,
n=23),U=199.5z=—-.60,p=.45r=.11

4.1.3 The Result of the Paired Samples T-test

To investigate whether there is a significant difference between experimental
students’ pretest and posttest scores, paired samples t-test was planned. Before the

T-test, the assumptions were checked.

4.1.3.1  Assumptions of the Paired Samples T-test

There are three assumptions for paired-samples t-test; the level of measurement,

independence of observation, normality.

4.1.3.1.1 Level of Measurement

Paired-samples t-test requires one categorical independent variable and one
continuous dependent variable (Pallant, 2011). In the study, the dependent variable
was test scores measured at different times (pretest and posttest scores). So, this

assumption was satisfied.

4.1.3.1.2 Independence of Observation

Pallant (2011) explained that “data must be independent of one another; that is, each
observation or measurement must not be influenced by any other observation or
measurement” (p.205). In the current study, it was assumed that the measurements

were not affected by each other.
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4.1.3.1.3 Normal Distribution

The sample should have a normal distribution. In the study, the sample size was
less than 50, so the Shapiro-Wilk Test was conducted to check the normality

assumption.
Table 4.8

The Results of the Shapiro-Wilk Test for the Tests

Statistic df Sig.
Pretest Scores 943 20 274
Posttest Scores 951 20 376

p>.05

The Shapiro-Wilk test indicated that both tests’ p values (.274 for pretest and .376
for posttest) are bigger than the alpha value (.05). Therefore, the data had a normal
distribution.

All assumptions were satisfied, so data was appropriate for the paired-samples t-test.

4,1.3.2  The Results of the Paired Samples T-test

Students participated in a pretest, an intervention process, and a posttest throughout
the study. To investigate whether there was a significant mean difference between
students’ pretest and posttest scores paired samples t-test was conducted. Table 4.12
presents the descriptive statistics for the tests.

Table 4.9

Descriptive Statistics of Test Scores of Experimental Group

Pretest Posttest
N 20 20
Mean 475 7.05
Standard Deviation 2.00 3.53
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As seen in Table 4.9, the mean of experimental group increased from 4.75 to 7.05

after the intervention.

Table 4. 10

The Results of Paired-Samples T-Test for the Experimental Group

Paired Differences

95% Confidence
Std. Interval of the
Std. Error Difference Sig. (2-
Mean Deviation Mean Lower  Upper t df  tailed)
Pair Posttest - Pretest 2.30000 3.65772 .81789 .58813 4.01187 2.812 19 011

1

A paired-samples t-test was conducted to evaluate the impact of the intervention on
students’ scores on the Functional Thinking Test (FTT). There was a statistically
significant increase in test scores from pretest (M = 4.75, SD = 2.00) to posttest (M
= 7.05, SD = 3.53), t (19) = 2.81, p < .05. The mean difference in test scores was
1.16, with a 95% confidence interval ranging from .59 to 4.01. The eta squared
statistic (.29) indicated a large effect size.

The result shows that there is a difference between pre-test and post-test mean
scores of experimental group. The functional thinking intervention help
experimental group students to develop functional thinking.

4.1.4 The Results of Chi-Square Test for Independence

The Functional Thinking Test (FTT) had 14 items. A Mann-Whitney U test
confirmed that there was no significant mean difference in the posttest scores of the
experimental and control groups. To investigate whether there was a significant
difference between the groups at the item level, Chi-Square tests for independence

were conducted.
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4,1.4.1  The Results of Chi-Square Test for Independence for Pretest

In the pretest 14 items were analyzed by Chi-Square test and results were presented
in detail below. In the case of violating ‘minimum expected cell frequency’

assumption, Pallant (2011) suggested using Fisher’s Exact Probability Test values.
Table 4. 11

The Results of the Chi-Square Test for Independence for Item 1a at Pretest

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 3.709 1 .054

Continuity 1.758 1 185

Correction

Likelihood Ratio 4.853 1 .028

Fisher's Exact Test .092 .092
Linear-by-Linear 3.623 1 .057

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Fisher’s Exact Test) indicated that there is
no significant difference between the experimental and control groups for Item l1ain
the pretest. p-value is bigger than the alpha value (.05).

Table 4. 12

The Results of the Chi-Square Test for Independence for Item 1b at Pretest

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 2412 1 120

Continuity .684 1 408

Correction

Likelihood Ratio 3.174 1 .075

Fisher's Exact Test 210 210
Linear-by-Linear 2.356 1 125

Association

N of Valid Cases 43

p>.05
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A Chi-square test for independence (with Fisher’s Exact Test) indicated that there is
no significant difference between the experimental and control groups for Item 1b in
the pretest. p-value is bigger than the alpha value (.05).

Table 4. 13

The Results of the Chi-Square Test for Independence for Item 1c at Pretest

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square .020 1 .889

Continuity .000 1 1.000

Correction

Likelihood Ratio .020 1 .889

Fisher's Exact Test 1.000 595
Linear-by-Linear .019 1 .890

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Fisher’s Exact Test) indicated that there is
no significant difference between the experimental and control groups for Item 1c in
the pretest, p > .05.

Table 4. 14

The Results of the Chi-Square Test for Independence for Item 1d at Pretest

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 6.982 1 .008

Continuity 5.201 1 .023

Correction

Likelihood Ratio 7.912 1 .005

Fisher's Exact Test .011 .009
Linear-by-Linear 6.820 1 .009

Association

N of Valid Cases 43

p<.05
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A Chi-square test for independence (with Fisher’s Exact Test) indicated that control
group students significantly outperformed experimental group students for item 1d
at pretest p < .05.

For the item 1e, there is no statistics constructed because both experimental group
and control group students’ answers were incorrect. Therefore, the item le is
constant.

Table 4. 15

The Results of the Chi-Square Test for Independence for Item 1f at Pretest

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 487 1 485

Continuity .066 1 .798

Correction

Likelihood Ratio 497 1 481

Fisher's Exact Test .669 403
Linear-by-Linear 475 1 490

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Fisher’s Exact Test) indicated that there is
no significant difference between the experimental and control groups for Item 1f in

the pretest, p > .05.
For the item 1g, there is no statistics constructed because both experimental group

and control group students’ answers were incorrect. Therefore, the item 1g is

constant.
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Table 4. 16

The Results of the Chi-Square Test for Independence for Item 2a at Pretest

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square .064 1 801

Continuity .000 1 1.000

Correction

Likelihood Ratio .064 1 .801

Fisher's Exact Test 1.000 541
Linear-by-Linear .062 1 .803

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Fisher’s Exact Test) indicated that there is
no significant difference between the experimental and control groups for Item 2a in
the pretest, p > .05.

Table 4. 17

The Results of the Chi-Square Test for Independence for Item 2b at Pretest

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square .096 1 .756

Continuity .000 1 1.000

Correction

Likelihood Ratio .097 1 7155

Fisher's Exact Test 1.000 .569
Linear-by-Linear .094 1 759

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Fisher’s Exact Test) indicated that there is
no significant difference between the experimental and control groups for Item 2b in
the pretest, p > .05.
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Table 4. 18

The Results of the Chi-Square Test for Independence for Item 2c at Pretest

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)
Pearson Chi-Square 1.422 1 233
Continuity 174 1 379
Correction
Likelihood Ratio 1.437 1 231
Fisher's Exact Test 349 190
Linear-by-Linear 1.389 1 239
Association
N of Valid Cases 43
p>.05

A Chi-square test for independence (with Yates Continuity Correction) indicated that

there was no significant difference between the experimental and control groups for

Item 2c, ¥*(1, n = 43) = .77, p = .379, phi = —.40.

For the item 2d, there was no statistics were computed because both experimental

group and control group students’ answers were incorrect. Therefore, the item 2d is

constant.

For the item 2e, there was no statistics were computed because both experimental

group and control group students’ answers were incorrect. Therefore, the item 2e is

constant.
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Table 4. 19

The Results of the Chi-Square Test for Independence for Item 2f at Pretest

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square .078 1 .780

Continuity .000 1 1.000

Correction

Likelihood Ratio .078 1 .780

Fisher's Exact Test 1.000 515
Linear-by-Linear 076 1 182

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Yates Continuity Correction) indicated that
there was no significant difference between the experimental and control groups for
Item 2f, ¥*(1, n = 43) = .00, p = 1.0, phi =.043.

Table 4. 20

The Results of the Chi-Square Test for Independence for Item 2g at Pretest

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 1.608 1 205

Continuity .897 1 .343

Correction

Likelihood Ratio 1.632 1 201

Fisher's Exact Test .336 72
Linear-by-Linear 1.571 1 210

Association

N of Valid Cases 43

p >.05

A Chi-square test for independence (with Yates Continuity Correction) indicated that
there was no significant difference between the experimental and control groups for
Item 2g, ¥%(1, n = 43) = .90, p = .34, phi =.193.
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Consequently, the results show that there was a significant difference between the
experimental and control groups in only item 1d at pretest so that control group
students significantly outperformed experimental group students for item 1d at

pretest

4.14.2  The Results of Chi-Square Test for Independence for Posttest

In the post-test 14 items were analyzed by Chi-Square test and results were presented
in detail below. In the case of violating ‘minimum expected cell frequency’

assumption, Pallant (2011) suggested using Fisher’s Exact Probability Test values.
Table 4. 21

The Results of the Chi-Square Test for Independence for Item 1a at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 527 1 468

Continuity 016 1 .900

Correction

Likelihood Ratio 531 1 466

Fisher's Exact Test .590 446
Linear-by-Linear 514 1 473

Association

N of Valid Cases 43

p >.05

A Chi-square test for independence (with Fisher’s Exact Test) indicated that there
was no significant difference between the experimental and control groups for Item
la in the pretest, (.59 > .05).
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Table 4. 22

The Results of the Chi-Square Test for Independence for Item 1b at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 1177 1 278

Continuity .005 1 944

Correction

Likelihood Ratio 1.558 1 212

Fisher's Exact Test 465 465
Linear-by-Linear 1.150 1 .284

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Fisher’s Exact Test) indicated that there
was no significant difference between the experimental and control groups for Item
1b in the pretest, (.47 > .05).

Table 4. 23

The Results of the Chi-Square Test for Independence for Item 1c at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 034 1 .853

Continuity .000 1 1.000

Correction

Likelihood Ratio .034 1 .854

Fisher's Exact Test 1.000 597
Linear-by-Linear .033 1 .855

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Fisher’s Exact Test) indicated that there
was no significant difference between the experimental and control groups for Item
1c in the pretest, (1 >.05).
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Table 4. 24

The Results of the Chi-Square Test for Independence for Item 1d at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 111 1 .739

Continuity .000 1 .994

Correction

Likelihood Ratio 112 1 .738

Fisher's Exact Test 1.000 .498
Linear-by-Linear 109 1 741

Association

N of Valid Cases 43

p >.05

A Chi-square test for independence (with Yates Continuity Correction) indicated that
there was no significant difference between the experimental and control groups for
Item 1d, ¥?(1, n = 43) = .0, p = .99, phi =.51,

Table 4. 25

The Results of the Chi-Square Test for Independence for Item le at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 7.406 1 .006

Continuity 5.622 1 .018

Correction

Likelihood Ratio 7.787 1 .005

Fisher's Exact Test 012 .008
Linear-by-Linear 7.234 1 .007

Association

N of Valid Cases 43

p<.05
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A Chi-square test for independence (with Yates Continuity Correction) indicated that
there was no significant difference between the experimental and control groups for
Item le, ¥*(1, n = 43) = 5.6, p = .018, phi = - .415.

Table 4. 26

The Results of the Chi-Square Test for Independence for Item 1f at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square .010 1 919

Continuity .000 1 1.000

Correction

Likelihood Ratio .010 1 919

Fisher's Exact Test 1.000 720
Linear-by-Linear .010 1 .920

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Fisher’s Exact Test) indicated that there
was no significant difference between the experimental and control groups for Item
1f in the pretest, (1 > .05).

There was no statistic computed for item 1g constructed because both experimental
group and control group students’ all answers were incorrect. Therefore, the item
1g was constant.
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Table 4. 27

The Results of the Chi-Square Test for Independence for Item 2a at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 2.618 1 .106

Continuity 1.695 1 193

Correction

Likelihood Ratio 2.637 1 .104

Fisher's Exact Test 127 .096
Linear-by-Linear 2.557 1 110

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Yates Continuity Correction) indicated that
there was no significant difference between the experimental and control groups for
Item 2a y3(1, n = 43) = 1.70, p = .193, phi = - .247.

Table 4. 28

The Results of the Chi-Square Test for Independence for Item 2b at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 3.866 1 .049

Continuity 2.668 1 102

Correction

Likelihood Ratio 3.923 1 .048

Fisher's Exact Test .094 .051
Linear-by-Linear 3.776 1 .052

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Pearson Chi-Square) indicated that there
was no significant difference between the experimental and control groups for Item
2b ¥?(1, n = 43) = 2.67, p = .102, phi = - .300.
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Table 4. 29

The Results of the Chi-Square Test for Independence for Item 2c at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 3.866 1 .049

Continuity 2.668 1 102

Correction

Likelihood Ratio 3.923 1 .048

Fisher's Exact Test .094 .051
Linear-by-Linear 3.776 1 .052

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Yates Continuity Correction) indicated that
there was no significant difference between the experimental and control groups for
Item 2¢ ¥%(1, n = 43) = 2.67, p = .102, phi = - .300.

Table 4. 30

The Results of the Chi-Square Test for Independence for Item 2d at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 3,800? 1 ,051

Continuity 2,275 1 ,131

Correction

Likelihood Ratio 4,034 1 ,045

Fisher's Exact Test ,081 ,065
Linear-by-Linear 3,712 1 ,054

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Fisher’s Exact Test) indicated that there
was no significant difference between the experimental and control groups for Item
2d in the post-test, (.81> .05).
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Table 4. 31

The Results of the Chi-Square Test for Independence for Item 2e at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 6.507 1 011

Continuity 4.301 1 .038

Correction

Likelihood Ratio 8.419 1 .004

Fisher's Exact Test .016 .016
Linear-by-Linear 6.355 1 012

Association

N of Valid Cases 43

p<.05

A Chi-square test for independence (with Fisher’s Exact Test) indicated that there
was a significant difference between the experimental and control groups for Item
2e in the post-test, (.016 > .05). The experimental group outperformed the control

group by using variables in function rule.

Table 4. 32

The Results of the Chi-Square Test for Independence for Item 2f at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 102 1 .750

Continuity .000 1 1.000

Correction

Likelihood Ratio 101 1 .750

Fisher's Exact Test 1.000 .502
Linear-by-Linear .099 1 .753

Association

N of Valid Cases 43

p>.05
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A Chi-square test for independence (with Yates Continuity Correction) indicated that
there was no significant difference between the experimental and control groups for
Item 2f %*(1, n = 43) = .00, p = 1.00, phi = - .49.

Table 4. 33

The Results of the Chi-Square Test for Independence for Item 2g at Post-test

Asymptotic
Significance Exact Sig.  Exact Sig.
Value df (2-sided) (2-sided) (1-sided)

Pearson Chi-Square 111 1 .739

Continuity .000 1 .994

Correction

Likelihood Ratio 112 1 .738

Fisher's Exact Test 1.000 498
Linear-by-Linear 109 1 741

Association

N of Valid Cases 43

p>.05

A Chi-square test for independence (with Pearson Chi-Square) indicated that there
was no significant difference between the experimental and control groups for Item
29 %% (1,n =43) = .111, p = .74, phi = 51.

Consequently, Chi-square test for independence test results showed that there was a
significant difference between the experimental group and the control group in item
le and item 2e at the post-test. In both items, experimental group students
significantly outperformed control group students in defining function rule by

variables.

