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ABSTRACT

The purpose of this study is to examine the number sense regarding the percent of middle school
students. The sample of the study consists of a total of 454 Turkish students of 5%, 6! and 7™ grade
level from four different middle schools located in Kirikkale, Turkey. The data were collected using
the Test of Number Sense Regarding Percent developed by the researchers considering the
components of number sense. These components are flexibility in the calculation, visual
representation and the using benchmark (reference points). In the analysis of the data, students’
strategies while solving percent problems were examined and analyzed using the method of
descriptive analysis. As a result of the study, it was found that the number sense of the students
regarding percent were very weak. The students, in general, tend to use rule-based algorithms based
on memorization instead of using number sense while solving percent problems. The students
preferred operational ways that took much more time even in problems related to estimation or
finding an approximate value, instead of practical solutions.

Key Words: Benchmark (reference points), flexibility in calculation, number sense, percent, visual
representation

ORTAOKUL OGRENCILERININ YUZDELER KONUSUNDA
SAYI DUYULARININ iNCELENMESI"*

OZET

Caligmanin amaci ortaokul 6grencilerinin ylizdeler konusunda say1 duyularinin incelenmesidir.
Arastirmanin Orneklemi, Tiirkiye’nin Kirikkale ilinde bulunan dort farkli ortaokulun 5, 6 ve 7.
siiflarinda 6grenim goéren toplam 454 dgrenciden olusmaktadir. Veriler, say1 duyusu bilesenleri
dikkate alinarak aragtirmacilar tarafindan gelistirilen Yiizdeler Konusu ile Iigili Sayr Duyusu Testi
ile toplanmustir. Bu bilesenler; hesaplamada esneklik, gorsel temsil ve kiyaslama (referans) noktasi
kullanim1  bilesenleridir. Verilerin analizinde, yilizde problemlerinde O6grenciler tarafindan
kullanilan stratejiler incelenmis ve bu stratejilerin kullanim siklig1 betimsel analiz yontemi
kullanilarak hesaplanmigtir. Caligmanin sonucunda Ggrencilerin yiizdeler konusunda say1
duyularinin oldukca diisiik oldugu saptanmustir. Ogrenciler genellikle yiizde problemlerinin
¢oziimiinde say1r duyusu kullanimi yerine kural odakli ¢6ziim yollarin1 kullanma egilimi
gostermiglerdir. Ogrenciler, yaklagik degeri bulma veya tahminle ilgili problemlerde bile pratik
¢oziimler kullanmak yerine daha fazla zaman alan islemsel yollar1 tercih etmislerdir.
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1. INTRODUCTION

1.1. The Concept of Percent and Its Significance

Percent is one of the subjects of mathematics that we use very frequently in daily life.
Examples include attractive discount rates on store windows, percentages of votes parties
get in elections, and the rating of a TV show. The correct interpretation of such situations
is dependent on knowing the concept of percent and learning it conceptually. Although
it has such an important place in mathematics and daily life, many studies show that
students and even adults find it difficult to deal with (Allinger & Payne, 1986; Gucken,
1986; Koay, 1998; Lembke & Reys, 1994; Parker & Leinhardt, 1995; Van de Walle,
Karp, & Bay-Williams, 2010; Wiebe, 1986). Van de Walle et al. (2010) explain this low
success rate by that the concept of percent is not developed in a meaningful way.
Similarly, Koay (1998) explains the difficulty about percent by the formal education
provided. According to Koay, the education given on percent obstructs the creativity and
flexibility of students while approaching percent problems. In other words, providing
students with rules and algorithms instead of concepts while teaching percent makes them
dependent on operational rules (Allinger & Payne, 1986).

In the middle school mathematics curriculum implemented by the Ministry of National
Education (MoNE) in 2013 with the education system changed as 4+4+4 in the school
year of 2012-2013 in Turkey, it was aimed to bring 5" grade students up to the level of
being able to show fractions with the denominator of 100 with the percent symbol; relate
a percent expression to a fraction and a decimal notation representing the same amount
and convert such notations among each other; compare quantity expressed as fractions,
decimals and percent, and find the quantity corresponding to a given percent of a certain
amount. On the level of 7th grade, students are expected to find the amount corresponding
to a given percent of a certain amount and find the amount for which the amount of a
certain percent is given; calculate an amount as the percent of another amount; make
calculations towards reducing or increasing an amount by a certain percent, and solve
problems regarding the subject of percent. Considering the objectives of the curriculum,
it may be seen that the subject of percent is studied in relation to fractions and decimal
notations.

In the conference organized in 1989 in the editorship of Sowder and Schappelle, Trafton
stated that estimation and mental computation should be used while teaching the meaning
of the concept of percent. Trafton especially focused on using benchmark (reference
points) like 10% and 50%, being able to make mental computation with these reference
points and estimate about the result using these percent.

Benchmark (reference points) used in solving percent problems and estimation skills
were defined as number sense skills by Hope (1989). Considering these skills, defined in
relevant studies, and objectives aimed at the middle mathematics curriculum, it is
important that number sense of students is improved regarding percent. Gay and Aichele
(1997) emphasized that the focus should be on number sense instead of operational skills
while teaching the subject of percent.
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1.2. Number Sense

Many studies have been conducted on what the concept of number sense is and various
definitions were provided to explain number sense. In Howden’s study (1989), number
sense was defined as making logical inferences instead of reaching conclusions by
applying the rules, and discovering that there are various ways of this. Reys, Reys,
Mclntosh, Emanuelsson, Johansson, and Yang (1999) defined it as finding suitable
strategies and being able to conduct logical-mathematical reasoning while understanding
the meanings of operations with numbers. Hope (1989) defined number sense as the skill
to make logical estimation regarding the areas of usage of numbers, use the correct
method of calculation, and recognize the arithmetic mistakes and number patterns.

In the book “Curriculum and Evaluation Standards for School Mathematics” by NCTM
(1989), the characteristics of children with number sense were defined as; Children with
number sense (1) effectively understand the meanings of numbers, (2) develop multiple
relationship among numbers, (3) recognize relative magnitudes of numbers, (4)
understand the effects of operations on numbers, (5) develop benchmarks (reference
points) for measurements of objects in their environment.

