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ABSTRACT

This study aimed to examine, revise, test, and evaluate the items produced in mathematical
literacy in terms of language, structure, and content and create an item pool containing valid,
reliable, and applicable items. The study method was based on the formative assessment of
development research types. Thus, small group tests were carried out with 8th grade students,
field tests with 9th and 10th graders. The small group tests consisted of 20-30 students, and 3053
and 2918 students participated in the first and second field tests. A total of 102 items were tested.
Following the small group tests, student solutions were analyzed, and revision procedures were
carried out accordingly. At the end of the first and second field tests, item analysis was completed
through 27% upper and lower groups method. According to the first field test results, 33 items
were revised, considering the item discrimination index and the accumulation rates in distracter
items among the upper and lower groups. Those items were re-tested in the second field test. The
structural and cognitive factors that affect the validity were included in the results related to the
second field test analysis of the revised items. These factors would contribute to the revision
methodology literature. At the end of the study, there were 94 items, of which the discrimination
index was rj20,30. Besides, the mathematical literacy sub-dimensions measured by each of the
given items were determined within this study's scope. The items, mathematical literacy sub-
dimensions, and item statistics were in the appendixes. It is suggested that using the given items
in mathematics education research, in-class activities, and measurement and evaluation activities
will be beneficial for students to develop mathematical literacy.

Keywords: Item analysis, item pool, mathematical literacy, PISA, revision methodology.
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INTRODUCTION

The results of the Program for International Student Assessment [PISA] are considered as a national report card
in many countries. In addition to the PISA results published by the Organization for Economic Cooperation and
Development [OECD], each country prepares its national reports and conducts national research based on these
results. The results provide countries with information about ranking and many opportunities to make criteria-
based assessments. One of these criteria is mathematical literacy, which is defined as the individual's capacity to

formulate, apply, and interpret mathematics in various ways in life (OECD, 2013a; OECD, 2016).

PISA categorizes mathematical literacy items according to (i) context, (ii) mathematical content knowledge, and
(iif) mathematical processes for the solution. Thus, it monitors how students manage the necessary mathematical
processes by using their mathematical content knowledge in solving the problem given in a context. Besides, the
"Mathematical Literacy Proficiency Scale" of PISA helps countries make skill-based and competency-oriented
assessments. Because the basis of this 6-level scale (OECD, 2019) consists of eight characteristic mathematical
skills that are meaningful for each level. The proficiency levels describe the differences between the students'
performances as follows: "After solving the questions with specific difficulty level, the basic mathematical skills
required for the solution are examined." (Stacey, 2013). Then, the students' mathematical literacy proficiency
levels are determined on the scale, which summarizes the mathematical literacy skills of all participant students.
Thus, the participant countries have a general idea about the mathematical literacy levels of their 15-year-old
contestants. All these features make the scores obtained from PISA applications more meaningful and more

functional.

Many countries take PISA's mathematical literacy results as a reference to structure national curriculums
(Breakspear, 2012). Also, in the last 30 years, with the researchers’ suggestions (Lloyd, Herbel-Eisenmann & Star,
2011), some countries including England and the United States [USA] have started to develop context-based
mathematical ideas in the curriculum (Boaler, 1993; Robinson, Robinson & Maceli, 2000). Following the reports
by Tomlinson (2004) and Smith (2004), England has made mathematical literacy a key goal in its schools. In the
USA standards, improving students' literacy skills in all primary branches in public schools (e.g., English,
mathematical, science, social) has been the chief goal, and literacy-based teaching has been promoted (National
Governors Association Center for Best Practices, 2010). According to Turkey's secondary school mathematical
curriculum's first statement, invoked in students will develop mathematical literacy skills and use them
effectively (Ministry of National Education [MEB], 2018). Hence, it is understood that countries take specific
theoretical measures to improve students' mathematical literacy. And the practical efforts to identify and

enhance individuals' mathematical literacy can be evaluated through the studies given below.

It is suggested to increase the number of literacy items in national exams (Jirges, Schneider, Senkbeil &
Carstensen, 2012; Uysal & Yenilmez, 2011). Although it seems advantageous, it is directly about assessment and
evaluation, and its scope should be extended to include the education and teaching because the evaluation

regarding the achievement of the of primary mathematics education objectives should be acknowledged as a
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complement of education (National Council of Teacher of Mathematics, 2002). Thus, mathematical literacy items
are necessary for in-class activities. This study aims to produce items that will contribute to the literature. Such
an initiative could reinforce the relationship between the mathematical teaching and assessment and evaluation
processes. Besides, inherent to the definition of mathematical literacy can contribute to associating

mathematical teaching with life.

Ozgen (2013) stated that prospective mathematics teachers have difficulties in associating mathematics with life.
Leikin and Levav-Waynberg (2007) also indicated that middle school teachers experience challenges in
associating mathematics with life, so they prefer to give abstract examples, which might result in disconnections
between the teaching material and daily life experiences (Altun & Akkaya, 2014), and lead to a deficiency in
students' mathematical literacy skills. One of the efforts against the current situation is to encourage teachers
and students to plan a PISA-based (contextual) learning and design teaching assessments based on PISA criteria

(Kohar, Zulkardi & Darmawijoyo, 2014).

Reinke (2020) contributed to the literature regarding the use of contexts in mathematical teaching by presenting
a model in which a student initially developed images by dealing with contextual problems to make sense of
subsequent tasks in a standard classroom setting. Uysal and Yenilmez (2011) suggested that students should
frequently experience and solve problem situations such as those found in PISA to improve mathematical literacy
skills. According to Wardono and Mariani (2014), the lack of learning tools and activities to develop mathematical
literacy is one reason for students’ inability to improve mathematical literacy skills. Altun and Bozkurt (2017)
expressed that it is necessary to discuss daily-life texts with mathematical content in learning environments, and
students should be familiarized with them. He stated that this problem could be solved by involving and asking
contextual items and texts with mathematical content and opening discussions in mathematical teaching.
Ekawati, Susanti and Chen (2020) proposed to design learning activities that provide secondary school students
with more opportunities to learn and solve mathematical literacy items. These literature suggestions highlight
the need to develop valid, reliable, and practical mathematical literacy items and activities, which leads

researchers to study on producing such items and activities.

Many researchers carried out researches to develop items similar to PISA to measure students' mathematical
reasoning skills (Annisah, 2011), mathematical communication skills (Mardhiyanti, Putri & Kesumawati, 2013),
mathematical literacy (Oktiningrum, Zulkardi & Hartono, 2016), and problem-solving ability (Nasution, Fauzi &
Syahputra, 2019). Lestariningsih, Nurhayati, Susilo, Cicinidia and Lutfianto (2020) developed mathematical
literacy questions that have potential impact on students' representation skills. Besides, Silva (2011) produced
items in the uncertainty category and categorized them according to the mathematical literacy competence sets.
Kamaliyah, Zulkardi and Darmawijoyo (2013) created the sixth level of PISA-like mathematical literacy problems.
In the last decade, although there have been many international studies listed above, Turkey scored low in math

literacy in PISA (Acar, 2012; Altun & Akkaya, 2014; Aydin, Sarier & Uysal, 2014; OECD, 2013b). It might stem from
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the lack of items and activities to support mathematical literacy (Wardono & Mariani, 2014), and there are still

a few national studies to produce mathematical literacy items and activities.

As mentioned in the research results and suggestions above, an item pool, including contextual questions that
can be used for in-class activities designed to contribute to mathematics education, is an essential need today.
Thus, the current study aims to produce valid, reliable, and applicable mathematical literacy questions. With this
purpose, the mathematical literacy questions obtained from Demir and Altun (2018) studies and Demir (2019;
2020) with prospective teachers were evaluated, modified, applied, and analyzed in terms of language, structure,

and content.

METHOD

The study aimed to analyze, revise, test, and evaluate the item pool in mathematical literacy in terms of language,
structure, and content and obtain valid, reliable, and functional items. The study applied the formative
assessment design, including one-to-one student interviews, expert reviews, small groups, and field tests

(Tessmer, 1993). The steps of formative assessment are shown in Figure 1.

Expert
Review

Revision Revision

Revision

One-to-one

Figure 1. The Steps of Formative Assessment (Tessmer, 1993)

Tessmer's (1993) method has been used in various item development researches (e.g., Oktiningrum et al., 2016;
Nasution et al., 2019). However, "one-to-one" student interviews are generally applicable for studies in which
the number of items is limited to a few questions. Since the study aimed to test 102 items with students and the
"one-to-one" step that involves interviewing several students for each question was dismissed, which can be a
limitation of this study. However, a measure was taken to reduce the limitation's impact, which is explained 4th
stage of the method below. The method stages are described in detail below.

1) Mathematical literacy items were compiled from the literature.

2) Expert reviews were performed in terms of language, structure, and content of the compiled items, and
revision procedures were carried out based on the experts' comments and suggestions.

3) Open-ended item pool and answer key were created.

4) Open-ended questions were tested in small groups. The reason for using open-ended questions was to

studying with small groups rather than “one-to-one" interviews proposed by Tessmer (1993). It was assumed

1371



I.I OE E C (International Journal of Eurasian Education and Culture) Vol: 6, Issue: 13 2021

that students' answers to the open-ended questions could provide some data, which is thought to reduce the
study's limitation.

5) Based on the data from small groups, item options were written, and the optimal time for the answer was
determined approximately. The expert evaluations of the items with multiple-choice were then completed in
terms of language, structure, and content. The comments and suggestions of the experts were received, and
necessary revisions were made.

6) The item difficulty indices were determined according to the data obtained from small groups. The
mathematical literacy sub-dimensions (context, mathematical content, mathematical process) of questions were
determined. Hence, each item was labeled with its sub-dimension and estimated item difficulty index.

7) Draft multiple-choice item pool and answer keys were created.

8) The items were distributed in the booklets, considering the estimated item difficulty index and related
mathematical literacy dimensions.

9) The first field study was carried out, and item analysis and revisions were made accordingly.

10) The other field study was carried out, and the item analysis was done based on the data.

The first seven stages above continued as the new items were added from the literature. In other words, the
new questions underwent the first seven processes. Then, those questions were saved until the necessary

consents were received for field studies. Ethical rules were followed at every stage of the method.

- Estimated item difficulty

Ttems in th 0 ded questi - Options
l?;m. 1tn e > pen-ended questions > - Solution time
lterature . .. I and answer key Testing i 5 .
Expert reviews and revision procedures N esting items in - The related mathematical
small groups literacy sub-dimension

Expert reviews and
revision procedures

/N
Z
g4 v
= &
T g The first field study and item analysis Distribution of items in the booklets : : :
::- g i o The first = Multiple choice questions
S g field tests = ™~ and answer key
g =
E
=
= Evaluation of results

and revision procedures

The second

field tests
Figure 2. Model of the Processes Followed in the Method

Figure 2 shows the processes followed in the study. Similar models were also used for the item pool/question
bank development studies in the literature (e.g., Wongpanya, Pativisan & Ngamman, 2018; Yuentrakulchai,

Kamtet & Dechsri, 2018).
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Study Sample

There were two groups in this research. The first group was at the fourth stage of the study and involved two 8th
grade classes in which the number of students ranged between 20-30 on application days. Classes were selected
from a public school in a district in the Mediterranean region. The population of the district is about 160 000.
The socioeconomic status of students was medium. The reason for choosing these two classes can be explained
as follows: The most crucial aim of the 4th stage was to test the items (whether they were overlapped with what
the student understood from the question). Thus, the questions were asked open-ended, and students were
encouraged to find solutions. The validity and reliability of the data on the item clarity depend on the students'
focus on the solution, and their teachers play a crucial role in encouraging them to concentrate on the solution.
The most significant factor in choosing the students of these two classes for the solutions with small groups was

that teachers agreed to support the research in this regard.

The second group was in the 9th and 10th stages of the method and included students who participated in both
field studies. The second group consisted of 9th and 10th grade students at 12 high schools in a city center in the
Aegean region. It consists of 110 classes, and the students in those classes participated in both field tests. 3053
and 2918 students participated in the field tests, respectively. The difference arose from the absent students on
the application day. 55% of the participants were 9tth graders, and 45% were 10th graders. The reason for
preferring only 9th and 10th class levels was that 96.5% of Turkey sample in PISA-2018 consisted of 9th and 10th
grade students (MEB, 2019).
Vocational and Technical

Anatolian High School
% 17,9

Science High
School % 5,3

High School of
Social Sciences
% 6,4

Anatolian High
School % 70,4

Figure 3. Distribution of Students by School Types in Field Tests

8 Anatolian, 2 Vocational Technical Anatolian, 1 Science, and 1 Social Sciences High Schools participated in the
study. The percentage distribution of the students by their school types in field tests is shown in Figure 3. 81.4%

of Turkey sample in PISA-2018 involved the students from 4 school types (MEB, 2019).
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Data Collection Tools, Data Collection and Analysis

The research method was explained in 10 processes. The first process was compiling mathematical literacy items
in the literature (Demir & Altun, 2018; Demir 2019; Demir, 2020). A total of 102 open-ended questions were

compiled at the end of the process.

The second stage reflected the expert assessments of the collected items regarding language, structure, and
content. The assessments were made by two Turkish education experts, a mathematical teacher (teacher of the
8th graders in small groups), a mathematics education researcher, and an assessment and evaluation specialist.
Turkish education experts were two research assistants at the doctoral dissertation stage. The mathematical
teacher had eight years of experience. The assessment and evaluation specialist also had a degree in
mathematics education and has published academic studies on PISA and mathematical literacy. Turkish
education experts evaluated the questions in terms of language. Other experts were asked to answer the
questions, evaluate the items' suitability for 15-year-old students, and express their comments and suggestions

regarding text, figure, and clarity. Revisions were made according to the feedback from the experts.

The third stage involved the development of the answer key (rubric) of each item. At the end of the process, the
researcher obtained a open-ended item pool and answer keys (rubrics) consisting of questions and answers given

by experts.

The fourth stage involved testing the items in small groups of 20-30 participants. The teacher encouraged
students to focus on the solution to ensure validity and reliability (e.g., by using encouraging expressions, using
in-class performance grades, arousing interest for the items). It is thought that students' focus on the solution
increases the probability of valid and reliable results about the items. At least 7-8 students solved each question.

At the end of the process, students' solutions were clustered.

In the fifth stage, student solutions were analyzed. The algorithm in the analysis is presented in Figure 4. As a
result of the analysis, the options based on student solutions in small-group applications were written for the

open-ended items.
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Are there any students who answered (right or wrong) the question?
Yes No

\ )

Is the student’s solution correct?

It is determined whether it is due to the
|1 student or the item. Then, the question is
J, ¢ revised” or excluded from the item pool.

Yes No

\J XS

Is the student’s solution different
from the experts’ solution?

I |1

The reasons for the incorrect

Is there a student who answered the question correctly?

The correct and incorrect solutions are

The students’ solution is added to The question is added to the compared, the reason(s) for the wrong solution are investigated. The item is
the other solutions in the rubric. open-ended item pool. answer is described. revised” based on the reasons or
excluded from the pool.
l 11
The question is added to the J’ J’
open-ended item pool. If the reason(s) are due to students If at least one of the reasons is due

(lack of interest, knowledge, skill, to the item (clarity. text, figure,
etc.), the item is added to the open- graph, etc.), it is revised”.

ended item pool.

* The items to be revised are sent to the second process of the method.

Figure 4. The Algorithm in Analysis of Student Solutions of Open Ended Questions

At the end of the fifth stage, the experts assessed the multiple-choice items in terms of language, structure, and
content, and gave feedback. The revision was made based on the feedback. Besides, it was determined to give

students 45 minutes to solve 10-11 problems.

The sixth stage included identifying the mathematical literacy sub-dimensions (context, mathematical content,
mathematical process) considering the matched items and expert assessments and measuring the item difficulty
index based on the data obtained in small groups. The estimated item difficulty was determined as an integer in
the range 0-10 for each item. The values closer to 10 represent the difficulty of the item. The explanations about
the sub-dimensions in PISA reports and the item classifications of the published PISA questions were accepted
as criteria in matching the item with the mathematical literacy sub-dimensions. In this sense, the researcher
carried out the matching procedures, and the measurement and evaluation specialist separately. The items were
labeled according to the discussion results based on the PISA arguments on the matching procedures. As a
requirement of the seventh stage, 102 items completing the six stages above were added to the draft multiple-

choice question pool and answer keys.

The eighth stage involved distributing the items into the booklets, considering the item difficulty index and the
mathematical literacy dimensions they matched. It was aimed to ensure that the difficulty levels of the items in
the booklets were similar and that each booklet included approximately the same questions in every
mathematical literacy sub-dimension. The goal was to create similar booklets, thus ensuring the data's validity
and reliability from field studies. Thus, 98 questions were shared in 10 different booklets, each consisting of 10
questions for the first application. Since four items did not complete the above processes yet, they were
transferred to the second field study. The number of mathematical literacy questions that students could solve

in 45 minutes was considered in determining the number of items (10) per booklet.
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The ninth stage included the first field study, analysis of the data, and revisions. In this process, interviews were
done with the relevant institutions, and the necessary official permissions were obtained for both applications.
Then, the ninth and tenth-grade students at all schools covered by the permit were determined. The first

application was made on Wednesday, 6 March 2019.

The Validity and Reliability Studies in the First Field Study

1. Booklets of each class were placed in different envelopes in which each of the ten booklet types was included.
For example, for a class of 32 students, at least 3 of each booklet type were placed in the envelope, which
contributed to the study's validity and reliability in two ways. First, since the booklets' items were different, the
students were prevented from communicating regarding the answers during the exam. Second, the booklets
were distributed homogeneously throughout the sample, and the maximum number of students solved each
problem.

2. The instructions and issues to be considered by students and teachers were written on the exam documents
in detail (exam envelopes, booklets, and testing forms).

3. During the exam documents distribution, the responsible principal was informed that the proctor teachers
should read the exam rules on the envelopes.

4. The exams were simultaneously held in the third-class hour by the proctor teacher in all schools and classrooms
on Wednesday, 6 March 2019.

5. 50 minutes were given for the exam. Students were given 45 minutes to solve ten mathematical literacy
questions in the booklet. The remaining 5 minutes were separated for the students’ order in the classroom to
distribute and collect booklets and testing forms.

6. After the exam, the exam papers were submitted to the school principals by the proctor teachers and then

were received by the researcher.

Data Analysis of the First Field Study

The testing forms of 49 students were not included in the analysis as they could not sign the form correctly or
did not sign the wrong booklet type. Also, the item “H10” (H: Booklet type, 10: Item sequence) with the “72B” ID
number was canceled and not included in the analysis because the options were misspelled. Thus, after the
elimination of the missing data, the data of 3004 students and 97 mathematical literacy items were analyzed
using the “upper and lower groups method (27%)” (Baykul, 2000) and “Test Analysis Program” (TAP). The analysis
results brought item statistics related to item difficulty index (pj), discrimination index (rjx), and distractors in the
options. Item difficulty index is the ratio of the correct answers to all respondents (Atilgan, Kan & Dogan, 2017).
Therefore, it takes a value between 0 and 1 (0<p;j<1). The value approaches 0 as the question becomes difficult
and 1 as the question becomes easy. The item discrimination index, also called the item validity coefficient

(Atilgan et al., 2017), is calculated by subtracting students who answer incorrectly in the lower group from the
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ratio of students who answer correctly in the upper group (Basol, 2019). Therefore, it takes a value between -1

and 1 (-1<rj<1).

Determination of Item: Item difficulty index (pj value) may vary according to the test's difficulty. According to
Crocker and Algina (1986), if the item discrimination index (rix value) is
e higher than 0.3 or equal to 0.3 (rx20.3), items (questions) function well and can be kept in the test
without making any changes.
e Between 0.20< rjx<0.29, the item can be revised and used accordingly.

¢ rix<0.20, the item should not be used or should be modified.

The analysis was not limited to the item discrimination index (rj). Also, the data on the options of each item were
examined separately. In item analyzes on upper and lower groups, distractors generally attract students in the
lower group rather than in the upper group (Tekin, 2019). In this sense, the items that met one of the two
conditions listed below were revised.
i. rx<0.3 (29 items).
ii. Despite rix0.3, the students' ratio from the upper group was higher than the ones in the lower group (4
items).

Table 1 shows the locations, ID numbers, and reasons for revisions of the 33 items.

Table 1. Items and Revision Reasons

Location Item ID Revision Reason Location Item ID Revision Reason
Al 1 i F2 60 i
D4 6 i D8 61 i
D2 7 i F7 65 i
11 9 i D3 79 i
A2 10 i F10 83 i
E1l 11 i J5 84 i
12 13 i Bl 19A i
c9 22 i B2 198 i
B6 27 i C2 23A i
13 29 i H3 49B i
c4 31 i H5 66A i
16 34 i H6 66B i
B7 39 i G10 70B i
B8 40 i 14 76B i
H1 51 i 17 82A i
H7 53 i 18 82B i
Al10 58 i

Every item in Table 1 was reviewed and revised in terms of form, text, content, and options by a researcher and
a measurement and evaluation specialist who had a degree in mathematics education considering the first
application data. Some items were revised more than once, and a total of 44 revised items were obtained. Thus,
those revisions increased the number of functional items. Each of the revised versions was labeled “R1”, “R2,"
and the ID number. For example, three different revised versions of the item "60" were labeled as "60R1",

"60R2," and "60R3" for the second field study.
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The 33 items in Table 1 were not included in the booklets of the second field study. Forty-four items (revised
versions) derived from the 33 items were placed in the second field study's booklets. Besides, four new items
that were not tested in the first application were added to the booklets and draft multiple-choice question pool
following the method's previous stages. The item distribution to the booklets was completed according to the
criteria given in the 8th stage. However, different revised versions of the same item were distributed to different

booklet types in the second field study. Thus, booklets for the second field study were completed.

The tenth stage of the method involved the second field study and analysis of the data. Similar validity and
reliability measures in the first application were also taken in the second application. The second field study was

held on Friday, 3 May 2019, with the same classes and schools of the first application.
Data Analysis of the Second Field Study

The testing forms of 72 students were not included in the analysis because they made an incorrect sign or did
not write the booklet type in the testing form. Thus, after the elimination of the missing data, the data obtained
from 2846 students were analyzed using the “27% upper and lower groups method” (Baykul, 2000) and “Test
Analysis Program” (TAP). The analysis results gave item statistics related to item difficulty index (pj),

discrimination index (rix), and distractors in the options were obtained.

Depending on the pj and rix indices from the first and second applications (Basol, 2019), standard deviations
(si=y/Pj. (1 — Pj)) and reliability coefficients of all items (rj=rjx.s;) were calculated. The values are presented in the

findings of the study (Appendix-1).

Similar to the assessment procedures of the first field study, the items were divided into three categories

according to the criteria of Crocker and Algina (1986): "reliable," "reliable with revisions," and "unreliable or must
be completely revised." At the end of the data analysis, the item discrimination indices in the range of 0.29 < rjx
<0.295 were rounded up to rix= 0,29; and the index of 0.295< rix <0.3 were rounded up to rix = 0.3, which led
three items to change categories (item “27” with rjx value of 0.2296; item “66B” with rix value of 0.2298, and item

“82A" with rjx value 0.296). The three items were included in the "reliable” category.
FINDINGS

At the end of the first, second, and third stages of the method, 102 open-ended items were obtained. One of
them (Cargo Company) is presented in Figure 5, with the findings obtained in the fourth and fifth stages of the
method. Figure 5 shows the open-ended version of the item with a small group, an example of a student solution,

and the multiple-choice version obtained due to the revisions.
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ssor_wor_1_61 CARGO COMPANY SSDT MDF 7 61 CARGO COMPANY
A cargo company wants to agree with an oil company to get oil for the vehicles. . ) i )
Two oil companies explain their special campaigns for the cargo company as Question 8: A cargo company wants to agree with an oil company to get oil for the vehicles. Three
follows. oil companies explain their special campaigns for the cargo company as follows.
—0il company A says that they will make a 10% discount over the regular oil
sales price

— Oil company K says that they will make a 10% discount over the average oil sales price.