4.2  Descriptive Results of the Functional Thinking Test

In order to investigate the fourth research question “How does 5" grade students’
functional thinking differ in the functional thinking test for those who attend the

functional thinking intervention and who does not?”, both experimental group and
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control group students’ responses in the Functional Thinking Test (FTT) were
examined in detail. There were two main items in FTT. Both Item 1 and Item 2 had
7 sub-questions. For many items, a correctness (correct (1)/incorrect (0)) code and a
strategy code were assigned. Coding schemes varied according to the structure of the
items. For items that asked to define patterns in the table, function rule in words and
in variables, levels of sophistication for generalizing functional relationships
(Stephens el al., 2017) were used. For items asking to find near and far value by
using function rule and other strategies, emerging codes and strategies from literature
such as Blanton, Stephens et al. (2015) were used. Apart from these, “Answer Only
(AO)”, “No Response (NR)” and “Other (O)” codes were utilized. If a student did
not give an answer, it was coded as “No Response (NR)” for both correctness and
strategy. If a student wrote only the result without showing their work, it was coded
as “Answer Only (AO)”. Lastly, if a student provided a response that did not
correspond to any level, was not of interest to the study or the response was not
discernible, then “Other” code was assigned. Also, if a student used more than one
strategy in the response, the most sophisticated strategy code was assigned as the

strategy code.
Item 1

Item 1 was about y = 2x functional relationship. Students were supposed to define
functional relationship between two variables and represent this relationship by
table, words, algebraic expressions and graph. Item 1a asked students to determine
the unknown step of the pattern. Item 1b asked students to organize a table to record
data. Item 1c asked students to define patterns they see in the table. Students were
expected to explain relationship between two variables by words in Item 1d. Students
were supposed to define this relationship by using variables in Item 1e. Item f asked
students to find the value for further step. Students were expected to show the

relationship between two variables on the coordinate graph in item 1g.

Item la

Item 1a (Figure 4.1) asked finding the 5™ step of the given pattern.
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Figure 4.1

Item lain FTT

Iltem 1

Each day in the class, Selin creates a picture by drawing circles
joined together. Following are the pictures of circles that she drew
on each day:

Day 1 Day 2 Day 3

a) How many circles are in her picture for Day 5?

The performance of the students is given in Table 4.34.

Table 4. 34

The Percentage of Correctness of EG and CG in Item 1a in FTT

Item la Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) 85,00 % 90,00% 100,00% 95,65%
Incorrect (0) 10,00 % 5,00% 0,00% 4,35%
No Response (NR) 5,00 % 5,00% 0,00% 0,00%

In the Item 1a, the experimental group and control group students had similar
performances in both pretest and posttest. Item 1a was answered predominantly
correct in both groups. In the experimental group, there was an increase (5%) and
90% of students gave correct response at posttest. In the control group, while all of
students gave correct answer at pretest, approximately 96% of those gave correct
answer at posttest. Consequently, experimental and control students could

successfully determine the 5th step of the given pattern.
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Also, students were assigned strategy codes for Item la. Figure 4.2 provides the
coding scheme for Item la that was used to categorize student strategies, the
description of the codes, and an example of students’ written work. In each of these
coding schemes, strategies were listed from the most sophisticated to the least

sophisticated.
Figure 4. 2

Coding scheme for Item 1a in FTT

Strategy Description Example
Code

Function Student finds the result by 5x2=10

Rule (FR)  applying the function rule.

Recursive  “Student identifies a correct Student defines and shows
Pattern recursive pattern in either or both the pattern as “+2” or
General variables.” “increasing by twos”.
(RP-G)

Recursive  “Student identifies a recursive It goes 2, 4, 6, 8,10
Pattern pattern by referring to particular

Particular ~ numbers only.”

(RP-P)
Drawing  Student draws the other circles to 00 5 .o
(D) reach the number of circles drawn ®® 80 U % ég
in the fifth day. 8 O 8- m
Other Student produces a strategy that 6+4=10
(O) differs from above or the strategy
is not discernible.
Answer Only Student writes just the answer Day 5: 10 circles
(AO) without showing their work.
No Response Student does not give an answer.
(NR)

Note. Adapted from “A Learning Progression for Elementary Students’ Functional
Thinking” by A. C. Stephens, N. Fonger, S. Strachota, | Isler, M. Blanton, E. Knuth,
A. M. Gardiner, 2017, Mathematical Thinking and Learning, 19(3), p. 153.

The percentages of each strategy used by both experimental and control groups

are in Table 4.35. All strategies were accepted as correct, in the case of giving

answer as 10.
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Table 4. 35

The Percentage of Strategies used by EG and CG in Item 1lain FTT

Item la Strategy Experimental Group Control Group
N=20 N=23

Pre Post Pre Post
Function Rule 10.00% 20.00% 13.04%  26.09%
Recursive Pattern General .00% .00% 13.04% 4.35%
Recursive Pattern Particular 5.00% 15.00% 17.39% 17.39%
Drawing 40.00% 15.00% 26.09% 21.74%
Other 10.00% .00% .00% .00%
Answer Only 30.00% 45.00% 30.43% 30.43%
No Response 5,.0% 5.00% .00% .00%

For Item 1a, Function Rule (FR) was the most sophisticated strategy. The percentage
of FR strategy increased at posttest in both experimental and control groups. While
Recursive Pattern General (RP-G) strategy was not observed in the experimental
group in both pre-test and post-test, the percentage of RP-G decreased from
approximately 13% at pre-test to approximately 4% at post-test in the control group.
Five percent of the experimental group used Recursive Pattern Particular (RP-P)
strategy at pre-test; its percentage increased to 15% at post-test. The percentage of
students who used RP-P in the control group remained the same (about 17%) at pre-
test and posttest. Drawing(D) was the most used strategy in both groups at pre-test.
40% of the experimental students used a drawing to find the 5" step of the pattern at
pre-test, this decreased to 15% at post-test. In the control group, about 26% of the
students used a drawing while this decreased to about 22% at the post-test. While
Answer Only (AO) increased from 30% to 45% in the experimental group at post-
test, the control group remained the same about 30% at pre-test and post-test. All
students answered the question in the control group at both pre-test and post-test.

Five percent of experimental group did not respond the question in both tests.
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Item 1b
Item 1b (Figure 4.3) asked students to organize the information in the given table.
Figure 4. 3

Iltem 1b in FTT

b) Organize your information in the given table

Number Number
of Day of Circle

Students were assigned only correctness code for this item. Item la was answered
predominantly correct in both the experimental and control groups. The performance

of students in percentage is presented in Table 4.36.

Table 4. 36

The Percentage of Correctness of EG and CG in Item 1b in FTT

Item 1b Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) 90.00 % 95.00% 100.00% 100.00%
Incorrect (0) .00 % .00% .00% .00%
No Response (NR) 10.00 % 5.00% .00% .00%

As seen in the table, none of students gave incorrect answer among students who
answered the question. All students could organize the table correctly in the control

group at both pretest and posttest. The percentage of students who gave correct
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answer in the experimental group increased from 90% at pretest to 95% at posttest.
The percentage of students who did not give an answer in the experimental group
decreased by 5% at posttest. Consequently, both experimental and control group
students could successfully organize information about variables in the given table.

Item 1c

Item 1c (Figure 4.4) asked students to define the patterns they see in the table.
Figure 4. 4

Item1cin FTT

¢) Which patterns do you see in the table? Describe.

Students were assigned a correctness code and a strategy code for this item. The

performance of students in percentage for Item 1c is given in Table 4.37.
Table 4. 37

The Percentage of Correctness of EG and CG in Item 1¢c in FTT

Item 1c Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) 80.00 % 85.00% 78.26% 86.96%
Incorrect (0) 5.00 % 5.00% 21.74% 13.04%
No Response (NR) 15.00 % 10.00% .00% .00%

The majority of the experimental and control group students described the patterns
correctly. The percentage of correct answer increased at posttest in both groups. The
percentage of incorrect answers of the control group was more than the experimental
group at both pretest and posttest. In general, students could define the patterns that
they saw in the table.

Figure 4.5 provides the coding scheme for Item 1c that was used to categorize student
strategies, the description of the codes, and an example of students’ written work.
Functional Condensed-Words (FC-W), Functional Emergent-Words (FE-W),
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Functional Basic (FB), Functional Particular (FP), Covariational Relationship (CR),
Recursive Pattern General (RP-G) and Recursive Pattern Particular (RP-P) strategies

were coded as correct for this item.
Figure 4.5

Coding scheme for Item 1c in FTT

Strategy Code Description Example
Functional “Student identifies function rule in ~ The number of circles
Condensed- words that describes a generalized IS two times the
Words (FC-W) relationship between two variables.” number of days
Functional “Student identifies incomplete We multiply the
Emergent- function rule in words, often number of days by
Words (FE-W)  describing transformation on one two

variable but not explicitly relating
other.”

Functional “Student defines general Two times, half
Basic (FB) relationship between variables but

not the transformation between

them.”
Functional “Student defines a functional 2x2=4, 3x2=6,...

Particular (FP)

relationship using particular
numbers but does not make a
general statement relating the
variables.”

Covariational

“Student identifies covariation

Each day number of

Relationship relationship. The two variables are  circles increases by 2.
(CR) coordinated rather than mentioned As the number of the
separately.” day goes up by 1, the

number of the circles
goes up by 2.

Recursive “Student identifies a correct Increasing by twos

Pattern recursive pattern in either or both The number of circles

General (RP-G) variables.” goes up by 2

Recursive “Student identifies a correct It goes 2, 4, 6, 8,10

Pattern recursive pattern in either or both

Particular variables by referring to particular

(RP-P) number only.”
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Figure 4.5 (continued)

Other (O) Student produces a strategy that 1=2,2=4,3=6,4=8
differs from above or the strategy is
not discernible.
No Response Student does not give an answer.
(NR)
Note. Adapted from “A Learning Progression for Elementary Students’ Functional

Thinking” by A. C. Stephens, N. Fonger, S. Strachota, I Isler, M. Blanton, E. Knuth,
A. M. Gardiner, 2017, Mathematical Thinking and Learning, 19(3), p. 153.

The percentages of each strategy used in item 1c by both experimental and control

groups are presented in Table 4.38.

Table 4. 38

The Percentage of Strategies used by EG and CG in Item 1c in FTT

Item 1c Strategy Experimental Group Control Group
N=20 N=23
Pre Post Pre Post
Functional Condensed-Words .00% 15.00% .00% 13.04%

Functional Emergent-Words 5.00% 5.00% 8.70% 4.35%

Functional Basic .00% 15.00% .00% .00%
Functional Particular .00% .00% .00% 4.35%
Covariation Relationship 25.00% 20.00%  17.39% 8.70%
Recursive Pattern General 45.00% 25.00% 52.17%  56.52%
Recursive Pattern Particular 5.00% 5.00% .00% .00%
Other 5.00% 5.00% 21.74%  13.04%
No Response 15.00% 10.00% .00% .00%

In the experimental group, frequency of no response for Item 1c decreased from 15
% at pretest to 10 % at posttest. All students gave a response to Item 1c in the control
group. By posttest, students in the experimental group used more sophisticated
strategies (FC-W, FE-W, FB, and FP) in response to these items than they had at

pretest (30% vs. 10% at post-test and pre-test, respectively). Twenty-five percent of
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the experimental group continued to use Recursive Pattern -General (RP-G) strategy
at posttest while this was 45% at pretest. However, approximately 57% of the control
group continued to use RP-G strategy at posttest while this was about 52% at pretest.
Moreover, 20% of the experimental group continued to use Covariation Relationship
strategy at posttest; while it was 25% at pretest. In contrast, approximately 9% of the
control group continued to use CR strategy at posttest while this was about 17% at
pretest. In addition, no student used Functional Basic (FB) strategy at pretest or
posttest in the control group. In contrast, 15% of the experimental group used FB
strategy at posttest while none used at pretest. While neither experimental group nor
control group used Functional Condensed-Words (FC-W) strategy at pretest,
frequency of FC-W strategy was similar in the experimental group and control group
at posttest, 15% and about 13%, respectively. The percentage of other strategy
remained same in the experimental group from pre-test to post-test. In the control
group, the percentage of other strategy decreased from approximately 21% to

approximately 13% at posttest. Responses to item 1c such as, “visual pattern”, “circle

pattern” “There are patterns going up from 2’ were assessed in the other category.
Item 1d

Item 1d (Figure 4.6) asked students to describe the relationship between the

variables in their own words.
Figure 4.6

Item 1d in FTT

d) In your own words, describe the relationship between the number of days

and the number of the circles.

Students were assigned two codes for this item; a correctness code and a strategy

code. The performance of students in percentage for Item 1d is given in Table 4.39.
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Table 4. 39

The Percentage of Correctness of EG and CG in Item 1d in FTT

Item 1d Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) 5.00% 30.00% 39.13% 34.78%
Incorrect (0) 75.00% 65.00% 60.87% 65.22%
No Response (NR) 20.00% 5.00% .00% .00%

Students in both groups gave incorrect answer predominantly for Item 1d at both
pretest and posttest. The percentage of correct answer of the control group remained
the same at pretest and posttest as approximately 39%. In contrast, the percentage of
correct answer of the experimental group increased from 5% at pretest to 30% at
posttest. While all control group students respond to the item 1d, the percentage of
no response decreased from 20% at pre-test to 5% at posttest in experimental group.

Figure 4.7 provides the coding scheme for Item 1d that was used to categorize
student strategies, the description of the codes, and an example of students’ written

work.
Figure 4.7

Coding scheme for Item 1d in FTT

Strategy Code Description Example
Functional “Student identifies function rule  The number of circles is
Condensed- in words that describes a two times the number of

Words (FC-W) generalized relationship

between two variables.”

days.

The number of the days
is half of the number of
the circles

Functional “Student identifies incomplete
Emergent-Words function rule in words, often
(FE-W) describing transformation on

one variable but not explicitly
relating other.”

We multiply the number
of days by two.
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Figure 4.7 (continued)

Functional Basic
(FB)

“Student defines general
relationship between variables
but not the transformation
between them.”

Two times
Half
Double

Functional
Particular (FP)

“Student defines a functional
relationship using particular
numbers but does not make a
general statement relating the
variables.”

2x2=4, 3x2=6,4x2=8...

Single
Instantiation

(Sh)

“Student writes expressions
with number or unknowns that
provides one instantiation of the
function rule but does not
generally relate the two
variables.”

2x2=4
3x2=6

Covariational

“Student identifies covariation

As the number of the day

Relationship relationship. The two variables  goes up by 1, the number
(CR) are coordinated rather than of the circles goes up by
mentioned separately.” 2.
Each day number of
circles increases by 2.
Recursive “Student identifies a correct “increasing by twos”
Pattern General recursive pattern in either or
(RP-G) both variables.”
Recursive “Student identifies a correct It goes 2, 4, 6, 8,10
Pattern recursive pattern in either or increasing by twos
Particular (RP-  both variables by referring to
P) particular number only.”
Restatement of “Student rewrites the given 2,4,6
given (RS) numbers in the question.”
Other (O) Student produces a strategy that We add each day by two.

differs from above or the
strategy is not discernible.

No Response
(NR)

Student does not give an
answer.

Note. Adapted from “A Learning Progression for Elementary Students’ Functional
Thinking” by A. C. Stephens, N. Fonger, S. Strachota, I Isler, M. Blanton, E.
Knuth, A. M. Gardiner, 2017, Mathematical Thinking and Learning, 19(3), p. 153.
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Functional Condensed-Words (FC-W) strategy was accepted as the correct strategy
for this item. The percentages of each strategy used by the experimental and

control groups are in Table 4.40.
Table 4. 40

The Percentage of Strategies used by EG and CG in Item 1d in FTT

Item 1d Strategy Experimental Group Control Group
N=20 N=23

Pre Post Pre Post
Functional Condensed-Words 5.00% 30.00%  39.13% 34,78%
Functional Emergent-Words .00% 5.00% 4.35% 4,35%
Functional Basic 10.00% .00% .00% .00%
Functional Particular 5.00% 5.00% .00% .00%
Single Instantiation 5.00% .00% 4.35% .00%
Covariation Relationship 20.00% 15.00% 13.04%  26,09%
Recursive Pattern General 15.00% 20.00% 21.74%  17,39%
Recursive Pattern Particular 5.00% .00% 4.35% 4,35%
Restatement of Given .00% 5.00% .00% .00%
Other 15.00% 15,00%  13.04% 13.04%
No Response 20.00% 5,00% .00% .00%

The percentage of no response decreased from 20% at pretest to 5% at posttest in the
experimental group. All students in the control group gave an answer both at pretest
and posttest. While the percentage of CR strategy increased from about 13% at
pretest to about 26% at posttest in the control group, it decreased from 20% at pretest
to 15% at posttest in the experimental group. None of the control students used FP
and FB strategies at pretest or posttest. The same frequency, 5% of the experimental
students used FP at pretest and posttest. The use of FB strategy by the experimental
group was 10% at the pretest none used at posttest. In the control group, the
percentage of FC-W decreased from about 39% at pretest to about 35% at posttest.