Among the studies made in Turkey, Kayhan Altay and Umay (2013) defined number
sense as; using numbers flexibly, thinking practically in operations with numbers,
choosing the most effective and practical solution, creating non-standard methods
suitable for some situations, using benchmark (reference points) to make the problem
easier to solve in suitable situations, thinking conceptually and using different
representations in fractions.

Researchers have made different classifications for number sense components after
defining number sense (Greeno, 1991; Kayhan Altay & Umay, 2013, Lembke, 1991;
Mclntosh, Reys, & Reys, 1992; Reys et al., 1999; Yang, 1995). The classification used
in this study is the one proposed by Kayhan Altay and Umay (2013) by considering the
pioneers (Reys et al., 1999; Yang, 1995) in the field. The reason for choosing this
classification is that it presents an evidence-based structure (the exploratory factor
analysis) regarding the dimensions of number sense as opposed to other proposed
classification. Kayhan Altay and Umay (2013) defined humber sense components as (1)
flexibility in the calculation, (2) conceptual thinking in fractions and (3) using benchmark
(reference points) considering the results of the factor analysis. In their study, flexibility
in the calculation was defined as follows: thinking practically in mathematical
operations, recognizing different representations in numbers and choosing the way that
will make the problem easier. Conceptual thinking in fractions is defined as being able
to show fractions using visual representation forms such as number line and area model.
The using benchmark (reference points) is defined as using numbers such as, ', 1, 100,
50% as reference points while making a problem easier.

1.3. Number Sense in Terms of Percent

It may be stated that the number of studies on number sense in Turkey has recently
increased (Cekirdekgi, Sengiil, & Dogan, 2016; Giilbagc1 Dede & Sengiil, 2016; fymen
& Duatepe Paksu, 2015; Yaman, 2015). Considering the studies on the field of number
sense, while studies focusing on investigating the number sense of students, teachers and
prospective teachers are frequently seen, studies investigating number sense skills
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especially in a certain subject in mathematics are less frequent. Additionally, studies
towards investigating number sense regarding percent are rare. There are not many
studies in the relevant literature investigating number sense particularly regarding percent
in other countries, as well.

Gay (1990) defined number sense in the subject of a percent as “understanding of the
meaning of numbers expressed as a percent, developing an equivalent for percent,
comparing quantities expressed as a percent, and recognizing the relative effect of finding
a percent of a number” (p. 2). Understanding percent was classified into five components
by Lembke (1991). These components were the skills of (1) mental image/visual
representation, (2) being able to relate fractions, decimals, and percents, (3) being able to
use benchmark and another estimation method in percent problems, (4) mental
computation and (5) being sensitivity to reasonableness of the solution. The first
component is a skill related to the possibility of the concept of a percent to have a way of
visual representation (such as pie charts and one-hundred square) to allow the formation
of a mental schema of the problem. The second component is related to the skills of
students to be able transfers among the representations of fractions, decimals, and
percent. The third component is related to the skills of students to use estimation
strategies and the most frequently encountered percent while solving a percent problem.
Students’ skill to carry out operations without using calculators, pencils or paper is related
to the fourth component of mental computation. The last component is related to the skills
of the students to be able to determine whether the result they have reached is suitable as
a solution for the problem.

In this study, a test of number sense regarding percent was developed by considering the
components of number sense defined by Kayhan Altay and Umay (2013). However,
when the common characteristics of the questions under the second component of
“conceptual thinking in fractions” are examined, it may be seen that these questions are
similar to those under the component of “mental image/visual representation” defined in
Lembke’s study (1991). The common feature of these questions is the expression of the
desired concepts by utilizing shapes and models. For example; being able to show
fractions using a number line or area models or shading a certain percent of a shape, usage
of 10 x 10 blank hundreds charts, etc. Thus, instead of the component of “conceptual
thinking in fractions”, the study used the expression of “visual representation” which we
considered to be more representative as a component.

1.4. Rationale of the Study

Researchers have observed that students have low success rates regarding percent
(Allinger & Payne, 1986; Lembke & Reys, 1994; Parker & Leinhardt, 1995; Wiebe
1986). There is still ongoing debate on the most effective models and techniques to help
students establish a connection between formal and informal knowledge in learning the
concept of percent. It is not yet clear how students can relate the formal education
provided in school to their intuitional knowledge (Lembke, 1991). In the literature, it may
be seen that researchers mostly focused on skills of computation in percent problems,
mistakes made by students regarding percent and methods that may be effective in
teaching percent. On the other hand not much importance was paid to number sense of
students regarding percent while trying to develop an effective method (Gay & Aichele,
1997). Therefore, the purpose of this study is to investigate the number sense of 5™, 6%
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and 7"-grade students regarding percent. The reason for researching the concept of
number sense about percent is that number sense is important in learning the subject of
percent conceptually and reducing mistakes about percent. It was considered that
measuring the number sense skills of students about the subject of percent will contribute
to the field with the information to be reached as a result of the study, in terms of more
frequent employment of implementations and activities to achieve development of
number sense skills in education. The research question was therefore determined as the
following:

“What are the skills expected of 5", 6™ and 7"-grade students who use number sense
regarding the subject of percent?”

2. METHOD

2.1. Design of the Study

This study was determined by a descriptive survey design (Fraenkel & Wallen, 2006) as
it was aimed to reveal the 5™, 6" and 7""-grade students’ number sense about percent.

2.2. The Population and Sample of the Study

The population of the study consisted of middle-grade students enrolled at schools in the
province of Kirikkale in Turkey. Four schools were randomly selected in the province of
Kirikkale. These schools are state schools under the authority of the Ministry of National
Education. One of these is a rural school in the district of Delice, while others are located
in the city center. Two classes were again randomly selected among all classes in each of
the 5™, 6" and 7" grades in each school. A total of 454 were included in the sample. The
distribution of students based on grade level and gender are given in Table 1.

Table 1.
Distribution of Students Based on Grade and Gender
Male Female Total
f % f % f %
Grade  5th grade 64 27.9% 66 29.3% 130  28.6%
6th grade 85 37.1% 78 34.6% 163 35.9%
7th grade 80 34.9% 81 36.0% 161 35.5%
Total 229 50.5% 225 49.5% 454 100%

As seen in Table 1, among the students participating in the study, 28.6% were 5™ grade,
35.9% were 6™ grade, and 35.5% were 7"-grade students. Additionally, 49.5% were
female, and 50.5% were male students. Accordingly, the gender and grade distributions
of students were very close.

