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ABSTRACT: This study aimed to examine mathematical literacy questions designed by mathematics teachers with
graduate-level in mathematical literacy concerning the categories of mathematical content, real-life context, and
mathematical processes, which are dimensions of the PISA mathematical literacy framework. Another aim was to
investigate the appropriateness of the classifications made by mathematics teachers for the mathematical literacy
questions they designed. The study design was a qualitative case study. The participants of the study consist of six
secondary school mathematics teachers who are attending a postgraduate mathematical literacy course at a state
university in Turkey. The data of the research were obtained from three mathematical literacy questions designed by
each of the participants and the classifications made for these questions. The study found that the majority of the
questions designed by the participants fell into the category of “change and relationships,” and questions related to
real-life situations were mostly designed in the “personal” context, with the least number of questions designed in the
“scientific” and “societal” contexts. Most questions included all three categories of mathematical processes when
examined in terms of mathematical processes. In light of the results of this study, it can be suggested that the training
to be provided in the future for writing questions related to mathematical literacy will greatly contribute to teachers.

Keywords: Mathematical literacy, mathematics teachers, question design.

OZ: Bu ¢alismada lisansiistii matematik okuryazarlig1 egitimi almis matematik 6gretmenlerinin tasarlamis olduklart
matematik okuryazarligi sorularini; PISA matematik okuryazarlifi ¢ercevesinin matematiksel igerik, gergek yasam
kategorileri ve matematiksel siirecler boyutlar1 agisindan incelemek amaglanmistir. Bununla birlikte matematik
ogretmenlerinin tasarladiklar1 matematik okuryazarligi sorularina yonelik matematiksel igerik, gercek yasam
kategorileri ve matematiksel siiregler agisindan yaptiklar siniflandirmalarin uygunlugunun arastirilmasi ¢aligmanin
bir diger amacidir. Calismada nitel arastirma desenlerinden durum galigmast yontemi kullanilmustir. Arastirmanin
katilimcilart Tiirkiye’de bir devlet iiniversitesinde lisansiisti matematik okuryazarligi dersine devam eden alti
ortaokul matematik Ogretmeninden olugmaktadir. Arastirmanin verileri katilimcilarin tasarladigi {iger matematik
okuryazarligi sorusundan ve bu sorulara yonelik yaptiklari siniflandirmalardan elde edilmistir. Arastirmanin
sonucunda katilimcilarin tasarladiklart sorularm bilylik kisminin matematiksel igerik alan1 bakimindan degisim ve
iliskiler kategorisinde yer aldig1, gercek yasam kategorisi agisindan sorularin ¢ogunlukla kisisel baglam kategorisinde
tasarlandigi, en az sorunun ise bilimsel ve toplumsal baglamda tasarlandigi tespit edilmistir. Tasarlanan sorular
icerdikleri matematiksel siiregler agisindan incelendiginde sorularin biiyiikk kisminin her ii¢ matematiksel siire¢
kategorisini icerdigi belirlenmistir. Calismadan elde edilen sonuglar 1s18inda gelecekte matematik okuryazarligi ile
ilgili soru yazmaya yonelik verilecek egitimlerin 6gretmenlere biiyiik katki saglayacag: diisiiniilmektedir.

Anahtar kelimeler: Matematik okuryazarligi, matematik 6gretmenleri, soru tasarlama.
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Considering the importance of mathematics in today’s world, mathematics is
inevitably one of the main areas covered in international studies. Standing out among
many international assessment studies aimed at evaluating students’ achievement in
mathematics, the PISA (Programme for International Student Assessment) is one of the
assessment tests in which Turkey also participates. PISA distinguishes itself from other
international assessment studies because it focuses on the extent to which students who
have completed compulsory education are able to apply the information in their
everyday lives, as opposed to merely assessing their ability to recall curriculum-based
information. When the literature is examined, many definitions of ML appear. In
addition, PISA considers various dimensions when evaluating ML. First, the ML
concept and the dimensions of the PISA ML framework are explained below. Then, in
light of the literature, the role of teachers in ML and, finally, the research problems are
included.

Mathematical Literacy and PISA

In PISA, students” mathematical skills to be measured are based on
“mathematical literacy.” Although the concept of Mathematical Literacy (ML) first
appeared in the written sources of the National Council of Teachers of Mathematics
(NCTM, 1989), the concept gained international recognition owing to PISA
applications. ML is defined by the OECD (Organization for Economic Co-Operation
and Development) as an individual’s capacity to use mathematics in various ways for
formulating, employing, and interpreting mathematics in real-life contexts (OECD,
2013). ML also helps individuals to understand the role of mathematics in the world and
make the well-founded judgments and decisions that constructive, sensitive, and
reflective citizens need (OECD, 2019).