However, in the experimental group, the percentage of FC-W increased from 5% at
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pretest to 30% at posttest. In contrast to control group, the percentage of functional
relationship strategies (FC-W, FE-W, FB, FP) increased from 20% at pre-test to 40%
at post-test. Consequently, experimental group students were found to use more
sophisticated strategies than the control group at post-test. Moreover, the percentage
of other strategies remained the same for both groups from pre-test to post-test.
Responses to item 1d such as, “each day two circles”, “Circles are multiplying by 2”

were assessed in the other category.
Item le

Item le (Figure 4.8) asked students to describe the relationship by using letters as

variables.
Figure 4.8

Item1lein FTT

e) Explain the relationship between the number of the days and number of the

circles by using variables (letters).

Students were assigned two codes for this item; a correctness code and a strategy
code. The performance of students in the percentage for Item 1e is given in Table
4.41.

Table 4. 41

The Percentage of Correctness of EG and CG in Item 1e in FTT

Item 1e Experimental Group Control Group
Correctness N=20 N=23

PRE POST PRE POST
Correct (1) .00% 45.00% .00% 8.70%
Incorrect (0) 25.00% 35.00% 52.17% 65.22%
No Response (NR) 75.00% 20.00% 47.83% 26.09%

The percentage of NR decreased highly from 75% at pre-test to 20% at post-test in
the experimental group and from about 48% at pre-test to about 26% at post-test in

the control group. The majority of the students gave a response at post-test. The
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percentage of correctness increased at post-test in both groups at post-test. While
none of the experimental students could give a correct response at pre-test, half of
the students gave a correct answer at post-test. In the control group, similarly none
of the students were able to give a correct answer at pretest, while about 9% of the

students did correctly at post-test.

In addition, students were assigned a strategy code for their answers. Figure 4.9
provides the coding scheme for Item 1e that was used to categorize student strategies,

the description of the codes, and an example of students’ written work.
Figure 4.9

Coding scheme for Item 1e in FTT

Strategy Code Description Example
Functional “Student identifies function rule in  The number of circles
Condensed- words that describes a generalized  is multiple of number
Words (FC-W)  relationship between two of days

variables.”
Functional “Students write a complete rule in ~ Gx2=D, D+2=G,
Condensed — variables. Student uses at least one  Gx2= Number of
Variable (FC-V) variable.” circles, D+2= Number

of days

Functional Basic “Student defines general Two times
(FB) relationship between variables but  Half

not the transformation between

them.”
Functional “Student defines a functional 2x2=4, 3x2=6,...

Particular (FP)  relationship using particular
numbers but does not make a
general statement relating the

variables.”
Covariational “Student identifies covariation Each day number of
Relationship relationship. The two variables are  circles increases by 2.
(CR) coordinated rather than mentioned  As the number of the
separately.” day goes up by 1, the
number of the circles
goes up by 2.
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Figure 4.9 (continued)

Recursive “Student identifies a correct The number of circles

Pattern recursive the pattern in either or increases by two.

General (RP-G)  both variables.” The number of days
increases by one.

Recursive “Student identifies a recursive It goes 2, 4, 6, 8,10

Pattern pattern by referring to particular

Particular (RP-  numbers only.”

P)

Other (O) Student produces a strategy that

: N
differs from above or the strategy ~ (Day) W x2 Q(Circle)
is not discernible.
No Response Student does not give an answer.
(NR)
Note. Adapted from “A Learning Progression for Elementary Students’ Functional
Thinking” by A. C. Stephens, N. Fonger, S. Strachota, 1. Isler, M. Blanton, E. Knuth,
A. M. Gardiner, 2017, Mathematical Thinking and Learning, 19(3), p. 153.

Functional Condensed-Variables (FC-V) strategy was accepted as the correct
strategy for this item. The percentages of each strategy used by the experimental

and control groups in Item 1e are in Table 4.42.

Table 4. 42

The Percentage of Strategies used by EG and CG in Item 1e in FTT

Item le Strategy Experimental Group  Control Group
N=20 N=23

Pre Post Pre Post
Functional Condensed-Words .00% 10.00% .00% 4.35%
Functional Condensed Variables .00% 45.00% .00% 8.70%
Functional Basic 5.00% .00% .00% .00%
Functional Particular .00% .00% 13.04% 13.04%
Covariation Relationship .00% .00% .00% 4.35%
Recursive Pattern General 5.00% .00% 4.35% .00%
Recursive Pattern Particular 5.00% .00% 13.04%  4.35%
Other 10.00% 25.00% 21.74% 39.13%
No Response 75.00% 20.00% 47.83% 26.09%
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In both groups, the percentage of no response decreased at posttest. In the
experimental group, 75% of the students could not give an answer at pretest while
this was 20% at posttest. In the control group, the NR frequency was about 48% and
26% respectively at pretest and posttest. None of the experimental students used FP
or FB strategies at posttest while 5% used FB at pretest. In the control group,
approximately 13% used FP strategy at both pretest and posttest, and none of the
control students used FB strategy at pretest or posttest. Regarding FC-V strategy,
none of the experimental or control students used it at pretest. Approximately 9% of
the control group used FC-V strategy at posttest. In contrast, %45 of the experimental
group used FC-V strategy at posttest. Consequently, experimental students were
more successful than control students in defining the functional relationship by using

variables.

Item 1f

Item 1f (Figure 4.10) asked students to find the value for the 100th step.
Figure 4. 10

Item 1f in FTT

f) How many circles will be in the picture that Selin draws on the 100th day of

the school? Show how you got your answer.

Students were assigned a correctness code and a strategy code for Item 1f. The
performance of students in percentage for Item 1f is given in Table 4.43.

Table 4. 43

The Percentage of Correctness of EG and CG in Item 1f in FT

Item 1f Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) 90.00% 95.00% 82.61% 95.65%
Incorrect (0) 5.00% .00% 17.39% 4.35%
No Response (NR) 15.00% 10.00% .00% .00%

108



Students could give correct answer predominantly. In the experimental group NR
decreased from 15% at pretest to 10% at posttest gave NR, while all control group
students gave a response at both pretest and posttest. Eighty five percent of the
experimental group and approximately 87% of the control group could give a correct

response at posttest.

In addition, students were assigned a strategy code for their answers. Figure 4.11
provides the coding scheme for Item 1f that was used to categorize student strategies,

the description of the codes, and an example of students’ written work.
Figure 4. 11

Coding scheme for Item 1f in FTT

Strategy Code Description Example
Function Rule Student finds the result by using the 100x2 =200
(FR) function rule.

Other (O) Student produces a strategy that 100 = 5=20
differs from above or the strategy is 20=10=200
not discernible.

Answer Only  Student writes only answer without 200

(AO) showing her/his work

No Response  Student does not give an answer.

(NR)

The percentages of each strategy used by the experimental and control groups in
Item 1f are in Table 4.44.
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Table 4. 44

The Percentage of Strategies used by EG and CG in Item 1f in FTT

Item 1f Strategy =~ Experimental Group Control Group
N=20 N=23
Pre Post Pre Post
Function Rule  80.00% 85.00% 73.91% 95.65%
Other 10.00% .00% 17.39% 4.35%
Answer Only  5.00% 10.00% 8.70% .00%
No Response  5.00% 5.00% .00% .00%

While all students gave an answer to Item 1f in the control group, 5% of the
experimental group did not give an answer at pre-test and post-test. The majority of
the students in both the experimental and control groups used function rule strategy,
that means, they used the function rule to find the result for 100" day at pretest and
at posttest. Both groups showed increase in using FR strategy (5% vs. approximately

22% of experimental and control group, respectively) at post-test.
Item 1g

In item 1g, students were expected to represent the relationship between two

variables on a coordinate graph (see Figure 4.12).

Figure 4. 12
Iltem 1g in FTT

g) Show the relationship between the number of the days and number of the
circles on the graph below.

Number of A
the circles [

3 Number of the day
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The percentage of correctness of the students was presented in Table 4.45
Table 4. 45

The Percentage of Correctness of EG and CG in Item 1g in FTT

Item 1g Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) .00% .00% .00% .00%
Incorrect (0) 85.00% 90,00% 100,00% 95.65%
No Response (NR) 15.00% 10.00% .00% 4.35%

Students gave incorrect response in both at pre-test and post-test. While no response
decreased (from 15% to 10%) in the experimental group, it increased in the control
group from 0% to approximately 4%. Students were assigned strategy codes for Item
1g. Figure 4.13 provides the coding scheme for Item 1g that was used to categorize
student strategies, the description of the codes, and an example of students’ written

work.

Figure 4. 13

Coding scheme for Item 1g in FTT

Strategy Code Description Example

Points Values are placed on the Points (1,2), (2,4), (3,6)...
axes and matched

Matched .
correctly by representing

Correctly points.

(PM)

Axes Matched  Values are placed on the
axes but matched the
values without

(AxM) representing points.

Correctly
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Figure 4.13 (continued)

Bar Graph Student defines correct
(BG) values for axes, places
them on the axes and

draws a bar graph.

Other (O) Student produces a
strategy that differs from
above or the strategy is

not discernible.

No Response Student does not give an
(NR) answer.

In Item 1g, students were expected to represent the functional relationship between
number of days and number of circles on a coordinate graph.PM strategy was
accepted as correct strategy. Percentages of each strategy used by the experimental

and control groups in Item 1g are in Table 4.46.
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Table 4. 46

The Percentage of Strategies used by EG and CG in Item 1g in FTT

Item 1g Experimental Group Control Group
Strategy N=20 N=23

Pre Post Pre Post
Axes Matched 10.00% 55.00% 8.70% 17.39%
Bar Graph 30.00% 5.00% 39.13% 30.43%
Other 45.00% 30.00% 52.17% 47.38%
No Response 15.00% 10.00% .00% 4.35%

There was no student used Points Matched strategy at pretest and posttest. Although
approximately 17% of control group used Axes Matched Correctly (AxM) strategy,
more than half of the experimental group students used AxM at post-test. They could
not represent the points on the graph. Students could define the relationship and they
placed values on the axes correctly. Furthermore, the percentage of Bar Graph (BG)
strategy decreased in the experimental group from 30% at pretest to 10% at posttest
while in the control group, it was about 39% at pretest and about 30% at posttest.
However, the majority of the students in the experimental and control groups used
Other (O) strategy at pretest (see Figure 4.13 for examples). The percentage of O
strategy remained the same (about 47%) in the control group at pretest and posttest.
In contrast, in the experimental group, the percentage of O decreased from 45% at
pretest to 30 % at posttest.

Consequently, experimental group students were more successful in representing the

functional relationship on a coordinate graph at posttest.
Item 2

Item 2 was about y=3x+2 functional relationship. Students were supposed to define
the functional relationship between two variables and represent this relationship
using a table, words, variables and graph. Item 2a asked students to determine the
unknown steps of the pattern. Item 2b asked students to organize a table to record
data. Item 2c asked students to define the patterns they see in the table. Students were
expected to explain the relationship in words in Item 2d. Students were supposed to
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define this relationship by using variables in Item 2e. Item 2f asked students to use
the function rule to predict a far function value. The most sophisticated strategy was

using inverse function rule to find further function values in Item 2g.

Item 2a

Item 2a (Figure 4.14) was about finding the unknown steps of the given pattern.
Figure 4. 14

ltem2ain FTT

Item 2
There are 2 TL in Mert’s piggy bank in the beginning. Every week Mert’s dad
gives him 3 TL for helping with chores around the house. Mert is saving his
money in his piggy bank to buy a bike.
a) How much money is there in Mert’s piggy bank in total at the end of the
Week 2? Week 3? Week 4?

Students’ answers were analyzed by correctness and strategy. The performance of

students in percentage is given in Table 4.47.
Table 4. 47

The Percentage of Correctness of EG and CG in Item 2a in FTT

Item 2a Experimental Group Control Group
Correctness N=20 N=23

PRE POST PRE POST
Correct (1) 25.00% 50.00% 21.74% 26.09%
Incorrect (0) 60.00% 40.00% 69.57% 73.91%
No Response (NR) 15.00% 10.00% 8.70% .00%

The percentage of correct answer increased at posttest in both groups; however, the
experimental group showed greater performance. In the experimental group, the
percentage of correct answer increased from 25% at pretest to 50% at posttest. In the

control group, this was about 22% to 26% from pretest to posttest.
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In addition, students were assigned a strategy code for Item 2a. Figure 4.15 provides

the coding scheme for Item 2a that was used to categorize student strategies, the

description of the codes, and an example of students’ written work.

Figure 4. 15

Coding scheme for Item 2a in FTT

Strategy Code

Description

Example

Function Rule
(FR)

Student finds the result by
using the function rule.

2x3=6 6+2=8, 3x3=9
9+2=11, 4x3=12 12+2=14

Single
Instantiation

(Sh

Student finds the result by
using function rule as
multiplying by 3 then adding
two for just one of the 2", 3™
and 4™ week.

2x3=6 6+2=8
3x3=9 9+2=11
4x3=12 12+2=14

Incorrect
Function Rule
(I-FR)

Student uses incorrect
function rule which is
multiplying number of the
week by 3 to find the amount
of money in the piggy bank.

2%3=6,3%x3=9,4x3=12

Recursive Student finds the result by 2+3=5TL, 2+3+3=8 TL
adding 3 recursively. ,2+3+3+3=11TL

Pattern (RP) 0+3+3+3+3=14 TL

Other (O) Student produces a strategy 2x7=14 14x3=42, 3x7=21

that differs from above or the
strategy is not discernible.

21x3=63, 4x7=28 28x3=84

Answer Only
(AO)

Student writes only answer
without showing her/his
work

2" week: 8, 3 week: 11,
4™ week: 14

No Response
(NR)

Student does not give an
answer.

All strategies were accepted as correct in the case of giving the answer “8 TL for the

second week; 11 TL for the third week and 14 TL for the fourth week”. The

percentages of each strategy used by both groups in Item 2a are in Table 4.48.

115



Table 4. 48

The Percentage of Strategies used by EG and CG in Item 2a in FTT

Item 2a Strategy Experimental Group Control Group
N=20 N=23

Pre Post Pre Post
Function Rule .00% 15.00% .00% 4.35%
Single Instantiation .00% .00% 13.04% .00%
Incorrect F. Rule 10.00% .00% .00% .00%
Recursive Pattern 5.00% .00% 17.39% 26.09%
Other 30.00% 15.00% 34.78% 47.83%
Answer Only 40.00% 60.00% 21.74% 21.74%
No Response 15.00% 10.00% 8.70% .00%

FR was the most sophisticated strategy for this item. The percentage of FR strategy
increased in both groups at posttest. In the experimental group, no student used FR
strategy at pretest but 15% of the students used it at posttest. Sl strategy was not seen
in the experimental group at pretest or posttest but approximately 13% of the control
group students used it at pretest, no control student used it at posttest. I-FR strategy,
which the students used an incorrect function rule, was used just at pretest in both
groups (10% of the experimental students and about 4% of the control students). The
percentage of RP strategy was higher in the control group than the experimental
group (about 17% vs. 5% at pretest and 0% vs. about 26% for control and
experimental group students., respectively). Most of the control and experimental
group students’ strategies were coded as Other (see Figure 4.16). Also, most students
in the experimental group gave an answer with no work shown (AO strategy) at
pretest (40%) and posttest (60%) while this about 22% for control group student both

at pretest and posttest.
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Figure 4. 16

Students’ Answers from Other Category for Item 2a

2) Mert’in en basta kumbarasinda 2 TL’si vardir. Mert’in babasi ev islerinde yardimer
oldugu icin her hafta Mert’e 3 TL verme karari almistir. Mert aldig harghklan
kumbarasinda biriktirerek toplam parasi ile bir bisiklet almak ister. Buna gire,

a) Mert’in, 2 hafta, 3 hafta ve 4 hafta sonunda kumbarasindaki toplam para miktari ne
kadardir?