2.2. Data Collection Tool: The Test of Number Sense Regarding Percent

For the data collection, a tool developed by the researchers applied to 5%, 61 and 7™
graders. It was aimed to determine the number sense of students in terms of percent. The
developed test is about percent and consists of 9 open-ended and 6 multiple-choice
questions. The pilot study for this test was conducted with a total of 166 fifth, sixth and
seventh-grade students chosen from a different public school. After its pilot study, the
test had its final form. The last version of the test was given in the Appendix. The
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response time was determined as one class hour. In order to determine the reliability of
the test of number sense regarding percent, Cronbach-o reliability coefficient was
calculated and found as 0.78. A reliability coefficient of 0.78 for a 15-item scale is highly
satisfactory. Expert opinion was taken for determining the validity of the test. The
questions in the measurement tool were analyzed by 5 field experts who had worked on
number sense, 3 experienced teachers and 4 academicians. The experts were asked to
assign scores for questions in the scale in terms of representativeness of the components
of number sense defined in the relevant literature from 1 to 5 (1 being the lowest, 5 being
the highest). The experts also analyzed the suitability of the questions for the grade level
and whether they were related to the objectives in the curriculum, difficulty levels of the
questions and ways of expression, and situations that might cause misunderstandings. As
a result of the provided opinions, some questions were removed, and necessary
adjustments were made on the remaining questions.

The classification of Kayhan Altay and Umay (2013) was taken as a basis for the
formation of the test of number sense regarding percent. For the flexibility in calculation
component, questions 2, 5, 7, 8, 10, 11, 12 and 14; for the visual representation
component, questions 1, 6, 9 and 13; and for the usage of benchmark (reference points)
component, questions 3, 4 and 15 were used. The 6™ question developed by Lembke
(1991) was adapted into Turkish in a multiple-choice format. Questions 7 and 13 were
developed by using Gay’s study (1990). The 10™ question was adapted from questions
developed by NAEP (National Assessment of Educational Progress) in 1996. The
researchers developed the other questions in the test by using the relevant literature and
textbooks. The sample items of the test for the three components of number sense
regarding percent are presented in Table 2.

Table 2.
Sample Items of the Number Sense Test Regarding Percent Based on Three Components
of Number Sense

Components of number sense Sample items

Flexibility in calculation 7) What is 12.5% of the number 40? Explain your
thought process.

Visual representation 1) Shade approximately 30% of the shape seen on

the side. Explain your thought process.

Usage of benchmark (reference 4) Which of the following is between 8/28 and
point) 18/40? Explain your thought process.
A)20% B)40% C)50% D) 60%

2.3. Analysis of the Data

The responses of the students in the test of number sense regarding percent were analyzed
based on three different cases. The students who answered the questions incorrectly or
did not answer at all got O points, ones who used the standard, routine algorithms of rule-
based solutions got 1 point, and ones who solved the question using number sense
strategies got 2 points. For example, a student who “multiplied the number by the rate
and divided the result by 100 to find 150% of the number 50” received 1 point. On the
other hand, the student who noticed that 150% is the sum of 100% and 50% and found
without long calculations that the correct answer is the sum of the number and its half,
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received 2 points. The data obtained from the number sense test for each question type
(open-ended and multiple choice) based on this scoring were quantitatively analyzed.

3. FINDINGS

The solution methods used in the number sense test by 5™, 6™and 7t graders were coded
based on three cases as wrong or no response, standard (routine) algorithm, and
calculation using number sense. The distribution of the solution methods by question is
given in Table 3.

Table 3.
Distribution of Solution Methods Used by 5", 6" and 7" Graders
Wrong or no answer  Standard algorithm Number sense
(%) (%) (%)

Q1 16.5% 37.0% 46.7%
Q2 48.0% 35.7% 16.3%
Q3 48.0% 25.1% 26.9%
Q4 88.8% 6.4% 4.8%
Q5 65.2% 28.6% 6.2%
Q6 28.9% 17.6% 53.5%
Q7 72.9% 19.8% 7.3%
Q8 67.8% 22.0% 10.1%
Q9 33.9% 52.9% 13.2%
Q10 92.7% 3.3% 4.0%
Q11 81.7% 9.7% 8.6%
Q12 76.2% 15.2% 8.6%
Q13 46.0% 24.9% 29.1%
Q14 67.4% 22.2% 10.4%
Q15 76.9% 4.6% 18.5%

Note. Q = question

Based on the data in the table (considering “wrong and no answer” percent), it may be
stated that the students in had low success rates regarding percent in general. This finding
supports the result of various studies conducted previously (Allinger & Payne, 1986;
Lembke & Reys, 1994; Parker & Leinhardt, 1995; Wiebe 1986). Additionally, it was
found that usage of number sense was low and students rather used standard algorithms
in their solutions. This finding agrees with those of many studies (Kayhan Altay, 2010;
Iymen, 2012; Mohamed & Johnny, 2010; Sengiil, Giilbagc1, & Gerez Cantimer, 2012;
Yang, 2005).

Considering the rates of using number sense regarding percent, the students used number
sense skills the most in the 6™ question (53.5%). This question is related to the second
component of visual representation. It is a multiple-choice question related to matching
the certain percent of a given number to correct quantities. The solution method with
number sense by a 6™ grader and the solution method with the rule-based algorithm by
another 6™ grader are given below respectively.
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Figure 1. Student responses given for the solution of 6" question

The student who solved this question with the standard method used the rule of
“multiplying the given total by the percent rate and dividing the result by 100” and
multiplied 400 by 13, then divided it by 100. The student who used number sense, instead
of making calculations, compared the numbers given with the percent symbol and
matched the lowest number to the lowest percent; “The highest percent is in tent, so it is
A. The next highest is food, so it is B. The next is sleeping bag, so it is C. The lowest is
entertainment, so it is D.”