— Oil company L says that there will not be any price discounts but will give a special oil. and
with this oil. vehicles can go 10% more distance than the standard oil.

- Oil company M says that there will not be any price discount but give 10% free oil.

~0il company B says that there will not make any price discounts but will
give a special oil, and with this oil, vehicles can go 10% more distance than
the regular oil.

Which oil company will be more profitable for the cargo company? Show

your work. P . . .
’ Based on this information, which one of the following statements is correct for the cargo company?

Be:m ﬁ <okl meSele yakda oo i dopk A .j',‘fl‘m"-fna'e Yl

A) The offers of all three companies have the same level of profitability.
indicinle, 90 Td e ]efeﬂelt . B'de e looH 0[“(314 ama piraz doha B) The most profitable one is K and followed by L and M.

‘Pﬂéjd /q.a‘.‘ lecak C) The most profitable one is M and followed by K and L.

D) The most profitable one is K. L and M have the same level of profitability.

E) The most profitable one is M. K and L have the same level of profitability.

: 8 :I:WTT: 197
O II= ot b LT
r - (ol e 1 yol 19977
L s
turda 1 yel 97L Olyor B
J{LH_TLa—T T Hani A doha lkarl
Sample student solution after the fourth process Transforming to the multiple-choice problem after the fifth process

Figure 5. The Sample Item at the End of the Third, Fourth and Fifth Stages

Following the analysis of the student solution above (left), it is seen that what the student understood overlapped
with the item content. Hence, the item completed the 4th stage successfully. Only two companies were
presented that could be preferred in the open-ended version of the item, making it challenging to write five
options for the multiple-choice version. Therefore, in transforming the problem into multiple-choice (in Stage 5),
the experts suggested adding a new company to the item. This item was chosen as an example as it underwent
a more comprehensive revision than other items. At the end of the fifth stage, the problem's final version is

demonstrated in Figure 5 (right).

The sixth stage of the method brought findings related to the item difficulty index and the mathematical literacy
sub-dimensions. The number of items at each difficulty level is presented in Table 2. Values range between 0-10.

The item is represented with higher index value as it gets challenging.

Table 2. Item Distribution by Difficulty Levels

Difficulty Level 1 2 3 4 5 6 7 8 9 10 Total
Item Number 0 0 0 17 19 26 20 12 2 6 102

In Table 2, the item difficulty levels varied between 4-10. The items of medium difficulty (4, 5, 6) were in the
majority. Thus, the findings suggest that the average difficulty levels of the multiple-choice question pool items

were 6.21.

The number of items matching the mathematical literacy sub-dimensions is shown in Table 3. It is seen that the
number of items to measure quantitative content knowledge in a personal context was higher than in others.

The table in which the items were precisely matched with the sub-dimensions is given in Appendix-1.
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Table 3. The Number of Items per Sub-Dimension

Dimension Context* Math. Content** Math. Process ***

Sub- SCI PER OocCP SOC ubD CR QNT SS FRM EMP INT
dimension

Item Number 11 48 28 15 10 27 49 16 41 36 25
Total 102 102 102

*Contexts: SCI: scientific, PER: personal, OCP: occupational, SOC: societal.
**Mathematical Contents: UD: uncertainty and data, CR: change and relationships, QNT: quantity, SS: space and shape
***Mathematical Processes: FRM: formulating situations mathematically, EMP: employing mathematical concepts, facts,

procedures, and reasoning, INT: Interpreting, applying and evaluating mathematical outcomes

For the example of the "Cargo Company" question given in Figure 5, the estimated item difficulty was "7" out of
10; the context was "occupational"; the mathematical content was "change and relationships"; the mathematical
process was "formulating situations mathematically." The item was labeled with these features and added to the
multiple-choice question pool with the correct answer “D” (The most profitable one is K. L and M have the same
profitability level.) It has been. In the seventh stage of the method, a draft multiple-choice question pool was
created by labeling all items with the features given in this sample. In the eighth stage, item distribution to the
booklets was made according to the findings in Table 2 and Table 3 and the matching "item- mathematical

literacy sub-dimension" in Appendix-1.

The first and second field studies' findings were obtained from the ninth and tenth stages, respectively. The
findings were evaluated for the items to be used or revised. The item discrimination indices regarding the field
studies were considered in decision making. Ninety-eight mathematical literacy items were tested in the first
field study. Thirty-three of those items were revised. Forty-four items were obtained from the 33 revised items
(more than one revised version was derived from certain items). Findings related to the revised items were
examined in two categories of reason. The first category contained 29 items, and the second category included

four items. Explanations about the categories are provided below.

The first category included the revised items (rix <0.3). Table 4 shows the rix values of the first application's 29

items and the 40 revised items of the second application.

Table 4. The Comparison of Item Discrimination Indices in the First Category

Item ID rix (15t Application) Item ID (revised version) rix (2" Application)
1 0.127 1R1 0.255
10 0.087 10R1 0.107
10 0.087 10R2 0.118
11 0.244 11R1 0.442
13 0.293 13R1 0.458
22 0.234 22R1 0.327
27 0.296 27R1 0.313
29 0.158 29R1 0.245
31 0.154 31R1 0.244
34 0.124 34R1 0.23
34 0.124 34R2 0.584
34 0.124 34R3 0.225
34 0.124 34R4 0.317
39 0.124 39R1 0.216
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40 0.176 40R1 0.45

53 0.29 53R1 0.381
58 0.277 58R1 0.269
58 0.277 58R2 0.118
60 0.257 60R2 0.255
60 0.257 60R1 0.262
60 0.257 60R3 0.277
61 0.228 61R1 0.301
65 0.237 65R1 0.312
79 0.079 79R1 0.328
83 0.202 83R1 0.145
84 0.195 84R2 0.163
84 0.195 84R3 0.13

84 0.195 84R1 0.092
19A 0.247 19AR1 0.373
19A 0.247 19AR2 0.593
198 0.19 19BR1 0.345
198 0.19 19BR2 0.588
23A 0.281 23AR1 0.315
498 0.225 49BR1 0.15

66A 0.152 66AR1 0.28

66B 0.298 66BR1 0.225
70B 0.238 70BR1 0.26

76B 0.196 76BR1 0.142
82A 0.296 82AR1 0.597
82B 0.258 82BR1 0.293

As seen in Table 4, the 14 revised versions out of 29 items in the first category (11, 13, 22, 27, 34, 40, 53, 61, 65,
79, 19A, 19B, 23A, 82A) met the criteria of rjx=0.3. Two revised versions of 3 items among the 14 items (34, 19A,
19B) met the requirement of rix=0,3. Thus, there were 17 items met the ri20.3 conditions at the end of the
revision.

The 19A and 19B items in the first category are given below to exemplify the revisions. Those items were chosen
as examples since the revision gave the most significant statistical results for those items. The changes were
scanned on the item. Also, difficulty and discrimination indices and reliability coefficients of the items before and

after revision are presented in Figure 6.

1t APPLICATION: 2nd APPLICATION:

WAITING FOR THE BUS

WAITING FOR THE BUS

Please answer questions 1 and 2 based on the following information.

‘While waiting for the bus at the bus stop. Ahmet knows the following. The bus he is waiting
for passes once in every 30 minutes. Depending on the traffic, this bus can be late for &
minutes and can be early for 6 minutes than the average time.

Question 1: How many minutes at most Ahmet who misses the bus at the last moment
will wait for the next bus?

Please answer questions 1 and 2 based on the following information.

While waiting for the bus at the bus stop. Ahmet knows the following.
& The bus he is waiting for passes once in every 30 minutes.
e Depending on the traffic, this bus
© canbe at most late for 8§ minutes or

@ can be early for 6 minutes than the standard time

Question 1: How many minutes at most Ahmet who misses the bus at the last moment
will wait for the next bus?

e
5 ISEn

)37 N e N B)33

— Item difficulty: 0,174 Item distinctiveness: 0.247 )33 Ttem difficulty: 0,543 Item distinctiveness: 0,593
E)6 Reliability coefficient: 0.094 E))? Reliability coeflicient: 0,295

Question 2: How many minutes at least Ahmet who misses the bus at the last moment will
wait for the next bus?

Question 2: How many minutes at least Ahmet who misses the bus at the last moment will

A)24 wait for the next bus?
B) 14
)16 20
D) 18 Item difficulty: 0,116 Item distinctiveness: 0,190 B) 14
016 Ttem difficulty: 0,375 Item distinctiveness: 0,588
B2 Reliability coefficient: 0,061
D)18 Reliability coefficient: 0,284
E)21

Figure 6. Revision Procedures and Item Statistics for ltems 19A and 19B
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When the statistics of 19A and 19B items are examined in Figure 6, it can be seen that the revisions significantly
increased the item discrimination index and met the rjx>0.3 conditions. According to the item difficulty analysis,
both items became easy and approached 0.5 level. Both changes in the rix and pj values positively affected the
reliability coefficient. Those findings statistically proved that the revisions successfully ensured the validity and

reliability of the item.

Although the second category was rjx>0.3 based on the first application data, more students in the upper group
accumulated in the wrong option/s than the lower group. There were four items in this context. The rjx values of

the items in this category are given in Table 5.

Table 5. Comparison of Item Discrimination Indices in the Second Category

Item ID 1%t Application rjx Item ID (revised version) 2nd Application riy
6 0.325 6R1 0.315

7 0.372 7R1 0.409

9 0.326 9R1 0.458

51 0.411 51R1 0.57

As given in Table 5, the discrimination indices of items 7, 9, and 51 ID in the second category increased due to
the revisions. The statistics of item 9 ID ("Dam") and its revised version (9R1) are presented in Table 6. Besides,

the revision processes are shown on the item in Figure 7.

Table 6. Item Statistics about the First and Second Application of the “Dam” Problem

Options

Item ID Group *Np  A¥* Ns B Nc¢  C¥** Np D Ne E

9 Total 42 0.151 76 0.273 73 0.263 27 0.097 57 0.205
9 Upper 17 0.128 27 0.203 57 0.429 8 0.06 21 0.158
9 Lower 12 0.154 34 0.436 8 0.103 8 0.103 16 0.205
9 Difference 5 -0.026 -7 -0.233 49  0.326 0 -0.042 5 -0.047
9R1 Total 37 0.144 76 0.296 66  0.257 37 0.144 38 0.148
9R1 Upper 10 0.145 9 0.13 35 0.507 5 0.072 9 0.13
9R1 Lower 15 0.185 32 0.395 4 0.049 16 0.198 13 0.16
9R1 Difference -5 -0.04 -23 -0.265 31 0458 -11  -0.125 -4 -0.03

*The number of students that mark the option
**The ratio of students that mark the option to the total student number
***Correct option

According to the Table 6, it is seen that the ratio of students who marked A, D and E options from the upper and
lower groups is close to each other according to the first application data of the question. These data suggest
that these 3 options may be problematic, however, the number of options that can be derived from the content
of the question is limited and only similar options can be derived. Accordingly, it was thought that the problem
might not arise from the options themselves, but from the fact that the options were written close each other.
Therefore, instead of changing the options, it was decided to write the options of the question more discretely

(like a table). The item before and after the revision is presented in Figure 7. Those items were chosen as
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examples since they were visually revised among the items in the category. The changes are scanned or framed

on the item.

1%t Application

SSDT_TNY 7_9 DAM
Question 1:

The amount of rain between 2010-2014 vears
is given for the dam with 200 million m?

capacity. The dam fullness must not be below
30% so that there will not be a scareity in the

P I —— -
PPN A A -
oo § — — — i —-
surrounding area. Accordingly, which years
s f - = - -— -- ! . ¥ 3
might have experienced water scarcity, and
(8 ﬂ - - D 1T -~  which years might experience flood?
. ears

A) 2010, 2012 and 2013 scarcity; flood only in 2014
B Scarcity in 2010 and 2013 flood in 2011 and 2014

C' Scarcity in 2010 and 2013 scarcity; flood only in 2014
D) Scarcity only in 2013 flood in 2011 and 2014

2 Application

SSDT_TNY 7_9R1 DAM
Question 1:

Rainfall
|
|
I

Years

000 2011 2012 2013 2004
The amount of rain between 2010-2014 vears is given for the dam with a capacity of 200
million cubic meters. The dam fullness must not be below 30% so that there will not be a
Scarcity in the surrounding area. Accordingly, which years might have experienced water
scarcity, and which years might experience flood?

E Scarcity only in 2013 and flood only in 2014

Scarcity Flood
A) 2010, 2012 and 2013 Only 2014
B) 2010 and 2013 2011and 2014
€)' 2010 and 2013 Ouly 2014
D) only 2013 2011 and 2014
E) Only 2013 Only 2014

Figure 7. Revisions for Item 9 ID

As seen in Figure 7, besides the options, the graphic and text in the item were written and placed obviously on
the page. Following the revisions, according to the data from the second application (see 9R1 data in table 6),
the item difficulty index remained almost the same (0.263 and 0.257). The discrimination index increased from

0.326 to 0.458, and the reliability coefficient increased from 0.143 to 0.2.

The items that were used to show the revision process was chosen considering the item diversity. In this regard,
the findings related to the most comprehensive revision process (Figure 5), one of the revisions reviling the most
statistically significant difference (Figure 6), and a revision of visual elements (Figure 7) were explained above.
The similar revision procedures described above were performed for the 33 items. Other revision procedures, in

which the items’ validity were proved statistically and exemplified in seven items, are included in Appendix-3.

CONCLUSION, DISCUSSION and RECOMMENDATIONS

As a result of the study, 94 items were evaluated in the category of “Reliable” based on the item discrimination
index. Ten of them were the revised versions of the same item. In other words, 10 of the 94 items were two
different versions (6-6R1, 7-7R1, 9-9R1, 19AR1-19AR2, 19BR1-19BR2, 27-27R1, 34R1-34RR2, which were
considered "reliable." 51-51R1, 70A-70AR1, 82A-82AR1) version. Hence, eighty-four different items were
obtained. Item difficulty indices varied between 0.158 and 0.845, and reliability coefficients ranged between
0.113 and 0.364. Those items were added to the multiple-choice item pool (item bank) of the study. The statistics

related to all items are presented in Appendix-1, and 7 items are exemplified in Appendix-2.
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The items with discrimination index between 0.3 and 0.2 (0,20<rjx <0,30) were evaluated in the category “must
be revised”. The items with a discrimination index less than 0.2 (rix <0.2) were evaluated in the category of
"Unreliable or should be completely revised." These items can be revised in the light of statistical data and tested

in future applications.

The revision procedures based on the data of the first field tests can be grouped under four headings: the
revisions in the items’ (i) texts, (ii) images, (iii) options, and (iv) data. The successful revision procedures for any
item included only one or two of these headings. No revision procedure involved three or four headings.
Although there were items that could be recovered by changing the text, image, or options, no items could only
be recovered by changing the data. The technically detailed revision procedures revealed the following results
that increased or decreased the validity of multiple-choice questions.

1. If the text states that different situations occur in different conditions, noting every condition and outcome
(see for comparison Appendix-3, item ID: 34 = 34R1) increases the validity.

2. If the item includes explanations both above and below the figure/table, the emphasized statement should be
presented after the figure/table (see for comparison, Appendix-3, item ID: 22 - 22R1). In other words, the
presentation of the emphasized content at the end (or towards the end) of the item text increases the validity.
3. There can be more than one visual (e.g., object, photograph, figure, picture) in an item. In such items (see
Appendix-3, item ID: 65 = 65R1), the visuals should be ordered to reflect the relationship between them (i.e.,
process, flow) and should include expressions related to this order in the text (e.g., by a particular criterion or
from right to left or top to bottom), which also increases validity. Besides, if there are texts or numbers on the
image, the item text should involve what they represent, which indicates the validity.

4. Other factors that increased validity in this study included using bold letters to emphasize particular words
(only one or two words) and lining up the options instead of side by side (see for comparison, appendix-3, item
ID: 53 - 53R1).

5. The removal of expressions like "What is given in the item is not enough for a result" from the options
increases validity (see appendix-3, item ID: 11 > 11R1 and 34R1 - 34R4).

6. The exclusion of the most uncomplicated option increases the validity (see for comparison appendix-3, item
ID: 40 -> 40R1).

7. Revisions to reduce the number of procedures in the items that require only separate operations increase the

validity (see for comparison, appendix-3, item ID: 79 - 79R1).

The first four of the results above overlap with the literature findings on writing multiple-choice test items (e.g.,
clarity and consistency between text and images) (Turgut & Baykul, 2010; Atilgan et al., 2017; Tekin, 2019).
However, current results involve more specific and technical details and expressions that can guide the item

authors.

The fifth, sixth and seventh results above are related to the items' cognitive characteristics. The fifth finding

results from a random number of students from the upper group (enough to reduce the rjx value below 0.30)
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choose the option when the given items are insufficient for the solution. If that option is not the correct answer,
it significantly and negatively affects the item validity. If the option is longer than others (Turgut & Baykul, 2010),
it may indicate a non-cognitive and structural factor that partially directs students to choose that option.
However, although the "A" option was longer than the other options in both 34R1 and 34R4, no student from
the upper group selected the option "A" in the 34R4 ID number, which shows the unavailability of such a

structural factor here.

The sixth result stemmed from a random number of students from the upper group (enough to reduce the rjx
value below 0.30) choose the expected option. Accordingly, if the option is not the correct answer, it significantly
and negatively affects the item's validity. The fifth and sixth findings are peculiar to the current study and are not
found in the literature. These findings would contribute methodologically to the literature on preparing and
revising multiple-choice mathematics items. If there are no other negative factors identified for the question, in
both of these two cases, it can be ensured that the problem reaches a usable level of validity by removing only

this type of option and replacing it with an ordinary option.

The seventh finding refers to the repetition of many operations in solving the item. This situation increased the
item’s difficulty and significantly reduced its validity (enough to reduce the rjx value below 0.30). This finding
overlaps with Basol's (2019) results indicating that students should avoid too tricky items, and the items that

require only separate operations for a solution have low validity.

In the literature on developing mathematical literacy items, the number of studies on the term "PISA-like
questions" and especially the research on the PISA items is high (Kamaliyah et al., 2013; Oktiningrum et al., 2016;
Murdiyani, 2018; Nasution et al., 2019). However, it may reduce the number of producing original mathematical
literacy items and the possibility of providing a wide variety of contexts for the produced items. On the contrary,
addressing the description, aim, and scope of mathematical literacy increases the originality, diversity, and
validity of the items as the tests, including items written in various contexts, can measure students' mathematical
literacy. The study findings suggest that the criterion is not the similarity between PISA items and other but
appropriateness to the definition, goal, and scope of mathematical literacy. This distinction is an essential feature
that distinguishes the items in the current study from the literature items. The fact that many items were tested
increases the variety and validity. Thus, the items that can measure students’ performance in each sub-dimension

of mathematics literacy (OECD, 2013c) have been presented.

Appendix-1 includes the item statistics and the mathematical literacy sub-dimensions. There are at least nine
items for measuring each sub-dimension in the multiple-choice item pool. By combining the items obtained from
the current study with different study results, mathematical literacy tests can be produced in different sub-
dimensions (context, mathematical content, mathematical process) and level (easy, medium, difficult). In this

sense, test development studies can be performed.
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Among the 102 items, the number of the ones to measure mathematical content knowledge in personal context
and quantity was higher than others (see table 3). According to Demir and Altun (2018), “association” is
considered as an opportunity by item writers (i.e., writing an item based on a daily life event/situation). It can be
said that item writers encounter problems in daily life that require quantitative mathematical content knowledge
for a solution, which should be limited to the authors of the studies in which the items are compiled. However,
it is possible to generalize with research seeking answers to the question: How are the situations encountered in
daily life and need mathematical knowledge in solution to be distributed to these sub-dimensions? Such research

can provide data on distributing items into sub-dimensions for validity in a mathematical literacy test.

Although multiple-choice questions are more suitable for measuring large samples, they offer fewer
opportunities to reflect students' mathematical literacy skills (e.g., reasoning, communication, representation)
and to provide researchers with fewer opportunities in this regard than open-ended questions. The items in the
open-ended item pool created in the third stage of the study method can be evaluated. The competencies
required by each problem can be determined. Thus, items can be used as a tool in studies that involve measuring

students' mathematical literacy proficiency.

The items obtained in this study are of significant use for in-class activities and textbooks. Textbook exercises
often do not provide significant opportunities for reasoning and communicating skills related to mathematical
literacy, because most textbook exercises generally include the practice and implementation of routine methods
(Fan & Zhu, 2000; Stacey & Vincent, 2009; Thompson, Senk & Johnson, 2012). The studies in the national
literature also found the inadequate use of mathematical literacy items in lessons and textbooks (Altun & Akkaya,
2014; Cakir, 2009; Dede & Yaman, 2005; iskenderoglu & Baki, 2011), and studies are indicating that mathematics
education at school is disconnected from the real world. According to Begel (1973; cited by Wong and Low, 2020),
the textbook's content is a variable that "can be both manipulated and can affect student learning." Thus, the
items obtained from this research can be used as a tool in item and activity development studies in mathematical
literacy. Teachers can be suggested to use these items in mathematics teaching and the assessment and
evaluation activities. The suggestions of Wong and Low (2020) regarding “teacher’s role” and “nature of the
class” can be taken into consideration in order to develop mathematical reasoning and communication skills,

which are among the essential mathematical literacy skills.