By definition of ML, questions are presented in context to measure students’
capacity to use mathematical skills in real life. Questions on ML in PISA tests include
four different real-life contexts: personal, occupational, societal, and scientific contexts
(OECD, 2019). The questions in the category of personal context focus on activities
related to individuals, their families, and peers, while questions in the occupational
context are business-oriented problems. The questions in the category of societal
context are related to the communities in which people live, while the questions in the
category of scientific context focus on mathematical practices related to science and
technology. While real-life contexts are equally distributed in PISA-style questions on
ML, the aim is to provide students with items that cover a wide range of individual
interests and various situations they may encounter in their lives (OECD, 2019).

In addition, questions on ML include four content categories: change and
relations, space and shape, quantity, uncertainty, and data, which consider the situation
of students who have completed their compulsory education to measure basic
competencies (OECD, 2019). By and large, the category of change and relationships
includes the capacity to understand the variables in the data, understand and interpret
them along with their relationships, and evaluate and transform them if necessary. This
category includes perspective drawings, map drawings, drawing and transforming
shapes, three-dimensional views, and the representation of figures. The quantity
category includes determining the measurable properties of objects based on quantity,
understanding, interpreting, and proving different numerical representations. In contrast,
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the uncertainty and data category focus on understanding, interpreting, and evaluating
various ambiguous and probabilistic situations.

ML focuses on the mathematical processes experienced by an individual who
solves a problem and classifies the questions in the sub-dimensions of mathematical
content and framework. Consequently, three mathematical processes are defined as an
individual’s capacity to formulate, employ, and interpret-evaluate mathematics within
the PISA ML measurement and evaluation (OECD, 2013, 2016, 2019). Individuals are
able to create a mathematical structure for a problem presented in the theoretical content
after becoming aware of and recognizing the situations in which they can apply their
mathematical knowledge and skills. The employing process refers to the situation where
individuals employ mathematical concepts, facts, procedures, and reasoning to solve
mathematically formulated problems and make mathematical decisions. On the other
hand, the process of interpreting/evaluating refers to the interpretation and evaluation of
the outcome or solutions by transferring them to a real-life context.

Teachers’ Role in ML

The knowledge and skills required for ML are often included in existing
mathematics curricula at schools (Geng & Erbas, 2019). The learning areas of numbers
and operations, algebra, geometry and measurement, and data processing and
probability, which are instructed in five sections in the secondary school mathematics
curriculum in Turkey, largely overlap with the subject areas determined by the PISA
project in ML (Ministry of National Education [MoNE], 2009). Achieving success in
any curriculum reform mainly depends on teachers giving due importance to the
concepts of the reform or innovation movement (Handal & Herrington, 2003). Teachers
are, therefore, expected to have an adequate understanding of ML and to know how to
incorporate this understanding into their teaching practice whenever and wherever
needed (Milton et al., 2007). However, raising mathematically literate students is
necessary to meet the increasing expectations of the modern world, and this need is
growing by the day (Edge, 2009). To meet this need, the biggest task falls to the
teachers, who are responsible for preparing the necessary environment for the
mathematical processes in the classroom. Nevertheless, the major challenge in bringing
ML to the classroom is that teachers must first comprehend what ML is (Bastiirk-Sahin,
2021). Besides that, it is also important for mathematics teachers to know the features
that questions on ML should include and to bring these questions into the classroom
environment when necessary to raise mathematically literate individuals (Kozakli-Ulger
et al., 2022; Mosher, 2015).

Studies conducted on teacher qualification, which is one of the components of
ML teaching, emphasize the impact of teacher qualification on student performance
and, accordingly, the fact that teacher qualifications exert a positive impact on students
concerning the skills necessary for more effective learning (Akbasl et al., 2017; Demir
& Altun, 2018; Mammadov & Cimen, 2019). In recent years, studies that provide
mathematics literacy training to mathematics teachers and prospective teachers have
become remarkable (Bansilal et al., 2015; Bozkurt, 2019: Canbazoglu & Tarim, 2021;
Kozakli-Ulger et al., 2022; Ozgen, 2019). In some of these studies, mathematics literacy
questions designed by mathematics teachers and prospective mathematics teachers were
examined in various dimensions. For instance, Kozakli-Ulger et al. (2022) conducted a