Another question with high rates of number sense usage was the 1% question, again related
to the second component of visual representation. About half of the students (46.7%)
solved this question using number sense. The students who used number sense while
shading the 30% of a square shape in the question used more familiar percent such as
25% and 50% as a reference point. The divided the shape into four equal parts and shaded
a little more than its 25% (Fig. 2) :“A little more than 25% is shaded. ”, or divided the
shape into two equal parts and shaded a little less than its 50%. Students who used the
standard method divided the square into 100 parts and shaded 30: ““I divided the shape by
10 in two directions and shaded 30 of the shapes. ”
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Figure 2. Student responses given for the solution of the 1*' question

Another question in the second factor of visual representation and with high usage of
number sense is the 13" question. The rate of number sense usage by the students was
29.1% for this question. The difference of this question from other visual representation
questions was the consideration of five equal circles given in the form of a set model.
When the students were asked what percent of the given shape was shaded, ones using
the standard method firstly found the result as the fraction 3/5 and then expanded the
denominator to 100 and found the percent. Students using number sense firstly used the
point of 50% as a benchmark (reference point) and indicated that if the result was 50%,
2.5 circles would be shaded, so it should be more than %50.
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Figure 3. Student response given for the solution of the 13" question

These three questions had shapes and were included in the component of visual
representation. It agreed with the findings of the study by Gay (1990) that the students
were better a finding a percent represented as a visual model.

The questions with low rates of number sense usage were the questions 4, 10 and 11. The
10™ question is in the flexibility in calculation component and only 4.8% of the students
used number sense while reaching a correct solution to this question. The question asked
the percent of the increase in number of students in two different schools. Most students
found the amount of increase by subtraction. As the increased amount was equal, they
said that the increase percent was also equal. Instead of using multiplicative relationships,
they compared additive results. A sixth-grade student with high number sense would
think that the increase in the number of students (300) at a school with 500 students is
more than half of the previous year, and the same number increase is exactly the half at
a school with the initial number of students as 600. Figure 4 shows the solution method
by a student using number sense: “Kayra is right because number of students at Atatiirk
Middle School increased by 50%, while the other increased more than 50%. ”
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Figure 4. Student response given for the solution of 10™ question

A student with high number sense was able to recognize the relationship between
numbers and practically use mental calculation instead of the need for written operations.
Question 11 was another question in the flexibility in calculation component where the
rate of usage for number sense was low, and the percent rate was asked after giving the
whole and the piece. It was seen that the students were not able to correctly identify the
whole and the piece, and could not calculate the amount of increase in a magnitude as
percent. The solution method by a 7"-grade student who solved the question by
proportion is given below (Fig. 5): “I firstly found which percent 75 marbles was. Then
1 subtracted it from 60’s percent.”
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Figure 5. Student response given for the solution of the 11" question

It may be seen that in the solution method of a student who correctly calculated the
increase percent in number of marbles firstly identified the whole and the change
correctly. The solution by a 6™-grade student who used number sense was explained as
the following: “The whole is 60. 15 is added onto it. 15 is % of 60, which is 25%.”
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Figure 6. Student response given for the solution of the 11" question

The student using number sense firstly correctly identified the whole and the amount of
increase (piece), recognized the relationship as the proportion of % used the equivalent
notation of number correctly and stated that the percent increase is 25%.

The 4" question in the usage of benchmark (reference points) component was another
question where students were unsuccessful in general, and number sense usage was low
(4.8%). When a question was asked to find a percent between two fractions, most students
made rule-based calculations, made expansions to equate the denominator to 100 and
tried to convert fractions into percent. Many students left the answer to the question blank
after not being able to expand the denominators 28 and 40 to 100. They did not try another
method. On the other hand, a sixth-grade student with high number sense answered the

question like the following: “the fraction 28—8 is close to é which is 33%, and the fraction

% is close to % , which is 50%. Therefore, 40% should be between them”. In this solution
method, the student did not prefer the memorized method of equating the denominator to
100, established the meaning of concepts of fractions such as % and % , used equivalent

representations of the fractions correctly and found approximate percent values.
Consequently, the student correctly guessed the percent to be found between the two
fractions.

The 2" and 9™ questions were the ones the students used standard algorithms most
frequently. These questions are ones where a certain percent of a whole is calculated.
Considering the rates of solution methods for the second question, the using of standard
algorithm rate (35.7%) was higher than the rate of number sense usage (16.3%). While
finding a percent for a given number, the students conducted rule-based operations by
establishing equations or proportions. They multiplied the given whole with the percent
rate and reached the solution by dividing the result by 100. A rule-based solution method
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by a 5™ grade student is given in Figure 7: “As 50 cannot be divided by 100, I multiplied
it by the numerator and divided it by 100.”
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Figure 7. Student response given for the solution of 2" question

Another method of standard algorithm used for the solution of this question is
establishing proportions. A student in the 7" grade made the following explanation: “I
thought, if 100% is 50, what should 150% be, and established a proportion” (Fig. 8). On
the other hand, some students found it difficult to interpret 150% percent, which is higher
than 100%, were not able to establish a relationship between the whole and the piece, and
provided explanations such as “there is no such thing as 150%.”

2) 50 sayverun 5% 1505 bagte ? Nasd bulursunuz? Nasil adsonoiguniet agiiayine

YoIoh sbyse 0160 o chye ot s odbng

Agikdama
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Figure 8. Student response given for the solution of 2" question

The response of a sixth-grade student who used number sense was as the following: “It
is 75, because it should be higher by the half of the whole” (Fig. 9).

23 B0 exyisiien % 1507 actir? Nan! bulursunusz? Nasil d0g0ndOg0ntz0 acrkiayinese

TE5- A Quakl ko™=minin Yatra. koodar ozl =,

Acklama

50: :2(5

S o= x5
Figure 9. Student response given for the solution of 2™ question

Accordingly, the student actually recognized that 150% is equal to the sum of 100% and
50% and produced a practical solution method. Another 7 grade student who solved the
question this way validated the solution by proportion. The solution of the student is
given in Figure 10: “I found the answer by using ratio/proportion. If 100% is 50, | found
half of it and added it to find the 150%.”

2) 50 sayhren % 15006 kagtir? Nasl bulursenuz? feasd dipindOgundz0 sptlenna
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Figure 10. Student response given for the solutior;;f 2" question

Students’ tendency rely on standard operations and rules more and they may prefer such
methods due to the fact that they generally use rule-based operational skills in classes and
solution methods towards improving number sense are not present in the classrooms.
Although the 9™ question is in the visual representation component, only 13.2% of the
students were able to use number sense. More than half of the students (52.9%) referred
to rule-based operation while solving this question. The students applied the equation
rule again while finding a percent of a given number, multiplied the whole by the percent
rate and divided it by 100. Therefore, they found the 25% of the total number 20 of
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squares. They found the number of squares to be shaded by using the operation 20 x 12750 :

The reason for the low rate of number sense usage in this question might be that the
students thought of this question as a question to find a certain percent of a number
independently from the shape. On the other hand, a 7"-grade student with high number
sense explained the solution like the following: “One column is 25%, and the whole is
100%” (Fig. 11).