According to the objective of middle school mathematical curriculum enforced in 2018, "students can improve
and perform mathematical literacy skills effectively" (MEB, 2018). It is suggested to increase literacy items in
national exams (Jurges et al., 2012; Uysal & Yenilmez, 2011). It can be seen that these studies complement each
other regarding national assessment and evaluation activities. However, researchers (Demir, 2015; Oktiningrum
et al., 2016) state that students are not familiar with contextual items. Students can become familiar with the
contextual items in mathematical teaching using the items obtained from this study. Thus, the content of

mathematical teaching and national assessment and evaluation activities can complement each other.
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Demir (2019) revealed the processes and stages of mathematical literacy item writing, usually followed by the
item writers. Besides, in another study, Demir (2020) designed a mathematical literacy curriculum for prospective
teachers and used specific criteria to determine whether a problem is a mathematical literacy item. In this
research, the validity and reliability studies of the obtained items were checked by Demir and Altun (2018)

findings, which can be seen as a complement to the studies in the literature.
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APPENDIX-1 ITEM IDENTIFICATION TABLE

No Item ID Context* Math. Content** Math. Process*** pj Fix s T

1 2 ocp CR EMP 0,33 0,46 0,47 0,21
2 3 PER QNT EMP 0,33 0,38 0,47 0,18
3 4 ocp QNT EMP 0,76 0,41 0,43 0,18
4 5 PER QNT EMP 0,52 0,51 0,50 0,25
5 6 PER SS EMP 0,19 0,33 0,39 0,13
6 6R1 PER SS EMP 0,20 0,32 0,40 0,13
7 7 PER QNT FRM 0,26 0,37 0,44 0,16
8 7R1 PER QNT FRM 0,33 0,41 0,47 0,19
9 8 PER CRs FRM 0,36 0,46 0,48 0,22
10 9 el CR INT 0,26 0,33 0,44 0,14
11 9R1 Soc CR INT 0,26 0,46 0,44 0,20
12 11R1 PER SS FRM 0,33 0,44 0,47 0,21
13 12 ocp SS EMP 0,63 0,70 0,48 0,34
14 13R1 ocp CR FRM 0,24 0,46 0,43 0,19
15 14 ocp SS EMP 0,25 0,36 0,43 0,15
16 15A soc QNT EMP 0,56 0,59 0,50 0,29
17 158 SOC QNT EMP 0,79 0,45 0,41 0,18
18 15C soc QNT FRM 0,54 0,69 0,50 0,34
19 16 SoC uD INT 0,73 0,47 0,45 0,21
20 17 PER QNT FRM 0,44 0,64 0,50 0,32
21 18 SCl CR FRM 0,28 0,46 0,45 0,21
22 19AR1 PER QNT FRM 0,24 0,37 0,43 0,16
23 19BR1 PER QNT FRM 0,18 0,35 0,38 0,13
24 19AR2 PER QNT FRM 0,54 0,59 0,50 0,30
25 19BR2 PER QNT FRM 0,38 0,59 0,48 0,28
26 20 PER QNT EMP 0,80 0,47 0,40 0,19
27 21 ocp CR INT 0,66 0,71 0,47 0,34
28 22R1 PER SS EMP 0,31 0,33 0,46 0,15
29 23AR1 PER QNT INT 0,79 0,32 0,41 0,13
30 23B PER QNT INT 0,39 0,47 0,49 0,23
31 24A ocp CR FRM 0,51 0,57 0,50 0,28
32 248 ocp CR FRM 0,18 0,39 0,38 0,15
33 25 PER QNT EMP 0,49 0,62 0,50 0,31
34 26 SoC CR FRM 0,47 0,60 0,50 0,30
35 27 ocp CR INT 0,18 0,30 0,38 0,11
36 27R1 ocp CR INT 0,16 0,31 0,36 0,11
37 28A SCl QNT EMP 0,72 0,49 0,45 0,22
38 288 scl QNT EMP 0,58 0,53 0,49 0,26
39 30 PER QNT EMP 0,66 0,50 0,47 0,24
40 32A PER QNT EMP 0,78 0,55 0,42 0,23
41 32B PER QNT EMP 0,41 0,55 0,49 0,27
42 33 ocp SS INT 0,33 0,48 0,47 0,23
43 34R2 PER CR FRM 0,42 0,58 0,49 0,29
44 34R4 PER CR FRM 0,23 0,32 0,42 0,13
45 37 Nele ub INT 0,30 0,32 0,46 0,15
46 38 PER QNT FRM 0,32 0,52 0,47 0,24
47 40R1 PER QNT EMP 0,48 0,45 0,50 0,22
48 42A PER QNT EMP 0,55 0,67 0,50 0,33
49 428 PER QNT EMP 0,66 0,62 0,47 0,29
50 43 PER QNT EMP 0,40 0,61 0,49 0,30
51 44A SCl QNT INT 0,69 0,43 0,46 0,20
52 448 SCl QNT INT 0,26 0,34 0,44 0,15
53 44C scl QNT INT 0,75 0,40 0,43 0,17
54 44D SCl QNT INT 0,31 0,37 0,46 0,17
55 45 PER QNT EMP 0,73 0,44 0,44 0,19
56 46 el SS INT 0,65 0,44 0,48 0,21
57 47 PER uD INT 0,44 0,71 0,50 0,35
58 48A PER CR INT 0,66 0,59 0,47 0,28
59 488 PER CR INT 0,45 0,70 0,50 0,35
60 48C PER CR INT 0,31 0,61 0,46 0,28
61 49A ocp QONT FRM 0,36 0,48 0,48 0,23
62 50 ocp QNT FRM 0,52 0,64 0,50 0,32
63 51 ocp ub INT 0,49 0,41 0,50 0,21
64 51R1 ocp uD INT 0,54 0,57 0,50 0,28
65 52 ocp ub INT 0,76 0,51 0,43 0,22
66 53R1 Soc ub INT 0,34 0,38 0,47 0,18
67 54 ocp QNT FRM 0,37 0,59 0,48 0,29
68 55 ocp QONT FRM 0,43 0,74 0,49 0,36
69 56 PER QNT FRM 0,51 0,58 0,50 0,29
70 57 PER SS EMP 0,35 0,46 0,48 0,22
71 61R1 ocp CR FRM 0,32 0,30 0,47 0,14
72 62 el CR INT 0,55 0,54 0,50 0,27
73 64 scl CR INT 0,70 0,51 0,46 0,23
74 65R1 SCl CR FRM 0,41 0,31 0,49 0,15
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75 668 Nele SS FRM 0,22 0,30 0,41 0,12
76 68 PER QNT FRM 0,44 0,37 0,50 0,18
77 69 PER QNT FRM 0,56 0,52 0,50 0,26
78 70A PER CR EMP 0,30 0,47 0,46 0,21
79 70AR1 PER CR EMP 0,35 0,39 0,48 0,19
80 71A PER QNT FRM 0,59 0,72 0,49 0,35
81 71B PER QNT FRM 0,54 0,69 0,50 0,35
82 72A PER QNT EMP 0,32 0,31 0,47 0,15
83 73 ocp QNT EMP 0,51 0,50 0,50 0,25
84 74 PER CR INT 0,75 0,49 0,43 0,21
85 75 PER ub INT 0,62 0,50 0,49 0,24
86 76A=76AR1 PER ub FRM 0,45 0,59 0,50 0,29
87 77 ocp QNT EMP 0,61 0,55 0,49 0,27
88 78 ocp QNT EMP 0,28 0,47 0,45 0,21
89 79R1 PER QNT EMP 0,42 0,33 0,49 0,16
90 80 ocp CR FRM 0,27 0,46 0,45 0,20
91 81 PER QNT EMP 0,50 0,56 0,50 0,28
92 82A ocp QNT FRM 0,35 0,30 0,48 0,14
93 82AR1 ocp QNT FRM 0,34 0,60 0,47 0,28
94 87 SOC SS FRM 0,33 0,39 0,47 0,18

*Contexts: SCI: scientific, PER: personal, OCP: occupational, SOC: societal.

**Mathematical Contents: UD: uncertainty and data, CR: change and relationships, QNT: quantity, SS: space and shape

***Mathematical Processes: FRM: formulating situations mathematically, EMP: employing mathematical concepts, facts, procedures, and reasoning, INT:
Interpreting, applying and evaluating mathematical outcomes.
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APPENDIX-2. SAMPLE ITEMS

ID_76A CHEWING GUM MACHINE ID_62 EVERYONE TO THEIR FIELD!

ITEM 9: Anyone between 5 to 24 years old can join the summer basketball course. Course participants

‘ Please answer questions 3 and 4 based on the following information. ore dided s 3 sronps batod on s ngte and s i o e orent baotbal slas

‘The first group has students between 5-7 years old,

The chewing gun machine on the right works withl TL* the second group has students between 8-10 years old,
For every 1L, the device gives the third group has students between 11-13 years old, R
the fourth group has students between 14-16 years old and ;g P
2 chewing goms for 3 and folds of 3 the fifth group has students 17 years old or above. 3 Diameters of Balls
* 3 chewing gums for § and folds of 5 @ Weiehts of Balls
« 5 chewing gums for the situation that meet both for having The four properties (Basket Height, Basket Diameter.
advantageous chewing gums, Diameters of Balls, Weights of Balls) are different for the five
basketball ficlds

1 chewing gum in other cases
The basket diameter for five basketball felds and the widihs of the balls are given as follows.
For example, when you put 1TL for 3 consecutively, you will © baskel dameter for fve baskel and fhe widhs of fae batks axe grven as fotows.
have 1 chewing gum from the first one, 1 chewing gum from
the second one and 2 chewing gums from the third one.
Thus, when you put 3 TL, you will get a total of 4 chewing

Basket Diameter: Ball Daimeter:

gums. *Tukish Monstary Uit

1. Field 4% cm 19cm
Question 3: Ho\::r ‘many times should $evval put money to have the minimum average cost 1L Field 50 cm 15cm
per chewing gum
A) 27 times 111 Field 46 cm 22 ecm
B) 28 times IV. Field 45 cm 24 cm
€)29 times V. Field 45em 2em
D) 30 times
E) 31 times Guess the correct group and field match.
1. Field 1. Field III. Field IV. Field V. Field
A) 1. Group 2. Group 3. Group 4. Group 5. Group
ID_66B FOREST
B) 2. Grouwp 1. Group 4. Group 3. Group 5. Group
A road is constructed around the protected forest area given in the figure to intervene in a possible fire and B
enable people to take a walk The diameter of the forest area is approximately 400 meters. The fire trucks €) 2 Group 1. Group 3. Group 5. Group 4. Group
can intervene at most 50 meters away from their location. D) 1 Grow 3 Growp 4 Growp 5 Grow 2. Growp
E) 2. Group 1. Group 4. Group 5. Group 3. Group
D_48 TOUR FRIENDSHIP

Please answer questions 5, 6, and 7 based on the following information.

The graphic shows the lincar change in the amount of money
of two friends on tour across Turkey. According to their
‘agreement before the trip, they will financially support cach
other il the end of tour

ITEM 6: New roads are planned to be added for the fire trucks to intervene in the forest fire. New routes will
be added so that the fire trucks can intervene in the entire forest and cut down the minimum mmber of trees.
‘What is the minimum length of roads to meet the required conditions?

Months

A) 800 meters
B) 700 meters
C) 600 meters

Question 7: Who and for how many months supported during the tour?

D) (300 & +200) meter A) Velito Ali for 2 months.
E) (200 x+200) meter B) Velito Ali for 8 months.
) Alito Veli for 2 months.

D 33 PHOTOCOPY D) Alito Velifor 8 months.

E) Alito Veli for 12 months.

Question 7: An advertisement agency copies an § cm x 12 cm rectangular banner in different
sizes. In the photocopy process, the 8/12 ratio of the banner is preserved. For this operation,
the calargeshrink button of the machin is used. For cxample, i this button is set to 200%, D_87 MUNICIPALITY IS WORKING!
cach edge of the rectangular banner il become tvo times longer than the original length, and .

i the switch is set to 25%, each side of the rectangular banner becomes 1/4 times of the initial Question 6:
period.

What percentage should of the button should be set for a 2400 cm? banner?
A)500

B) 2500

©)250

D) 50

E)25

1ID-80 COPPER CABLES

Question 9:

To prevent water pollution, the metropolitan
mnicipality decided to construct a large net

R consisting of equal squares to cover the Porsuk
tiver's coastine and plans to tie the net, as seen in the e
picture above. Hence, it will be easier to collect -
waste, and people’s awareness will increase.
Before the net, the waste in 7
the Porsuk River is collected. Most common waste 5
and measurements of these wastes are given.
Copper cables will be hanged between two poles with a 40-meter distance. The copper cables - =
o : om
expand in summer and shrink in winter. 1°C change in the temperature leads to a 10 em change in Accordingly, which one of the following cannot be
the 100 m copper cable length. The temperature is 35°C when the copper cables are hanged. It the length of one edge of the net's squares?
is known that the minimum temperature in this region is -30°C in winter. What should be the
‘mininmum cable length between two poles to prevent cables from breaking due to shrinking? -
Lo ILTem IL 2Mem  IV. 3Mem V. 4Mem
A)3840cm
B) 4160 cm
€)4260 cm A) Only ¥
D)3 740cm By Vand V
E) 4400 cm
O ILIVand V

D)ILIM IV and ¥

E)LILIL Vand V
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APPENDIX-3. SAMPLE REVISION PROCEDURES

ID_34 FLOORING

QUESTION 6: Mr. Ali wants to cover the kitchen floor with square tiles. The price offers
from three different firms are as follows. In the first offer, 20-cm-square tiles are 2 TL. in the second
offer, 30-cm-square tiles are 3 TL, in the third offer, 40-cm-square tiles are 4 TL.

‘What offer is more profitable for Mr. Ai?

A) I we do not know the kitchen floor's width and length, we cannot determine the most profitable
offer.

B) The most profitable offer is the 20-cm-square tiles.

C) The most profitable offer is the 30-cm-square tiles.

D) The most profitable offer is the 40-cm-square tiles.

E) All three offers have the same profitability.

ID_34R4 FLOORING

QUESTION 10: Mr. Al wants to cover the kitchen floor with square tles. The price offers
from three different firms are as follows.
® In the first offer, 20-cm-square tiles are 2 TL,
# In the second offer, 30-cm-square tiles are 3 TL,
* In the third offer, 40-cm-square tles are 4 TL
What offer is more profitable for Mr. Al?
A) The first and second offers are equally profitable, and both are more profitable than the third
offer
B) The most profitable offer is the 20-cm-square tiles
) The most profitable offer is the 30-cm-square tiles.
D) The most profitable offer is the 40-cm-square tiles.
E) Al three offers have the same profitability

ID_34R1 FLOORING

QUESTION 6: M. Ali wants to cover the kitchen floor with square tles. The price offers from
three different firms are as follows.
* In the first offer, 20-cm-square tiles are 2 TL
* In the second offer, 30-cm-square tles are 3 TL
* In the third offer, 40-cm-square tles are 4 TL.
What offer is more profitable for Mr. Ali?
A) If we do aot know the kitchen floor's widih and length, we cannot determine the most profitable
offer.
B) The most profitable offer is the 20-cm-square tiles.
C) The most profitable offer i the 30-cm-square tlles.
D) The most profitable offer is the 40-cm-square tles.
E) Al three offers have the same profitabiliy.

item ID|-T| Revise [~ | Group [~ Option 1 N[~ | Option 1[~ | Option 2 N[~ | Option 2 [~ | Option 3 N[ | Option 3~ | Option4 N[~ | Option 4|+ | Option 5 N[~ | Option 5[~

Question 9: Ayse, who has bought a new house. will lay up tiles for her bathroom.
will be tiled in the bathroom.
The bathroom plan and the measurements of the door and one tile are given below.

Everywhere, excep the ceiling and door,

Zm
I
‘n "
8
B g = 50 cm
]l Ot
&
E

4m 100 em

The tiles are sold with a box with 12 tiles. When the extra and unopened tile boxes are taken

back, the price is refinded at the end of the job. Ayse’s house is very far away from the store
she bought the tiles, and for delivery, 250 TL* transportation fee was demanded in addition to
the tile fec. Thercfore, Ayse must carry the tiles on her own. Otherwise, it will be expensive to
bring back the extra tiles or reorder if there are missing tiles. *Turkish Monetary Upit

Since everywhere, except the ceiling and door, will be tiled in the bathroom, how many boxes
of tiles should Ayse order?

A)11

B)12

o013

D) 14

)15

Item ID .1/ Revise |~ |Group [~|Option 1 N |~ Option 1|~ |Option 2 N |~|Option 2 [~

34 TOTAL 100 0,36 15 0,054 1 0,04 34 0,122 118 0,424
34 High 39 0,293 s 0,038 2 0,015 35 0,188 62 0,466
34 Low 31 0,397 9 0,115 3 0,103 5 0,064 2 0321
34 Diff 8 -0,104 -4 -0,078 - -0,088 20 * 0124 37 0,146
34 R1 TOTAL 87 0,339 2 0,086 14 0,054 50 0,195 82 0,319
34 R1 High 21 0,304 1 0,014 1 0,014 2 0,304 2 0,362
34 R1 Low 35 0,432 13 0,16 5 0,062 6 0,074 2 0,272
34 R1 Diff -14 -0,128 12 -0,146 -4 -0,047 15 * o2 3 0,091
34 R4 TOTAL 9 0,03 27 0,089 15 0,049 70 023 183 0,602
34 R4 High 0 0 2 0,019 1 0,01 a4 0,427 56 0,504
34 R4 Low 6 0,066 15 0,165 ] 0,088 10 011 52 0,571
34 R4 Diff 6 -0,066 -13 -0,145 -7 -0,078 34 * 0317 4 -0,028

m 22 ONE TIME D_22R1 ONE TIME

Question 9: Ayse, who has bought a new house, will lay up tles for her bathroom. The
bathroom plan and the measurements of the door and one tle are given below

Zm
e " Tile
o =]
g g S 50 cm
J O
H

4m 100 em

The tiles are sold with a box with 12 tiles. When the extra and unopened tile boxes are taken

back, the price is refunded at the end of the job. Ayse’s house is very far away from the store
she bought the tiles, and for delivery, 250 TL" transportation fee was demanded in addition to
the tile fee. Therefore, Ayse must carry the tiles on her own. Otherwise, it will be expensive to
‘bring back the extra tiles or reorder if there are missing tiles. *Turkish Monetary Unit

Since everywhere, excep the ceiling and door. will be tiled in the bathroom, how many
boxes of tiles should Ayse order?

Al

B)12

013

D) 14

E)15

Option 3 N | ~|Option 3 |~ Option 4 N |~ | Option 4 | ~|Option 5 N [~ | Option 5 |~

22 TOTAL 53 0,175 89 0,294 62 0,205 48 0,158 41 0,135
22 High 23 0,181 54 0,425 20 0,157 16 0,126 1 0,087
22 Low 21 0,183 22 0,191 27 0,235 19 0,165 23 0,2
22 Diff 2 -0,002 32 * 0,234 7 -0,077 3 -0,039 -12 0,113
22 R1 TOTAL 48 0,165 Q0 0,309 54 0,186 61 0,21 28 0,096
22 R1 High 13 0,157 41 0,494 10 0,12 16 0,193 3 0,036
22 R1 Low 20 0,175 19 0,167 25 0,219 26 0,228 17 0,149
22 R1 Diff -7 -0,019 22 * 0,327 -15 -0,099 -10 -0,035 -14 -0,113
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ID_65

QUESTION 7

There are boat tours to watch the 18-
minute sunset at Iznik Lake. Nine
minutes after sunset, we cannot see
almost half of the sun.

Accordingly. which of the graphs
below shows the changes in the
visible surface of the sun at sunset?

D)

SUNSET

ID_65R1 SUNSET

QUESTION 7

There are boat tours to watch the 18-minute sunset at Iznik Lake. The photographs
above were shot during sunset in Iznik, and the time of shoots was written on them.
Nine minutes after sunset, we cannot see almost half of the sun.

Accordingly, which of the graphs below shows the changes in the visible surface
of the sun at sunset?

A) 8)

é o
3 :
= 2
i 2
Do B

19.58 2007 2016 19.58 2007 2016

qQ D)

§ ﬁ

o 2
| B
4 4
B =

19.58 2007 20.16 19.58 20.07 2016

£)
o
g g
E i
= =
=
s 2007 o6 =
19.58 2007 2016
Item ID|.¥ | Revise | v |Group v | Option 1 N| v | Option 1| v | Option 2 N| v | Option 2| v | Option 3 N| v | Option 3 v |Option 4 N| v | Option 4 v Option SN v |Option 5 v
65 TOTAL 6 0,019 44 0,143 137 0,445 6 0,019 115 0,373
65 High 0 ) 11 0,098 62 0,554 ) ) 39 0,348
65 Low 5 0,042 21 0,175 38 0,317 4 0,033 52 0,433
65 Diff -5 -0,042 -10 -0,077 24 * 0,237 -4 -0,033 -13 -0,085
65 R1 TOTAL 14 0,047 35 0,117 121 0,406 14 0,047 113 0,379
65 R1 High 2 0,018 5 0,049 61 0,592 o o 35 0,34
65 R1 Low 8 0,064 20 0,16 35 0,28 8 0,064 53 0,424
65 R1 Diff -6 -0,045 -15 -0,111 26 * 0,312 -8 -0,064 -18 -0,084
ID_53R1
m_s3 MUSEUM LOVERS - MUSEUM LOVERS
. e . The graphic shows the information on the 5-week number
The graphic shows thein formation on the 5-week number e ¢
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ends show the numberofvisitors on the busiest days, dots » show th it ber of in the ’] ed
£ show the daily average number of visitors in the related H jom e, fefly avamacs mmiier aviaine i €l reisd
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item ID [T Revise [~ |Group |~ | Option 1 N[ | Option 1]~ |Option 2 N[~ |Option 2|~ | Option 3 N~ | Option 3 = | Option 4 N[~ | Option 4|~ | Option 5 N[ | Option 5[~

53 TOTAL 85 0,282 37 0,123 38 0,126 35 0,116 97 0,322
53 High 56 0,427 8 0,061 13 0,099 15 0,115 36 0,275
53 Low 12 0,138 18 0,207 19 0,218 7 0,08 30 0,345
53 Diff 4 % 029 -10 -0,146 -6 -0,119 8 0,034 6 -0,07
53 R1 TOTAL 92 0,337 38 0,129 37 0,136 25 0,092 7 0,271
53 R1 High 65 0,524 14 0,113 14 0,113 5 0,04 24 0,194
53 RI Low 11 0,143 18 0,224 12 0,156 16 0,208 18 0,224
53 R1 Diff 54 * 0381 -4 -0,121 2 -0,043 -11 -0,167 6 -0,04
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ID 11 GARDEN SHARE

Question 1: Two siblings will share a 100 m? garden The young one told the old one that "You
will have all the land you can cover with this thread: the rest is mine " The thread is 30 meters
long.

‘Which shape should the older sibling choose to have the maximum land?

A) What is given in the question is not enough to calculate which one is profitable.
B) Equilateral triangle

ID_11R1 GARDEN SHARE

Question 1: Two siblings will share a 100 m? garden. The young one told the old one that "You
will have all the land you can cover with this thread: the rest is mine " The thread is 30 meters
long.

‘Which shape should the older sibling choose to have the maximum land?

A) Isosceles triangle
B) Equilateral triangle

Question 8: Ece will toast one slice of bread for her son, husband. and her. But she can only
fit two slices in the pan at one time. One side of the bread is toasted in 5 minutes. what is the
minimum time for Ece to toast both sides of 3 slices of bread?

Item ID |.7| Revise

~ | Group | ~|Option 1 N |~|Option 1 |~ |Option 2 N | ~| Option 2 |~

C) Square C) Square
D) Rectangle D) Rectangle
E) Cicle E) Circle
Item ID |-¥|Revise| * |Group |~ |Option 1 N| v | Option 1|~ |Option 2 N| v | Option 2| ~ | Option 3 N| ~ | Option 3|~ |Option 4 N | ~ | Option 4 |~ | Option 5 N |~ |Option 5| =
11 TOTAL 122 0,396 36 0,117 33 0,107 38 0,123 78 0,253
1 High 45 0,409 10 0,091 9 0,082 E 0,045 41 0,373
1 Low 35 0,376 14 0,151 14 0,151 18 0,194 12 0,129
1 Diff 10 0,033 -4 -0,06 -3 -0,069 -13 -0,148 29 * 0,244
11 R1 TOTAL 35 0,115 51 0,168 51 0,168 66 0,217 101 0,332
1 R1 High 8 0,078 11 0,107 14 0,136 12 0,117 58 0,563
11 R1 Low 13 0,143 19 0,209 23 0,253 25 0,275 11 0,121
11 R1 Diff -5 -0,065 -8 -0,102 -9 -0,117 -13 -0,158 47 % 0,442
ID_40 TOASTING BREAD ID_40R1 TOASTING BREAD

Question 8: Ece will toast one slice of bread for her son. husband. and her. But she can only
fit two slices in the pan at one time. One side of the bread is toasted in 5 minutes, what is the
minimum time for Ece to toast both sides of 3 slices of bread?

A) 20 A)17.5
B)17.5 B) 15
C)15 C) 12,5
D) 125 D)10
E) 10 E)71.5

Option 3 N |~ | Option 3 |~|Option 4 N | ~| Option 4 | ~| Option 5 N | ~| Option 5 |~

40 TOTAL 210 0,675 12 0,039 68 0,219 5 0,016 15 0,048
40 High 95 0,669 2 0,014 40 0,282 2 0,014 3 0,021
40 Low 66 0,695 8 0,084 10 0,105 2 0,021 9 0,095
40 Diff 29 -0,026 -6 -0,07 30 *0,176 0 -0,007 -6 -0,074
40 R1 TOTAL 76 0,26 139 0,476 20 0,068 43 0,147 11 0,038
40 R1 High 13 0,146 65 0,73 2 0,022 7 0,079 1 0,011
40 R1 Low 26 0,317 23 0,28 9 0,11 18 0,22 6 0,073
40 R1 Diff -13 -0,171 42 * 0,45 -7 -0,087 -11 -0,141 -5 -0,062
ID_79 RENT ACAR ID_79R1 RENT A CAR
QUESTION 3: QUESTION 3:
Brand Fuel Type el pa('ISOO fm RP&:T:;I Brand Fuel Type Fu?lolge:rs < ]E;:tl;l
Fee Fee

Alfa Gasoline 3 160 TL Alfa Gasolne 325 TL 160 TL

Beta Diesel 35 180 TL Beta Diesel 21TL 180 TL

Gama Diesel B 200 TL Gama Diesel 18 TL 200 TL

Tetra Gasoline 55 130 TL Tetra Gasoline 3575 TL 150 TL

Diesel Price: 6TL/kt and Gasoline Price: 6,5 TL/t

Mr. Osman will rent a car for three days to drive from Kitahya to Adana. The distance between
Kiitahya and Adana is 700 kilometers. Which of the vehicles on the table would be the most
economical for Mr. Osman?