© 2023 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 16(3), 617-640



620 Ebru SAKA

ten-week mathematics literacy course to 28 secondary school mathematics teachers.
They examined the participants’ ability to pose ML problems in the context of problem
posing. Similarly, Ozgen (2019) examined the ML problem-posing skills of five
mathematics teachers and 13 prospective mathematics teachers who had received ML
education. In the study, ML problems developed by the participants were evaluated in
terms of difficulty level, real-life context, mathematical content areas, and processes.
Canbazoglu and Tarim (2021) explored the ML problem-posing skills of 61 primary
school teacher candidates and analyzed the problems regarding mathematical content
areas, real-life contexts, and mathematical processes. In the first dimension of the
present study, the problems designed by mathematics teachers will be examined in
terms of ML dimensions, as Canbazoglu and Tarim (2021) did. However, unlike
Canbazoglu and Tarim’s (2021) study, the second dimension of this research will
involve asking teachers to categorize the ML questions they designed according to ML
dimensions and the appropriateness of these classifications will be assessed. Thus, the
second dimension of the study aims to facilitate teachers’ self-evaluation by having
them categorize the questions they designed. Examining the appropriateness of the
classifications was intended to reveal the extent to which the teachers internalized the
ML process as a result of the provided course and reflected it on the ML questions.

Research Problem

This study will examine how mathematics teachers trained in ML reflect the ML
framework in the questions they produce in line with the education they have received
by focusing on their question-writing processes for ML. Within this framework, it is
believed that teachers’ way of carrying out the process of writing questions about ML is
highly likely to contribute to their consideration of the dimensions that make up ML, to
realize the relationship between mathematics and real life, and to help their students
realize this relationship in the future. In addition, it is expected that this study will
instruct teachers on how to incorporate ML-improving questions into future
mathematics lessons.

From this perspective, the goal of this study is to look at the ML questions
created by math teachers with graduate-level ML training regarding the PISA ML
framework’s three dimensions: mathematical content areas, real-world contexts, and
mathematical processes. Another aim is to investigate the appropriateness of the
classifications made by mathematics teachers in terms of mathematical content areas,
real-life contexts, and mathematical processes for the ML questions they designed.
From this standpoint, answers were sought to the following questions:

1. What is the distribution of the questions designed by mathematics teachers in terms
of mathematical content areas, real-life contexts, and mathematical processes?

2. To what extent do the questions developed by mathematics teachers align with
mathematical content areas, real-life contexts, and mathematical processes in
assessing ML?

Method

Since the study aimed to examine the questions on ML designed by mathematics
teachers in-depth, the case study method was used as one of the qualitative research
design methods. Descriptive analysis and content analysis techniques were used to
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examine the questions created by mathematics teachers with graduate-level ML training
and the classifications assigned to these questions.

Participants

This study consisted of six secondary school mathematics teachers who had
attended a postgraduate ML course at a public university in Turkey in the spring
semester of the 2020/21 academic year. The research participants were determined by
criterion sampling, one of the purposive sampling methods. In the criterion sampling
method, the participants are formed from people, events, objects, or situations with the
qualifications determined for the problem (Biiyilikoztiirk et al., 2013). The criterion is
created by the researcher, or a previously prepared criteria list can be used (Marshall &
Rossman, 2014). In this study, it was a prerequisite for the participants to have
completed postgraduate ML education. The participants were coded as T1, T2, ..., and
T6. Table 1 presents the relevant information on the participants’ gender and
professional experience.

Table 1
Demographic Information of the Participants
Participant Gender Years of work experience
T1 Female 2
T2 Female 10
T3 Female 2
T4 Female 5
T5 Female 3
T6 Female 3

As seen in Table 1, all of the teachers participating in this study were women
whose professional experience ranged from two to ten years. All participating educators
were employed in public schools. None of the participants had prior experience with
ML training. Even if three participants were familiar with ML, their understanding was
superficial. The other three participants did not know this concept before the training. In
addition, the participants completed Mathematical Modeling and Activity-Based
Learning in Mathematics Education courses during their graduate education.
Participants worked on designing activities for the content of these two courses. In this
sense, the participants had experience designing activities.

Data Collection

Data were collected from a total of 18 ML questions, which were designed by
six mathematics teachers. Each teacher contributed three questions, and all of them had
attended the graduate ML course during the spring semester of the 2020/21 academic
year. The participants had received training for 12 weeks on the general framework of
PISA on ML, ML levels, basic competencies of ML, questions on ML, and the basic
features that the questions should encompass within the scope of the graduate ML
course. The ML question design part of the course took six weeks. First, teachers were
informed about Altun’s (2020) ML question design references, which were explained in
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detail in the data analysis section. Then, sample ML questions were examined regarding
relevant references and dimensions of ML. Afterward, the teachers were given one
week for each question design task and asked to design their questions. The designed
questions were examined in the next week, feedback was given, and the teachers were
asked to revise the questions.