2:9+%3= 5
3251329
G= (13=10

; 2 X i am para miktari n¢
a) Mert’in, 2 hafia, 3 hafla ve 4 hafla sonu,ndn kumbarasindaki topla [’

, X
kadardur? 'vL‘ 2y ) - A
o Q , ~ J

. BT S B T g

T t-e42h 5 342-48% ° T O

To sum up, students could realize that the amount of money increased for each week
but most of them could not realize the relationship or function rule between the
number of weeks and the amount of money. So, for item 2a Answer Only and Other

strategies were used predominantly.
Item 2b

Item 2b (Figure 4.17) asked students to draw a table and organize information in the

table. Different than item 1, the table template was not provided to students in item2.

Figure 4. 17

Item2bin FTT

b) Organize your information in a table

Students were only assigned correctness code for this item. The percentage of

students’ performance is presented in Table 4.49.
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Table 4. 49

The Percentage of Correctness of EG and CG in Item 2b in FTT

Item 2b Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) 10.00% 45.00% 13.04% 17.39%
Incorrect (0) 65.00% 50.00% 82.61% 82.61%
No Response (NR) 25.00% 5.00% 4.35% .00%

Students had difficulty in giving correct answer for Item 2a, in which they were
asked the total amount of money in the second week and in the third week , so they
also had difficulty in constructing a table and organizing information in that table.
Approximately 17% of the control group students gave a correct answer at posttest,
which was about 13% at pretest. In the experimental group, the percentage of correct
answer increased from 10% at pretest to 45% at posttest. In conclusion, the
experimental group students showed a better performance in constructing a table and
organizing information in that table at posttest. But, still, half of the experimental
group students (and about 83% of the control group students) were not able to

construct a correct table at posttest.

Item 2c

Item 2c (Figure 4.18) asked students to describe patterns that they see in the table.
Figure 4. 18

Item 2c in FTT

¢) Which patterns do you see in the table? Describe.

Students were assigned two codes for this item; a correctness and a strategy code.

The percentage of students’ performance is presented in Table 4.50.
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Table 4. 50

The Percentage of Correctness of EG and CG in Item 2c in FTT

Item 2c Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) 30.00% 55.00% 47.83% 82.61%
Incorrect (0) 35.00% 40.00% 47.83% 17.39%
No Response (NR) 35.00% 5.00% 4.35% .00%

For Item 2c, the percentage of No Response code decreased from pretest to posttest

in both groups (the experimental group from 35% to 5%; the control group from

about 4% to 0%). The percentage of correctness increased in both groups (the

experimental group from 30% to 55%; the control group from about 48% to 83%).

The majority of the students realize the pattern in the table at posttest.

Also, students were assigned a strategy code for their answer. Figure 4.19 provides

the coding scheme for Item 2c that was used to categorize student strategies, the

description of the codes, and an example of students’ written work.

Figure 4. 19

Coding scheme for Item 2¢c in FTT

Strategy Code Description

Example

Functional “Students identifies incomplete
rule in words, often describing
transformation on one variable
but not explicitly relating to

other.”

Emergent-Words
(FE-W)

We multiply the number
of weeks by 3 then add
2.

Functional Basic
(FB)

“Student defines general
relationship between variables
but not the transformation
between them.”

2 more than 3 times
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Figure 4.19 (continued)

Covariational

“Student identifies a
covariational relationship. The

As the number of the
week goes up by 1, the

Relationship two variables are coordinated amount of the money
(CR) rather than mentioned goes up by 3.
separately.” Each week the amount
of money increases by 3.
Recursive “Student identifies a recursive The amount of money

Pattern General

pattern in either or both

goes up by 3 each time.

variables.”

(RP-G)

Recursive “Student identifies a recursive 5,8,11,14
pattern in either or both

Pattern . .
variables by referring to

Particular (RP-  particular numbers only.”

P)

Other (O) Student produces a strategy that
differs from above or the 2x7=14 days 14x3=42
strategy is not discernible. TL

No Response
(NR)

Student does not give an answer.

Note. Adapted from “A Learning Progression for Elementary Students’ Functional
Thinking” by A. C. Stephens, N. Fonger, S. Strachota, I Isler, M. Blanton, E. Knuth,
A. M. Gardiner, 2017, Mathematical Thinking and Learning, 19(3), p. 153.

The percentages of each strategy used by the experimental and control groups in
Item 2c are in Table 4.51. For this item Functional Condensed-Words (FC-W),

Functional Basic (FB), Covariational Relationship (CR), Recursive Pattern-

General (RP-G) and Recursive Pattern-Particular (RP-P) strategies were accepted

as correct.
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Table 4. 51

The Percentage of Strategies used by EG and CG in Item 2c in FTT

Item 2c Strategy Experimental Group Control Group
N=20 N=23

Pre Post Pre Post
Functional Emergent Words .00% .00% 4.35% 4.35%
Functional Basic .00% 5.00% .00% 4.35%
Covariation Relationship 25.00%  10.00% 13.04% 17.39%
Recursive Pattern-General 5.00% 40.00% 26.09%  52.17%
Recursive Pattern-Particular .00% .00% 4.35% 4.35%
Other 35.00%  40.00% 47.83%  17.39%
No Response 35.00%  5.00% 4.35% .00%

In general, students could not define the functional relationship between the number
of weeks and amount of saved money. The majority of both experimental and control
group students explained the pattern by using RP-G; this increased from pretest to
posttest (in the experimental group 5% to 40% and in the control group about 26%
to about 52%). About same ratio of students in both groups used FB strategy at
posttest while none of the student used it at pretest. At posttest, the percentage of
Covariational Relationship (CR) strategy was higher for the control group than
experimental group (approximately 17% vs. 10%, respectively). Lastly, most of the
control and experimental students’ strategies for this item were coded as Other (35%
at pretest and 40% at posttest in the experimental group; about 48% at pretest and
17% at posttest in the control group). The O strategy included “There is addition and

multiplication” and “7X the number of days +2”.

To sum up, control group students used sophisticated strategies more frequently in
item 2c (e.g., CR, FC-W). Many students in both groups could realize that the
amount of total money in the piggy bank increases by 3 (RP-G strategy).
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Item 2d

Item 2d (Figure 4.20) asked students to describe the relationship between the

number of the weeks and total amount of money in words.

Figure 4. 20

Item2din FTT

d) Inyour own words, describe the relationship between number of the weeks
and total amount of the money in Mert’s piggy bank.

Students were assigned two codes for this item; a correctness and a strategy code.

The percentage of students’ performance is presented in Table 4.52.

Table 4. 52

The Percentage of Correctness of EG and CG in Item 2d in FTT

Item 2d Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) .00% 25.00% .00% 4.35%
Incorrect (0) 55.00% 55.00% 73.91% 82.61%
No Response (NR) 45.00% 20.00% 26.09% 26.09%

Students gave incorrect answer predominantly at pretest and posttest. While the
percentage of incorrect answer remained the same in both groups, the percentage of
NR decreased from pretest to posttest. Therefore, the percentage of correct answer
increased from pretest to posttest. Students had difficulty in defining the functional
relationship by words. Experimental group showed better performance at posttest
(25%) while none of the students could describe it at pretest. In the control group,
also none of the students were able to describe the rule in their own words, about
13% did at posttest. In addition to correctness, students’ answers were assessed by
strategy codes. Figure 4.21 provides the coding scheme for Item 2d that was used to

categorize student strategies, the description of the codes, and an example of

students’ written work.
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Figure 4. 21

Coding scheme for Item 2d in FTT

Strategy Code Description Example
Functional “Students identifies function If we multiply the
Condensed- rule in words that describes a number of the weeks by

Words (FC-W)

generalized relationship
between the two variables.”

3 we find the earned
money. Then, we add 2
TL that is in the
beginning.

Functional
Emergent-Words
(FE-W)

“Students identifies incomplete
rule in words, often describing
transformation on one variable
but not explicitly relating to
other.”

We multiply the number
of weeks by 3 then add
2.

Functional Basic
(FB)

“Student identifies general
relationship between variables
but not the transformation
between them.”

2 more than 3 times

Single
Instantiation (SI)

“Student writes expressions
with number or unknowns to
define the rule but does not
generally relate the two
variables.”

4x3=12 12+2=14

Covariational

“Student identifies a

As the number of the

Relationship covariational relationship. The ~ week goes up by 1, the

(CR) two variables are coordinated amount of the money
rather than mentioned goes up by 3.
separately.” Each week the amount

of money increases by 3.

Recursive “Student identifies a recursive The amount of money

Pattern General pattern in either or both goes up by 3 each time.

(RP-G) variables.”

Recursive “Student identifies a recursive 5,8,11,14

Pattern pattern in either or both

Particular (RP-
P)

variables by referring to
particular numbers only.”

Other (O)

Student produces a strategy that

differs from above or the
strategy is not discernible.

It starts by taking more
than four times the
number of days and
decreases by four times
one by one.
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Figure 4.21 (continued)

No Response Student does not give an

(NR) answer.
Note. Adapted from “A Learning Progression for Elementary Students’ Functional
Thinking” by A. C. Stephens, N. Fonger, S. Strachota, I Isler, M. Blanton, E. Knuth,
A. M. Gardiner, 2017, Mathematical Thinking and Learning, 19(3), p. 153.

The percentages of each strategy used by EG and CG in Item 2d in FTT are in
Table 4.53.

Table 4. 53

The Percentage of Strategies used by EG and CG in Item 2d in FTT

Item 2d Strategy Experimental Group Control Group
N=20 N=23

Pre Post Pre Post
Functional Condensed-Words .00% 25.00% .00% 4.35%
Functional Emergent-Words .00% .00% 4.35% .00%
Functional Basic .00% 5.00% .00% .00%
Single Instantiation .00% 0.00% 4.35% .00%
Covariation Relationship 20.00% 15.00% 13.04% 26.09%
Recursive Pattern General 5.00% 0.00% 8.70%  13.04%
Recursive Pattern Particular .00% 0.00% 4.35% 0.00%
Other 30.00% 35.00%  39.13% 43.48%
No Response 45.00% 20.00% .00% .00%

For Item 2d, FC-W strategy was accepted as correct. While 25% of the experimental
group used Functional Condensed-Words (FC-W) at post-test , approximately 4% of
the control group used. All students in the control group gave a response item 2d. In
the experimental group, the percentage of no response decreased from 45% at pretest
to 20% at posttest. Some students used RP strategies. (5% at pretest only in the
experimental group, about 26% at pretest and 22% at posttest in the control group)

Covariational strategy decreased from 20% at pretest to 15% at posttest in the
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experimental group. However, it doubled in the control group from about 13% at
pretest to 26% at posttest. None of the students used Sl strategy at posttest while one
of the control students did at pretest. FB strategy was not used at posttest neither in
the experimental nor in the control group but 10% of the experimental group students
used at pretest. Other category was used predominantly in both groups at posttest
(35% vs. approximately 43% of experimental and control groups, respectively). The
O strategy included “The amount of money equals one more than two times number
of weeks” and it start as one more two times and that number increase continually”.

Consequently, students had difficulty in using functional thinking strategies.
Item 2e

Item 2e (Figure 4.22) asked students to define functional relationship using letters as

variables.

Figure 4. 22

Item 2e in FTT

e) Explain the relationship between number of the weeks and total amount of
the money in Mert’s piggy bank by using variables (letters).

Students were assigned a correctness and a strategy code for Item 2e. The percentage

of students’ performance is presented in Table 4.54.

Table 4. 54

The Percentage of Correctness of EG and CG in Item 2e in FTT

Item 2e Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) .00% 25.00% .00% .00%
Incorrect (0) 15.00% 50.00% 60.87% 56.52%
No Response (NR) 85.00% 25.00% 39.13% 43.48%

125



FC-V strategy was accepted as correct for item 2e. There was no correct answer in
the control group at either pretest or posttest. In contrast, the percentage of correct
answer increased from 0% at pretest to 25% at posttest in the experimental group.
While the percentage of no response increased in the control group (from about 39%
at pretest to about 43% at posttest), it decreased in the experimental group (from 85%
at pretest to 25% at posttest). Students had difficulty in representing the functional
relationship by variables. In addition to correctness, students’ answers were assessed
by strategy codes. Figure 4.23 provides the coding scheme for Item 2e that was used

to categorize student strategies, the description of the codes, and an example of

students’ written work.

Figure 4. 23

Coding scheme for Item 2e in FTT

Strategy Code Description Example
Functional “Students write complete rule in  (Hx3)+2=P, Hx3+2=P,
Condensed — variables that describes a Hx3+2=amount of
Variable (FC-V) generalized relationship between money, number of

the two variables.” weekx3+2=P
Functional “Students identifies incomplete  We multiply the number
Emergent- rule in words, often describing of weeks by 3 then add
Words (FE-W) transformation on one variable 2.

but not explicitly relating to
other.”

Functional
Particular (FP)

“Student defines a functional
relationship using particular
numbers but there is no general
explanation or rules by
variables.”

1x3+2=5, 2x3+2=8,
3x3+2=11....

Single
Instantiation (SI)

“Student writes expressions with
number or unknowns to define
the rule but does not generally
relate the two variables.”

4x3=12 12+2=14

Covariational
Relationship
(CR)

“Student identifies a
covariational relationship. The
two variable are coordinated
rather than mentioned
separately.”

As the number of the
week goes up by 1, the
amount of the money
goes up by 3.

Each week the amount of
money increases by 3.
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Figure 4.23 (continued)

Recursive “Student identifies a correct increasing by threes

Pattern recursive pattern in either or Th t of

General (RP-G)  both variables.” € amount of money
goes up by 3

Recursive “Student identifies a recursive It goes 5,8,11,14

Pattern pattern in either or both

Particular (RP-  variables by referring to

P) particular numbers only.”

Other (O) Student produces a strategy that

differs from above or the

strategy is not discernible Bx2+1, L1 x2+1

No Response Student does not give an answer.

(NR)
Note. Adapted from “A Learning Progression for Elementary Students’ Functional
Thinking” by A. C. Stephens, N. Fonger, S. Strachota, | Isler, M. Blanton, E. Knuth,
A. M. Gardiner, 2017, Mathematical Thinking and Learning, 19(3), p. 153.

The percentages of each strategy used by the experimental and control groups in
Item 2e are in Table 4.55.

Table 4. 55

The Percentage of Strategies used by EG and CG in Item 2e in FTT

Item 2e Strategy Experimental Group  Control Group
N=20 N=23

Pre Post Pre Post
Functional Condensed-Variable .00% 25.00% .00% .00%
Functional Particular .00% .00% .00% 4.35%
Single Instantiation .00% .00% 00%  4.35%
Covariation Relationship .00% .00% 8.70% .00%
Recursive Pattern General .00% .00% 435% .00%
Recursive Pattern Particular .00% .00% 13.04% 4.35%
Other 15.00% 50.00% 21.74% 39.13%
No Response 85.00% 25.00%  39.13% 43.48%
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For Item 2e, Functional Condensed-Variable (FC-V) strategy was coded as correct.
In contrast to the control group, the percentage of NR decreased from 85% at pretest
to 25% at posttest in the experimental group. Most of the answers were coded in the
“Other” category. Control group students used a greater number of strategies than
experimental group students did. No control students used FC-V strategy in pretest
or posttest. On the contrary, a quarter of the experimental group students used this

strategy at posttest while none used at pretest.
Item 2f

Item 2f (Figure 4.24) asked students to use the function rule to predict far function

values.
Figure 4. 24

Item 2f in FTT

f) How much money will be in Mert’s piggy bank in total at the end of the 30
weeks? Show how you got your answer.

Students were assigned a correctness and a strategy code for Item 2f. The percentage

of students’ performance is presented in Table 4.56.

Table 4. 56

The Percentage of Correctness of EG and CG in Item 2f in FTT

Item 2f Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) 35.00% 35.00% 34.78% 30.43%
Incorrect (0) 50.00% 55.00% 65.22% 69.57%
No Response (NR) 15.00% 10.00% .00% .00%

In this item, students were expected to find far function value as 92 for their response
to be coded as correct. Students had difficulty in defining the function rule so most

of the students could not give a response correctly. The percentage of correct answer
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remained the same in the experimental group (35%). There was a slight decrease in
the correct answer in the control group from pretest (about 35%) to posttest (about

30%). Students’ performance was similar at pretest and at posttest in both groups

In addition to correctness, students’ answers were assigned strategy codes. Figure
4.25 provides the coding scheme for Item 2f that was used to categorize student

strategies, the description of the codes, and an example of students’ written work.