9

Verilen sekbin % 25%iInd boyayimz. Nasil digtndGgOndza agiklayinez,
Agiklama:

7 N 7 e 28 iR PRI g

Figure 11. Student response given for the solution of 9" question

As seen in the solution method, the student thought of 25% as 4 was able to divide the
shape into four pieces mentally and shade the asked piece without making calculations.

Another question where standard algorithms were used in student solutions was the fifth
question. In the operation of finding the whole of a number whose percent is given, most
of the students reached the correct solution by using standard methods. While the percent
of the standard algorithm used in this study was 28.6%, usage of number sense was very
low at 6.2%. Students using the equation method found the whole by the inverse
operation. They multiplied the number whose percent is given by 100 and divided the
result by the percent rate. A 6""-grade student using number sense explained the reasoning
in solution as the following: “The solution is 70. This number should be higher than 63,
but not higher by 1 [considering the item C/, so it cannot be 64.” In this solution method,
using number sense, the student recognized that the solution, meaning the whole number
must be bigger than the piece given in the question. Among the mistakes in this question,
it was found that students did not read the question carefully, made memorized operations
and used a rule to find a percent of a number incorrectly, therefore multiplying 63 by 90
and dividing the result by 100. It is considered that just memorizing rules without
understanding the subject leads students to mistakes.

Considering the characteristics of the questions 7" and 12" which had high rates of
incorrect answers and no response, they had decimal expressions. Although the seventh
question was about finding a certain percent of a given number, a subject the students
were rather more successful in, the students had difficulties as the required percent
contained a decimal expression. A 7"-grade student missed the decimal place and actually
calculated 125% of the number. While finding 12.5% of the number 40, the result of 500
was reached, where the piece was found larger than the whole (Fig. 12): “I expanded the
decimal place of the number 12.5% by a factor of 10.” The students did not check whether
the solutions were logical or not.

7) 40 cayisian ¥ 12,5 1 ka2 Nasl &isOndGRandzi agiklanne
Agiklama

LD - = Soo eEsv
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Figure 12. Student response given for the solution of 7" question

A 6'"-grade student using number sense in the solution practically found 25% of the

number first. Then the student divided the result by 2 and reached the solution. The
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explanation of the student is given in Fig. 13: “I divided 40 by 4, finding 25% of it. Then
1 divided the result by 2 and found 12.5%" (Fig. 13).

7) A0 swyesanin % 12,5 1 koctir? Nasd dislnd GROnG2A apikiayiniz - ~ L
Agiklama: f 25 L e Lﬂl,(",.\ Ofn 2.5 1m' Lolstom. Ssnra 2 j.o ‘gblv' "
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Figure 13. Student response given for the solution of 7" question

This student who used number sense was able to not only recognize the relationship
between the numbers but also use the converting of numbers among each other. In the
12t question, 0.5% of a number is asked. Some students ignored the percent symbol in
0.5% and calculated the half of the number. An explanation by a 6™-grade student was as
the following: “I can find it in a shorter way as its half is 250 already.” The students did
not check whether the solution was logical or not in this question either. Although a very
small percent was asked in the question, students responded with humber close to 500 in
general. It may be stated that the students found it difficult in the study to understand
decimal expressions given with percent symbols. The explanation by a 7"-grade student
who used number sense was as the following: “It is 2.5. | find 1% first, which is 5. Half
of 5 is 2.5.” This student produced a more practical solution method instead of operating
with decimal expression and solved more easily by using certain percent. The student
conceptually understood the relationship between decimal expression and percent, and
was able to use different ways of expression with success.

Another question where the percent symbol was ignored and the rate of incorrect answers
or no response was higher was the question eight. Considering the strategies in correct
answers, the rate of standard algorithms was 22%, and number sense usage was 10.1%.
The rate of the students who left the answer empty or responded incorrectly was 67.8%.
This question is concerned with comparing a number given with a percent symbol and a
different amount. It was seen that the students, instead of comparing 45% of the number
60 to the number 35, ignored the percent symbol and compared the numbers 45 and 35.
The response by a student who used this method is given below (Fig. 14): “Arda is more
successful. ”

B) Ayse Dir 90ovda 60 sorunun 5% tanesine dofru covap wertyor, Arca e ayni anavds 60 sorunun % 451
dofru yamthiyor. Du Ikl SRrencoin snavwdaki bagan duruenlanm arglagtinne. Nasd dogundionrdz0 stklayns
Apklama

35 LS And l " g g

o Mo bO
Figure 14 Student response given for the solution of 8th question

It was observed that the students ignored the percent symbol in some questions and
perceived the percent amounts as natural numbers. This might be another reason why
they were unsuccessful on the subject of percent.

4. DISCUSSION AND CONCLUSION

The purpose of this study was to reveal the 5", 61 and 7"-grade students’ number sense
about percent. Results showed that the students’ success levels regarding percent were low
and usage rates of number sense while solving relevant questions were very low. While
solving questions about percent, the students generally tended to use rule-based algorithms
instead of using number sense. Allinger and Payne (1986) also reported that students are
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not very successful on this particular subject. They stated that students apply rules while
solving percent problems and they try to use these rules from memory without actually
understanding them. This result agrees with those in other studies showing that number
sense usage is low in various subjects such as exponential numbers, decimal numbers, and
integers (Iymen, 2012; Kayhan Altay, 2010; Sengiil et al., 2012; Yang, 2005).