Mr. Osman will rent a car for three days to drive from Kiitahya to Adana The distance
between Kiitahya and Adana is 700 kilometers. Which of the vehicles on the table would be
the most economical for Mr. Osman?

A) Alfa
B) Beta
C) Gama
D) Tetra

E) There is no difference between vehicles

A) Alfa
B) Beta
C) Gama
D) Tetra

E) There is no difference between vehicles.

Item ID|T|Revise | ~ | Group| ~ |Option 1 M| ~| Option 1|~ | Option 2 N| - | Option 2|~ | Option 3 N[~ | Option 3| ~ | Option 4 N| = | Option 4| = Option SN[~ | Option 5|~

79 TOTAL 30 0,103 23 0,285 84 0,289 83 0,285 10 0,034
79 High g 0,073 22 0,291 6 0,327 27 0,245 7 0,064
79 Low 14 0,116 a7 0,306 30 0,248 EH 0,314 2 0,017
79 Diff -6 -0,043 5 -0,015 6 %0079 -11 -0,069 5 0,047
79 R1 TOTAL 18 0,064 118 0,418 92 0,326 43 0,152 11 0,039
79 R1 High 1 0,01 60 0,588 25 0,245 15 0,147 1 0,01
79 R1 Low 14 0,118 a1 0,261 51 0,429 17 0,143 6 0,05
79 R1 Diff -13 -0,108 29 %0328 -26 -0,183 -2 0,004 -5 -0,041
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MATEMATIK OKURYAZARLIGI SORU HAVUZU GELISTIRME GCALISMASI

0z

Bu c¢alismanin amaci alan yazinda matematik okuryazarligl soru yazma c¢alismalari kapsaminda
Uretilmis sorulari dil, yapi ve igerik acisindan incelemek, revize etmek, sahada denemek,
degerlendirmek ve nihayetinde gegerli, glivenilir ve uygulanabilir maddeleri iceren bir soru havuzu
elde etmektir. Calismanin yonteminde gelistirme arastirmasinin bicimlendirici degerlendirme tiirQ
esas alinmigtir. Buna gore kiicik grup testleri 8. sinif, saha testleri 9 ve 10. sinif 6grencileri ile
gergeklestirilmistir. Kliglik grup testlerine 20-30, birinci ve ikinci saha testlerine sirasiyla 3053 ve
2918 ogrenci katilmistir. Toplam 102 adet soru denenmistir. Kiiclik grup testlerinin ardindan
Ogrenci ¢ozimleri analiz edilmis ve buna gore revize islemleri gerceklestirilmistir. Birinci ve ikinci
saha testlerinin sonunda % 27°lik Ust ve alt gruplar yontemi kullanilmis ve sorularin madde analizleri
yapilmistir. Birinci saha testi sonuglarina gore sorularin madde ayirt edicilik degerleri ile Ust ve alt
gruptaki 6grencilerin geldiricilere yigilma oranlari dikkate alinarak 33 adet soru revize edilmis ve
ikinci saha testinde tekrar denenmistir. Revize edilen sorularin ikinci saha testi analizlerine gore
sorularda gecerligi etkileyen yapisal ve bilissel etkenlere sonuglarda yer verilmistir. Bu etkenler
revize metodolojisi alaninda katki saglayabilir. Calisma sonunda madde ayirt edicilik degeri rx>0,30
sartini saglayan 94 adet soru elde edilmistir. Ayrica bu sorularin her birinin 6l¢tigi matematik
okuryazarhg: alt boyutlari bu ¢alisma kapsaminda belirlenmistir. Sorulara, sorularin eslestirildigi
matematik okuryazarhgi alt boyutlarina ve madde istatistiklerine eklerde yer verilmistir. Bu calisma
kapsaminda elde edilen sorulara matematik egitimi arastirmalarinda, ders i¢i etkinlerde ve dlgme
degerlendirme faaliyetlerinde yer verilmesinin 6grencilerin  matematik okuryazarliginin
gelistirilmesi agisindan yararli olacag diisiiniilmustir.

Anahtar kelimeler: Madde analizi, matematik okuryazarligi, PISA, revize metodolojisi, soru havuzu.

Bu arastirma, Dumlupinar Universitesi Bilimsel Arastirma Projeleri Birimi (BAP) tarafindan desteklenmistir
(Proje No: 2018-34). Bu calisma iki bolime ayrilmig, 2020 ve 2021 vyillarinda sirasiyla su kongrelerde
sunulmustur: Uluslararasi Avrasya Sosyal Bilimler Kongresi-4, Bodrum-Mugla, Tirkiye ve 14. Ulusal Fen ve
Matematik Egitimi Kongresi, Burdur, Tlrkiye.
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GiRiS

Uluslararasi Ogrenci Degerlendirme Programinin [PISA] sonuglar bircok iilkede ulusal bir karne niteliginde
degerlendirilmektedir. Ekonomik Isbirligi ve Kalkinma Orgiitii [OECD] tarafindan yayinlanan PISA sonuglarina ek
olarak her (lke kendi ulusal raporlarini hazirlamakta ve bu sonuglara odaklanan birgok ulusal arastirma
yuritmektedir. Bunun nedeni, sonuglarin llkelere sadece siralamaya yonelik bilgiler vermekle kalmayip 6lgiite
dayali bircok degerlendirme yapma firsati sunmasidir. Bu dlgitlerden biri matematik okuryazarhigidir. Matematik
okuryazarligl, bireyin matematigi yasamsal ortamlarda c¢esitli sekillerde formile etme, uygulama ve

yorumlamada kullanma kapasitesi olarak tanimlanmaktadir (OECD, 2013a; OECD, 2016).

PISA, matematik okuryazarhgi alanindaki sorularini icerdigi (i) baglamlara, ¢6ziimiinde gerekli (ii) matematiksel
icerik bilgisine ve (iii) matematiksel sitreclere gore siniflandirmaktadir. Boylece 6grencilere bir baglam iginde
sunulan sorunun ¢éziimiinde 6grencilerin matematiksel icerik bilgisini kullanarak ¢6ztiim i¢cin gerekli matematiksel
siregleri ne dilizeyde vyuritebildigini belirlemeyi amaglamaktadir. Bu ¢ boyuta ek olarak “matematik
okuryazarhg yeterlik dizeyleri 6lgegi” araciligiyla tlkelere beceri temelli ve yeterlik odakl yargisal ¢ikarimlar
yapma firsati sunmaktadir. Zira 6 diizeyden olusan bu 6lgegin (OECD, 2019) temelini her bir diizey icin anlaml
olan sekiz karakteristik matematiksel beceri teskil etmektedir. Ogrencilerin performanslari arasindaki farkliliklara
sozIU bir agiklama vermek amaciyla olusturulan yeterlik diizeylerinin kapsamlari su yontemle belirlenmektedir:
“Sorularin belirlenen 6rneklem tarafindan ¢oziilmesinin ardindan, bir zorluk bandina diigen tiim sorulara ve temel
matematiksel becerilerin bu sorularin ¢é6ziminde nasil gerekli olduguna bakilmaktadir.” (Stacey, 2013).
Ardindan 6grencilerin diizeyleri, s6z konusu matematiksel becerilere dayali olarak gelistirilmis olan matematik
okuryazarhg yeterlik diizeyleri 6lcegi lzerine yerlestirilmektedir. Sonug olarak katilan tim 6grencilerin sahip
oldugu ve kullanabildigi becerilerinden yola ¢ikarak matematik okuryazarhg alanindaki yeterlikleri 6zetlenmis
olur. Boylece katilimci tlkelerin 15 yas grubu bireylerinin bu alandaki yeterlikleri hakkinda genel bir fikir sahibi
olmalari saglanir. Bu ozellikler, PISA uygulamalarindan elde edilen puanlari daha anlamh ve daha islevsel

kilmaktadir.

PISA’'nin matematik okuryazarligi sonuglari bircok Ulkenin egitim programlarini yapilandirmasinda referans
alinmaktadir (Breakspear, 2012). Ayrica son 30 yilda, arastirmacilarin (Lloyd, Herbel-Eisenmann ve Star, 2011)
dnerileriyle uyumlu olarak ingiltere ve Amerika Birlesik Devletleri’nin de [ABD] icinde bulundugu bazi ilkeler
Ogretim programlarinda, baglam icinde matematiksel fikirler gelistirmeye yonelmistir (Boaler, 1993; Robinson,
Robinson ve Maceli, 2000). Tomlinson (2004) ve Smith (2004) tarafindan hazirlanan raporlarin ardindan ingiltere,
matematik okuryazarligini okullarinda temel bir hedef haline getirmistir. ABD ¢ekirdek standartlarinda, devlet
okullarinda dgretilen tiim temel icerik alanlarinda (ingilizce, matematik, fen, sosyal) dgrencilerin okuryazarhk
becerilerini gelistirmek 6ncelikli bir hedef olarak ele alinmis ve okuryazarliga dayali 6gretim tesvik edilmistir
(National Governors Association Center for Best Practices, 2010). Tiirkiye’de 2018 yilinda yirirlige giren
ortaokul matematik 6gretim programinin genel amaglar bélimiinde “matematiksel okuryazarlik becerilerini

gelistirebilecek ve etkin bir sekilde kullanabilecektir.” (Milli Egitim Bakanligi [MEB], 2018) ifadesine, ilk sirada yer
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verilmistir. Ogrencilerin matematik okuryazarhigini gelistirmeye yonelik, tlkelerin bir takim teorik tedbirler aldigi
anlasilmaktadir. Pratikte ise bireylerin matematik okuryazarhginin tespit edilmesine ve gelistiriimesine iliskin

¢abalar asagida verilen galismalar Gzerinden degerlendirilebilir.

Ulusal sinavlarda okuryazarlik problemlerinin sayisinin artiriimasi tavsiye edilmistir (Jirges, Schneider, Senkbeil
ve Carstensen, 2012; Uysal ve Yenilmez, 2011). Bu tavsiye olumlu goriilmekle birlikte direk olarak 6lgme
degerlendirmeye yoneliktir ve kapsaminin egitim 6gretim sirecini de igine alacak sekilde genisletilmesi gerekir.
Zira Ogretim sirecinde verilen temel matematik egitiminin hedeflerine ne &lglide ulasilabildiginin
degerlendirilmesi egitimin tamamlayici bir unsuru olarak gorulmelidir (National Council of Teacher of
Mathematics, 2002). O halde kapsamin anilan sekilde genisletilebilmesi icin ders ici etkinliklere kaynaklik edecek
matematik okuryazarhgi sorularina ihtiyag vardir. Bu ¢alisma bu ihtiyacin karsilanmasina katki saglayacak sorulari
alan yazina kazandirmayi hedeflemektedir. Béyle bir girisim matematik 6gretim siirecinin, 6lgme degerlendirme
ile iliskisini gliclendirebilir. Ayrica matematik okuryazarliginin tanimi geregi matematik 6gretiminin yagsamla

iliskilendirilmesine katki saglayabilir.

Ozgen (2013), matematik 6gretmen adaylarinin matematigi yasamla iliskilendirmede giigliik cektiklerini ifade
etmistir. Leikin ve Levav-Waynberg de (2007) ortaokul 6gretmenlerinin matematik konularini gercek yasamla
iliskilendirmede glgliik cektiklerini, bu nedenle soyut 6rnekler vermeyi tercih ettiklerini belirtmistir. Bunun,
Ogretimin yasamla iliskilendirilmekten yoksun olarak yiritilmesine (Altun ve Akkaya, 2014) ve sonug olarak
Ogrencilerin matematik okuryazarlk becerilerinin gelistirilememesine neden oldugu sdylenebilir. Bu durumda
gosterilebilecek ¢abalardan biri, 6gretmenleri ve 6grencileri, PISA tabanh (baglamsal) bir 6grenme planlamaya ve
PISA'nin oOzelliklerine gore oOgretim degerlendirmeleri tasarlamaya tesvik etmektir (Kohar, Zulkardi ve

Darmawijoyo, 2014).

Reinke (2020) standart bir sinif ortaminda bir 6grencinin sonraki goérevleri anlamlandirmak icin baslangicta
baglamsal problemlerle ugrasarak gelistirdigi gértintileri kullandigi bir durum sunarak matematik 6gretiminde
baglamlarin kullanimina iliskin alanyazina katkida bulunmustur. Uysal ve Yenilmez (2011) 6grencilerin matematik
okuryazarlik becerilerini gelistirmek icin 6grenme ortamlarinda PISA’da yer alan tirden problem durumlari ile
sikca karsi karsiya getirilmesi gerektigini belirtmistir. Wardono ve Mariani’'ye (2014) gbére matematik
okuryazarliginin  gelistiriimesini desteklemeye yonelik 06grenme araglarinin ve 0grenci etkinliklerinin
bulunmamasi, 6grencilerin matematiksel okuryazarlik becerilerinin gelistirilememesinin nedenlerinden biridir.
Altun ve Bozkurt (2017) 6grenme ortamlarinda matematik icerigi olan yasamsal metinlerin tartisiimasinin,
ogrencilerde bu tiir metinlere asinalik kazandirilmasinin bir ihtiyag oldugunu belirtmistir. Matematik 6gretiminde
baglamsal sorular ve matematiksel icerige sahip metinler eklemek ve bunlarla ilgili sorular sormak, tartismalar
acmak suretiyle bu sorunun giderilebilecegini belirtmistir. Ekawati, Susanti ve Chen (2020) ortaokul 6grencilerine
matematik okuryazarligi problemlerini 6grenme ve ¢6zme konusunda daha fazla firsat taniyacak 6grenme

etkinlikleri tasarlamayi dnermektedir. Alan yazindaki bu 6neriler gegerli, glivenilir ve uygulanabilir matematik
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okuryazarhgi sorulari-etkinlikleri gelistirmenin bir ihtiyag oldugunu ortaya koymaktadir. Bu ihtiyag, arastirmacilari

bu tip sorulari-etkinlikleri Gretmeye yonelik ¢alismalara yéneltmistir.

Annisah (2011) o6grencilerin matematiksel akil ylritme becerilerini 6lgmek igin, Mardhiyanti, Putri ve
Kesumawati (2013) 6grencilerin matematiksel iletisim becerilerini 6lgmek igin, Oktiningrum, Zulkardi ve Hartono
(2016) ogrencilerin matematik okuryazarhigini 6lgmek igin, Nasution, Fauzi ve Syahputra (2019) &grencilerin
problem ¢ézme yetenegini 6lgmek icin PISA benzeri sorular gelistirmeye yonelik ¢alismalar ylratmustar.
Lestariningsih, Nurhayati, Susilo, Cicinidia ve Lutfianto (2020) 6grencilerin temsil (representation) becerileri
Uzerinde potansiyel etkisi olan matematik okuryazarligi sorulari gelistirmek i¢in calismistir. Bunlara ek olarak Silva
(2011) belirsizlik (uncertainty) kategorisinde sorular gelistirip bunlari matematik okuryazarligi yeterlik kiimelerine
gore kategorize etmistir. Kamaliyah, Zulkardi ve Darmawijoyo (2013) PISA benzeri altinci diizey matematik
okuryazarhgl sorulari gelistirmistir. Son on yilda bu alanda yukarida siralanan uluslararasi birgok ¢alismaya
rastlanmasina, Tirkiye'nin PISA’da elde ettigi matematik okuryazarligi sonuglarinin diisiik olmasina (Acar, 2012;
Altun ve Akkaya, 2014; Aydin, Sarier ve Uysal, 2014; OECD, 2013b), basari disukligiine matematik
okuryazarhiginin gelistirilmesini desteklemeye yo6nelik soru ve etkinliklerin bulunmamasinin bir sebep olarak
gosterilmesine (Wardono ve Mariani, 2014) ragmen, matematik okuryazarligi sorulari-etkinlikleri tGretmeye

yonelik az sayida ulusal ¢calismaya rastlanmistir.

Yukarida anilan arastirmalarin sonug ve oOnerileri bir bitin halinde degerlendirildiginde su yargiya ulasilabilir:
Matematik 6gretiminin yasamla iliskilendirilmesine katki saglayacak sekilde tasarlanan ders igi etkinliklere
kaynaklik edecek baglamsal sorulari iceren bir soru havuzu giincel bir ihtiyactir. Bu nedenle bu ¢alismada, gecerli,
glvenilir ve uygulanabilir matematik okuryazarligi sorulari tGretmek amaglanmistir. Bu amag¢ dogrultusunda,
Demir ve Altun’un (2018) ve Demir’in (2019; 2020) 6gretmen adaylari ile yurittikleri galismalarindan elde
ettikleri matematik okuryazarligi sorulari dil, yapi ve igerik agisindan degerlendirilmis, gelistirilmis, uygulanmis ve

madde analizine tabi tutulmustur.
YONTEM

Bu calismanin amaci alan yazinda matematik okuryazarligi soru yazma ¢alismalari kapsaminda Uretilmis sorulari
dil, yapi ve igerik agisindan incelemek, revize etmek, sahada denemek, degerlendirmek ve nihayetinde gegerli,
glivenilir ve uygulanabilir maddeleri igeren bir soru havuzu elde etmektir. Bu ¢alismada yontem olarak, birebir
O0grenci gorismelerini, uzman incelemesini, kiiclik grup ve saha testlerini iceren gelistirme arastirmasinin
(development research) bicimlendirici degerlendirme tirl esas (Tessmer, 1993) alinmistir. Sekil 1’de

bicimlendirici degerlendirmenin genel sirasi gdsterilmistir.
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Revize Revize

Revize

Birebir

Sekil 1. Bigimlendirici Degerlendirmenin Genel Sirasi (Tessmer, 1993)

Tessmer’in (1993) yontemi bircok soru gelistirme calismasinda kullanilmistir (6rn. Oktiningrum ve ark., 2016;
Nasution ve ark., 2019) ve bu calisma ile de (galismanin amaci itibariyle) uyumludur. Ancak “birebir”
asamasindaki 6grenci gortismeleri genellikle gelistirilmesi hedeflenen soru sayisinin sadece birkag tane ile sinirli
oldugu calismalar icin uygulanabilir gorinmektedir. Bu ¢alismada ise 102 adet sorunun 6grencilerle denenecegi
g6z onilinde bulundurulmus ve yontemin her bir soru igin birka¢ 6grenci ile gérlisme yapmayi iceren “birebir”
basamagina yer verilmemistir. Bu durum, gelistirilmesi hedeflenen soru sayisinin fazla olmasindan dolayi bu
¢alismanin bir sinirlihgi olarak nitelenebilir. Bu sinirliligin etkisini azaltacak bir dnlem alinmis ve bu 6nlem asagida
yontemin dordinci strecinde agiklanmistir. Calismanin yénteminde izlenen siiregler detaylandirilarak 10 madde
halinde asagida sunulmustur.

1) Matematik okuryazarhgi sorulari alan yazindan derlenmistir.

2) Derlenen sorularin dil, yapi ve icerik agisindan uzman degerlendirmeleri yapilmis, uzmanlarin yorumlari ve
onerileri alinmistir. Buna gore revize islemleri gergeklestirilmistir.

3) Agik uglu soru havuzu ve ¢6ziim anahtarlari olusturulmustur.

4) Acik uglu sorular kiiglk gruplarla denenmistir. Burada sorularin acgik uglu sorulmasinin bir nedeni, Tessmer’in
(1993) yonteminin “birebir” basamaginda sorulara iliskin topladigi verileri bu ¢alismada kicuk gruplarla yapilan
denemelerde toplamaktir. Ogrencilerin agik uglu ¢éziimlerinin, gériismede elde edilebilecek verilerin bir kismini
saglayabilecegi varsayllmistir. Bu sekilde calismanin sinirliligini azaltmak hedeflenmistir.

5) Kiigtik gruplardan elde edilen verilere gore sorulara secenekler yazilmis, ¢éziim icin gerekli siire yaklasik olarak
belirlenmistir. Bu siirecin sonunda artik coktan segmeli tipe déniisen maddelerin dil, yapi ve igerik agisindan
uzman degerlendirmeleri yapilmis, uzmanlarin yorumlari ve onerileri alinmigtir. Bunlara gore revize islemleri
yaptmistir.

6) Sorularin eslestigi agirlikh matematik okuryazarligi alt boyutlari (baglam, matematiksel icerik, matematiksel
siireg) ve kiiglik gruplardan elde edilen verilere gore sorularin tahmini madde zorluklari belirlenmistir. Bu sekilde
her bir soru alt boyutlari ve tahmini madde zorlugu verileri ile etiketlenmistir.

7) Coktan se¢meli taslak soru havuzu ve cevap anahtarlari olusturulmustur.

8) Sorular, tahmini madde zorluklari ve eslestigi matematik okuryazarhigi boyutlari g6z 6niinde bulundurularak
kitapgiklara paylastirilmistir.

9) 1. saha galismasi yapilmistir. Bunun verilerine gore madde analizi ve revize ¢alismalari yapilmistir.

10) 2. saha ¢alismasi yapilmistir. Bunun verilerine gére madde analizi yapilmistir.
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Yukarida verilen siireglerden ilk 7’si alan yazindan yeni soru eklendikge sirdirilmistir. Baska bir ifadeyle yeni
sorular geldikge ilk 7 siiregten gegirilmistir. ilk 7 siireci tamamlayan sorular saha calismalari igin gerekli izinler

alinana kadar biriktirilmistir. Yontemin her asamasinda etik kurallara uyulmustur.

- Tahmini madde zorluklan
- Sorul E kleri
Literatiirden ~ Acik uclu sorular ve oruiarin secenekiert

derlenen sorular R rd ¢tziim anahtarlan Soral iiciik . .
Uzman degerlendirmeleri ve revize islemleri orufarm Luchk - Sorularm eslestigi matematik
gruplarda denenmesi

b Céziim icin gerekli siire

okuryazarhg alt boyutlan

Uzman degerlendirmeleri

ve revize islemleri

N
@
k3
3 N4
B g Birinci saha uygulamasi ve madde analizi Sorularm kitapegiklara dagitum "
E o Birinci saha /' Coktan se¢meli sorular
£ 3; testleri T, ve cevap anahtarlan
G og
g e
-
ir}
=

Sonuglarm degerlendirilmesi
ve revize islemleri

Tkinci saha
testleri

Sekil 2. Yontemde izlenen Siireglerin Modeli

Calismanin yonteminde izlenen siiregler Sekil 2’de modellenmistir. Alan yazinda yer alan soru havuzu/bankasi
gelistirme calismalarinda da (6rn. Wongpanya, Pativisan ve Ngamman, 2018; Yuentrakulchai, Kamtet ve Dechsri,

2018) yonteme iliskin benzer modeller kullaniimistir.
Calisma Grubu

Bu arastirmada 2 galisma grubu yer almaktadir. Birinci ¢alisma grubu, yontemin 4. siirecinde yer alan ve
uygulamalarin yapildigi glinlerde 6grenci sayilarinin 20-30 araliginda degistigi iki adet 8. sinif subesidir. Siniflar
Akdeniz bélgesinde bir ilce merkezinde yer alan bir devlet okulundan segilmistir. ilgenin niifusu yaklasik 160
000’dir. Ogrencilerin sosyoekonomik durumu orta diizeyde degerlendirilebilir. Bu iki sinifin secilmesinin nedeni
su sekilde aciklanabilir: Yontemin 4. stirecinin en 6nemli amaci, sorularin netligini (soruda anlatiimak istenen ile,
Ogrencinin sorudan anladiginin 6rtislip ortismedigini) test etmektir. Bu nedenle sorular agik uglu olarak
yoneltilmis ve 6grenciler ¢ézliim igin tesvik edilmistir. Sorularin netligine iliskin gecerli ve giivenilir veriler elde
etmek, 6grencilerin ¢dziime odaklanmalarina baglidir. Ogrencilerin ¢6ziime odaklanmalari igin tesvik edilmesinde
kendi 6gretmenlerinin roli oldukca buyiktir. Bu iki sinifin 6grencilerinin yontemde kii¢lik gruplarla yirttilen
acik uclu soru ¢éztmleriigin segilmesindeki en bliyik etken, 6gretmenin bu konuda arastirmaya destek saglamayi

kabul etmesidir.

ikinci calisma grubu, ydntemin 9. ve 10. siireclerinde yer alan 1. ve 2. saha calismalarina katilan 6grencilerdir.

ikinci calisma grubu Ege bdlgesinde yer alan bir il merkezinde 12 adet lisenin tiim 9 ve 10. sinif dgrencileridir. 110
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adet siniftan olusmaktadir. Bu 110 sinifta yer alan 6grenciler her iki saha testine de katilmigtir. Saha testlerine
siraslyla 3053 ve 2918 ogrenci katilmistir. Aradaki fark, uygulamanin yapildigi giinlerde okula gelmeyen
ogrencilerden kaynaklanmaktadir. Katilimcilarin % 55’i 9. sinif, % 45’i 10. sinif 6grencisidir. Baska sinif diizeylerine
gore 9 ve 10. siniflarin tercih edilmesinin nedeni, PISA 2018 Tiirkiye 6rnekleminin % 96,5’inin (MEB, 2019) 9 ve
10. sinif 6grencilerinden olugmasidir.