Figure 4. 25
Coding scheme for Item 2f in FTT
Strategy Code Description Example
Function Rule  Student finds the correct response 30x3=90 90+2=92
(FR) by using the function rule.
Incorrect Student gives response by using an 30x3=90
Function Rule incorrect function rule, multiplying
(I-FR) by 3
Other (O) Student produces a strategy that 30x7=350 350x3=1050
differs from above or the strategy is TL
not discernible
Answer Only  Student writes only answer without 92 TL
(AO) showing her/his work 90 TL
No Response Student does not give an answer.
(NR)

FR strategy was the expected strategy for Item 2f. Students were expected to find
the amount of money at the end of 30 weeks by using the function rule. But in the
case of giving 92 TL by using AO or O strategy, the answer was also accepted as
correct. The percentages of each strategy used by both groups in Item 2f are in Table
4.57.
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Table 4. 57

The Percentage of Strategies used by EG and CG in Item 2f in FTT

Item 2f Strategy Experimental Group Control Group
N=20 N=23

Pre Post Pre Post
Function Rule 25.00% 25.00% 34.78% 30.43%
Incorrect Function Rule  25.00% 15.00% 13.04% 30.43%
Other 30.00% 35.00% 47.83% 30.43%
Answer Only 5.00% 15.00% 4.35% .00%
No Response 15.00% 10.00% .00% 4.35%

I-FR was higher in the control group than the experimental group at posttest (15%

vs. about 30% while it was 25% vs. about 13% at pretest in the control and

experimental groups, respectively). This strategy was used by students who ignored

the 2 TL in the piggy bank at the beginning so they defined the rule as “the amount

of money equals to 3 times the number of weeks”. Students’ answers were coded as

“O” predominantly. The O category included responses such as writing recursive

pattern as increasing by 3 until 30" week. The percentage of FR strategy remained

the same as 25% in the experimental group. However, it decreased from

approximately 35% to about 30% in the control group from pretest to posttest.

Item 29

Students were expected to work backward in the equation in Item 2g (Figure 4.26).

Figure 4. 26

Item 2f in FTT

for the bike?

g) If a bike cost is 95 TL, how many weeks will it take to have enough money

Students were assigned a correctness and a strategy code for this item. Students’

performance is presented in Table 4.58.

130




Table 4. 58

The Percentage of Correctness of EG and CG in Item 2g in FTT

Item 2g Experimental Group Control Group
Correctness N=20 N=23

Pre Post Pre Post
Correct (1) 25.00% 30.00% 43.48% 34.78%
Incorrect (0) 35.00% 55.00% 47.83% 60.87%
No Response (NR) 40.00% 15.00% 8.70% 4.35%

If students gave “31” as a response, it was accepted as a correct answer. Almost all

control group students gave a response at posttest. Although 40% of the experimental

group students did not give any response at pretest, this decreased to 15% at posttest.

While 30% of the experimental students gave a correct answer, approximately 35%

of the control group students answered correctly.In addition to correctness, students’

answers were coded by strategy codes. Figure 4.27 provides the coding scheme for

Item 2g that was used to categorize student strategies, the description of the codes,

and an example of students’ written work.

Figure 4. 27

Coding scheme for Item 2g in FTT

Strategy Code

Description Example

Unwinding (U)

Student finds the correct result by 95-2=93 93+3=31
working backwards in the

equation.

Guess and Test  Student works forward in the 31x3=93 93+2=95
(GT) equation by substituting.

From the Student finds the amount of Because the amount of
Previous item  money at the end of 30 weeks as money increases by 3
(2f) (PD) 92 TL in the item 2f. each week, 95 TL is

gotten at the end of the 31
weeks.
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Figure 4.27 (continued)

Dividing by 3 In the beginning, student divides

(D3) 95 by 3 and s/he does not 95| 3
interpret the remainder. 03| 31
02
Other (O) Student produces a strategy that 95-1=94-+-2=47

differs from above or the strategy
is not discernible

Answer Only Student writes only answer 31
(AO) without showing her/his work 30
No Response Student does not give an answer.

(NR)

Unwinding (U) strategy was the expected strategy for Item 2g. This strategy requires
to work backwards in the equation as “95-2=93 TL 93+3=31 weeks”. The
percentages of each strategy used by the experimental and control groups in Item 2g
are in Table 4.59.

Table 4. 59

The Percentage of Strategies used by EG and CG in Item 2g in FTT

Item 2g Strategy  Experimental Group Control Group
N=20 N=23

Pre Post Pre Post
Unwinding .00% 5.00% 13.04% 8.70%
Guess and Test  .00% 5.00% 4.35% 17.39%
Dividing by 3 5.00% .00% 4.35% .00%
Previous Item 10.00% 5.00% 13.04% .00%
Other 10.00% 35.00% 39.13% 60.87%
Answer Only 30.00% 35.00% 17.39% 8.70%
No Response 40.00% 15.00% 8.70% 4.35%

The Unwinding (U) strategy was the most sophisticated strategy. In the control

group, the percentage of using “U” strategy was higher than the experimental group.
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“Guess and Test” strategy was the application of the function rule by substituting
one value “31”. In the experimental group, AO and O strategies were used
predominantly (about 30% at pretest and 35% at posttest for AO and 10% at pretest
and 35% at posttest for O). Most of the students’ answers (about 61%) in the control
group were coded as “O” at posttest. Other stagey included responses such as “95+
6=16" and “32th week since 30" week he gets 90 TL, at 31% 93 TL, and at 32"
week 96 TL and 1 TL of him will remain in her pocket”.

As a result, students were more successful in Item1 than Item 2. Item 1 asked students
to define y=2x functional relationship. Students could organize table, realize the
patterns on the table and define functional relationship between the number of days
and the number of circles. Both experimental and control group students showed
similar performances in defining the functional relationship by their words (30% and
34% in experimental and control group, respectively). However, experimental group
students had better performance in defining the functional relationship by variables.
In addition, students were asked to draw a coordinate graph to represent functional
relationship in item 1. Students tended to draw bar graph at pretest. In contrast to
control group, more than half of the experimental group students were able to draw
a coordinate graph at posttest item 1. Item 2 asked students to define y=3x+2
functional relationship. Students had difficulty in organizing the table, realizing
patterns in the table and defining functional relationship between the number of the
weeks and the amount of money in the piggy bank. Most of the students ignored “2
TL in the piggy bank at the beginning” so they defined the functional relationship as
y=3x. In item 1d, control group students (34%) were better than the experimental
group (30%) in defining function rule in words. In contrast to Item 1, experimental
group students (25%) had better performance than control group in defining the
functional relationship by words item 2 at posttest. Moreover, experimental group
students were more successful in defining the functional relationship in variables for

both items.
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CHAPTER 5

DISCUSSION AND IMPLICATIONS

The purpose of the present study was to investigate the effects of functional thinking
intervention on students’ functional thinking skills. In this chapter, the findings will
be summarized and discussed. Also, recommendations and implications will be

presented.

12.1 The Effects of Intervention on Student’s Functional Thinking

The findings showed that there was no significant difference between the pre-test or
post-test scores of the experimental and control group students. Although the control
group’s mean (M=5.65) was higher than the experimental group’s mean (M=4.75)
at the pre-test, the experimental group’s mean (M = 7.05) was higher at the post-test
than the control group (M = 6.39). In contrast to the control group, the experimental
group showed a statistically significant gain between the tests. These findings
support the other studies (e.g., Blanton, Isler et al. 2019; Blanton, Stephens, et al.,
2015) in that the experimental group showed significant development in defining

functional relationships after the intervention.

Control group students did not receive any intervention about functional thinking.
According to Grades 1-8 National Mathematics Curriculum, (MoNE, 2018), students
worked on the geometric concepts (constructing basic geometric constructions; line,
line segment, ray, types of angles and defining place of the points by unit and
direction. Therefore, control group students’ development could not be explained by
the curriculum. However, control group students were interested in the content of the

study during the pre-test; they asked the researcher questions so they might have
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searched for variables and students might have become more familiar with the items

in the post-test, which could have affected the results of the study.

Blanton, Stephens et al. (2015); Blanton et al. (2018); Pinto and Canadas (2018)
performed intervention studies and found that extensive early algebra instructions
developed students’ algebraic thinking skills, including functional thinking. In
addition, non-intervention studies (e.g., Blanton & Kaput, 2004; Tanigh, 2011;
Tiirkmen & Tanisli, 2019) revealed that students were able to think functionally in

even early grades and they could engage in functional thinking activities.

Moreover, the descriptive results of the present study showed that the experimental
group students used more sophisticated strategies in defining functional relationships
than the control group students did at post-test. At the item level, in item 1e and 2e,
experimental group students significantly outperformed the control group in writing
the function rule in variables. Similarly, Blanton, Stephens et al. (2015) mentioned
that experimental students used more algebraic strategies than the control group did

at post-test.

12.2  Generalizations and Representations of Functional Relationships

Functional thinking is one of the three strands defined by Kaput (2008) and one of
the five big ideas of algebraic thinking (Blanton et al., 2011). Blanton et al. (2018)
defined functional thinking “to include generalizing relationships between co-
varying quantities and representing, justifying, and reasoning with these
generalizations through natural language, variable notation, drawings, tables, and
graphs” (p. 33). The present study aimed to investigate effects of functional thinking
intervention on students’ functional thinking skills. Students were asked to define
y=2x and y=3x+2 functional relationships. In general, students were more successful
in defining the y=2x functional relationship than y=3x+2. Similarly, Tiirkmen and
Tanigli (2019) and Blanton, Brizuela et al. (2015) reported that students could define

y=mx functional relationship easier than y=mx+b. On the other hand, some items
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could be responded using arithmetic strategies instead of the function rule. So,

control group students also were successful on those items.

In item 1a and item 2a, students were asked to find near value for the given patterns.
Item la included a visual pattern increasing by two circles for each day. Item 2a
asked to define the number pattern increasing by 3 TL for each week by starting 2.
Almost all students found near values correctly for item 1a by using drawing (15%
of the experimental group, approximately 22 % of the control group) and recursive
patterning (15% of the experimental group, approximately 23 % of the control group)
strategies, also by function rule (20% of the experimental group, approximately 26%
of the control group) at post-test. Most of the students wrote only answer as 10 circles
at the post-test (45% vs. about 30% for experimental and control groups,
respectively). However, item 2a was harder to find near values for students. Most of
the students could not find the near values correctly. Some students considered that
the amount of money (2 TL) in the piggy bank that was saved in the first week
(instead of 5 TL). Therefore, they answered for the second week as 5 TL (instead of
8), the third week as 8 TL (instead of 11) and so on. Some of the students ignored
the 2 TL in the piggy bank at the beginning; therefore, they found as 6 TL for the
second week, 9 TL for the third week, and 12 TL for the fourth week by using the
ruley = 3x instead of y = 3x +2.

In item 1b and item 2b, students were expected to complete or construct the function
table. Almost all of the experimental and control group students organized the table
correctly in item 1b that required y=2x functional relationship at posttest. Item 2b
was harder for students to construct and organize the table. Although a few
experimental students completed this item correctly at the pre-test, nearly half of the
experimental students constructed and organized the table at post-test. This result
was consistent with the study conducted by Isler et al. (2014/2015) and Stephens et
al. (2012) which stated third, fourth, and fifth-grade students could construct tables

representing functional relationships if appropriate experiences are provided. In
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addition, Yesildere-Iimre et al. (2017) found that while middle grade students were
focusing on arithmetic generalizations for figural patterns, they tended to define
algebraic generalizations for patterns presenting in the table. Therefore, tables helped
students to realize patterns and relationship between variables and to generalize those

relationships algebraically.

Initem 1c and item 2c, students were asked to describe patterns they saw in the table.
Almost half of the experimental group students and more than half of the control
group students defined the recursive pattern-general (L2) as “The number of circles
increases by 2” for item 1c at the pre-test. This was not surprising because recursive
patterns are focused on in the Grades 1-8 National Mathematics Curriculum (MoNE,
2018) through 5th grade. Although in the control group, the percentage of using
recursive pattern increased at post-test, it decreased in the experimental group. More
than half of the experimental group students defined covariational and functional
relationships at post-test. These findings were consistent with the study conducted
by Stephens et al. (2012), which asserted that a classroom teaching experiment based
on early algebra helped students regard the covariational and functional relationships
between two co-varying variables. On the other hand, for item 2c, the percentage of
the recursive pattern (the amount of money increasing by 3) increased at the post-
test in both the experimental and control groups. Students had difficulty in describing
the covariational and functional relationship between co-varying variables (the
number of weeks and the amount of money in the piggy bank). The control group

students were more successful than the experimental group in defining patterns.

In item 1d and item 2d, students were asked to define the function rule in words. The
control group was more successful in defining the function rule in words (39% vs.
5% for control and experimental group, respectively) at the pre-test in item 1d. In the
control group, the percentage of using covariational relationship (L3) increased at
post-test. However, in the experimental group, the percentage of writing the function

rule (functional condensed in words (L10)) increased (from 5% to 30%) at the post-
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test. This result was similar to the “main path”, that is, students tended to define the
recursive relationship at the beginning. Then, they shifted towards correspondence
thinking (Stephens et al., 2017). Similarly, in item 2d, while the control group
showed an increase (13% vs. 26% for pre-test and post-test, respectively) in the
covariational relationship (L3), the experimental group showed an increase (0% vs.
25% for pre-test and post-test, respectively) in writing the function rule (functional

condensed in words (L10)).

Item le and item 2e asked students to write the function rule in variables. As
expected, there were no students who defined the function rule in variables at the
pre-test. In item 1e, the experimental group showed development between the pre-
and post-test (from 0% to 45%) in defining the function rule by variables. On the
other hand, it was surprising that two students from the control group could write a
correct equation for item 1e at post-test. In item 2e, all students struggled with the
function rule. Stephens et al. (2017) found that students were more successful in
writing the function rule in variables than words. On the other hand, in the current
study, for the experimental group, the percentage of defining the function rule in
variables (25%) was equal to defining function rule in words (25%) for item 2e at
post-test. That is, students who defined the function rule in words could write an
equation. It was observed that one of the experimental students used variables to
represent quantities, but he could not write an equation for the relationship between
variables, and defined a recursive pattern using variables such as “Q QX”. This
showed that students needed more practice with variables to define the relationship
between two quantities in the equation form. In addition, for item 2e, some
experimental students wrote the function rule in a different way as “P-2+3=H”
instead of “(P-2)+3=H”. Those students were able to define the functional
relationship between the amount of money and the number of weeks but they ignored
the order of operations. In addition, one of the experimental students could find near
values and construct the table correctly in item 2. However, he could not write

function rule and use the equal sign correctly, such as “H X 2 =T + 2 = P” for the
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item 2e at post-test. Similarly, Strachota et al. (2016) investigated that while a
fourth-grade student could define function rule in the level of functional condensed
in variables (L9) for y=5x functional relationship, for the more challenging task, he
responded in the lower level as “x - 5 =y +2” instead of “x - 5 +2=y”. They reported
that his operational view of the equal sign (Stephens et al., 2013) affected how he

wrote the function rule.

In item 1f and item 2f, students were asked to find far values. In item 1f, students
could define y=2x functional relationship in words or variables; therefore, students
were more successful in finding the far value. Experimental and control group
students showed similar performance at the pre-test, and also both groups showed
improvement at post-test. However, the control group used the function rule more
than the experimental group did (96% vs. 85% for the control and experimental
group, respectively) at post-test. Similarly, Blanton, Stephens et al. (2015) did not
find significant difference between the non-intervention and intervention students in
finding the far function value. They explained that items asking near and far values
could be solved by arithmetic ways rather than algebraic ways so non-intervention
students could find correct results. In contrast to item 1f, students struggled with item
2f. So, the percentage of using the function rule was lower than 1f (25% vs. 30% for
the experimental and control group, respectively) at post-test. Also, there was not a
significant difference between the groups. Similarly, Stephens et al. (2012) working
with third through fifth-grade students on the Brady task problem that required
students to define y=2x+2 functional relationship. Stephens et al. (2012) reported
that both control and experimental groups showed development at post-test and there
was no significant difference between the control and experimental groups in
predicting far values at post-test. In the present study, there was no change in the
experimental group in terms of using the function rule to find the far value, and there
was a little decrease (approximately 4%) in the control group at post-test. While

“Answer Only (AO)” increased (from 5% to 15%) in the experimental group at post-
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test, “Incorrect Function Rule”, that is using y=3x instead of y=3x+2, increased

(from 13% to 30%) in the control group at post-test.