The students were observed to use rule-based operations based on memorization such as
setting up a proportion and finding the common denominator. Another important result of
the study is that the students preferred operational methods that took much more time even
in questions related to estimation or finding an approximate value, instead of practical
solutions. This result supports those in studies showing the tendency of students towards
rule-based strategies (Kayhan Altay, 2010; Harg, 2010; Singh, 2009; Sengiil & Giilbagci,
2012; Sengiil, et al., 2012; Yang, 2005). Moreover, according to Sengiil et al. (2012), the
most influential factor leading students to mistakes is their dependence on rules. As it is
known, while the rule-based procedural knowledge based on memorization used in teaching
the subject of percent does not establish conceptual understanding, it is a factor that is
obstructing the development of number sense in students regarding percent (Allinger &
Payne, 1986). More emphasis on standard operational skills may prevent students from
developing skills to understand mathematical concepts and estimation, reason, and use
number sense.

Another important result of the study was that the students did not check whether the
solution they reached was logical or not, that is, whether it was a suitable quantity for an
answer. When 90% of a number is given, and the whole amount is asked, the expected
result is that the whole is larger than the piece. However, most students found the whole
smaller than the piece. This result is in parallel to those in the study by Iymen (2012) who
demonstrated that students did not have a sense about the meaning of the solutions they
reached and they did not check their answers. The reasons for incorrect answers may be
that the students did not interpret the correctness of the result and did not consider it.

In the study, it was observed that students ignored the percent symbol (%) in some cases
and made their operations based on considering percent as natural numbers. The finding
that students ignored or missed the percent symbol agrees with those of studies by Risacher
(1992) and Kircher (1926). Similarly, Gay (1990) also showed that the percent symbol did
not make any sense for some students. At the beginning of teaching a subject, it is important
that the concept is correctly placed in the minds of students first. For this, instead of using
memorized operations or teaching rules, the meanings of concepts may be discussed to
establish conceptual understanding. The cases where the subject of percent which is
frequently used in daily life are utilized and how it is interpreted may be given to students
more frequently.

According to the data, it was found that the students were more successful in finding a
certain percent of a given number than finding a whole number for a given percent where
the success rate was much lower. This is in parallel with Lembke’s study (1991). It was
observed in the study that, in a given problem situation, the students were not able to
correctly identify the whole and the piece, or express the ratio of the given piece to the
whole as percent. A reason for this may be that there is not much-relating percent and
proportions in the “ratio-proportion” objective aimed at the curriculum. In examples given
in a problem case, students’ comprehension of which is the whole and which is the piece
should be achieved and percent as a meaning ratio should be emphasized more.
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Another finding of this study was that the students were more successful in questions in the
second factor of visual representation which included models and shapes, and usage of
number sense was higher in such questions. This result is in parallel with those of Kayhan
Altay (2010). In Kayhan Altay’s study (2010), students used number sense most frequently
in questions related to showing fractions on the number line or a shape in terms of the
component of conceptual thinking in fraction. The reason for higher rate of number sense
usage in this may be that a question presented with models and shapes provides
opportunities for the students to think deeper and more flexibly without dealing with
formulas or operations. On the other hand, the students in the study found it much more
difficult to find a certain percent of circles given in a set model than finding a percent of a
single shape. This result is similar to those in the study by Gay (1990). This may have been
caused by showing the whole as a single shape in the classroom and lack of using of
different models of the whole by the teachers.

The study found that the students tended to use benchmark (reference points), and the
questions where number sense was the second most frequently used were ones related to
usage of reference points, following visual representation questions. Similarly, Sengiil et
al. (2012) also reported high rates of usage of reference points in number sense strategies
by 6™ graders while solving percent questions. This finding agrees with those in studies
reporting the success of students in the use of reference points such as 25%, 50% and 100%
(Dole, Cooper, Baturo, & Conoplia, 1997; Gay & Aichele, 1997; Lembke & Reys; 1994).

It was found in the study that students found it easier to interpret percent like 25% or 50%,
interpreted their meaning easily, but some failed to interpret percent especially higher than
100%. The finding that students who use the whole-piece relationship have difficulties in
interpretation of percent over 100% agrees with those of Risacher (1992). It also supports
the study by Kircher (1926) who reported that students have difficulties in understanding
the concept of ‘the whole’.

Furthermore, the students failed in practical thinking in a way to make the operation easier,
finding approximate values or making guesses, within the component of flexibility in
calculation. It was found that the students tried to find a precise solution even in cases where
they were expected to make simple interpretations, and took part in long operations. This
result is in compliance with the result of Harg (2010) that number sense usage was low in
questions related to the component of “flexibility in calculation”. There should be more
frequent activities of providing the students with opportunities to use mental calculation,
rounding or making guesses.

According to the results of this study, the educational environment should be established to
provide students with skills to use number senses instead of using rule-based algorithms in
percent problems. The test of number sense regarding percent used in the study may provide
clues in determining the mathematical concepts in the subject of percent students are weak,
and they find difficult, improving number sense and finding out about how to design the
educational system to be implemented by considering number sense components.
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APPENDIX
The Test of Number Sense Regarding Percent

1) Shade approximately 30% of the shape seen on the side. Explain your thought process.

2) What is 150% of the number 50?7 How do you find it? Explain your thought process.

3) Ibrahim solved 48 questions correctly out of the total of 80 questions in a test. What
percent of the questions did Ibrahim solve correctly? Explain your thought process.
A) 30% B) 40% C) 50% D) 60%

4) Which of the following is between 8/28 and 18/40? Explain your thought process.
A) 20% B) 40% C) 50% D) 60%

5) 90% of which of the following is 63? Explain your thought process.
A) 45 B) 57 C) 64
D) 70

6) The Aksoy family spent 400 TL in vacation. The graph below shows the expenditures
during the vacation.

B |A .
1047L ] 160TL 21%
coN/ 13%

52T

Which part on the graph shows the expenditure on entertainment? Explain your thought
process.
A)A B)B OcC D)D

7) What is 12.5% of the number 40? Explain your thought process.

8) Ayse answered 35 out of 60 questions correctly in an exam. Arda answered 45% of
the 60 questions correctly in the same exam. Compare the success rates of these two
students in the exam. Explain your thought process.

9) Shade 25% of the given shape. Explain your thought process.
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10) The following table shows the changes in the numbers of students for two schools
according to years.

Number of students in | Number of students in
2011 2012
Mustafa Kemal | 500 students 800 students
Secondary School
Atatiirk Secondary | 600 students 900 students
School

The comments of two students on this table is as the following:

Ayca: “The percent of increase in the number of students in both schools are equal.”
Kayra: “The percent of increase in the number of students at the Mustafa Kemal
Secondary school is higher.”