Mesleld ve Teknik

Anadolu Lisesi
% 17,9

Fen Lisesi
% 5,3

Sosyal Bilimler
Lisesi
% 6,4

Anadolu Lisesi
% 70,4

Sekil 3. Saha Testlerine Katilan Ogrencilerin Okul Tirlerine Gére Dagilimi

Calismaya 8 Anadolu, 2 Mesleki Teknik Anadolu, 1 Fen, 1 Sosyal Bilimler lisesi katilmistir. Saha testlerine katilan
Ogrenci sayilarinin okul turlerine gore yuzdelik dagilimi Sekil 3’te verilmistir. PISA 2018 Turkiye 6érnekleminin %

81,4’ (MEB, 2019) bu 4 okul tirtnln 6grencilerinden olusmaktadir.
Veri Toplama Araglari, Verilerin Toplanmasi ve Analizi

Arastirmanin yontemi 10 slre¢ halinde agiklanmistir. Birinci siire¢ alan yazindan (Demir ve Altun, 2018; Demir
2019; Demir, 2020) matematik okuryazarligi sorularinin derlenmesini icermektedir. Bu siirecin sonunda toplam

102 adet acik uglu soru derlenmistir.

ikinci siireg, derlenen sorularin dil, yapi ve igerik agisindan uzman degerlendirmelerini icermektedir. Bu siirecte
degerlendirmeler, iki Tlirkge egitimi uzmani, bir matematik 6gretmeni (kiigiik gruplari olusturan iki adet sekizinci
sinif subesinin 6gretmeni), bir matematik egitimi (arastirmaci) ve bir 6lgme degerlendirme uzmani tarafindan
yapilmistir. Tlrkce egitimi uzmanlari ¢alismanin yapildigi yil itibariyle doktora tez asamasinda iki arastirma
gorevlisidir. Matematik 6gretmeni, 8 yillik tecriibeye sahiptir. Olcme degerlendirme uzmani, ayni zamanda
matematik 6gretmenligi lisansina sahiptir, PISA ve matematik okuryazarligi alanlarinda yayinlanmis akademik
calismalari mevcuttur. Tirkce egitimi uzmanlari sorulari dil agisindan degerlendirmistir. Diger uzmanlardan
sorulari ¢ozmeleri, 15 yas grubu 6grencilerin seviyelerine uygunlugunu degerlendirmeleri, metin, sekil ve netlik
acisindan yorum ve onerilerini ifade etmeleri istenmistir. Uzmanlarin yorum ve 6nerilerine gore sorular revize

edilmistir.
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Ugiincii siireg, her bir sorunun ¢dziim anahtarinin (rubrik) hazirlanmasini icermektedir. Bu siirecin sonunda,
sorulardan ve uzmanlarin yaptigi ¢céziimlerden olusan agik uglu soru havuzu ve ¢6ziim anahtarlari (rubrikler) elde

edilmistir.

Doérdlincu sureg, agik uglu soru havuzundaki maddeleri 20-30 kisilik kuiglik gruplarda denemeyi icermektedir.
Gegerlik ve glivenirligi artirmak icin bu siirecte 6gretmen cesitli arglimanlarla (tesvik edici ifadeler kullanmak,
kanaat notu kullanmak, sorulara karsi merak uyandirmak, vb.) 6grencileri ¢c6zime odaklanmaya tesvik etmistir.
Ogrencilerin ¢6ziime odaklanmalarinin, sorular hakkinda gegerli ve giivenilir sonuglarin ortaya ¢ikma olasiligini
artiracagl diistintilmistir. Bu siregte her bir soruyu en az 7-8 6grencinin ¢ézmesi saglanmistir. Stirecin sonunda,

ogrencilerin ¢dzlimleri toplanmistir.

Besinci slirecte, 6grenci ¢ozimleri analiz edilmistir. Bu ¢éziimlerin analizinde takip edilen algoritma Sekil 4’'te
sunulmustur. Bu analiz sonucunda agik uglu soru havuzuna eklenen sorulara, kiiglik grup uygulamalarinda elde

edilen 6grenci ¢ozliimlerine gore segenekler yazilmistir.

Soruyu (dogru veya yanls) ¢cdzen &grenci var mi?

4 4

Evet Hayir

A’ 1)

Ogrencinin ¢éziimi dogru mu?

Cézamslzlgun égrenciden mi, sorudan
|1 mi kaynaklandigi, kestirilir. Buna gore

¢ J’ revize* edilir veya havuzdan cikarilir.
Evet Hayir
Ogrencinin ¢ézimi, uzmanlarin Soruyu dogru gézen 6grenci var m?
yaptig ¢cézlimlerden farkl mi?
I I 11 1
’l' J’ Evet Hayir
Evet Hayir .L i
‘L ’L Ogrencilerin dogru ve yanls Ogrencilerin yanls ¢ozimlere
Ogrencinin ¢6zimi sorunun Soru, actk uclu soru cozamleri karsilastiriir 6grencinin yénlenmesinin nedenleri aragtirilir.
rubrigindeki diger ¢éztimlerinin havuzuna eklenir. yanhgimnin sebebi / sebepleri Tespit edilen sebeplere gére soru
yanina eklenir. kestirilir. revize* edilir veya havuzdan ¢ikarilir.
Soru, acik uchu soru er X J’
havuzuna eklenir. §EbE_P / Sﬁbéplﬂ ogrenci kﬁyﬂakll Sebep / sebeplerden en az biri
ise (ilgi, bilgi, beceri eksikligi, vb.) sorudan kaynaklaniyor ise (netlik,
soru acik uclu soru havuzuna metin sekil, grafik, vb.) soru
eklenir. revize* edilir

* Revize edilmesi kararlastirilan maddeler yontemin ikinci stirecine geri gonderilir

Sekil 4. Acik Uglu Sorularin Ogrenci Céziimlerinin Analizinde Takip Edilen Algoritma

Besinci slirecin sonunda c¢oktan seg¢meli tipe donlisen maddelerin dil, yapi ve icerik agisindan uzman
degerlendirmeleri yapilmis, uzmanlarin yorumlari ve dnerileri alinmistir. Bunlara gore revize islemleri yapiimistir.

Ayrica 10-11 sorunun ¢6ziimii igin 6grencilere 45 dakikalik siire verilmesinin uygun oldugu belirlenmistir.

Altinci slire¢ sorularin, kiglk gruplarda elde edilen verilere gére tahmini madde zorluklarini ve uzman
degerlendirmelerine gore eslestigi agirhkli matematik okuryazarhg alt boyutlarini (baglam, matematiksel igerik,
matematiksel siireg) belirlemeyi icermektedir. Tahmini madde zorlugu her bir soru i¢in 0-10 araliginda bir tam
sayl olarak belirlenmistir. Madde zorlastikca 10’a daha yakin degerler ile temsil edilmistir. Sorulari matematik

okuryazarlig alt boyutlari ile eslestirmede, PISA raporlarinda alt boyutlar icin verilen agiklamalar ve yayinlanmis
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PISA sorularinin siniflandirmalari 6lgit olarak kabul edilmistir. Buna gore eslestirme islemleri arastirmaci ve 6lgme
degerlendirme uzmani tarafindan ayri ayri yapilmistir. Bu siiregte farklilik gésteren eslestirmeler tizerine yukarida
anilan PISA arglimanlarina dayandirilan tartismalar sonucunda madde hakkinda karar verilmistir. Her madde bu
ozellikleri ile etiketlenmistir. Yedinci slireg geregi, yukaridaki 6 sliregten gecen toplam 102 soru cevap anahtarlari

ile birlikte coktan segmeli taslak soru havuzuna eklenmistir.

Sekizinci slireg, tahmini madde zorluklarini ve eslestigi matematik okuryazarhigi boyutlarini géz oniinde
bulundurarak sorulari kitapgiklara paylastirmayi icermektedir. Burada kitapgiklarin zorluk dizeylerinin birbirine
yakin olmasini ve her kitapgikta matematik okuryazarliginin her alt boyutundan yaklasik olarak esit sayida soru
bulunmasini saglamak hedeflenmistir. Amag denk kitapgiklar olusturmak ve bdylece saha ¢alismalarindan elde
edilecek verilerin gecerligini ve glivenirligini saglamaktir. Bu baglamda birinci uygulama igin 98 soru, her biri 10’ar
sorudan olusan 10 farkli kitapgiga paylastirilmistir. 4 soru heniiz yukaridaki siiregleri tamamlamadigindan ikinci
saha galismasina birakilmistir. Bir kitapgiga disen soru sayisinin (10) belirlenmesinde kiglk gruplarla yapilan

denemelerde 6grencilerin 45 dakikada ¢6zebildikleri matematik okuryazarhigi soru sayisi dikkate alinmistir.

Dokuzuncu sure¢ 1. saha galismasini, verilerinin analizini ve revize islemlerini icermektedir. Bu sirecte ilgili
kurumlarla goérismeler yapilmig, birinci ve ikinci uygulamayi kapsayacak sekilde gerekli resmi izinler alinmigtir.
Ardindan iznin kapsadigl tim okullardan dokuzuncu ve onuncu sinifa devam eden 6grenci sayilari alinmistir.

Birinci uygulama, 6 Mart 2019 Carsamba glini yapiimistir.

Birinci Saha Calismasinda Gegerlik ve Giivenirligin Saglanmasi igin Yapilan Calismalar

1. Her bir sinifin kitapgiklari ayri zarflara yerlestirilmistir. Her sinifin zarfinda, 10 kitapgik tiriinden her birine
istisnasiz yer verilmistir. Ornegin 32 kisilik bir sinifin zarfina her bir kitapcik tiirinden en az 3’er tane
yerlestirilmistir. Bu islem, ¢alismanin gegerlik ve glivenirligine iki agidan katki saglamistir. Birincisi, kitapgiklardaki
sorular farkli oldugundan sinav aninda sorularin cevaplarina iliskin 6grencilerin birbiri ile iletisimi dnlenmistir.
ikincisi, kitapgiklarin tiim érnekleme homojen bir sekilde dagilmasi ve her bir sorunun maksimum sayida 6grenci
tarafindan ¢ozilmesi saglanmistir.

2. Sinav evraklari (sinav zarflari, kitapgik ve optik formlar) tizerine 6grenciler ve 6gretmenler tarafindan dikkate
alinmasi gereken hususlar ayrintili bir sekilde yazilmistir.

3. Sinav evraklarinin dagitimi esnasinda okulda sorumlu yoneticiye, zarflarin (zerindeki sinav kurallarinin
gozetmenlik yapacak 6gretmenler tarafindan mutlaka okunmasi gerektigi ifade edilmistir.

4. Sinavlarin 6 Mart 2019 Carsamba giini 3. ders saatinde, dersine rastlayan 6gretmenin gézetmenliginde tim
okullarda ve siniflarda es zamanli olarak yapilmasi saglanmistir.

5. Sinav icin toplam 50 dakikalik siire verilmistir. Ogrencilere, kendilerine rastlayan kitapgikta yer alan 10 adet
matematik okuryazarligi sorusunu ¢ézmeleri igin 45 dakikalik siire verilmistir. Kalan 5 dakika 6grencilerin sinifta

sinav diizenini almasi, kitapgiklarin ve optik formlarin dagitimi ve toplanmasi igin verilmistir.
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6. Sinavin bitmesi ile birlikte gozetmen 6gretmenler tarafindan okul idarecilerine teslim edilen sinav evraklari

arastirmaci tarafindan teslim alinmistir.

Birinci Saha Calismasinda Toplanan Verilerin Analizi

Optik forma hatali kodlama yapmis olmalarindan veya optik formda kitapgik tiirini kodlamamis olmalarindan
dolayi 49 6grencinin formlari analize dahil edilmemistir. “72B” ID numarali, “H10” (H: Kitapgik tlrd, 10: Sorunun
sirasil) konumlu soru, segeneklerin hatali yazilmis olmasindan dolayi iptal edilmis ve analize dahil edilmemistir.
Boylece kayip verilerin elenmesinin ardindan 3004 6grenciye ve 97 matematik okuryazarhigi sorusuna ait veriler
“% 27lik Uist ve alt gruplar yontemi” (Baykul, 2000) ile “Test Analysis Program” (TAP) kullanilarak analiz edilmistir.
Analiz sonucunda her bir sorunun madde glicliglne (p;), ayirt edicilik gliciine (rix) ve sorulardaki segeneklerin
celdiriciligine iliskin madde istatistikleri elde edilmistir. Madde glgliik degeri soruya dogru yanit verenlerin tim
yanitlayici sayisina oranidir (Atilgan, Kan ve Dogan, 2017). Bu nedenle 0 ve 1 (0<p;<1) araliginda bir deger alir. Bu
deger, soru zorlastik¢a 0’a, soru kolaylastik¢a 1’e yaklasir. Madde gegerlik katsayisi olarak da adlandirilan (Atilgan
ve ark., 2017) madde ayirt edicilik degeri, Ust grupta soruyu dogru yanitlayan 6grenci oranindan, alt grupta
soruyu dogru yanitlayan 6grenci oraninin gikarilmasi ile bulunur (Basol, 2019). Bu nedenle -1 ve 1 (-1<rix<1)

arasinda bir deger alir.

Madde hakkinda karar verilmesi: Madde gicligl (p; degeri), olusturulmak istenen testin glicligliine gore
degisiklik gosterebilir. Crocker ve Algina’ya (1986) gore ayirt edicilik glicli (rix degeri),
e 0,3’ten buyuk veya 0,3’e esit (rix20,3) olan maddeler (sorular) iyi islemektedir, teste oldugu gibi
konulabilir.
e 0,205 rix20,29 ise soru, dizeltilmek suretiyle kullanilabilir.

* 1jx<0,20 ise soru, kullanilmamali veya tamamen dizeltilerek kullaniimalidir.

Analiz, maddelerin sadece ayirt edicilik glicii (rjx) ile sinirlandiriimamistir. Bunun yani sira her bir maddenin
seceneklerine iliskin veriler de tek tek incelenmistir. Ust ve alt gruplara dayali madde analizlerinde, herhangi bir
celdiricinin Ust gruptakilerden cok, alt gruptaki 6grencileri kendine ¢cekmesi beklenir (Tekin, 2019). Tim bunlar
bir arada degerlendirilerek asagida siralanan iki sarttan herhangi birini tasiyan maddeler revize edilmistir.
i. rx<0,3 olmasidir (29 madde).
ii. rp20,3 olmasina ragmen alt gruba gore, Ust gruptan daha ylksek oranda o6grencinin yanlis
segenege/seceneklere yigilmis olmasidir (4 madde).

Tablo 1'de bu iki sarta gore revize edilen 33 adet sorunun konumlari, ID numaralari ve revize nedenleri verilmistir.
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Tablo 1. Maddeler ve Revize Nedenleri

Konum Soru ID Revize Nedeni Konum Soru ID Revize Nedeni
Al 1 i F2 60 i
D4 6 ii D8 61 i
D2 7 ii F7 65 i
11 9 ii D3 79 i
A2 10 i F10 83 i
El 11 i J5 84 i
12 13 i B1 19A i
c9 22 i B2 198 i
B6 27 i Cc2 23A i
13 29 i H3 49B i
c4 31 i H5 66A i
16 34 i H6 66B i
B7 39 i G10 70B i
B8 40 i 14 76B i
H1 51 ii 17 82A i
H7 53 i 18 82B i
A10 58 i

Tablo 1’de verilen 33 sorunun her biri arastirmaci ve matematik 6gretmenligi lisansina sahip bir 6lgme
degerlendirme uzmani tarafindan birinci uygulamanin verilerine gore sekil, metin, igerik ve segenekler agisindan
gozden gegirilmis ve revize edilmistir. Bazi sorularin birden fazla revize versiyonu tiretilmis ve toplamda 44 adet
revize versiyon soru elde edilmistir. Béylece revize sonucunda, kullanilabilir sorular ortaya koyma olasilig
artinlmistir. Bu revize versiyonlarin her biri, sorunun ID numarasinin ardina “R1”, “R2”, ... yazilarak
isimlendirilmistir. Ornegin “60” ID numarali sorunun ikinci saha galismasinda kullanilmak tizere tiiretilen 3 farkli

revize versiyonu “60R1”, “60R2” ve “60R3” seklinde isimlendirilmistir.

Tablo 1’de verilen 33 soruya ikinci saha ¢alismasinin kitapgiklarinda yer verilmemistir. Bu 33 sorudan tiretilen 44
soru (revize versiyonlar) ikinci saha c¢alismasinin kitapgiklarina yerlestirilmistir. Ayrica birinci uygulamada
denenmemis 4 yeni soru da yontemin 6nceki siireglerini tamamladigi ve ¢oktan se¢cmeli taslak soru havuzuna
eklendigi icin kitapgiklara yerlestirilmistir. Sorularin kitapgiklara dagitimi, yéntemin 8. siirecinde verilen élgitlere
gore yapilmistir. Bununla birlikte ayni soruya ait farkl revize versiyonlar ikinci saha ¢alismasinda farkl kitapgik

tirlerine dagitilmistir. Boylece ikinci saha uygulamasinda kullanilacak kitapgiklar hazir hale getirilmistir.

Yontemin onuncu sireci 2. saha g¢alismasini ve verilerinin analizini icermektedir. Sinavin gecerligi ve givenirligi
icin birinci uygulamada alinan tiim &nlemler ikinci uygulamada da alinmistir. ikinci uygulama, 3 Mayis 2019 Cuma

gilinii birinci uygulamanin yapildigi okullarda yine ayni siniflarin katilimi ile gergeklestirilmistir.
ikinci Saha Calismasinda Toplanan Verilerin Analizi

Optik forma hatali kodlama yapmis olmalarindan veya optik formda kitapgcik tirini kodlamamis olmalarindan
dolayl 72 6grencinin formlari analize dahil edilmemistir. Béylece kayip verilerin elenmesinin ardindan 2846
Ogrenciye ait veriler “% 27 ‘lik Ust ve alt gruplar yontemi” (Baykul, 2000) ile “Test Analysis Program” (TAP)
kullanilarak analiz edilmistir. Analiz sonucunda her bir sorunun madde gligliglne (pj), ayirt edicilik gictine (rjx) ve

sorulardaki seceneklerin geldiriciligine iliskin madde istatistikleri elde edilmistir.
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Birinci ve ikinci uygulamadan elde edilen p; ve rix degerlerine bagh olarak (Basol, 2019) tiim maddelerin standart
sapmalari (si=/Pj.(1—Pj)) ve glvenirlik katsayilari (ri=rix.sj) hesaplanmistir. Bu degerlerin timi ¢alismanin

bulgularinda (Ek-1’de) sunulmustur.

Tipki birinci uygulama verilerinin degerlendirilmesinde oldugu gibi, burada da Crocker ve Algina’nin (1986)
Olgutlerine gére maddeler “oldugu gibi kullanilabilir”, “duzeltilmek suretiyle kullanilabilir” ve “kullaniimamali
veya tamamen dizeltilmelidir” seklinde Ug kategoriye ayrilmistir. Veri analizi islemlerinin sonunda, 0,29<rix<0,295
araligindaki madde ayirt edicilik glici degerleri rjx=0,29 olacak sekilde, 0,295<rix<0,3 araligindaki madde ayirt
edicilik glici degerleri rix=0,3 olacak sekilde yuvarlanmistir. Yuvarlama islemi, Gig¢ maddenin (rix degeri 0,296 olan
“27", rix degeri 0,298 olan “66B”, ve rix degeri 0,296 olan “82A” ID numaral sorularin) kategori degistirmesine

neden olmustur. Bu Gi¢ madde “oldugu gibi kullanilabilir” kategorisine dahil edilmistir.
BULGULAR

Yéntemin birinci, ikinci ve Gglinci stireglerinin sonunda 102 adet agik uglu soru elde edilmistir. Bu sorulardan biri
(Kargo Sirketi) yontemin dordiinci ve besinci siirecinde elde edilen bulgularn da icerdigi haliyle Sekil 5te
sunulmustur. Diger bir ifadeyle sorunun kiigilik grupla denenen agik uglu haline, 6rnek bir 6grenci ¢éziimiine ve

yapilan revize islemleri sonunda elde edilen ¢oktan segmeli haline Sekil 5’te yer verilmistir.

SEDT_MOF_7_61 KARGO SIRKETI SSDT MDF_7_61 KARGO SIRKETI
Bir kargo sirketi sahip oldufu araglara yakit saglayacak bir petrol sirketiyle anlagmak istiyor.

ki petrol sirketi de buna karsilik kargo sirketine ozel olarak yapabilecegi kampanyalan su SORU 8: Bir kargo sirketi sahip oldugu araglara yakit saglayacak bir petrol sirketiyle
i py E

sekilde agiklryorlar. = anlasmak istiyor. U¢ petrol sirketi de buna karsihk kargo sirketine 6zel olarak yapabilecegi
« A petrol sirketi, normal yakitn saty fiyan Gzerinden % 10 indirim b e kampanyalan su sekilde aikliyorlar.
i ;e';’:::]'mkm fiyata indirim yapmayacagun ancak Szel olarak ireecegi bir yaki *« K -pe»“:mf normal yakitn satis fiyati iizerinden % 10 orammnda indirim yapacagun
verecegini ve bununla araglann normal yakita gore % 10 daha fazla yol alabilecegini belirtiyor. B .
belirtiyor. i e L petrol, fiyatta indirim yapmayacafmu ancak ozel olarak firetecegi bir yakit
Kargo sirketi igin hangi petrol sirketi le galismak daha ki olacakuur? Isleminizi gosteriniz verecegini ve bununla araclarn normal yakita gore % 10 daha fazla yol alabilecegini
belirtiyor.