In item 1g, students were asked to construct a coordinate graph to show the
relationship between the number of days and the number of circles. In the pre- and
post-test, there were no students who constructed this graph correctly. In the pre-test,
the bar graph was a strategy used by both groups. In the Grades 1-8 National
Mathematics Curriculum (MoNE, 2018), until the 7th-grade level, students are
familiar with the bar graph. So, this result was anticipated. Moreover, a few students
in both groups placed points on the x and y axes correctly, but they matched the axes
without indicating points (coded as Axes Matched Correctly, AXM) in the pre-test.
In the post-test, more than half of the experimental group students placed the points
correctly on the axes but matched the axes without indicating points. Although those
students realized the relationship between the number of days and the number of
circles, they could not represent it in the coordinate graph. During the intervention,
graph representation was handled only in the third lesson plan, so this may not have
been sufficient for students to interiorize graphs for representing functional

relationships.

In item 2g, the value of the dependent variable was given, and the value of the
independent variable was asked. In contrast to Blanton, Stephens et al. (2015), the
percentage of the correct answer in the control group was higher than the
experimental group. In this item, it was aimed that students could use reversibility
and use the “unwinding” strategy that was accepted as a more algebraic strategy for
solving equations before students were taught equation solving at the middle school
(Blanton, Stephens et al., 2015, p. 57). Blanton, Stephens et al. (2015) found that
while 11% of the intervention group used the “Unwinding” strategy correctly, no
control group students used this strategy at post-test. In the present study, it was
surprising that both in the pre-test (0% vs. 13% for the experimental and control

group, respectively) and post-test (5% vs. 9% for the experimental and control group,
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respectively), more students in the control group used this strategy. The reason that
the experimental group might not have used this strategy was 35% of the
experimental students were found to give the correct answer without showing their

work (“Answer Only” strategy) at post-test.

As a result, there was no significant mean difference between the experimental and
control group at pre-test, bu, the control group’s mean was higher than the
experimental group at the pre-test. Although there was no significant mean
difference between the experimental and control groups at the post-test, the
experimental group showed a higher performance at post-test and significant pre-to-

post gains.

12.3 Implications

In this part, implications and recommendations for future studies will be presented.
As mentioned above, many studies (e.g., Blanton, Brizuela et al., 2015; Canadas et
al., 2016; Stephens et al., 2017) reported that students could define, represent, and
generalize function rules in words and variables in the case of providing appropriate
environment. The present study likewise found that functional thinking intervention
helped fifth-grade students to gain an algebraic approach to functional relationships.
In the present study, although students could define the y=2x functional relationship
by using multiple representations, students had difficulty in defining the function
rule in both words and variables for y=3x+2. However, it was observed that students
in this study needed more practice to comprehend the use of variables and the

relational meaning of the equal sign.

Also, in the Grades 1-8 National Mathematics Curriculum (MoNE, 2018), the
meaning of the equal sign is involved starting from first grade and students are
expected to work with visual and number patterns in different grade levels. Then,

they meet formal algebra , specifically variables, in 61 grade; equations in 71" grade
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and functional thinking take part in 8" grade and beyond. Celik and Giines (2013)
found that 71" and 8™ grade students had difficulty in comprehending literal symbols
as unknown, variable and generalized number. Although 9™ grade students were
expected to use diverse roles of litteral symbols in the mathematics curriculum,
most 9™ grade students could not understand the variable role of literal symbols.
Dede and Argiin (2003) assessed the reasons of students’ difficulties in terms of the
structure of algebra, students’ readiness level and the missing in teaching of algebra.
However, the present study showed that students could use variables and equations
to generalize functional relationships after the intervention, so students were capable
of thinking algebraically in early grades. In conclusion, functional thinking could
help students develop algebraic thinking if it was introduced early on in the
curriculum especially through contextual problems like that were used in this study;
therefore, curriculum developers could consider the results of this study in that
regard. Kaya and Kesan (2014) argued that algebraic thinking and reasoning starts
from elementary grades and continues with algebra instruction so providing learning
settings that develop students’ algebraic thinking is important. Functional thinking
activities based on contextual problems and multiple representations would be an
effective way to improve students’ algebraic thinking and reasoning in early grades.
Also, Carraher et al. (2006) defended that functions is a comprehensive topic that
unite the other subtopics of algebra, and it should be included in the curriculum in
early grades. Moreover, Carraher and Schliemann (2007, as cited in Stephens et al.,
2017) explained functional thinking as an essential way to algebra since it includes
generalizations of relations between variables, representing relationships by tables,
graphs, words, and algebraic notation and reasoning.

All in all, implementation is one of the key points to develop students’ algebraic
thinking, also functional thinking, so teachers’ approach and knowledge play an
essential role. Blanton (2008) suggested four instructional goals for teachers, which
are “representing, questioning, listening and generalizing” (p. 94). Teachers can

foster the classroom environment (using group works, contextual problems, whole-
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class discussions) so that students are able to represent algebraic situations and also
ask questions to help students justify their generalizations. Teachers’ role is essential
in planning algebraic thinking, specifically functional thinking activities and
implementing them effectively. Therefore, pre-service mathematics teachers and
elementary teachers should be asked to prepare lesson plans and activities based on
algebraic thinking including functional thinking for early grades in the methods
courses. Both preservice and inservice teachers should be made aware regarding the
role of early algebra including the focus on the meaning of the equal sign, different

roles of variables, and equations, and functional thinking.

There are some recommendations for future studies in light of the findings of the
present study. As mentioned before, the background characteristics of the students
should be regarded as important in experimental studies. Moreover, the scope of
functional thinking intervention should include algebraic concepts like the relational
meaning of the equal sign, using variables as letters to help students represent
function rules correctly and meaningfully. In addition to written responses of
students, pre-, mid- and post- interviews might help understand students’ thinking
and progress deeper at the beginning and end, and during the course of the
intervention. Future studies can also include the teacher perspective, teachers can
receive training to provide the functional thinking intervention themselves. Also, the
national and international studies on early algebra and functional thinking did not
focus on integrating technology at interventions. Technological tools would help
teachers and students in teaching and learning algebraic thinking in early grades. So,
it is suggested that future studies can focus on integrating technology perspective.
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APPENDICES

A FUNCTIONAL THINKING TEST

AD-SOYAD:

1. Selin, her giin okulda dairelerden olusan bir resim ¢iziyor. Selin’in ilk ii¢ giinde

cizdigi resimler agsagidaki gibidir:

1.Giin 2. Gln 3. Gin

a) Selin’in, 5. giinde ¢izecegi resimdeki daire sayisini1 bulunuz.

b) Elde ettiginiz verileri yandaki tabloya Giin sayis1 | Daire sayisi

yaziniz.
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¢) Tabloda hangi oriintiiler vardir? Ag¢iklayiniz.

d) Giin sayisi ile daire sayisi arasindaki iliskiyi agiklayan kurali sdzciiklerle

aciklayiniz.

e) Giin sayisi ile daire sayis1 arasindaki iliskiyi agiklayan kurali degisken

kullanarak yaziniz.

f) Selin’in, okulun 100. giiniinde ¢izecegi resimde kag tane daire olmalidir?

g) Giin sayisi ile daire sayis1 arasindaki iliskiyi grafikle gosteriniz.

Daire sayis1 A

5 Giin saysi
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2. Mert’in en basta kumbarasinda 2 TL’si vardir. Mert’in babasi ev
islerinde yardime1 oldugu icin her hafta Mert’e 3 TL verme karar1 almistir ve
Mert aldig1 harchiklar: kumbarasinda biriktirerek toplam parasi ile bir
bisiklet almaya karar veriyor. Buna gore;

a) Mert’in; 2 hafta, 3 hafta ve 4 hafta sonunda kumbarasindaki toplam para
miktart ne kadardir?

b) Elde ettiginiz bilgileri tablo olusturarak diizenleyiniz.
C) Tabloda hangi 6rtintiiler vardir? Agiklayimiz.
d) Hafta sayisi ile Mert’in kumbarasindaki toplam para miktari arasindaki

iligkiyi sozciiklerle aciklaymiz.
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e) Hafta sayis1 ile Mert’in kumbarasindaki toplam para miktari arasindaki
iliskiyi degisken kullanarak yaziniz.

f) Mert, 30 hafta sonunda kumbarasindaki toplam para miktari ne kadar olur?

Q) Mert’in almak istedigi bisikletin fiyati1 95 TL ise Mert ka¢ haftanin sonunda
bu bisikleti satin alabilir?
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Name - Surname:

1) Each day in the class, Selin creates a picture by drawing circles joined
together. Following are the pictures of circles that she drew on each day:

Day 1 Day 2 Day 3

a) How many circles are in her picture for Day 5?

b) Organize your information in the given Number of

table. Days

C) Which patterns do you see in the table? Describe.
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d) In your own words, describe the relationship between the number of days

and the number of circles.

e) Explain the relationship between the number of days and the number of

circles by using variables (letters).

f) How many circles will be in the picture that Selin draws on the 100th day of

the school? Show how you got your answer.

h) Show the relationship between the number of days and the number of circles on

the graph below.

Number of A

circles

> Number of the days
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2) There are 2 TL in Mert’s piggy bank at the beginning. Every week
Mert’s dad gives him 3 TL for helping with chores around the house. Mert is
saving his money in his piggy bank to buy a bike.

a) How much money is there in Mert’s piggy bank in total at the end of the
Week 2? Week 3? Week 4?

b) Organize your information in a table.

c) Which patterns do you see in the table? Describe.

d) In your own words, describe the relationship between the number of weeks
and the total amount of the money in Mert’s piggy bank.
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e) Explain the relationship between the number of weeks and the total amount
of money in Mert’s piggy bank by using variables (letters).

f) How much money will be in Mert’s piggy bank in total at the end of the
30th week? Show how you got your answer.

Q) If a bike’s cost is 95 TL, how many weeks will it take to have enough
money for the bike?
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B. LESSON PLANS FOR FUNCTIONAL THINKING INTERVENTION

DERS PLANI 1:

Bu derste hedeflenen kazanimlar,

s Bilinmeyen bir niceligi gdstermek i¢in bir degisken tanimlama
* Degiskenin roliinii degisen bir nicelik olarak inceleme

* Bir niceligi degisken kullanarak cebirsel ifade ile temsil etme
* Cebirsel bir ifadeyi baglam i¢inde yorumlama

Ogrencilerden beklenen 6n bilgiler:

* Bir esitlikte bilinmeyen say1y1 hesaplayabilir.
* Bilinmeyeni [, /\ gibi sembollerle ifade edebilir.
Ogretim Teknigi: Grup calismasi, Tartisma, Kesfetme

Materyal: Etkinlik kagitlar1, ¢ikis kartlar
Siire: 80 dk.

GIRIS (5-10 dk.):

o Derse etkinlik kagidindaki ilk soru ile baglanir.

o [lk soruda dgrencilerden esitliklerin dogru olmasi igin gerekli sayilari
bulmalari istenir.

o Esitligin anlami tizerinde durulmalidir.

. Ogrenciler esitlik semboliiniin ‘sonu¢’ anlamina odaklanarak yanls

cevaplar verebilirler. (8+42=50 ya da 53+27=n+23 n=80, n=103 olarak
cevaplayabilirler. ‘a+11=13+7" ifadesinin yanlis oldugunu, esitlikten sonra
toplama islemi olmaz gibi cevaplar verilebilir.)

J Bu cevaplarin gelmesi durumunda esitlik semboliiniin anlam1 denge ve esit
kollu terazi kavramlar1 {izerinden anlatilabilir.

. Ogrenciler esitligi “islem yapmak” (53+27=n+23 n=80) ya da esitligin
iki tarafinin esitligini kontrol etmek igin iki taraftaki islemlerin sonuglarini
karsilastirir (53+27=n+23 esitliginde 53+27=80 bu nedenle esitligin diger
tarafinin da 80 olmas1 gerektigi i¢in 80-23= 57 n=57). Ogrencilerden esitlik
semboliiniin iligkisel anlamini1 kavramalari beklenir (53+27=n+23 esitliginde
esitlik sembolii terazi gibi diisiiniilerek sol taraftaki 27 sayisi 4 azalarak 23 olmus
bu durumda dengenin bozulmamast igin sol taraftaki 53 degeri 4 artmalidir yani
n=57).
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o Ogrencilere bu sorudaki kutu, cizgi, nokta ve harflerin neyi ifade ettigi
sorulmalidir. Bu sembollerin gorevi nedir sorusu sorularak d6grencilerin bilinmeyeni
ifade etmek i¢in g¢esitli semboller kullamildigini ve ‘bilinmeyen(unknown)’
kavramini kavramasi amag¢lanmaktadir.

GELISME (25-30 dk):

Etkinligin ana kismi1 2. Ve 3. Sorudan olugmaktadir.

. Ogrencilerin 3-4 kisilik gruplar halinde ¢alismalari istenir.
J Ogrencilere 2. Soru igin diisiinme siiresi verilir bu sirada gruplar gézlemlenir.
o 2. Sorunun ilk kisminda (a) 6grencilerin problemdeki bilinmeyen seker

sayilarin1 resim kullanarak (kutu, nokta , daire...vb.) ¢izmeleri ya da tahmini
degerleri tablo halinde yazmalar1 ve buradan bilinmeyen degeri ifade etmek icin
sembol kullanmaya gegcilebilir.

o Tablo olusturmada 6grencilere yardimei olmak igin 6nce 6grencilerden seker
sayilar1 i¢in tahminler alinir ve tabloya yazilir.

J Farkli 6grencilerden farkli say1 tahminleri gelecektir. Bu durumda seker
sayisin bilinmedigini ve herkesin farkli tahminini genellemek i¢in baska bir sekilde
ifade edilmesi gerektigi vurgulanir.

. Ogrencilerden gelen farkli sayisal cevaplar iizerinde durularak * Herkesin
farkli tahminleri var ve hepsi farkli ve biz hem Elif’in hem de Can’in seker sayisini
bilmiyoruz. Bilinmeyen bir niceligi ifade etmek i¢in ne yapariz?” seklinde 6grenciler
sembol kullanmaya tesvik edilebilir.

J Ogrencilerin Can’in sahip oldugu seker sayisini [, Elifin sahip oldugu
seker sayisini [_]+3 olarak ifade etmesi beklenir

o Burada [ ifadesinin yerine X,y,z,n,a,b,c gibi degiskenler kullanmaya gecis
yapmak icin ‘Seker sayisini daha farkli sekilde nasil ifade edebiliriz?’sorusu
yoneltilebilir.

o Son durumda Ogrencilerin Can’in sahip oldugu seker sayisim n , Elif’in
sahip oldugu seker sayisin1 n+3 olarak ifade etmesi beklenir.

o [k sorudaki sembollerin kullanimina ve anlamma yénelik © Kullandigimiz
kutu ve harfler neyi ifade etmektedir?’ sorusu yoneltilmelidir.

J 1. Soruda bilinmeyeni ifade ederken kutu ve harflerin kullanildigina vurgu
yapilarak bu soruda da bilinmeyen seker sayisini ifade etmek igin farkli semboller
kullanilabilecegi {izerinde durulur.