Who is right? Explain why.

11) There are 60 marbles in a bag. The number of marbles reach 75 after adding more
marbles into the bag. Accordingly, what is the percent of increase in the number of
marbles? Explain your thought process.

A) 10 B) 15 C) 20 D) 25

12) What is 0.5% of the number 500? How do you find it in a short way? Explain your
thought process.

13) What percent of all circles do the shaded circles approximately constitute? Explain

your thought process.
A) Lower than 50%.

B) Equal to 50%.
C) Higher than 50%.
D) Cannot be found.
14) 75% of which number is 300? Explain your thought process.

15) Approximately which percent of a whole gives the fraction of 31/64? Explain your
thought process.
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GENIiS OZET
1.Giris

Glnlik hayatta sik sik kullandigimiz matematik konularindan biri de yiizdedir.
Matematikte ve giinliik hayatta yeri 6nemli olmasina ragmen bir¢ok arastirma sonucu,
ogrencilerin hatta yetigkinlerin bile yiizdeler konusunda zorlandiklarini ortaya
koymaktadir. (Allinger ve Payne, 1986; Gucken, 1986; Koay, 1998; Lembke ve Reys,
1994; Parker ve Leinhardt, 1995; Van de Walle, Karpand Bay-Williams, 2010; Wiebe,
1986). Bu diisiik basarinin sebebini Van de Walle ve digerleri (2010) ylizde kavraminin
anlamli bir sekilde gelistirilememesine baglamaktadir. Benzer bir sekilde Koay (1998)
yiizdeler konusunda yasanan zorluklarin nedenini verilen formal egitime baglamaktadir.
Koay’a gore, yiizdeler konusunda yapilan egitim, 6grencilerin yilizde problemlerine
yaklagimlarindaki yaraticiliklarini ve esnekliklerini engellemektedir. Baska bir deyisle,
ogrencilere ylizde 6gretiminde kavramdan ¢ok kurallarin ve algoritmalarin 6gretilmesi
onlar1 iglemsel kurallara bagimli hale getirmektedir (Allinger ve Payne, 1986).

Yiizde kavraminin 6gretiminde &grencilerin informal ve formal bilgileri arasindaki
baglantty1 kurmalarina yardimci olmak igin en etkili model ve ydntem iizerinde
tartigmalar halen siirmektedir. Ogrencilerin okulda gosterilen formal egitimle kendi
sezgisel bilgilerini ne diizeyde iligkilendirebildikleri net degildir (Lembke, 1991). Alan
yazin incelendiginde arastirmacilarin daha gok yiizde problemlerindeki hesaplamalarla
ilgili becerilere, dgrencilerin yiizdeler konusunda yaptiklari hatalara ve yiizdelerin
Ogretiminde etkili olabilecek yontemlere odaklandiklari ancak etkili bir yontem
gelistirmeye calisirken 6grencilerin yiizdeler konusundaki say1 duyularina fazla 6nem
verilmedigi goriilmektedir (Gay ve Aichele, 1997). Acaba yiizdeler konusunda say1
duyusunu kullanan 6grencilerden beklenen beceriler nelerdir?

Bu ¢aligmanin amaci 5, 6 ve 7. sinif 6grencilerinin yiizdeler konusundaki say1 duyularini
incelemektir. Yiizdeler konusunda say1 duyusu kavramu ile ilgili aragtirma yapilmasinin
nedeni, yiizdeler konusunun kavramsal olarak 6grenilmesinde ve yiizdeler konusundaki
eksikliklerin, hatalarin azaltilmasinda sayi duyusunun 6nemli olmasidir. Yiizdeler
konusunda Ogrencilerin sayt duyusu becerilerinin 6l¢iilmesi, aragtirma sonucunda
ulagilacak bilgilerle egitimde sayr duyusu becerisinin gelisimini saglayacak
uygulamalara ve etkinliklere daha ¢ok yer verilmesi agisindan alana katki saglayacagi
disiinilmiistiir.

2.Yontem

Bu arastirma, nicel yontemlerle toplanan veriler ile 5, 6 ve 7. siif 6grencilerinin ytlizdeler
konusunda say1 duyulari ile ilgili durumlarini ortaya ¢ikarmayi amagladigindan tarama
modelindedir. Arastirmanin Orneklemini toplam 454 Ogrenci olusturmaktadir.
Arastirmacilar tarafindan 5, 6 ve 7. simiflara uygulanmak tizere gelistirilen veri toplama
aracinda Ogrencilerin yiizdeler konusundaki sayr duyularinin ne diizeyde oldugu
belirlenmeye caligilmigtir. Gelistirilen 6lgme aract yiizdeler konusu ile ilgili olup agik
uclu ve coktan se¢meli soru tipinde toplam 15 sorudan olusmaktadir. Yiizdeler
konusunda say1 duyusu testinin giivenirliginin belirlenmesinde Cronbach-a giivenirlik
katsayis1t hesaplanmig ve 0,78 olarak bulunmustur. Yiizdelerde say1 duyusu testinde
dgrencilerin cevaplari {i¢ farkli duruma gére degerlendirilmistir. Ogrencilerden sorular
yanlig cevaplayan veya soruyu bos birakanlara 0 puan, standart rutin yolla yapanlara 1
puan, say1 duyusunu kullanarak ¢dzenlere 2 puan verilmistir.
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3. Bulgular, Tartisma ve Sonuclar