B /] " e M petrol. fiyatta indirim yapmayacagm ancak % 10 oramnda bedava yakit
e <okl maela yakda oo 4 deek A sirtohinde 7 verebilecegini belirtiyor.
indirinle. 90 7t g /aglagk_ B'Je ke looH Olacae ouma Biraz doha | Bu verilere gore kargo sirketi icin asagidakilerden hangisi dogrudur?
fazla gidilecel A) Ug sirketin de teklifi aym diizeyde karhlik saglar.
B) En karh olan K. sonra L sonra M petroldilr.
ka an M, s { t: roldiir.
= 1097 C) En karli olan M, sonra K sonra L petroldiir

/"_Iﬂiﬂ 7= %oTL f;’ m’;f“ D) En karli olan K petroldiir. L ve M petrol ise birbiriyle aym ditzeyde karhdur.
& gurda e | yo‘ lo0 72:) E) En karh olan M petroldiir. K ve L petrol ise birbiriyle aym dizeyde karlidur.
—_—r

turda 1 yol 9TL Olugor :
‘f‘ﬂfﬁ%—‘o\u : Yari A doha karl

Dordiincti stirecin sonunda elde edilen bir 6rnek 6grenci ¢6ziimii | Besinci siirecin sonunda sorunun ¢oktan se¢meli tipe dontistiiriilmiis hali

Sekil 5. Ornek Sorunun Ugiincii, Dérdiincii ve Besinci Stire¢ Sonundaki Durumlari

Yukarida (solda) 6grenci ¢ozimine bakildiginda soruda anlatilmak istenen ile, 6grencinin sorudan anladiginin
ortlstligl gortlmektedir. Bu durumda soru 4. siireci basari ile gegmistir. Sorunun agik uclu halinde tercih
edilebilecek sadece 2 sirket sunulmustu. Bu durum sorunun coktan se¢meli hali icin 5 secenek yazilmasini
zorlastirmistir. Bu nedenle sorunun ¢oktan segmeli hale revize edilmesi strecinde (5. slrecte) tgtincl bir sirketin
daha eklenmesi konusunda uzmanlar ile goris birligine varilmistir. Bu sorunun bulgularda ornek olarak
secilmesinin nedeni diger sorulara gore daha kapsamli bir revize islemi gormis olmasidir. Besinci siirecin sonunda

sorunun nihai durumu Sekil 5’te (sagda) sunulmustur.
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Yontemin altinci sirecinden sorularin kestirilen madde zorluk duzeylerine ve sorularin 6lgtigl matematik
okuryazarhg alt boyutlarina iliskin bulgular elde edilmistir. Her bir zorluk diizeyinde yer alan soru sayilari Tablo

2’de sunulmustur. Degerler 0-10 araligina gére verilmistir. Soru, zorlastikca daha biylk bir degerle temsil

edilmistir.
Tablo 2. Sorularin Zorluk Diizeylerine Dagilimi
Zorluk Diizeyi 1 2 3 4 5 6 7 8 9 10 Toplam
Soru Sayisi 0 0 0 17 19 26 20 12 2 6 102

Tablo 2’'de sorularin kestirilen zorluk diizeylerinin 4-10 araliginda degistigi gorilmektedir. Orta zorluk diizeyindeki
(4, 5, 6.) sorular ¢cogunluktadir. Bu bulgular ¢oktan se¢meli soru havuzundaki maddelerin kestirilen zorluk

dizeylerinin ortalamasinin 6,21 oldugunu gostermektedir.

Matematik okuryazarhgi alt boyutlarinin her biri ile eslesen soru sayilari Tablo 3’te verilmistir. Buna gore, kisisel
baglamda ve nicelik icerik bilgisini 6lcmeye yonelik sorularin digerlerine gére daha fazla oldugu goriilmektedir.

Sorularin alt boyutlarla birebir eslestirildigi tabloya Ek-1'de yer verilmistir.

Tablo 3. Alt Boyutlara Disen Soru Sayilari

Boyut Baglam* Matematiksel igerik** Matematiksel Sureg¢***
Alt Boyut BiL KS ML TPL BV Di NC Uz FRM KAY MCY
Soru Sayisi 11 48 28 15 10 27 49 16 41 36 25
Toplam 102 102 102

* Baglam: BIL: bilimsel, KS: kisisel, ML: mesleki, TPL: toplumsal.

** Matematiksel igerik: BV: belirsizlik ve veri, Di: degisim ve iliskiler, NC: nicelik, UZ: uzay ve sekil.

*** Matematiksel Stire¢: FRM: Durumlari, problemleri matematiksel olarak formiile etme, KAY: Matematiksel kavramlari,
gercekleri, yontemleri kullanma ve akil yuriitme, MCY: Matematiksel giktilari yorumlama, uygulama ve degerlendirme

Ornek olarak Sekil 5’te verilen “Kargo Sirketi” sorusunun tahmini madde zorlugu 10 {izerinden “7”, baglami
“mesleki”, matematiksel icerigi “degisim ve iliskiler” matematiksel stireci “durumlari, problemleri matematiksel
olarak formile etme” olarak belirlenmistir. Soru bu 6zellikleri ile etiketlenmis ve “D” se¢eneginde verilen “En
karh olan K petroldiir. L ve M petrol ise birbiriyle ayni diizeyde karlidir.” dogru cevabi ile ¢goktan segmeli soru
havuzuna eklenmistir. Yontemin yedinci slirecinde tim sorular bu o6rnek soruda verilen o6zellikleri ile
etiketlenerek ¢oktan se¢meli taslak soru havuzu olusturulmustur. Sekizinci siirecte sorularin kitapgiklara dagitimi,
Tablo 2 ve Tablo 3’te yer alan bu bulgulara ve Ek-1'de yer alan birebir “madde-6l¢tiigi matematik okuryazarlig

alt boyutlarl” eslestirmelerine gére yapilmistir.

Yontemin dokuzuncu ve onuncu sireglerinden sirasiyla birinci ve ikinci saha c¢alismalarinin bulgulari elde
edilmistir. Bu bulgular sorularin oldugu gibi kullaniimasina/revize edilmesine karar vermek Uzere
degerlendirilmistir. Bu konuda karar vermede sorularin saha galismalarindan elde edilen madde ayirt edicilik
degerleri kullanilmistir. Birinci saha calismasinda 98 adet matematik okuryazarhgl sorusu denenmistir. Bu 98
sorudan 33 tanesi revize edilmistir. Revize edilen 33 sorudan (bazilar icin birden fazla revize versiyon

turetildiginden) 44 soru elde edilmistir. Revize edilen bu maddelere iliskin bulgular, revize edilme nedenlerine
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gore iki kategoride incelenmistir. Birinci kategori 29, ikinci kategori 4 soru igermektedir. Kategorilere iliskin

aciklamalar asagida sunulmustur.

Birinci kategori, birinci uygulamanin verilerine gore rjx<0,3 oldugu icin revize edilen maddeleri igermektedir. Bu
kategoride yer alan 29 maddenin birinci uygulama sonundaki rix degerleri ile bunlarin revize edilmesi ile elde

edilen 40 maddenin ikinci uygulama sonundaki rix degerleri Tablo 4’te verilmistir.

Tablo 4. Birinci Kategoride Yer Alan Sorularin Madde Ayirt Edicilik Degerlerinin Karsilastiriimasi

Soru ID rix (1. Uygulama) Soru ID (revize versiyon) rix (2. Uygulama)
1 0,127 1R1 0,255
10 0,087 10R1 0,107
10 0,087 10R2 0,118
11 0,244 11R1 0,442
13 0,293 13R1 0,458
22 0,234 22R1 0,327
27 0,296 27R1 0,313
29 0,158 29R1 0,245
31 0,154 31R1 0,244
34 0,124 34R1 0,23
34 0,124 34R2 0,584
34 0,124 34R3 0,225
34 0,124 34R4 0,317
39 0,124 39R1 0,216
40 0,176 40R1 0,45
53 0,29 53R1 0,381
58 0,277 58R1 0,269
58 0,277 58R2 0,118
60 0,257 60R2 0,255
60 0,257 60R1 0,262
60 0,257 60R3 0,277
61 0,228 61R1 0,301
65 0,237 65R1 0,312
79 0,079 79R1 0,328
83 0,202 83R1 0,145
84 0,195 84R2 0,163
84 0,195 84R3 0,13
84 0,195 84R1 0,092
19A 0,247 19AR1 0,373
19A 0,247 19AR2 0,593
19B 0,19 19BR1 0,345
19B 0,19 19BR2 0,588
23A 0,281 23AR1 0,315
498 0,225 49BR1 0,15
66A 0,152 66AR1 0,28
66B 0,298 66BR1 0,225
70B 0,238 70BR1 0,26
76B 0,196 76BR1 0,142
82A 0,296 82AR1 0,597
82B 0,258 82BR1 0,293

Tablo 4’e bakildiginda, birinci kategoride yer alan 29 maddeden 14 tanesine (11, 13, 22, 27, 34, 40, 53, 61, 65,
79, 19A, 19B, 23A, 82A) ait revize versiyonlarin rx20,3 sartini sagladigi gérilmektedir. Bu 14 adet maddeden 3
tanesinin (34, 19A, 19B) ikiser revize versiyonu rix=0,3 sartini saglamistir. Bdylece revize sonunda ri>0,3 sartini

saglayan 17 madde elde edilmistir.
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Yapilan revize islemlerini 6rneklendirmek igin birinci kategoride yer alan 19A ve 19B maddeleri 1. ve 2.
uygulamada kullanildigi haliyle asagida verilmistir. Bu sorularin bulgularda 6rnek olarak secgilmesinin nedeni,
revize isleminin en etkili istatistiksel sonuglari verdigi maddelerden biri olmasidir. Degisiklik yapilan yerler, madde
Uzerinde taranmistir. Ayrica maddelerin revize 6ncesinde ve sonrasindaki gliglik ve ayirt edicilik degerleri ile

guvenirlik katsayilari Sekil 6’da sunulmustur.

L UYGULAMADA: 2. UYGULAMADA:

OTOBUS BEKLEME

SSDT KWK 7_19R2

SSDT_RNKE_7_19 OTOBU'S BEKLEME 1 ve 2. sorulan asagidaki bilgilere gére cevaplaymuz.

Durakta otobiis bekleyen Ahmet sunlan bilmektedir.

1 ve 2. sorulan asagidaki bilgilere gére cevaplayimnz.

Durakta otobiis bekleyen Ahmet sunlart bilmektedir. Bekledikleri otobiis 30 dakikada bir

gecmektedir. Bu otobiis trafigin vogunluguna gére va normal saatinden en fazla 8 dakika gec
veva en fazla 6 dakika erken gelebilmektedir.

SORU 1: Otobiisi son anda kagran Ahmet bir sonraki igin en fazla kag dakika bekler?

e Belkledikleri otobiis normalde 30 dakikada bir gegmektedir.
¢ Bu otobiis trafigin yogunluguna gore;

o Ya en fazla 8 dakika gec,

o Ya da en fazla 6 dakika erken gelebilmektedir.

SORU 1: Buna gére, otobiisii son anda kagan Ahmet bir sonraki icin en fazla kag dakika

A)a4 bekler?
B)38 A)44
037 Madde giicliigii: 0,174 Madde Ayirt Ediciligi: 0,247 B)33
D) 14 C)35 Madde giicliigii: 0,543 Madde Aynt Ediciligi: 0,593
Giivenirlik Katsayisi: 0,094 D) 14
E)é ) Giivenirlik Katsayisi: 0,295
E)6

SORU 2: Otobiisii son anda kagwan Ahmet bir sonraki igin en az kag dakika bekler?
SORU 2: Buna gére, otobiisii son anda kagran Ahmet bir sonraki igin en az kag dakika

A)24

bekler?

B) 14

. . A)20

C) 16 Madde giicliigii: 0,116 Madde Ayt Ediciligi: 0,190 B 14

D) 18 e g -

E)22 Giivenirlik Katsayist: 0,061 016 Madde giicliigii: 0,375 Madde Aynt Ediciligi: 0,588
D)18 Giivenirlik Katsayisi: 0,284
E)21

Sekil 6. 19A ve 19B ID Numarali Sorularda Yapilan Revize islemleri ve Madde istatistikleri

19A ve 19B maddelerinin Sekil 6’da verilen istatistiklerine bakildiginda yapilan revize isleminin maddelerin ayirt
ediciliklerini 6nemli 6l¢lide artirdigi ve rix=0,3 sartini sagladigi gorilmektedir. Madde gigliiklerine bakildiginda,
her iki maddenin bu islem sonucunda kolaylastigi ve dnceki degerine gére 0,5 diizeyine yaklastigi gérilmektedir.
Maddenin rix ve pj degerlerindeki bu degisimlerin her ikisi de glivenirlik katsayisini olumlu yonde etkilemistir. Bu

bulgular, revize isleminin maddenin gegerlik ve glivenirligini saglamada basarili oldugunu istatistiksel olarak

kanitlamaktadir.

ikinci kategori, birinci uygulamanin verilerine gére rix20,3 olmasina ragmen alt gruba gére (st gruptan daha fazla
oranda 6grencinin yanlis secenege/seceneklere yigildigi maddelerdir. Bu kapsamda 4 adet madde yer almaktadir.

Bu kategoride yer alan maddelerin birinci ve ikinci uygulama sonundaki rjx degerleri Tablo 5'te verilmistir.

Tablo 5. ikinci Kategoride Yer Alan Sorularin Madde Ayirt Edicilik Degerlerinin Karsilastiriimasi

SoruID 1. Uygulama rj degeri Soru ID (revize versiyon) 2. Uygulama rj degeri
6 0,325 6R1 0,315

7 0,372 7R1 0,409

9 0,326 9R1 0,458

51 0,411 51R1 0,57

Tablo 5’e bakildiginda ikinci kategoride yer alan 4 maddeden 7, 9 ve 51 ID numarali maddelerin ayirt edicilik

degerlerinin revize islemi sonucunda arttigi gérilmektedir. Ornek olmasi bakimindan bu kategorideki 9 ID
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numarali (“Baraj” adli) sorunun ve revize edilmis versiyonunun (9R1) madde istatistikleri Tablo 6’da sunulmustur.
Ayrica bu istatistiklere gore yapilan ¢ikarimlara istinaden yiritllen revize islemleri, Sekil 7’de soru Uzerinde

gosterilmistir.

Tablo 6. Baraj Adl Sorunun Birinci ve ikinci Uygulama Sonrasinda Madde istatistikleri

Segenekler
Soru ID Grup *Np  A** Ns B Ng  C¥** Np D Ne E
9 Total 42 0,151 76 0,273 73 0,263 27 0,097 57 0,205
9 Ust 17 0,128 27 0,203 57 0,429 8 0,06 21 0,158
9 Alt 12 0,154 34 0,436 8 0,103 8 0,103 16 0,205
9 Fark 5 -0,026 -7 -0,233 49 0,326 0 -0,042 5 -0,047
9R1 Total 37 0,144 76 0,296 66 0,257 37 0,144 38 0,148
9R1 Ust 10 0,145 9 0,13 35 0,507 5 0,072 9 0,13
9R1 Alt 15 0,185 32 0,395 4 0,049 16 0,198 13 0,16
9R1 Fark -5 -0,04 -23 -0,265 31 0,458 -11 -0,125 -4 -0,03

*Secenegi isaretleyen 6grenci sayisi
**Secgenegi isaretleyen 6grenci sayisinin ilgili gruptaki 6grenci sayisina orani
***Dogru segenek

Tablo 6 incelendiginde sorunun birinci uygulama verilerine gére A, D ve E seceneklerini Ust ve alt gruptan
isaretleyen 6grenci oranlarinin birbirine yakin oldugu gértlmustir. Bu veriler bu 3 segenegin sorunlu olabilecegini
disindirmustir ancak bununla birlikte sorunun igerigi itibariyle tlretilebilecek segenek sayisi sinirlidir ve sadece
benzer segcenekler tiretilebilir. Buna gore sorunun, seceneklerin kendisinden degil, seceneklerdeki ifadelerin i¢
ice yazilmis olmasindan kaynaklanabilecegi duslinilmustir. Bu nedenle segenekleri degistirmek yerine, sorunun
seceneklerinde yer alan ifadelerin daha ayrik (bir tablo gibi) yazilmasina karar verilmistir. Sorunun revize 6ncesi
ve sonrasindaki hali Sekil 7’de sunulmustur. Bu sorunun bulgularda 6rnek olarak secilmesinin nedeni,
kategorisindeki diger sorulara gore agirlikl olarak gorsel agidan revize edilmis olmasidir. Degisiklik yapilan yerler

madde Uzerinde taranmis ya da ¢ergeve igine alinmistir.
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1. Uygulama
I
SSDE ENY; 719 BARAJ
SORU 1:
km® Kapasitesi 200 milyon m® olan baraja 2010-
N 2014 yillar1 arasmda diigen yagiy miktar

e e grafikte verilmistir. Yakm gevrede su kitlig1
yasanmamasi igin barajm doluluk oranmm

% 30'un altma diismemesi gerekmektedir.

oas + — — - _— - -- Buna gére hangi yillarda su kitligs, hangi
(V7] e SR S A s villarda tagkm tehlikesi ortaya cikmig
0t — — — - - olabilir?

006 £ - — - g =

o - ﬂ : - ﬂ =ifabis

2000 2011 2012 2013 2004

(O S T e e,

0 F = — = = = = — — — — --

Yiilsr.

A 2010, 2012 ve 2013’te kithk, sadece 2014’te taskin
B’ 2010 ve 2013’te katlik, 2011 ve 2014’te tagkin

C 2010 ve 2013°te kathik. sadece 2014’te taskin

D) Sadece 2013 ’te kathik, 2011 ve 2014°te taskin

2. Uygulama

BARAJ

Yagis Miktan

s 282 2 2

2 8 8 R A&

p—t—t—t—t

[ T T

—!

L

|

|

[ |

—l |
L

[ N

[ T

Yillar

2000 2011 2012 2003 2014
Kapasitesi 200 milyon metrekiip olan baraja 2010-2014 yillar: arasinda diisen yagis miktar:
grafikte verilmistir. Yakin ¢evrede su kith@ yasanmamas: igin barajm doluluk oranmmn

% 30’un altina diigmemesi gerekmektedir. Buna gére hangi yillarda su kithig1, hangi yillarda

! SRR o SRS 2
E’ Sadece 2013’te katlik ve sadece 2014’te tagkin taskn tehlikesi yaganms olabilir?

Kithk Taskin
A) 2010, 2012 ve 2013’te Sadece 2014°te
B) 2010 ve 2013’te 2011 ve 2014'te
C) 2010 ve 2013’te Sadece 2014’te
D) sadece 2013’te 2011 ve 2014°te
E) Sadece 2013'te Sadece 2014°te

Sekil 7. 9 ID Numarali Soruda Yapilan Revize islemleri

Sekil 7'de goriuldigu gibi, seceneklerin yani sira soru kokiinde yer alan grafik ve metin de sayfada daha ayrik
gorunecek sekilde konumlandiriimistir. Bu revize islemlerinin ardindan sorunun ikinci uygulamadan elde edilen
verilerine gore (bkz. tablo 6’da 9R1 verileri), madde giglik degeri neredeyse ayni dliizeyde kalmis (0,263 ve

0,257), ayirt edicilik degeri 0,326’dan 0,458’e, glivenirlik katsayisi 0,143’ten 0,2’ye ylkselmistir.

Bulgularda revize islemlerini 6rneklendirmek icin sunulan sorular gesitliligi saglayacak sekilde secilmistir: Buna
gore en kapsamli revize islemi (Sekil 5), istatistiksel olarak en anlamli farki ortaya gikaran revize islemlerinden biri
(Sekil 6) ve agirlikh olarak gorsel 6geler lzerinde yapilan bir revize islemi (Sekil 7) bulgularda sunulmustur.
Yukarida ornek sorular Uzerinden agiklanan revize islemleri benzer sekilde 33 sorunun her biri igin
gerceklestirilmistir. Sorularin gecerligine etkileri istatistiksel olarak kanitlanan ve sonuglar béliminde yedi

madde halinde sunulan etkenleri 6rnekleyen diger revize islemlerine Ek-3’te yer verilmistir.

TARTISMA, SONUC ve ONERILER

Calisma sonucunda madde ayirt edicilik degerlerine gére 94 adet soru “Oldugu gibi kullanilabilir” kategorisinde
degerlendirilmistir. Bunlarin icinden 10 tanesi ayni soruya ait revize versiyonlardir. Baska bir ifadeyle, bu 94
maddeden 10 tanesi aslinda ayni maddenin “Oldugu gibi kullanilabilir” kategorisinde degerlendirilen iki farkl (6-
6R1, 7-7R1, 9-9R1, 19AR1-19AR2, 19BR1-19BR2, 27-27R1, 34R1-34RR2, 51-51R1, 70A-70AR1, 82A-82AR1)
versiyonudur. Net olarak 84 tane farkli madde elde edilmistir. Bu maddelerin gliclik degerleri 0,158 ve 0,845,

glivenirlik katsayilari 0,113 ve 0,364 arasinda degismektedir. Bu kategoride yer alan maddeler bu ¢alismanin
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Uriinl olan goktan se¢meli madde havuzunda (soru bankasi) yerini almistir. Tim sorularin madde istatistikleri Ek-

1’de sunulmustur. Ornek olmasi bakimindan 7 adet soruya Ek-2’de yer verilmistir.

Madde ayirt edicilik degeri 0,3 ile 0,2 arasinda (0,20<rjx<0,30) olan sorular “Revize edilmeli” kategorisinde
degerlendirilmistir. Madde ayirt edicilik degeri 0,2'den kligik olan (rix<0,2) sorular “Kullanilmamali veya tamamen
revize edilmeli” kategorisinde degerlendirilmistir. Bu maddeler, istatistiksel veriler 1s18inda revize edilerek yeni

uygulamalarda tekrar denenebilir.

Birinci saha testlerinin verilerine gére yapilan ve basarili olan revize islemlerinin kapsamlari genel olarak dort
baslik altinda toplananabilir. Bunlar sorunun (i) metninde, (ii) gorselinde, (iii) seceneklerinde ve (iv) verilerinde
yapilan revize islemleridir. Bu calisma kapsamindaki herhangi bir soru icin yapilan ve basarili olan revize
islemlerinin bu basliklardan sadece birini ya da herhangi ikisini icerdigi goriilmustir, bu basliklardan ¢ ya da
dordiini birlikte iceren revize islemine rastlanmamistir. Sadece metninde veya sadece gorselinde veya sadece
seceneklerinde degisiklik yapilarak kurtarilabilen sorular olmasina ragmen sadece verilerinde degisiklik yapilarak
kurtarilabilen soruya rastlanmamistir. Bu revize islemleri teknik olarak detaylandirildiginda ¢oktan se¢meli
sorularin gegerligini artiran ya da azaltan durumlara iliskin asagidaki sonuglar elde edilmistir.

1. Soru metninde farkh kosullarda farkli durumlarin ortaya ¢iktig ifade ediliyorsa, her bir kosulun ve sonucunda
ortaya cikan durumun maddeler halinde (karsilastirma igin bkz. ek-3 soru ID: 34->34R1) sunulmasi gegerligi
artirmaktadir.

2. Soruda seklin/tablonun hem Ustiinde hem altinda agiklamalara (metne) yer verilmisse, vurgulanmak istenen
ifadeye soru metninin sekilden/tablodan sonraki kisminda (karsilastirma igin bkz. ek-3, soru ID: 22->22R1) yer
verilmelidir. Diger bir ifadeyle bu tip sorularda vurgulanmak istenen ifadenin soru metninin sonuna (bitisine
dogru) yerlestirilmesi gecerligi artirmaktadir.

3. Bir soruda birbiri ile iliskili birden fazla gorsel igerik (nesne, fotograf, sekil, resim) bulunabilir. Bu tip sorularda
(bkz. ek-3, soru ID: 65->65R1) gorsel iceriklerin aralarindaki iliskiyi (stireg, akis, vb.) yansitacak sekilde siralanmasi
ve soru metninde bu siralamaya iliskin ifadelere (6l¢lite veya sagdan sola veya yukaridan asagiya, vb.) yer
verilmesi gecerligi artirmaktadir. Ayrica gorsel icerikler lizerinde yazi ya da sayilar varsa bunlarin neyi temsil
ettigine iliskin ifadelere soru metninde yer verilmesi gecerligi artirmaktadir.

4. Vurgulanmak istenen kelimelerin (sadece bir ya da iki kelime i¢in) karartilmasi (kalin harflerin kullaniimasi) ve
segeneklerin yan yana yerine alt alta dizilmesi (karsilastirma igin bkz. ek-3, soru ID: 53->53R1) bu ¢alismada
gecerligi artirdig1 sonucuna ulasilan diger etkenlerdir.

5. “Soruda verilenler sonuca ulasmak igin yeterli degildir.” veya bununla ayni anlami ifade eden climlelerin
seceneklerden gikarilmasi (bkz. ek-3, soru ID: 11->11R1 ve 34R1->34R4) gecerligi artirmaktadir.

6. En basit bakis acgisiyla soruya yaklasildiginda isaretlenmesi beklenen sonucun segeneklerden gikariimasi
(karsilastirma igin bkz. ek-3, soru ID: 40->40R1) gegcerligi artirmaktadir.