. Ogrencilerden Elif’in seker sayisini a,b,c,n Can’m seker sayisini a+3,b+3,
c+3, n+3 seklinde bilinmeyen kullanarak ifade etmeleri beklenmektedir.

o Asagidaki tablo sayilardan sembol ve harf (bilinmeyen) kullanimina
gecerken kullanilabilir.
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Elif’in seker sayisi Can’1n seker sayisi

1 1+3=4
2 2+3=5
5 5+3=8
10 10+3=13

[] [ ]+3

N N+3
a a+3
o 3. Soru i¢in 6grencilere diisiinme siiresi verilir. Grup i¢inde tartismalari
istenir.
o Tablo ve resim kullanmalar1 i¢in yonlendirme yapilabilir.
o Ogrencilere seker sayilar1 ici tahmin yapmalari istenir. Toplami 28 olan

farkli durumlari sdylemeleri beklenir (14 ve 14, 18 ve 10 gibi).

Hikaye Kitab1 Sayisi Siir Kitabi Sayis1 Toplam Kitap sayist
5 23 5+23=28
7 21 7+21=28
10 18 10+18=28
14 14 14+14=28
[] A [+ /\=28
a b a+b=28
. Burada hikaye ve siir kitaplari igin igin farkli degiskenler kullanmalari
gerekmektedir
o Kullanilan sembollerin gérevi ve anlamina yonelik ‘Kullandigimiz sembol
ve harfler neyi ifade etmektedir?’ sorusu sorulmalidir.
° Onceki soruda kullanilan sembollerin ve harflerin bilinmeyeni, bu soruda

kullanilan sembol ve harflerin degiskeni temsil ettigi {izerinde tartisilmalidar.
. Kullanilan degiskenlerin ifade ettigi niceligi tanimlamalar1 6nemlidir.
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BITIS (5 dk.)

. Derste yapilan etkinliklerin amagclar1 ve sonuglart 6zetlenir.
. Bilinmeyen(unknown) ve degisken(variable) kavramlari tekrar edilir.
*  Bir egitlikte sabit bir say1 degerinin yerini tutan sembol ve harflere
bilinmeyen ( n,n+3) gibi),
*  Birden fazla bilinmeyen degeri ifade eden sembol ve harfler degisken
(x+y=28) olarak tanimlanmaktadir.
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ETKINLIK KAGIDI 1

1) Asagidaki esitliklerde bilinmeyen sayilar1 bulunuz.

15+[ ] =22 __-37=148
8+42=.... +8 9.6=6. X
5+4= 3+ a+11=13+7
53+ 27= 1N+ 23 118+ Y =62+ 119
2) Elif ve Can’1n birer kutu sekeri vardir. Ikisinin kutusunda da esit

saylda seker vardir. Elif’in elinde 3 tane daha seker olduguna gore;

a) Elif ve Can’in seker sayilarini farkh sekillerde ifade edebilir
misiniz?(Resim, tablo,..)

b) Elif ve Can’in sahip oldugu seker sayilarinmi1 sembol (sekil, harf)
kullanarak matematiksel olarak ifade ediniz.

3) Tuna oykii ve siir kitaplarin1 okumay1 ¢ok seven bir ¢ocuktur. Tuna,
okudugu oyKkii ve siir kitaplarindan olusan bir kiitiiphane kurmayi hayal
etmektedir. Su anda Tuna’nin toplam 28 tane oyKkii ve siir kitab1 olduguna
gore;

a) Tuna’nin kitaphgindaki oykii ve siir kitabi sayillarim farkh sekillerde
ifade edebilir misiniz? (Resim, tablo,..)

b) Tuna’mn kitaphgindaki oykii ve siir kitabi sayilarin1 degisken

kullanarak matematiksel olarak nasil ifade edebilirsiniz?
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DERS PLANI 2
Bu derste hedeflenen kazanimlar;

*  Elde ettigi verileri tablo kullanarak diizenleyebilme

*  Degiskenleri ve degisken rollerini s6zel olarak tanimlayabilme

*  Ozyinelemeli driintii (recursive pattern) sdzel olarak tanimlayabilme

*  Birlikte degisimsel iliski (covariational relationship) sdzel olarak
tanimlayabilme

*  Fonksiyon kuralin1 s6zel ve sembolik olarak tanimlayabilme(y=X iligkisini
kurabilme ,s6zel ve sembolik olarak tanimlayabilme)

Ogrencilerden beklenen 6n bilgiler:

*  Bilinmeyen bir niceligi gdstermek i¢in bir degisken tanimlama
*  Degiskenin roliinli degisen bir nicelik olarak inceleme
*  Bir niceligi degisken kullanarak cebirsel ifade ile temsil etme
*  Cebirsel bir ifadeyi baglam i¢inde yorumlama

Ogretim Teknigi: Kesfetme, Tartisma, Grup Calismasi
Materyal: Etkinlik kagitlari, Cikis kartlar

Siire: 80 dk

Baslangic (10 dk.):

*  Onceki derste dgrenilen bilinmeyen ve degisken kavramlarmin anlamma ve
kullanimina ydnelik tekrarlar yapilir.
% Bsittir igaretinin anlami lizerine tekrar yapilir.

Gelisme (60 dk.):

e (Caligsma kagitlar1 dagitilir.

e Ogrenciler 3-4 kisilik gruplara ayrilir.

e Ogrencilerin problem iizerinde konusmasi, anlamasi ve problemi tartismalari
i¢in zaman verilir.

e Ogrencilerin 2 tavugun 2 yumurta, 3 tavugun 3 yumurta, 4 tavuk i¢in 4 yumurta
ve 5 tavuk i¢in 5 yumurta Oriintiisiinii belirlemesi gerekmektedir.

e Tablo ile calisma konusunda karisiklik yasanmasi durumunda tablo diizenleme
kisminda yardimci olunabilir.
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o Tablodan da yararlanarak 6riintiiniin nasil ilerledigi sorulabilir. Ogrenciler
sadece yumurta sayisinin ardisik olarak arttigini ve kurali +1 olarak
tanimlayabilirler bu durumda ileri adimlar sorulabilir. 50 tavuk, 100 tavuk gibi.

. Tavuk sayis1 ve yumurta sayisi arasindaki iliskiyi tanimlamakta
zorlanmalar1t durumunda

“Tavuk sayist .... artarken, yumurta sayisi .... artar.” Ifadesi ile birlikte degisimsel

iliski (covariational relationship) tanimlamalar1 konusunda yonlendirme yapilabilir.

. Ogrenciler tabloyu dikey olarak yorumlayarak 6zyinelemeli(recursive
pattern) tanimlayabilirler. Bu durumda tabloya yatay olarak bakmalar1 konusunda
yonlendirme yapilabilir.

o Bu asamada 6grencilerden “Tavuk sayis1 ve yumurta sayisi esittir” ya da
“Yumurta sayis1 tavuk sayisinin 1 katidir.” iliskisini bulmalar1 beklenir.

o Sozel olarak ifade edilen iliskiyi degisken olarak ifade etmeye gecerken
oncelikle semboller kullanilabilir. /\, [ ]

o Tavuk sayis1 T ile yumurta sayis1 Y ile gosterilebilir. Ogrencilerin T=Y ya
da t=y fonksiyonel gosterime ulagmalar1 nemlidir.

. Yazilan esitligin genel bir fonksiyon kurali oldugu iizerinde durulmalidir.

Bitis (10dK.):

¢ Ders i¢indeki etkinlikler, etkinligin amaci ve ulasilan sonuglar 6zetlenir;
*  Birlikte artig gosteren, iKi deger i¢in de artis miktar1 ayni olan degiskenler
arasindaki iligkiyi gosteren ifade “y=x "dir.
o Cikis kart1 dagitilir ve ¢dziim igin stire verilir.
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ETKINLIK KAGIDI 2

1) Ali amca organik yumurta satmak i¢in bir tavuk c¢iftligi kurmak
istemektedir. Ali amca yaptig1 arastirma sonucunda bir tavugun giinde 1 tane
yumurta verdigini 6grenir. Buna gore;

a) Ali amca giftlige 2 tavuk alirsa glinde kag tane yumurta elde eder? 3 tavuk ?
4 tavuk? 5 tavuk?

b) Elde ettiginiz verileri tabloya yerlestiriniz.

Tavuk Sayist  Yumurta Sayisi

c) Tabloda hangi oriintiiler vardir? Ag¢iklaymiz.

d) Tavuk sayisi ile yumurta sayisi arasindaki iliskiyi nasil ifade edebilirsiniz?

e) 50 tavuk alirsa bir giinde kag¢ tane yumurta elde eder?
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DERS PLANI 3:

Bu derste hedeflenen kazanimlar;

* Elde ettigi verileri tablo kullanarak diizenleyebilme

* Degiskenleri ve degisken rollerini sozel olarak tanimlayabilme

* Ozyinelemeli &riintii (recursive pattern) sozel olarak tanimlayabilme

* Birlikte degisimsel iliski (covariational relationship) sdzel olarak
tanimlayabilme

* Fonksiyon kuralini s6zel ve sembolik olarak tanimlayabilme(y=2x ve y=3x

iliskisini kurabilme, s6zel ve sembolik olarak tanimlayabilme)
* Degiskenler arasindaki fonksiyonel iliskiyi grafik tizerinde gosterebilme

Ogrencilerden beklenen 6n bilgiler:

* Ogrenciler elde ettigi verileri tabloya yerlestirebilir
* Tablodaki oriintiiyii ifade edebilir.
* Fonksiyon kuralini s6zel ve sembolik olarak tanimlayabilme(y=x iligkisini

kurabilme, s6zel ve sembolik olarak tanimlayabilme)
Ogretim Teknigi: Kesfetme, Tartisma

Siire: 80 dk.

Baslangic (5 dk.):
. Onceki dersle ilgili tekrar yapilmalidir.
o Onceki derse ait degerlendirme sorusu ile ilgili kavram yanilgilarma yénelik

geri dontigler yapilabilir. y=x fonksiyonuna yonelik grafik ya da tablo verilip hangi
fonksiyonel iliskiyi gdsterdigi sorulabilir. Ogrencilerin y=x fonksiyonunu
anlamlandirmasi ve kavramasi bu ders i¢in 6n kosul becerisi olmasi agisindan
onemlidir.

Gelisme (25 dk):

. Etkinlik kagitlar1 dagitilir ve 6grencilerin problemi anlamalari i¢in siire
verilir

. Problemi agiklamalar1 istenir. Verilen, istenen, bilinmeyen ... vb.

o Ogrencilerin problemi nasil yorumladiklarini ve izledikleri yollar
gbzlemlenir.
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*  Bu asamada 1 képek kag goze sahiptir? 2 kopegin kag tane gozii vardir?
3 kdpegin kag tane gozii vardir seklindeki sorular égrencilerin sayisal
olarak birden ¢ok degerin oldugunu ve bu sayilarin nasil bir ériintii
seklinde ilerledigi konusunda yardimct olur.

. Ogrencilerden gelen tiim say1 ve olasiliklar tahtaya yazilir.
J Ogrencilerin bu degerleri tabloya yazmalari istenir.
o Tablodaki degerler arasindaki Oriintii tizerinde konusulmalidir.

*  Bu kisimda 6grencilerin gdz sayisini1 gosteren siitundaki sayilar arasinda
+2 (6zyinelemeli Oriintii) seklinde ilerleyen bir oriintli tanimlamasi
beklenmektedir.

*  Kopek sayisi ile goz sayisi arasinda iligki olup olmadig1 sorusu
yoneltilebilir. Yukaridan asagiya olan bir iligki yerine sagdan sola olan
(kopek sayisi ile goz sayisi) iliskiye odaklanmalari saglanabilir.

e Ogrencilerin “gdz sayist kdpek sayismin 2 katidir” iliskisine ulasmasi amaglanir.
Bu iligskiye yonlendirmek amaciyla “Kdopek sayist 1 artarken, goz sayist .... Artar”
ifadesi yardimci olabilir.

e Sembol kullanarak ifade etmeleri igin n tane kdpegin goz sayisini ya da herhangi
bir sayidaki kdpegin sahip oldugu goz sayisini nasil ifade edebiliriz sorusu
yoneltilebilir.

e Ogrenciler 2xn ya da 2xK ifadelerini kullanabilirler.

¢ Bu durumda 100 tane kdpegin kag tane gdze sahip oldugu sorusu yoneltilerek
kurali uygulamasi beklenir.

e Fonksiyonel iliskiyi gostermek i¢in onceki derste 6grenilen y=x fonksiyonundan
yola ¢ikilarak y=2x sonucuna ulagsmalar1 gereklidir. Bunu saglamak icin bir 6nceki
adimda yazdiklar1 2xn ya da 2xK ifadelerinin neye esit oldugu sorulabilir.

e Degisken kavramina gegis kisminda once Bl ve A sembolleri kullanilip daha
sonra harf kullanimina gidilebilir.

e Son olarak 6grencilerin y=2X iligkisini koordinat grafik lizerinde gostermeleri
istenir. Bu kisimda tabloya doniilerek kopek sayisina karsilik gelen g6z sayisi
incelenerek tabloya yerlestirilebilir.

« Ogrencilerden beklenen y=2x iliskisini kullanarak degerleri belirlemeleridir.

Bitis (10 dk.):

. Ders i¢indeki etkinlik ve ulasilan sonuglar tekrar edilir.

. y=2x fonksiyonunun anlam1 ve gosterimi iizerinde tekrar durulur.
o Cikis kartlar1 dagitilir ve ¢ozmeleri i¢in siire verilir.
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ETKINLIiK KAGIDI 3

1) Kopek barmmaginda ¢alisan bir gorevli oldugunuzu diisiiniin ve
kopeklerin sahip oldugu goz sayisin1 bulmak istiyorsunuz.

a) Bir kdpek kag tane goze sahiptir? 2 Kopegin kag¢ gozii vardir? 3 kdpegin kag
gozl vardir?

b) Elde ettiginiz verileri tabloya yerlestiriniz.

Kopek sayis1 | GOz sayist

C) Tablodaki veriler arasinda bir oriintli var midir? Var ise bu Oriintliyli
tanimlayiniz.

d) Kopek sayisi ile gdz sayis1 arasinda bir iligki var midir? Var ise bu iligkiyi
aciklaymiz.

e) Bu barinakta 100 kopek varsa, g6z sayisi kagtir?
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f) Barinakta bulunan herhangi bir sayidaki kopegin sahip oldugu goz sayisini
nasil ifade edersiniz? ( Bu barinakta n tane kopek varsa, goz sayisini nasil ifade
edersiniz.?)

Q) Kopek sayisi ve toplam goz sayisi arasindaki iligkiyi grafik {izerinde
gosteriniz.
G0z sayisi 'ﬁ
>
Kopek sayisi
CIKIS KARTTI:

Barinakta calisan bir gorevli oldugunuzu diisiiniin. Barinaktaki kéopeklerin
sahip oldugu toplam goz ve kuyruk sayisint bulmak istiyorsunuz. Buna gore
barinakta bir kopek varsa toplam goz ve kuyruk sayisi kactir? 2 kopegin sahip
oldugu toplam goz ve kuyruk sayisi? 3 kopek?

a) Elde ettiginiz verileri tablo kullanarak diizenleyiniz. Tablodaki éviintiiyii
nasil ifade edebilirsiniz?

b) Kopek sayist ile toplam goz ve kuyruk sayist arasindaki iliskiyi nasil ifade
edersiniz?

C) n tane képegin sahip oldugu toplam goz ve kuyruk sayisint nasil ifade
edersiniz?
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d) 100 képegin sahip oldugu kuyruk ve goz sayist kactir?

DERS PLANI 4:
Bu derste hedeflenen kazanimlar;

Elde ettigi verileri tablo kullanarak diizenleyebilme

Degiskenleri ve degisken rollerini sozel olarak tanimlayabilme

Ozyinelemeli oriintii (recursive pattern) sozel olarak tanimlayabilme

Birlikte degisimsel iliski (covariational relationship) s6zel olarak tanimlayabilme
Fonksiyon kuralini s6zel ve sembolik olarak tanimlayabilme(y=x+1) iligkisini

kurabilme, sozel ve sembolik olarak tanimlayabilme)
Bagimli degiskene ait bir deger verildiginde bagimsiz degiskene ait degeri

hesaplayabilir.
Ogrencilerden beklenen 6n bilgiler:

Ogrenciler elde ettigi verileri tabloya yerlestirebilir

Tablodaki oriintiiyii ifade edebilir.

Degisken iceren ifadeler yazabilir.