Arastirmadan elde edilen bulgularda 6grencilerin say1 duyusu kullaniminin oldukga
diisiik oldugu tespit edilmistir. Ogrenciler genellikle yiizdeler konusundaki sorularin
¢ozlimiinde say1 duyusu kullanimi yerine kural odakli ¢6ziim yollarini kullanma egilimi
gostermektedirler. Bu sonug slii sayilar, ondalik sayilar ve tam sayilar gibi farkli
konularda yapilan c¢aligmalarda da ogrencilerin soru c¢oziimlerinde sayr duyusu
kullaniminin diisiik oldugu bulgusu ile paralellik gostermektedir (lymen, 2012; Kayhan
Altay, 2010; Sengiil, Giilbagc1 ve Cantimer, 2012; Yang, 2005). Allinger ve Payne (1986)
de caligmalarinda  Ogrencilerin  yiizdeler konusunda iyi bir performans
sergileyemediklerini belirtmislerdir. Ogrencilerin yiizde problemlerini ¢dzerken kurallar
uyguladiklarini, bu kurallari da anlamadan ezbere yapmaya ¢aligtiklarini ifade
etmislerdir. Bu da 6grencilerde yiizdeler konusunda kavramsal anlamanin olusmadigini,
ogrenciler tarafindan islemsel bilginin kullanildigim géstermektedir. Ogrenci cevaplari
incelendiginde dgrencilerin oranti kurma, payda esitleme ya da denklem yontemi gibi
daha ¢ok kural odakli, ezbere dayali islemler yaptiklari goriilmiigtiir. Tahmin etme ya da
yaklagik degeri bulma ile ilgili sorularda bile 6grencilerin pratik ¢dzlimlerden ziyade
daha uzun zaman alan islemsel yontemleri tercih etmesi arastirmanin bir diger 6énemli
sonucudur. Bu sonug, 6grencilerin kural temelli stratejilere yatkinligini gosteren bircok
arastirma sonucunu da desteklemektedir (Harg, 2010; Kayhan Altay, 2010; Singh, 2009;
Sengiil ve Giilbage1, 2012; Sengiil, Giilbagc1 ve Cantimer, 2012; Yang, 2005).

Bu arastirmanin bir diger bulgusu modellerin, sekillerin kullanildig: ikinci faktor olan
“gorsel temsil bigimi” bileseninde yer alan sorularda 6grencilerin daha basarili olduklari,
say1 duyusu kullaniminin bu sorularda daha yiiksek oldugu sonucunu ortaya koymustur.
Bu sonug¢ daha once yapilmis olan Kayhan Altay (2010)’in arastirma bulgular ile
paralellik gostermektedir. Kayhan Altay (2010)’in ¢alismasinda da dgrenciler en ¢ok
kesirlerde kavramsal diisiinme bileseninde yer alan kesirlerin say1 dogrusu iizerinde ve
sekil tizerinde gosterimi ile ilgili sorularda say1 duyusunu kullanmiglardir. Modellerin
kullanildig1 sorularda &grencilerin say1 duyusu kullanimi yiiksek olmasinin bir sebebi
konunun somutlastirilmasi, ders kitaplarinda yiizde konusunun giris kisminda yiizliik kart
gibi modellerin kullanilmasindan kaynakli dgrencilerin bu tarz sorulara asina olmasi
olabilir. Diger bir sebep ise modellerle, sekillerle sorulan bir sorunun formiiller ya da
islemlerle ugrasmaksizin Ogrencilerin daha esnek ve derinlemesine diigiinmelerini
saglayacak firsat sunmasi olabilir. Ancak arastirmada dikkat ¢eken bir nokta; 6grencilerin
kiime modeli seklinde verilen dairelerin belli bir yiizdesini bulmada tek bir seklin belli
bir yiizdesini bulmaya gore daha ¢ok zorlanmalar1 olmustur. Bu sonu¢ Gay (1990)’1n
caligmasinin arastirma sonuclar1 ile de benzerlik gostermektedir. Bu durum derste
konunun islenisi esnasinda biitiiniin tek bir sekil olarak gosterilmesinden, farkli biitiin
modellerinin 6gretmenler tarafindan kullanilmamasindan kaynakli olabilir.

Arastirmada 6grencilerin kiyaslama (referans) noktasini kullanma egilimlerinin oldugu,
gorsel temsil bigimi ile ilgili sorulardan sonra say1r duyusunu kullanmada en basarili
olduklari sorularin kiyaslama (referans) noktas: kullanimu ile ilgili sorular oldugu ortaya
konmustur. Benzer sekilde Sengiil, Giilbage1 ve Cantimer (2012)’in yaptiklar1 ¢aligmada
da ilkogretim 6. sinif 6grencilerinin yiizde problemlerini ¢ézerken kullandiklari say1
duyusu stratejilerinde referans noktalarmin kullanimmnin oldukca fazla oldugu
belirtilmistir. Bu bulgu 6grencilerin %25, %50 ve %100 gibi referans noktalarini
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kullanmada basarili olduklarini belirten ¢aligsmalarin bulgulari ile de 6rtiismektedir (Dole,
Cooper, Baturo, ve Conoplia, 1997; Gay ve Aichele, 1997; Lembke ve Reys; 1994).

Ogrencilerin yiizde konusunda sayr duyularmi gelistirebilmek icin oncelikle
Ogretmenlere say1 duyusu kavramini dgrenebilecekleri ve zihinden islem yapma ya da
tahmin etme becerilerini kazanabilecekleri, bdylece sayr duyusu becerisini nasil
gelistirmeleri gerektigini anlayabilecekleri hizmet ici egitimler verilebilir. Ogretmenlerin
hizmet 6ncesinde de bu becerileri kazanmalar1 i¢in lisans programi sirasinda aldiklari
Ozel Ogretim yontemleri gibi dersleri kapsaminda yapilan uygulamalarda o6zellikle
matematigin ¢esitli konularinda say1 duyusu etkinliklerine yer verilmelidir. Ayrica
O0gretmen adaylarinin 6grencilerin yiizdeler konusunda kullandiklar1 sayr duyusu
stratejileri hakkinda bilgilenmeleri ileride O6gretim ortamlarimi bu beceriler iizerine
yapilandirmalarinda yardimc1 olacaktir.

Arastirma sonuglar dikkate alindiginda 6grencilerin yiizde konusunda say1 duyularini
gelistirmek i¢in sinif i¢i uygulamalar da 6nem tagimaktadir. Bu uygulamalar kapsaminda
oncelikle ylizde kavramimin farkli igeriklerdeki anlamlart iizerinde durulmalidir.
Kavramsal anlamanin olugmasi i¢in yiizde kavraminin giinliik hayatta kullanimina iligkin
ornekler lizerinde durulmali ve nasil yorumlandigi vurgulanmalidir.

Arastirmada gelistirilen yiizdeler konusunda sayi duyusu testi Ogrencilerin zayif
olduklari, zorlandiklar1 yerleri tespit etmede, say1 duyusunu gelistirmede ve say1 duyusu
bilesenleri dikkate alinarak uygulanacak 6gretimin nasil yapilandirilmasi gerektigi ile
ilgili ipucu verebilir.
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