7. Verilen kosullarin her biri icin aralarinda herhangi bir 6riinti bulunmaksizin salt ayri ayri islemler yapmayi
gerektiren durumlari iceren sorularda, islem sayisini azaltmaya yonelik revizeler (karsilastirma icin bkz. ek-3, soru

ID: 79->79R1) gecerligi artirmaktadir.
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Yukarida verilen sonuglardan ilk dért tanesi goktan segmeli test maddelerinin yazimi ile ilgili alan yazinda (Turgut
ve Baykul, 2010; Atilgan ve ark., 2017; Tekin, 2019) bulunan soru metni ve gorselleri hakkindaki genel hususlarla
(netlik, metin ve gorsel arasindaki tutarhlik) ortismektedir. Ancak bu ¢alismanin bulgulari ve sonuglari, teknik

acidan daha Ozel detaylari ve soru yazarlarini net bir sekilde yonlendirebilecek ifadeleri icermektedir.

Yukaridaki sonuglardan bes, alti ve yedincisi, sorularin biligsel 6zellikleri ile ilgilidir. Besinci sonug, sorularda
verilenlerin ¢éziim igin yetersiz oldugunu ifade eden bir segcenedin bulunmasi durumunda, Ust gruptan
beklenmedik sayida (rix degerini 0,30’un altina disirecek kadar) 6grencinin bu secenege yonelmesinden
kaynaklanmaktadir. Buna gore s6z konusu segenek eger dogru cevap degilse sorunun gegerligini 5nemli diizeyde
ve olumsuz bir sekilde etkilemektedir. Bu segenegin (ifadesinin) uzunluk bakimindan diger seceneklerden farkli
olmasi (Turgut ve Baykul, 2010) 6grencileri kismen bu secenege yonelten bir (bilissel olmayan-yapisal) etkenin
varhgini distindirebilir. Ancak 34R1 ve 34R4 ID numarali sorularin her ikisinde de “A” secenegi diger segeneklere
gore daha uzun olmasina ragmen 34R4 ID numaral soruda Ust gruptan higbir 6grencinin “A” segenegini

isaretlememesi, boyle bir yapisal etkenin burada etkisinin olmadigini géstermektedir.

Altinci sonug, en basit bakis agisiyla soruya yaklasildiginda isaretlenmesi beklenen sonuca segeneklerde yer
verilmesi durumunda, Ust gruptan beklenmedik sayida (rix degerini 0,30"un altina dusiirecek kadar) 6grencinin bu
secenege yonelmesinden kaynaklanmaktadir. Buna gore s6z konusu secenek eger dogru cevap degilse sorunun
gecerligini 6nemli diizeyde ve olumsuz bir sekilde etkilemektedir. Besinci ve altinci sonuglar, taranan alan yazinda
rastlanmayan, bu galismaya 6zglin sonuglardir. Bu iki sonug coktan segmeli matematik sorularini hazirlamaya ya
da revize etmeye iliskin alan yazina metodolojik agidan katki sunabilir. Soru ile ilgili tespit edilmis baska olumsuz
etkenler yoksa, bu iki durumun her ikisinde de sadece bu tip secenegin cikarilip yerine siradan bir secenek

yazilmasi ile sorunun kullanilabilir dizeyde gecerlige erismesi saglanabilmektedir.

Yedinci sonug ilgili sorunun ¢6ziimiinde, ¢ok sayida islemin her bir kosul i¢in tekrarlanmasini gerektirmesinden
kaynaklanmaktadir. Bu durum ilgili sorunun zorluk diizeyini artirmis ve gecerligini de (rjx degerini 0,30’un altina
disirecek kadar) énemli diizeyde azaltmistir. Bu sonug Basol’'un (2019) zorluk dizeyiyle 6grencileri yildiran
sorulardan kaginilmasi gerektigi ifadesini dogrulamakta ve su detayl eklemektedir: Buna gore ¢ézimiinde,
aralarinda bir oriintl bulunmayan kosullarin her biri icin salt ayri ayri islemler yapmay gerektiren sorular

gecerligini yitirmektedir.

Matematik okuryazarligi sorusu gelistirmeye iliskin alan yazinda “PISA benzeri sorular” terimine ve oOzellikle
PISA’nin yayinladigi sorulari esas alan galismalara (Kamaliyah vd., 2013; Oktiningrum vd., 2016; Murdiyani, 2018;
Nasution vd., 2019) sik¢ca rastlanmaktadir. Bu durumun, soru yazma calismalarinda 6zgiin matematik
okuryazarlig sorulari Gretme sansini ve Uretilen sorularin zengin bir baglam cesitliligi sunma olasiligini
azaltabilecegi distinilmektedir. Bu sinirlandirmanin yerine matematik okuryazarliginin tanimini, amaglarini ve
kapsamini bir biitlin olarak ele alan dlgltleri esas almak, Uretilen sorularin 6zglinliigina, cesitliligini ve dolayisiyla

gecerligini artirabilir. Clinkl c¢esitli baglamlarda yazilmis sorulari iceren testler 6grencilerin matematik
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okuryazarhgini daha kapsamli bir sekilde 6lgebilir. Bu baglamda, bu ¢alismaya kaynaklik eden sorular igin 6lgiit
PISA benzeri olmalari degil, matematik okuryazarliginin tanimi, amaglari ve kapsamina uygun olmalaridir. Bu
farkhhk, bu calismada ortaya konan sorulari, alan yazinda yer alan s6z konusu calismalardan elde edilen
sorulardan ayiran en 6nemli &zelliktir. Bunun yani sira ¢ok sayida sorunun denenmis olmasi gesitliligi ve
dolayisiyla gecerligi artiran diger bir degiskendir. BoOylece matematik okuryazarligi genel degerlendirme

cercevesinde (OECD, 2013c) yer alan her bir alt boyutta 6grencileri degerlendirebilecek sorular ortaya konmustur.

Ek-1'de, madde istatistiklerinin yani sira sorularin 6l¢tigi matematik okuryazarligi alt boyutlarina yer verilmistir.
Coktan segcmeli soru havuzunda, her bir alt boyutun 6lglilmesine yonelik en az 9 madde yer almaktadir. Bu
¢alismadan elde edilen sorularin farkli kombinasyonlarla bir araya getirilmesi ile, dlgtilmek istenen alt boyutlarda
(baglam, matematiksel icerik, matematiksel siireg) ve diizeyde (kolay, orta, zor) matematik okuryazarhg testleri

elde edilebilir. Bu alanda test gelistirme galismalar yuritulebilir.

Derlenen 102 adet sorunun iginde, kisisel baglamda ve nicelik matematiksel icerik bilgisini 6lgmeye ydnelik
sorularin digerlerine goére sayica daha fazla oldugu gorilmektedir (bkz. tablo 3). Demir ve Altun’a (2018) gére
“cagrisim” (glinlik hayatta karsilasilan bir olaydan/durumdan yola ¢ikarak soru yazma) matematik okuryazarhgi
soru yazarlari tarafindan firsat olarak degerlendirilmektedir. Buna gore glinlik hayatta soru yazarlarinin, kisisel
baglamda ve ¢oziimiinde nicelik matematiksel icerik bilgisini gerektiren sorunlarla diger durumlara gére daha sik
karsilastigi sdylenebilir. Bu ¢ikarim simdilik sorularin derlendigi calismalarin soru yazarlari igin sinirlandiriimalidir.
Ancak “Genel olarak glinliik hayatta karsilasilan ve ¢6zimiinde matematik bilgiye ihtiya¢ duyulan durumlar bu alt
boyutlara nasil dagiimaktadir?” sorusuna cevap arayan arastirmalarla bir genellemeye varmak miimkiin olabilir.
Boyle bir girisimle genel bir matematik okuryazarhg testinde gecerlik i¢in sorularin alt boyutlara nasil dagitiimasi

gerektigine iligskin veriler elde edilebilir.

Coktan se¢meli sorular biyik érneklemlerin 6lglilmesinde daha elverisli olmasina karsin 6grencilerin matematik
okuryazarhg yeterliklerini (akil ylriatme, iletisim, temsil etme, vb.) yansitma ve arastirmacilara bu konuda kanit
saglama konularinda agik uglu sorulara gére daha az firsat sunmaktadir. Calismanin yonteminin Gglinci slirecinde
olusturulan agik uglu soru havuzundaki maddeler bu konuda degerlendirilebilir. Her bir sorunun ¢oziimde
gerektirdigi yeterlikler belirlenebilir. Boylece sorular, 6grencilerin matematik okuryazarhgi yeterliklerinin

Olglilmesini iceren ¢alismalarda arag olarak kullanilabilir.

Ders ici etkinlikler ve ders kitaplari, bu calismada elde edilen sorular i¢in Gnemli birer kullanim alanidir. Ders kitabi
alistirmalari matematik okuryazarhgina iliskin yeterliklerden akil yliritme ve iletisim kurma icin genellikle yeterli
firsatlar sunmaz, ¢linkii ders kitabi alistirmalarinin ¢ogu rutin yontemlerin tatbikatini ve uygulanmasini hedefler
(Fan ve Zhu, 2000; Stacey ve Vincent, 2009; Thompson, Senk ve Johnson, 2012). Ulusal alan yazinda da derslerde
ve ders kitaplarinda matematik okuryazarligi sorularina yeterince yer verilmedigine (Altun ve Akkaya, 2014; Cakir,
2009; Dede ve Yaman, 2005; iskenderoglu ve Baki, 2011) ve matematik 6gretiminin gercek diinyadan kopuk bir

sireg gibi yurutildagine iliskin calismalar yer almaktadir. Begel'in (1973; aktaran Wong ve Low, 2020) belirttigi
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gibi, ders kitabinin igerigi “bir yandan manipiile edilebilen ve diger yandan 6grenci 6grenmesini etkileyebilen” bir
degiskendir. Bu baglamda, bu arastirmadan elde edilen sorular, matematik okuryazarligi alaninda yapilacak soru-
etkinlik gelistirme ¢alismalarinda arag olarak kullanilabilir. Ogretmenlerin sorulara matematik dgretim siirecinde
ve bu siirecin tamamlayicisi olan 6lgme degerlendirme faaliyetlerinde yer vermesi dnerilebilir. Sorularin ders igi
etkinliklerde kullaniminda 6grencilerin matematik okuryazarhiginin énemli yeterliklerinden olan matematiksel
akil yaratme ve iletisim becerilerini gelistirmek icin Wong ve Low’un (2020) “6gretmen roliine” ve “sinifin

dogasina” iliskin 6nerileri dikkate alinabilir.

Tirkiye’de 2018 yilinda uygulamaya konan ortaokul matematik 6gretim programinin genel amaglarinda
“matematiksel okuryazarlik becerilerini gelistirebilecek ve etkin bir sekilde kullanabilecektir.” ifadesi yer
almaktadir (MEB, 2018). Ulusal sinavlarda okuryazarlk problemlerinin sayisinin artirilmasi tavsiye edilmektedir
(Jurges ve ark., 2012; Uysal ve Yenilmez, 2011). Burada Ogretimin amaci ile ulusal 6lgme degerlendirme
faaliyetlerine iligkin tavsiyeleri iceren s6z konusu galismalarin birbirini tamamladig gériulmektedir. Ancak
arastirmacilar (Demir, 2015; Oktiningrum vd., 2016), 6grencilerin baglamsal sorulara asina olmadiklarini ifade
etmektedir. Bu gcalismadan elde edilen sorularin matematik 6gretim sirecinde kullaniimasi ile 6grencilerin
baglamsal sorulara asinalik kazanmasina katki saglanabilir. Boylece matematik 6gretiminin igerigi ile ulusal 6lgme
degerlendirme faaliyetleri icin tavsiye edilen igerigin birbirini tamamlayici bir nitelik kazanmasina katki

saglanabilir.

Demir (2019) galismasinda matematik okuryazarligi soru yazma siirecinde yer alan eylemleri ve bu eylemlerin
soru yazarlar tarafindan genellikle hangi sira ile takip edildigini ortaya koymustur. Ayrica diger bir ¢calismada
Demir (2020) 6gretmen adaylarina yonelik bir matematik okuryazarligr 6gretim programi tasarlamis ve bir
sorunun, matematik okuryazarligi sorusu olma niteligi tasiyip tasimadigina iliskin bir takim olgttler kullanmistir.
Bu arastirmada, s6zii edilen galismalar ile Demir ve Altun’un (2018) ¢alismasindan elde edilen sorularin gegerlik
ve glvenirlik ¢alismalari yapilmistir. Bu yoniliyle bu arastirma alan yazindaki s6z konusu g¢alismalarin bir

tamamlayicisi olarak gorilebilir.

Etik Metni

Calismada yiritulen uygulamalar, bir devlet Universitesinin Bilimsel Arastirma ve Yayin Etik Kurulu (21.04.2020
tarih, 2020/01 sayili toplanti) tarafindan onaylanmistir. Bu makalede dergi yazim kurallarina, yayin ilkelerine,
arastirma ve yayin etigi kurallarina, dergi etik kurallarina uyulmustur. Makale ile ilgili dogabilecek her tirli

ihlallerde sorumluluk yazara aittir.

Yazarin Katki Orani Beyani: Bu arastirma, Dumlupinar Universitesi Bilimsel Arastirma Projeleri Birimi (BAP)
tarafindan desteklenmistir (Proje No: 2018-34). Yazarin katki orani %100'dir. Yazar galismayi tasarlayan, teorik
cerceveyi gelistiren, verileri toplayan, analiz eden ve makaleyi yazan kisi olarak, herhangi bir cikar ¢atismasi
olmadigini beyan etmektedir. Uzman gorisleri konusundaki degerli katkilarindan dolayl arastrma gorevlisi

Mustafa KOSE ve matematik o6gretmeni Efkan CAY'a; testlerin uygulama okullarina dagitiimasi ve

1417



I.I OE E C (International Journal of Eurasian Education and Culture) Vol: 6, Issue: 13 2021

toplanmasindaki degerli katkilarindan dolayi arastirma gérevlileri Enis Harun BASER, Samet DEMIR ve Berna TURE
KOSE'ye tesekkiir ederim. Ayrica, Dumlupinar Universitesi Bilimsel Arastirma Projeleri Koordinatdrligii'ne,
Kiitahya Valiligi'ne, il Milli Egitim Miidiirligi'ne, uygulama okullarinin yéneticilerine ve ciddiyetle gézetmenlik

yapan tiim 6gretmenlerine degerli katkilarindan dolayi tesekkiir ederim.
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EK 1. MADDE TANIMLAMA TABLOSU

Sira No Soru ID Baglam* Mat. igerik** Mat. Siireg*** i Mix Sj r

1 2 ML Di KAY 0,33 0,46 0,47 0,21
2 3 KS NC KAY 0,33 0,38 0,47 0,18
3 4 ML NC KAY 0,76 0,41 0,43 0,18
4 5 KS NC KAY 0,52 0,51 0,50 0,25
5 6 KS uz KAY 0,19 0,33 0,39 0,13
6 6R1 KS uz KAY 0,20 0,32 0,40 0,13
7 7 KS NC FRM 0,26 0,37 0,44 0,16
8 7R1 KS NC FRM 0,33 0,41 0,47 0,19
9 8 KS Di FRM 0,36 0,46 0,48 0,22
10 9 TPL Di McY 0,26 0,33 0,44 0,14
11 9R1 TPL Di mcy 0,26 0,46 0,44 0,20
12 11R1 KS uz FRM 0,33 0,44 0,47 0,21
13 12 ML uz KAY 0,63 0,70 0,48 0,34
14 13R1 ML Di FRM 0,24 0,46 0,43 0,19
15 14 ML uz KAY 0,25 0,36 0,43 0,15
16 15A TPL NC KAY 0,56 0,59 0,50 0,29
17 158 TPL NC KAY 0,79 0,45 0,41 0,18
18 15C TPL NC FRM 0,54 0,69 0,50 0,34
19 16 TPL BV mcy 0,73 0,47 0,45 0,21
20 17 KS NC FRM 0,44 0,64 0,50 0,32
21 18 BiL Di FRM 0,28 0,46 0,45 0,21
22 19AR1 KS NC FRM 0,24 0,37 0,43 0,16
23 19BR1 KS NC FRM 0,18 0,35 0,38 0,13
24 19AR2 KS NC FRM 0,54 0,59 0,50 0,30
25 19BR2 KS NC FRM 0,38 0,59 0,48 0,28
26 20 KS NC KAY 0,80 0,47 0,40 0,19
27 21 ML Di McY 0,66 0,71 0,47 0,34
28 22R1 KS uz KAY 0,31 0,33 0,46 0,15
29 23AR1 KS NC mcy 0,79 0,32 0,41 0,13
30 23B KS NC mcy 0,39 0,47 0,49 0,23
31 24A ML Di FRM 0,51 0,57 0,50 0,28
32 248 ML Di FRM 0,18 0,39 0,38 0,15
33 25 KS NC KAY 0,49 0,62 0,50 0,31
34 26 TPL Di FRM 0,47 0,60 0,50 0,30
35 27 ML Di MCY 0,18 0,30 0,38 0,11
36 27R1 ML Di mcy 0,16 0,31 0,36 0,11
37 28A BiL NC KAY 0,72 0,49 0,45 0,22
38 28B BiL NC KAY 0,58 0,53 0,49 0,26
39 30 KS NC KAY 0,66 0,50 0,47 0,24
40 32A KS NC KAY 0,78 0,55 0,42 0,23
41 328 KS NC KAY 0,41 0,55 0,49 0,27
42 33 ML uz mcy 0,33 0,48 0,47 0,23
43 34R2 KS Di FRM 0,42 0,58 0,49 0,29
44 34R4 KS Di FRM 0,23 0,32 0,42 0,13
45 37 TPL BV mcy 0,30 0,32 0,46 0,15
46 38 KS NC FRM 0,32 0,52 0,47 0,24
47 40R1 KS NC KAY 0,48 0,45 0,50 0,22
48 42A KS NC KAY 0,55 0,67 0,50 0,33
49 428 KS NC KAY 0,66 0,62 0,47 0,29
50 43 KS NC KAY 0,40 0,61 0,49 0,30
51 44A BiL NC mcy 0,69 0,43 0,46 0,20
52 448 BiL NC mcy 0,26 0,34 0,44 0,15
53 a4C BiL NC mcy 0,75 0,40 0,43 0,17
54 44D BiL NC mcy 0,31 0,37 0,46 0,17
55 45 KS NC KAY 0,73 0,44 0,44 0,19
56 46 TPL uz mcy 0,65 0,44 0,48 0,21
57 47 KS BV mcy 0,44 0,71 0,50 0,35
58 48A KS Di mcy 0,66 0,59 0,47 0,28
59 488 KS Di mcy 0,45 0,70 0,50 0,35
60 48C KS Di mcy 0,31 0,61 0,46 0,28
61 49A ML NC FRM 0,36 0,48 0,48 0,23
62 50 ML NC FRM 0,52 0,64 0,50 0,32
63 51 ML BV mcy 0,49 0,41 0,50 0,21
64 51R1 ML BV mcy 0,54 0,57 0,50 0,28
65 52 ML BV mcy 0,76 0,51 0,43 0,22
66 53R1 TPL BV mcy 0,34 0,38 0,47 0,18
67 54 ML NC FRM 0,37 0,59 0,48 0,29
68 55 ML NC FRM 0,43 0,74 0,49 0,36
69 56 KS NC FRM 0,51 0,58 0,50 0,29
70 57 KS uz KAY 0,35 0,46 0,48 0,22
71 61R1 ML Di FRM 0,32 0,30 0,47 0,14
72 62 TPL Di mcy 0,55 0,54 0,50 0,27
73 64 BiL Di mcy 0,70 0,51 0,46 0,23
74 65R1 BiL Di FRM 0,41 0,31 0,49 0,15
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75 668 TPL uz FRM 0,22 0,30 0,41 0,12
76 68 KS NC FRM 0,44 0,37 0,50 0,18
77 69 KS NC FRM 0,56 0,52 0,50 0,26
78 70A KS Di KAY 0,30 0,47 0,46 0,21
79 70AR1 KS Di KAY 0,35 0,39 0,48 0,19
80 71A KS NC FRM 0,59 0,72 0,49 0,35
81 71B KS NC FRM 0,54 0,69 0,50 0,35
82 72A KS NC KAY 0,32 0,31 0,47 0,15
83 73 ML NC KAY 0,51 0,50 0,50 0,25
84 74 KS Di McCY 0,75 0,49 0,43 0,21
85 75 KS BV MCY 0,62 0,50 0,49 0,24
86 76A=76AR1 KS BV FRM 0,45 0,59 0,50 0,29
87 77 ML NC KAY 0,61 0,55 0,49 0,27
88 78 ML NC KAY 0,28 0,47 0,45 0,21
89 79R1 KS NC KAY 0,42 0,33 0,49 0,16
90 80 ML Di FRM 0,27 0,46 0,45 0,20
91 81 KS NC KAY 0,50 0,56 0,50 0,28
92 82A ML NC FRM 0,35 0,30 0,48 0,14
93 82AR1 ML NC FRM 0,34 0,60 0,47 0,28
94 87 TPL uz FRM 0,33 0,39 0,47 0,18

* Baglamlar: BiL: bilimsel, KS: kisisel, ML: mesleki, TPL: toplumsal.

** Matematiksel igerikler: BV: belirsizlik ve veri, Di: degisim ve iliskiler, NC: nicelik, UZ: uzay ve sekil.

*** Matematiksel Suregler: FRM: Durumlari, problemleri matematiksel olarak formiile etme, KAY: Matematiksel kavramlari, gergekleri, yontemleri
kullanma ve akil yuriitme, MCY: Matematiksel giktilari yorumlama, uygulama ve degerlendirme.
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EK 2. BRNEK SORULAR

1ID_76A SAKIZ MAKINESE

3 ve 4. sorular1 asagidaki bilgilere gore cevaplaymiz.

Yandaki paralt sakiz makinesi 1 TL ile galismaktadw. Atilan
her 1TL ye karsilik

Swrast 3 ve 3'iin katlaria rastgelen atislarda 2 sakiz,
Sirast 5 ve 3'in katlarma rastgelen atislarda 3 sakiz,
Avantajli sakiz alma durumlarmm  ikisini birden
saglayan swraya rasigelen atislarda 5 sakiz,

o Diger durumlarda 1 sakiz vermektedir.

Omegin 3 defa pes pese 1 TL athfmizda: birinci atigtan 1
ikinci atistan 1, figined atistan 2 sakiz alrsmiz. Boylece 3 TL
atugmizda toplam 4 sakiz almss olursunuz.

SORU 3: Buna gore Sevval asagidaki sayiardan hangisi kadar atis yaparsa kendisi igin bir
sakizm ortalama maliyeti en dusuk olur?

A)27 atis

B) 28atss

©)29aus

D)30ats

E)31aus

ID_66B ORMAN

§ekildeki koruma altma almmis olan ormanlik alanm cuafina hem insanlarm gezebilmesi
amaciyla hem de her hangi bir yangm gikmas: durumunda miidahale edilcbilmesi amaciyla
vol yapidmistr. Ormanlik alanm sapt yaklagik 400 metredir. Yangma miidahale cden araglar
ise bulunduklar: yerden en fazla 50 metre uzakliktaki mesafeye kadar olan bélgeye miidahale
edebilmektedir.

SORU 6: Araglarm ormanm iglerinde gikabilecek yangmlara da mudahale edebilmesi
amaciyla veni vollar eklenmesi dustnulmekedir. Yeni eklenecek yollarm hem aralarm
omanm timiine mitdshale edebilecegi sekilde olusturulmast hem de en az sayida agag
kesilerck yapimast planlanmaktadw. Bu plana uygun olarak ormanm igine yapilacak ve
gerekli sartlar saglayacak yollarm uzunlugu en az kag metre olur?