Fonksiyon kuralini s6zel ve sembolik olarak tanimlayabilme(y=x, y=2x iliskisini

kurabilme, s6zel ve sembolik olarak tanimlayabilme)

Ogretim Teknigi: Grup calismasi, Kesfetme, Tartisma

Materyal: Etkinlik kagitlari, degerlendirme kartlari, kurdele, makas
Siire: 80 dk.

Baslangic(S dk.):

e Onceki ders ile ilgili tekrar yapilir. y=ax fonksiyonunun anlami, degiskenler
arasindaki iliski tekrar edilebilir.
e Cikis kartindaki soru ile ilgili farkli ¢6zliim ya da kavram yanilgilar var ise bunlar

tekrar edilir.
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Gelisme (25-30 dk):

. Ogrencilerden 4 kisilik gruplar olusturmalar istenir.

. Her gruba kurdele ve 1’er tane de makas dagitilir.

. Etkinlik kagitlar1 dagitilir.

o Ogrencilerin ellerindeki kurdeleyi kesmeden 6nce ellerinde kag parca
kurdele oldugu sorulur. Daha sonra kurdeleyi 1 kez kestiklerinde elde ettikleri
parca sayisi sorulur. Bulgular verilen tabloya kaydetmeleri istenir.

. Bu islemler 6grencilerin 5 kesim yapmasina kadar devam eder.

° Olusturulan tablodaki oriintliyli agiklamalar1 beklenir. Bu kisimda
ogrenciler “Parc¢a sayist +1 olarak ilerliyor.” seklinde bir oriintli tanimlayabilirler.
. Degiskenlerin neler olduguna dikkat ¢ekilir. Degiskenler (kesim sayis1 ve
parca sayisi) arasinda iliski olup olmadig1 sorularak tablo iizerindeki yatay iliskiye
odaklanmalar1 saglanmalidir.

. Ogrencilerden beklenen iliski tanimi “Parca sayist kesim sayisinin bir
fazlasidir.” seklindedir.

o Ogrencilerin sembolik ifadeye gecmeleri i¢in “Herhangi bir sayida yapilan
kesim sonucunda elde edilen par¢a sayisini nasil ifade edebilirsiniz?” ya da “n tane
kesim sonucunda elde edilen par¢a sayisini nasil ifade edebilirsiniz?” seklindeki
sorular yoneltilebilir.

. Parca sayisi (P), Kesim sayisi (K) olarak tanimlanabilir. Ulasilacak sonug

G‘P:K_l_] » ya da GCy:x_l_] »

Bitis(5 dk.) :

. Ders icindeki etkinlik, ders i¢inde 6grenilmesi amaglanan kazanimlar tekrar
edilir.
. Ogrencilerin ders ile ilgili geri bildirimlerini almak i¢in 3-2-1

degerlendirme kartlar1 dagitilir.

Not: Bu dersin degerlendirme kismi bir sonraki dersin sonunda iki fonksiyonu

cesidini igeren bir ¢ikis karti ile birlikte yapilacaktir.
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ETKINLIK KAGIDI 4
- /

1) Elinizdeki kurdeleleri istenilen sayida kesiniz ve elde ettiginiz parga sayisint
tabloya yaziniz.

Kesim sayis1 | Parca sayisi

B Wl N | O

5

2) Tablodaki o6riintiiyii tanimlayiniz.

3) Kesim sayisi ile parca sayis1 arasindaki iliskiyi agiklayiniz?

4) Kesim sayist ile parga sayis1 arasindaki iliskiyi degisken kullanarak
matematiksel olarak nasil ifade edebilirsiniz?

5) Bir kurdeleyi “n”" defa kestigimizde elde ettigimiz parca sayisini nasil ifade
edebilirsiniz?

6) Bir kurdele belirli bir sayida kesiliyor ve 100 tane parca elde ediliyor ise bu
durumda kag¢ kesim yapilmigtir?
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DERS PLANI 5:
Bu dersin kazanimlari;

*  Elde ettigi verileri tablo kullanarak diizenleyebilme

*  Degiskenleri ve degisken rollerini s6zel olarak tanimlayabilme

«  Qzyinelemeli oriintii (recursive pattern) sozel olarak tanimlayabilme

*  Birlikte degisimsel iliski (covariational relationship) sdzel olarak
tanimlayabilme

*  Fonksiyon kuralin1 sézel ve sembolik olarak tanimlayabilme(y=2x+1) iligkisini
kurabilme, s6zel ve sembolik olarak tanimlayabilme)

*  Bagiml degiskene ait bir deger verildiginde bagimsiz degiskene ait degeri

hesaplayabilir.
Ogrencilerden beklenen 6n bilgiler:

« Ogrenciler elde ettigi verileri tabloya yerlestirebilir

* Tablodaki Oriintliyli ifade edebilir.

* Degisken igeren ifadeler yazabilir.

* Fonksiyon kuralini s6zel ve sembolik olarak tanimlayabilme(y=X, y=2x, y=x+1
iliskisini kurabilme, sdzel ve sembolik olarak tanimlayabilme)

Ogretim Teknigi: Grup calismasi, Kesfetme, Tartisma

Materyal: Etkinlik kagitlari, degerlendirme kartlari, kurdele, makas

Siire: 80 dk.

Baslangi¢ (5dK.):

e Onceki derste kurdele kesimi siireci, bu siirecin sonunda elde edilen sonuglar ve
ders sonundaki degerlendirme kartlarindan yola ¢ikilarak tekrar yapilir.
e Kavram yanilgisi olan noktalar varsa kisa siirede geri doniisler yapilarak yeni

ders baglangici yapilir.
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Gelisme (65 dk.):

e Onceki derste yapilan kurdele kesme etkinligi hatirlatilarak bu sefer diigiimlii
kurdeleler kullanarak kesme islemi yaparsak nasil bir iligki ortaya ¢ikar seklinde bir
giris yapilabilir.

e Ogrenciler grup ¢alismas1 yapmak icin 4 kisilik gruplara ayrilir.

e Her gruba 4 farkli renkte (mavi, kirmizi, pembe, sar1) kurdeleler ve birer makas
verilir.

e (alismalar sirasinda kullanacaklari etkinlik kagitlart dagitilir.

e Her kurdelede 1 diigiimiin olmasina dikkat cekilir.

e Hic kesim yapmadan kag parca oldugu sorulur.

e Ilk kesim tiim sinifla birlikte yapilir.

e Her gruptan kirmizi1 kurdeleyi almalar1 ve diigiim yerinden ikiye katlamalar1
istenir. Daha sonra diigiim disindaki bir noktadan 1 kere kesim yapilmasi istenir ve
kag parga kurdele elde edildigi tizerine konusulur. Her grubun 3 parga elde
ettiginden emin olunmalidir.

e Bulunan degerler tabloya yazilir.

e Mavi kurdele i¢in ayn1 sekilde katlanarak 2 kesim, pembe kurdele i¢in 3 kesim
ve sar1 kurdele i¢in 4 kesim yapmalar1 gerektigi anlatilir.

e Ogrencilerin bulduklari sonuglari tabloya yazmalar1 beklenmektedir.

e Grup caligmasi sirasinda gruplar gozlemlenir.

e Daha sonra tablodaki veriler arasinda bir 6riintii olup olmadig1 var ise
tanimlamalari istenir.

e Oriintiiyii sadece parca sayisina odaklanarak yani tabloda yukaridan asagiya
ilerleyen yinelemeli bir Oriintii olarak tanimlayabilirler.

e Kesim sayis1 ve parga sayist arasinda iligki olup olmadig1 sorulur.

o Kesim sayisi ve parga sayisi arasindaki iligkiye dikkat cekmek i¢in “Kesim
sayist .... artarken elde edilen parca sayisi .... seklinde artar.” Ifadesi
kullanilabilir.

e Herhangi sayida yapilan kesimden elde dilen parga sayisini nasil ifade

edebilecekleri ya da n tane kesim sonucunda kag parca elde edilir seklinde sorular
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yoneltilerek aradaki iliskiyi sembolik olarak ifade etmeleri konusunda yardimci

olunabilir.

e Parca sayis1 (P), Kesim sayis1 (K) ile gosterilebilir. iliskiyi aciklayan sembolik

gosterim “P=2xK+1" ya da “y=2x+1" olarak tanimlanabilir.

e Kurali bulduktan sonra 20 kesim sonucunda kag tane parca elde edilecegi

sorusunun cevabini kurali kullanarak vermeleri beklenir.

Bitis (10 dk.):

e Ders igindeki etkinlik siireci ve ulasilan fonksiyonda “y=2x+1" degiskenlerin
anlami, degiskenler arasindaki iliski tekrar edilerek ¢ikis kartlar1 dagitilir.

e Cikis kartlarin ¢6ziimii i¢in zaman verilir.
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ETKINLIK KAGIDI 5

-

”
N

a) 1 Kesim yapildiginda kag parca elde edilir?
> 2 Kesim yapildiginda kag parga elde edilir?
> 3 Kesim yapildiginda kag parca elde edilir?
> 4 Kesim yapildiginda kag parca elde edilir?

b) Elde ettiginiz verileri tablo olusturarak diizenleyiniz.

C) Tablodaki veriler arasinda bir oriintli var m1? Var ise bu oriintiiyii
tanimlayiniz.

d) Kesim sayis1 ve parca sayist arasinda iligki var midir? Var ise bu iliskiyi

nasil tanimlarsiniz?

e) Bu iliskiyi degisken kullanarak nasil ifade edebilirsiniz?

f) 20 defa kesim yapildiginda kag parca elde edilir?
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CIKIS KARTI
Nehir arkadaslarim davet ettigi bir dogum giinii partisi planlamaktadir.
Partiden o6nce herkes icin yeterli sayida oturma yeri olup olmadigindan emin

olmak istiyor. Nehir kare seklindeki masalara sahiptir.

Nehir ikinci masaya
bir masa daha eklerse
3 masada sekildeki
gibi 6 Kisi
oturmaktadir.

O ©6 ® 006
S 50 © 00

Bir masada sekildeki gibi ~ Nehir bir masa daha
eklediginde;

2 masada sekildeki gibi
4 kisi oturmaktadir.

2 kisi oturmaktadir.

a) Asagidaki tabloyu doldurarak farkh sayidaki masalara oturabilecek
kisi sayisim1 gosteriniz.

Masa Sayisi Kisi sayis1

1 2

2 4

3

4

5

6

7
b) Olusturdugunuz tabloda bir oriintii var mi? Var ise bu oriintiiyii
tanmimlayiniz.
C) Masa sayisi ile kisi sayis1 arasinda bir iliski var midir? Var ise bu iliskiyi

sozciiklerle nasil tanimlarsimiz?
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d) Bu iliskiyi degisken kullanarak nasil ifade edebilirsiniz? Bu degiskenler
neyi ifade ediyor?

e) Bu parti icin 100 masa birlesik olarak (yukaridaki gibi) dizilirse kag Kisi
partiye katilabilir?

Nehir masanin u¢larina iki kisinin daha oturmasi durumunda daha fazla
Kisiyi davet edebilecegini fark etmistir. Ornegin, eger Nehir sekildeki gibi 2
masay1 birlestirirse 6 Kisi oturabiliyor; 3 masayi birlestirirse 8 Kisi

oturabiliyor.

© © © ©

f) Yeni durum c ve d siklarinda yazdigin kurah nasil etkiler?

)] Yeni durumda masa sayisi ve Kisi sayisi arasindaki iliskiyi sozciiklerle
nasil tammlarsiniz?

h) Yeni durumda masa sayisi ve Kisi sayis1 arasindaki iliskiyi degisken
kullanarak nasil ifade edebilirsiniz? Bu degiskenler neyi ifade ediyor?

179



)] Yeni durumda bu parti icin 100 masa birlesik olarak (yukaridaki gibi)
dizilirse kag kisi partiye katilabilir?

j) Yeni durumda bu partiye 100 Kisinin katilabilmesi i¢in ka¢ tane masa
gereklidir?
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C. APPROVAL OF THE UNIVERSITY HUMAN SUBJECTS ETHICS
COMMITTEE

UYGULAMALI CTIC ARASTIRMA MERKED \1| ORTA DOGU TEKHIK OHIVERSITESI
APFLIED ETHICS RESCAACH CEHTER '/ MIDOLE EAST TECHMICAL UMIYERGIT

OUsLLIP I HAS B ULYARY NHEHI
CAREATL OREARESTIIRMETS

wanm Bmeluatile

sayie 28820816 § {5l

15 ARMUK 2D18

Konu: Degrerlendirme Sanucu

Gonderen: ODTU insan Aragtirrnalar Etik Kurwle {WAEK)
gt Insan Aragtrmalars Etik Kuruly Bagwarasw

Sayn Or.0gretim Cyesi 151 [SLER BAYEAL

Dangmanhgim yaptging Gllner AKIN' N *5, Sinif Ofrencilerinin Fonksiyonel Diiginme Becerilerinin
fncelenmesi® basgdikl arastirenas insan Aragormalan Etik Kurulu tarafindan uygun gérilerek gerekdi
onay 2003-E6T-200 protokol nurnarad ile Bragtirma yapmas cnaylanrmgtr.
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Sayglanimla bilgilarinize sunanm,

PraffDr. Ayhan S0L Praf. Dr. ?yhan Gorbiiz EMIR (L )
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pmf.nr.ﬁ;g}'unwmm;u Dag. Or. Emre SELGUK
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D. APPROVAL OF THE MINISTRY OF NATIONAL EDUCATION

T.C.
MILLI EGiTiM BAKANLIGI
Temel Egitim Genel Miidirliigi

Say1 :70297673-605.01-E.668444 10.01.2019
Konu : Tez Onerisi

ORTA DOGU TEKNIK UNIVERSITESI
(Ogrenci Isleri Daire Bagkanligina)

ligi: a) Orta Dogu Teknik Universitesinin, Genel Midiirligiimiizde 02/01/2019
tarihinde ve 88486 sayida islem géren yazisi.
b) Milli Egitim Bakanhginin 22/08/2017 tarihli ve 2017/25 sayih Genelgesi

Universiteniz Matematik ve Fen Bilimleri Anabilim Dal yiksek lisans programi
ogrencisi Gilnur AKIN'm Dr. Opretim Uyesi Isik Isler BAYKAL'n damiymanhginda
yiriitmekte oldugu "5. Suuf Ogrencilerinin Fonksiyonel Diisinme Becerilerinin Incelenmesi"
konulu proje bagvurusu hakkmdaki ilgi (a) yaz ve ekleri Genel Miidiirligiimizde
olusturulan komisyon tarafindan incelenmistir.

Séz konusu araghirmanin egitim ve 6gretimi aksatmayacak sekilde goniilliiliik esasina
dayali olarak uygulanmasi, uygulamalarda sadece yazimiz ekinde gonderilen miihiirli
anketin kullanilmas1 ve elde edilen kigisel verilerin (dofum yeri vb) gizliligi hususuna
dikkat edilmesi, aragtrma sonucunda elde edilen raporun basih ve dijital ortamda Genel
Miidiirliigiimiize teslim edilmesi gerekmektedir.

Bu gergevede araghrmanin video kaydi yapiimamasi sartiyla Genel Miidiirligiimiize
bagh ortaokullarda yiiriitiilmesi uygun bulunmugtur.

Bilgilerinizi ve geregini rica ederim.

Dr. Cem GENCOGLU

Bakan a.
Genel Mildir
Ekler:
1-1lgi (a) yaz ve ekleri
2-Miihiirli Anket (4 sayfa)
DAGITIM:
Geregi: Bilgi:
Orta Dogu Teknik Universitesi Ankara, Adana
(Mihirli anket 4 sayfa) Valiliklerine ({1 Milli Egitim Muddrlitkleri)
(Bilgi amagl olup cevabi yaz1
génderilmeyecektir.)
Atatork Blv, 06648 Kizilay/ANKARA Ayrintil bilgi igin: M. AKARSU $ef’
Elcktronik Af: www.meb.gov.ir Tel:(0312)413 1331
¢-posta: adsoyad@meb.gov.tr Fuks: (0312) 417 71 08
Bu cvrak govenli elekironik imza ile i hupsfevraksorgu.meb gov.ir sdresinden 3D56-187e-3888-2269-cfdC kodu ile teyit edilebilir.
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