A) 800 metre
B) 700 metre
€) 600 metre
D) (300 x + 200) mefre
E) (200 = +200) metre

D 33 FOTOKOPI

SORU 7: Bir reklam firmast boyutlart § cm x 12 ¢m olan dikdortgen seklindeki bir afisi
fotokopi makinesiyle farkli boyudarda cozaltmaktadsr. Gogaltma isleminde afisin ebatlart
aresmdaki §/12 oram: korunmakiadw. Bu islem i¢in makinenin buyurkigult wsu
Kullandmakiad. Omegin bu ts % 200 ¢ ayarlanusa dikdertgen afisin her bir kenar orijinal
halinin iki kat, % 25 e ayarlanmsa dikdortgen afisin her bir kenart orijinal halinin 1/4 kau
uzuntukta olmaktadir

Alan: 2400 cm? bir afis elde ctmek igin bu tu % kaga ayarlanmalidi?

A)500

B) 2500

©)250

D) 50

E)25

ID_80 BAKIR KABLOLAR
SORU 9:

"

.

Iki clektrik dire arasmdaki mesafe 40 mefre olacak sekilde, direkler arasma bakir kablolar

ID_62 HERKES KENDI SAHASINA!

SORU 9: Yaz basketbol kursuna 5-24 yas arast herkes katilabilmektedir. Kursa katlanlar
vaslarma gére 5 gruba aynilarak beg farkl basketbol sahasmda galiymaktadir.

Birinci grup 5-7 yag

Ikinci grup 8-10vas

Ugtineti grup 11-13 yas

Dérdincii grup 14-16 yas araligmda,

3 Kullanilan Toplarin Gaplar:
4 Kullanilan Toplann Agirliklar

Besinci grup 17 ve tzeri yas
sérencilerden clusturulmaktadir.

Bu bes basketbol sahasimda, yanda
belirtilen  dort Szellik  farkhilk
gostermektedir.

Be; sahaya ait potalarm caplart ve sahalarda kullanian toplarm caplar: asagida verilmistir.

Pota Capt: Top Cap:
I Szha 43 em 19 cm
IL Saha 50 cm 19 cm
IIL. Saha 46 em 22em
IV. saha 45 em 24em
V. Saha 45 cm 22em

‘Her bir sahanm kagme1 gruba ait clabilecegini tahmin ediniz.

L Saha IL Saha 1IL Saha IV. Saha V. Saha
A) 1.Gup 2. Grup 3. Grup 4.Gup 5. Grup
B) 2.Gmup 1. Grup 4. Grup 3. Grup 5. Grup
C) 2. Gup 1. Grup 3. Grup 5. Grup 4. Grup
D) 1.Grup 3. Grup 4. Grup 5. Grup 2.Grup
E) 2. Gup 1. Grup 4. Grup 5. Grup 3. Grup
ID_48 TUR ARKADASLIGT

5, 6 ve 7. sorular asagidaki bilgilere gre cevaplaymiz.

Grafik bisikletle Tiirkiye turuna gikan iki arkadasin

lerindeki paranin zamana gore degisimini dogrusal olarak

ktedir. Tura dan énce yaptiklar anl gore

parast olan, parast bitenc tur tamamlanana kadar destck
olacaktir.

024 ay

SORU &: ...
SORU 6: ...

SORU 7: Tur boyunca kim kime kag ay destek olmugtur?
A) Veli, Ali‘ye 2 ay destek olmustur.

B) Veli. Ali've 8 ay destek ofmustur

C) Ali, Veli“ye 2 ay destek olmustur

D) Ali, Veli‘ye § ay destek olmustur.

) Ali, Veliye 12 ay destek olmugtr.

87 BUYUKSEHIR CALISIYOR!

SORU 6:

Buvuksshir belediyesi su Lirliligini orlemek amactyla
Persuk Cayin key: seridinin bir kismin: boydan boya
kaplayacak sekilde e5 karelerden olusan bityik birag
ordurmeyive ag  yukeridaki resimde porulcugn gibi
baglamay: plenlamaktadsr. Dovlece hem arrklarin
roplanmas: olaylasacat bem de imsanlarm
farkmdalsgt artirtlmss olaceltsr

Ag 6rme islemine gecmeden 6nce Porsuk Cayinda
biriken atiklar toplanmistis. Bu atiklar iginde en cok
rastlanznler ve olguleri vande  verilmistir. Buna
gore i hangileri Grillecek agdaki

Q@
i JH=

asdacakrr. Bakir teller 6zellikleri geregi yazm genlegmekte, kigm biiziismektedir
1°C'lik degisim, 100 m bakr telin boyunda 10 cm degisime neden olmaktadr. Kablolarm
asddizr gin sicaklic 35°C’dir. Bu yorede kism en disik swakligm -30°C oldugu
bilinmektedir. Kigim bu kablolarm biiziiserck kopmasmi snlemek isin iki direk arasma asdan
Kablonun uzunlugu en az kag em olarak ayarlanmalidur?

A)3840
B) 4160
€) 4260
D)3 740
E) 4400

karelerin bir kenarinin uzunlugu olamaz?

L g cm IL Mem IIL 2 em IV. 3mem V. dmem
A) Yalmz V

B)IVveV

OOLIVveV

D)ILIML TV ve V

BLLILIVveV
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EK 3. ORNEK REVIZE iSLEMLERI

ID_34 ZEMIN KAPLAMA

SORU 6: Ali Bey mutfagmmn zeminini kare fayanslarla kaplamak istiyor. Ug farkh sirketter
aldigt fivat teklifleri su sekildedir. Birinei teklifte bir kenar1 20 em olan kare fayanslarin tanesi
2 TL, ikinci teklifte ise bir kenar1 30 cm olan kare fayanslann tanesi 3 TL, figiinci teklifte bir
kenan 40 cm olan kare fayanslarm tanesi 4 TL'dir. Hangi teklifi kabul ettiginde Ali Bey dain
Kérh olur?

Imeden

A) Mutfagm zemininin enini ve boyumu bi
B) En kil tercih kenar: 20 cm olandir.
C) En kirls tercih kenar 30 cm olandir.
D) En kérl tercih kenart 40 em olandir.
E) Ug teklif de kirlilik agrsindan aynidir

in krl oldugunu | Lay .

ID_34R4 ZEMIN KAPLAMA

SORU 10: Ali Bey mutfagmin zeminini kare fayanslarla kaplatacaktir. Us farkl sirketter
aldig fiyat teklifleri su sekildedir.

* Birinci teklifte bir kenar: 20 em olan kare fayanslarin tanesi 2 TL,

o Ikinci teklifte ise bir kenar1 30 cm olan kare fayanslarn tanesi 3 TL,

o Ugtinct teklifte bir kenar1 40 cm olan kare fayanslarin tanesi 4 TL dir.
Buna gore Ali Bey hangi teklifi kabul ettiginde daha kirli olur?
A) Birinci ve ikinci teklif aym diizeyde kirlidur, her ikisi de tigiinci teklife gore daha kérlidur.
B) Ikinci ve tigiincii teklif aym diizeyde karldir, her ikisi de birinci teklife gore daha kirldir.
C) En kirl teklif kenar1 20 em olandsr
D) En kérh teklif kenan 30 cm olandir.
-E) Ug teklif de karlilik agisindan aymdir.

ttem 1D [-¥|Revize [~ Group [~ | Option 1 N[~ ] Option 1~ ] Option 2 N[~ Option 2[~ | Option 3 N[~ ] Option 3 [~ | Option 4 N[~ | Option 4 [~ | Option 5 N [~ Option 5[~

ID_34R1 ZEMIN KAPLAMA

SORU 6: Ali Bey mutfagiun zeminini kare fayanslarla kaplatacaktir. Ug farkli sirketten
aldigs fiyat teklifleri su sekildedir.
* Birinci teklifte bir kenar1 20 cm olan kare fayanslarin tanesi 2 TL,
*  Tkinci teklifte ise bir kenar1 30 em olan kare fayanslarn tanesi 3 TL,
¢ Ugiincii teklifte bir kenar1 40 cm olan kare fayanslarin tanesi 4 TL'dir.
Buna gore Ali Bey hangi teklifi kabul ettiginde daha karh olur?
A) Mutfagin zemininin enini ve boyunu bilmed
B) En kérh teklif kenan 20 cm olandir.
C) En kirl: teklif kenan 30 cm olandir
D) En karl teklif kenar: 40 cm olandur.

E) Us teklif de kiirhilik agisidan aymdir

Icérls oldugunu 1 yamayiz.

SORU 9: Yeni ev alan Ayge banyosuna fayans ddsetecektir. Tavan ve kap: dismdaki her
yer fayansla kaplanacaktir. Banyonun krokisi, kapismm 6lgileri ve bir fayansm olgileri

asagida verilmistir

2m
P - Fayans
n ]

i E] S Soem
g »
2
O;

4m 100 cm

Fayanslar. iginde 12'ser tane dizilmis kutular halinde satlmaktadir. [sin sonunda, artan
agilmamss fayans kutulan geri gotiriildiginde bedelleri iade edilmektedir. Ayse'nin evi
fayanslart satin alacag yere oldukga uzaktir ve teslimat igin fayanslarin fiyatmun gzerine 230

TL tasima tereti vermesi istenmigtit. Bu nedenle Ayse tek tagimada igimi halletmelidir.
Artanlar: geri getirmek ya da eksik kalirsa tekrar siparis vermek ona pahaliya mal olacaktur.

Bu durumda Ayse kag kutu fayans siparis etmelidic?
M
B)12
013
D) 14
E) 15

E! TOTAL 100 0,36 15 0,054 1 0,04 31 0,122 118 0,424
34 High 39 0,293 5 0,038 2 0,015 25 0,188 62 0,466
EN Low 31 0,397 9 0,115 s 0,103 H 0,064 25 0,321
34 Diff 8 0,104 4 0,078 6 -0,088 20 * 0124 37 0,146
34 R1 TOTAL 87 0,339 22 0,086 14 0,054 50 0,195 82 0,319
34 R1 High 21 0,304 1 0,014 1 0,014 21 0,304 25 0,362
34 R1 Low 35 0,432 13 0,16 5 0,062 6 0,074 22 0,272
34 R1 Diff 14 0,128 12 0,146 4 -0,047 15 * 02 3 0,091
34 R4 TOTAL 9 0,03 27 0,089 15 0,049 70 0,23 183 0,602
34 R4 High ] 0 2 0,019 1 0,01 L7l 0,427 56 0,544
34 R4 Low 6 0,066 15 0,165 8 0,088 10 0,11 52 0,571
34 R4 Diff 6 -0,066. 13 0,145 7 0,078 34 * 0317 4 0,028

D_22 TEK SEFER ID_22R1 TEK SEFER

Item ID |7 Revize |~|Group [~ |Option 1 N - Option 1|~ | Option 2 N |~ Option 2 [~ | Option 3 N |~ Option 3 [~ | Option 4 N~ | Option 4 [~ | Option 5 N[~ Option 5 |~

SORU 9: Yeni cv alan Ayse banyosuna fayans déseteccktir. Banyonun krokisi, kapisin
dlgiileri ve bir fayansin 8liileri asagida verilmistir

2m
Ing - Fayans
5 3
g B - 50 cm
] O
5
B

4m 100 cm

Fayanslar, iginde 12’ser tane dizilmis kutular halinde satilmaktadwr. Isin sonunda. artan
agilmamms fayans kutular geri gbtiiriildiigiinde bedelleri iade edilmektedir. Ayse'nin evi
fayanslan satin alacagi yere oldukea uzaktir ve teslimat igin fayanslarm fiyatimn iizerine 250
TL taguma {icreti vermesi istenmistir. Bu nedenle Ayse tek tasimada igini halletmelidir.
Artanlar1 geri getirmek ya da eksik kalirsa tekrar siparis vermek ona pahaliya mél olacaktir.

Banyoda tavan ve kapr haric, her yer fayansla kaplanacagma gére, bu durumda Ayse kac
kutu fayans siparis etmelidir?

A1l

B) 12

)13

D) 14

E) 15

22 TOTAL 53 0,175 89 0,294 62 0,205 48 0,158 41 0,135
22 High 23 0,181 54 0,425 20 0,157 16 0,126 11 0,087
22 Low 21 0,183 22 0,191 27 0,235 19 0,165 23 0,2
22 Diff 2 -0,002 32 = 0234 -7 -0,077 -3 -0,039 -12 -0,113
22 R1 TOTAL 48 0,165 90 0,309 54 0,186 61 0,21 28 0,096
22 R1 High 13 0,157 41 0,494 10 0,12 16 0,193 3 0,036
22 R1 Low 20 0,175 19 0,167 25 0,219 26 0,228 17 0,149
22 R1 Diff -7 -0,019 22 = 0,327 -15 -0,099 -10 -0,035 -14 -0,113
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ID_65R1 GUN BATIMI

D_65 GUN BATIMI SORU7:

SORU 7:

A)
1
i iznik goltnde 18 dakika stren gin batimim seyretmek icin tekne turlars dtzenlenir.
3 Yukardaki fotograflar Iznik'te bir gin b da cekilmis ve cekildigi saatler ustlerine
vazilmistir, Gun batimu basladiktan 9 dakika sonra ginesin hemen hemen yanisim artik
e - o goremeyiz.
Buna gore, asagida verilen grafiklerden hangisi giin batiminda giinesin goriinen
B) yiizeyinin alammn zamanla degisim durumunu gostermektedir?

A) B)

Garinen Yaawy Alsns
Gériinen Yiizey Alam
rinen Yizey Alam

158 2007 o6
19.58 2007 2016 19.58 2007 20.16
Q
Iznik golinde 18 dakika stren gin batimini ”
seyretmek icin tekne turlan dizenlenir. Gin ) o)
batimi bagladiktan 9 dakika sonra ginesin 3 P
hemen hemen yanisini artik goremeyiz. : :; é
g Y ®
glinesin goriinen yiizey alaninin zamanla g i
degisim durumunu gostermektedir? PR v 0 k 3
1958 20.07 20.16 19.58 2007 20.16
D) E)
£)
3 i
] 2
i i :
£ 3 <
i i
3 3 g
H
H
1958 007 216 1958 wor 016 E
1958 2007 20.16

item 1D[-¥| Revize [~ | Group| ~ | Option 1 N[~ | Option 1/~ | Option 2 N[~ | Option 2|~ | Option 3 N[~ |Option 3~ | Option 4 N[~ | Option 4~ | Option 5 N| ~ | Option 5+ |

65 TOTAL 6 0,019 44 0,143 137 0,445 6 0,018 115 0,373
65 High o 0 11 0,098 62 0,554 0 0 33 0,348
65 Low s 0,042 21 0,175 38 0,317 4 0,033 52 0,433
65 Diff 5 -0,042 -10 -0,077 24 %0237 -4 -0,033 -13 -0,085
65 R1 TOTAL 14 0,047 35 0,117 121 0,406 14 0,047 113 0,379
65 R1 High 2 0,018 5 0,049 61 0,592 0 0 35 0,34
65 R1 Low 8 0,064 20 0,16 35 028 8 0,064 53 0,424
65 R1 Diff -6 -0,045 -15 -0,111 26 * 0,312 -8 -0,064 -18 -0,084
m_11 BAHCE PAYLASIMI ID_LIR1 BAHCE PAYLASIMI
SORU 1: Ik kardes 100 m’ bahgey: paylasacaklardir. Kiiciik kardes abisine “Bu makaraya SORU 1: Ik kardes 100 m® bahgey: paylasacaklardir. Kiiciik kardes abisine “Bu makaraya
saril1 olan ip ile etrafim cevreleyebildigin topraklar senin, gerisi benim™ demistir. Makaraya sarih olan ip ile etrafim cevreleyebildigin topraklar senin, gerisi benim™ demistir. Makaraya
saril1 ipin uzunlugu 30 metredir. sarth ipin uzunlugu 30 metredir.
Biiyiik kardes topragin etrafim cevrelerken ipe asagidaki sekillerden hangisini verirse daha Biiyiik kardes topragin etrafim cevrelerken ipe asagidaki sekillerden hangisini verirse daha
karls olur? karli olur?
A) Soruda venlenler kirl olans hesaplamak igin yeterl: degildir. A) Ikizkenar Uggen
B) Eskenar Uggen B) Eskenar Uggen
C) Kare C) Kare
D) Dikdortgen D) Dikdortgen
E) Cember E) Gember

item ID|-T|Revize| = | Group |~ | Option 1N| =] Option 1|~ | Option 2 N[ = | Option 2 - | Option 3 N[~ | Option 2| -| Option 4 N |~ | Option 4| = | Option 5 M| | Option 5[~

1 TOTAL 122 0,396 26 0,117 33 0,107 38 0,123 78 0,253
1 High a5 0,409 10 0,091 9 0,082 5 0,045 a1 0,373
1 Low ES 0,376 14 0,151 14 0,151 18 0,194 12 0,129
1 Diff 10 0,033 -4 0,06, -5 -0,069 -13 -0,148 9 * o024
1 R TOTAL ES 0,115, 51 0,168 51 0,168 66 0,217 101 0,332
11 R1 High 8 0,078 11 0,107 14 0,136 12 0,117 58 0,563
1 R1 Low 13 0,143 19 0,209 2 0,253 25 0,275 1 0,121
1 R1 Diff 5 -0,065 K] 0,102 9 -0,117 13 -0,158 47 =048
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ID_s3 MUZESEVERLER
SORU 7:
Grafikte, haftanm 7 gund agk olan bir muzenin
gisesinden 5 hafta boyunca gesis yapan ziyaretci
130 sayilan ile ilgili bilgiler verilmistir. Gubuklarm alt
uglani en sakin ginlerdeki ziyaretgi sayilarms, st
= uglart en yogun ginlerdeki ziyaretci sayilarmi,
= noktalar ilgili haftanm gunluk ortalama ziyaretci
' 90 ]
17,] sayilarmi gostermektedir.
*E Buna gore asagidakilerden hangisi her hangi bir
H 50 haftanm toplam ziyaretgi sayis: olamaz?
27
40
N 20 A) 273 B) 308 C) 350 D) 420 E) 560
L 1

I 0 IV V Haftalar

ID_53R1 UZESEVERLER
SORU 7:
Yandaki grafikte, haftanin 7 ging agik olan bir
130, miizenin gigesinden 5 hafta boyunca gesis yapan
ziyaretgi sayilant ile ilgili bilgiler verilmistir.
2 Gubuklarin alt uglan en sakin gunlerdeki
= 90 2 .
17,) ziyaretgi sayilanni, dst uglart en  yogun
gz gilnlerdeki ziyaretgi sayilanns, noktalar ise ilgili
@
- haftanin giinliik ortalama ziyaretsi sayilarny
S 350 -
< e6stermektedir.
30
Buna gére asagidakilerden hangisi her hangi bir
haftanin ziyaretgi saysst olamaz?

I I o
Haftalar

% 2)273
B)308
€350
D) 420
E) 560

item ID|-¥| Revize | ~ | Group |~ | Option 1 N| ~|Option 1~ | Option 2 N[~ | Option 2|~ | Option 3 N[ ~ | Option 3~ | Option 4 N[~ | Option 4|~ | Option 5 N| | Option 5[

53 TOTAL 85 0,282 37 0,123 38 0,126 35 0,116 97 0,322
53 High 56 0,427 8 0,061 13 0,099 15 0,115 36 0,275
53 Low 12 0,138 18 0,207 19 0,218 7 0,08 30 0,345
53 Diff 4+ 029 -10 -0,146 -6 -0,119 8 0,034 6 -0,07
53 R1 TOTAL 92 0,337 38 0,139 37 0,136 25 0,092 7 0,271
53 R1 High 65 0,524 14 0,113 14 0,113 5 0,04 2 0,194
53 R1 Low 1 0,143 18 0,234 12 0,156 16 0,208 18 0,234
53 R1 Diff 54+ 0381 -4 -0,121 2 -0,043 -1 -0,167 6 -0,04
ID_d0 EKMEK KIZARTMA TD_40R1 EKMEK KIZARTMA

SORU 8: Ece sabah kahvaltist igin esine, ogluna ve kendisine birer dilim ekmek
kizartacaktir. Fakat tavaya en fazla 2 dilim sigmaktadw. Tavada ekmegin bir yiizii 5
dakikada kizariyorsa. Ece 3 dilim ekmegin her iki yiiziinii de en az kag dakikada kizartabilir?

SORU 8: Ecc sabah kahvaltisi icin esine, ofluna ve kendisine birer dilim ckmek
kuzartacaktir. Fakat tavaya en fazla 2
dakikada kizarmaktadr.

dilim sipmaktadir. Tavada ekmegin bir yiizii 5

A)20 Buna gére Ece 3 dilim ckmegin her iki yiiziinii de en az kag dakikada kizartabilir?
B)17.5 A) 175
015 B) 15
D) 125 0125
E)10 D) 10
E)7.5
Item ID [ ¥ Revize [~ Group |~ Option 1 N [~ |Option 1~ Option 2 N |~ |Option 2 |~|Option 3 N [~| Option 3 [~ | Option 4 N~ | Option 4 [~ | Option 5 N[~ | Option 5 [~
40 TOTAL 210 0,675 12 0,039 68 0,219 5 0,016 15 0,048
40 High 95 0,669 2 0,014 40 0,282 2 0,014 3 0,021
40 Low 66 0,695 8 0,084 10 0,105 2 0,021 9 0,095
40 Diff 29 0026 6 0,07 0 *0176 0 0007 6 0074
40 R1 TOTAL 76 0,26 139 0,476 20 0,068 43 0,147 1 0,038
40 R1 High 13 0,146 65 0,73 2 0,022 7 0,079 1 0,011
40 R1 Low 26 0,317 23 0,28 9 0,11 18 0,22 6 0,073
40 R1 Diff -13 -0,171 42 * 045 -7 -0,087 -11 -0,141 5 -0,062
ID_79 ARAC KIRALAMA ID_79R1 ARAC KiRALAMA
SORU 3: SORU 3:
[+l
100 ken'de Gunlik 100 ke'de Gunlik
Marka Yakat Titketilen Yakit | Kiralama Marka Yalat Turs | Tuketilen Yalat | Kiralama
Miktars (It) Bedeli Bedeli Bedeli
Alfa Benzin 5 160 TL Alfa Benzin 325TL 160 TL
Beta Mazot 3.5 130 TL Beta Mazot 21TL 180 TL
Gama Mazot 3 200 TL Gama Mazot 18 TL 200 TL
Tetra Benzin 35 150 TL Tetra Benzin 3575 TL 150 TL

Mazot litre fiyati: 6 TL ve Benzin litre fiyati: 6,5 TL

Osman Bey, Kiitahya'dan Adana'va gidip gelmek icin 3 ginltigine arag kiralayacaktir.
Kutahya-Adana aras1 700 kilometredir. Tabloda bilgileri verilen araglardan hangisini semesi,
Osman Bey igin en ekonomik olur?

A) Alfa
B) Beta

C) Gama

D) Tetra

E) Araglar arasmda fark yok

Osman Bey, Kitahya'dan Adana’va gidip gelmek icin 3 gunlugine arag kiralayacaktir
Kitahya - Adana arasi 700 kilometredir Tabloda bilgileri verilen araglardan hangisini
segmesi, Osman Bey igin en ekonomik olur?

A) Alfa

B)Beta

C) Gama

D) Tetra

E) Araglar arasida fark yoktur.

ttem ID|-¥| Revize |~ | Group [~ | Option 1 N[ | Option 1[ =] Option 2 N[~ | Option 2|~ | Option 3 N[~ | Option 3[ | Option 4 N [~ ] Option 4~ | Option 5 N~ | Option 5[ =

7 TOTAL 30 0,103 83 0,285 84 0,289 33 0,285 10 0,034
7 High 8 0,073 32 0,291 36 0,327 27 0,245 7 0,064
7 Low 14 0,116 37 0,306 30 0,248 38 0,314 2 0,017
7 Diff -6 -0,043 -5 -0,015 6 *007 11 -0,069 5 0,047
7 R1 TOTAL 18 0,064 118 0,418 92 0,326 3 0,152 1 0,039
7 R1 High 1 0,01 60 0,588 25 0,245 15 0,147 1 0,01
7 R1 Low 14 0,118 31 0,261 51 0,429 17 0,143 6 0,05
7 R1 Diff -13 -0,108 29 %0328 -26 -0,183 2 0,004 -5 -0,041

1427

Issue: 13 2021