Data Analysis

The initial focus of the data analysis was to determine whether or not the
questions created by the teachers matched the nature of the questions on ML. Altun
(2020) states that some reference information should be considered when writing an ML
question. These are language issues, objecting to problems and questions in textbooks,
considering basic concepts related to ML, and evaluating opportunities in daily life
(Altun, 2020). In the study, the researchers gave the teachers one week to design each
question, and they primarily looked at the designed questions using Altun’s (2020)
references for creating an ML question. In this direction, the designed questions were
primarily examined regarding language. For this, the questions were examined in terms
of whether they contain long and complex sentences, considering the level of the
student and whether the active expression is used in the sentences. Then, it was checked
whether the designed questions differed from those in traditional textbooks and whether
they included verbs and actions that describe people’s and society’s needs. After that,
whether the questions considered ML’s basic concepts were examined in terms of
mathematical processes. Finally, it was examined whether the questions reflected real-
life situations. As a result of these examinations, the designed questions were discussed
with the teachers, and feedback was provided to address any missing or incorrect
aspects of the questions. In line with the feedback, the teachers revised their questions.
For example, the first question designed by one of the participants (T3) for the first
week was evaluated as weak in terms of real-life context and only required routine
procedures. Consequently, T3 was requested to redesign a question based on the
provided feedback regarding its apparent weaknesses. After the revisions, the questions
prepared by the teachers were evaluated following the references for designing an ML
question.

Then, the designed questions were analyzed using the descriptive analysis
method regarding mathematical content areas, real-life contexts, and mathematical
processes. Data collected in the descriptive analysis method are organized and
interpreted according to predetermined themes (Miles & Huberman, 1994). In this
situation, the OECD (2019) determined the components of ML and used them to
analyze the teacher-designed ML questions descriptively. For this purpose, the ML
questions designed by the teachers were divided into categories according to the
dimensions of “mathematical content areas, real-life contexts, and mathematical
processes.” The obtained data are presented in tables and graphs. The analysis revealed
that the questions designed by the teachers were categorized under a single context. It is
almost impossible for a problem to completely contain all behaviors belonging to a
process. The dominant phase in the solution is examined, and the problem is included in
that process (Temel & Altun, 2020).

For this reason, in the analysis of mathematical processes, in cases where some
of the questions designed by the teachers simultaneously included two different process
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categories, the question was classified under the dominant mathematical process
category. A sample analysis is presented below to analyze the questions on ML
designed by the teachers in terms of such categories as mathematical content areas, real-
life content, and mathematical processes and to determine whether or not the
classifications made by the teachers are appropriate. A sample analysis is explained
through the 1% question on ML designed by T2, presented in Figure 1.

Figure 1

The 1% Question on ML Designed by T2
o 'i cough, fever, and fatigue, by settling in the respiratory tract in the
7 human body and further leading to diseases such as severe acute
respiratory failure syndrome when not treated, thereby scaring the
_ whole world since 2019. Those with severe co-morbidities and
conditions may require inpatient treatment. Moreover, the death toll reported has been considerably high
since the day the pandemic started. As a solution to such a problem, different countries started to produce
and sell their vaccines in different ways. Turkey first decided to supply vaccines by BioNTech, produced
in Germany, and CoronaVac, produced in China.
1)
aving ordered 50 million CoronaVac vaccines together with 1 million BioNTech vaccines in the first
batch and then 25 million more, Turkey planned to administer the vaccines in 2 doses at three-month
intervals. With the aim of vaccinating 1.5 million people a day, in how many days would the vaccine
run out for the first stage?
2)
ince Turkey needed to vaccinate approximately 50 million people for the first dose, the vaccine cost
created serious problems for the country’s economy. Considering that the BioNTech vaccine was
available for 19.5 dollars and the CoronaVac vaccine for 13.5 dollars each and that 2 doses of each
vaccine were required, Turkey needed to allocate a substantial budget for obtaining the vaccines only.
Generally speaking, to administer a newly produced vaccine, it must go through 3 phases. However, it
also became inevitable to consider administering the domestic vaccine that Turkey would produce
without implementing phase-3. The CoronaVac vaccine had also been received before phase-3 was
completed. In this connection, phase-3 of the domestic vaccine was planned to be completed from
April to September. When the domestic vaccine started to be administered, Turkey’s vaccine cost was
estimated to decline by at least 50%. If you were a decision maker for Turkey, how would you obtain
the vaccine at the most affordable cost during the 6 months? Please present your calculations to
support your answer.
3)
eams of 4 people were formed in the health institutions assigned to vaccinate, and each employee was
to vaccinate 60 people daily. For instance, 300,000 first-dose vaccines sent to the province of Igdir
had to be stored in cabinets at -70 degrees, but since there was no such storage area, the vaccination
process had to be completed within 5 days. Based on this information, how many teams should be
assigned to finish the process without contaminating the vaccines?

. COVID-19 can cause lung disease with various symptoms, such as dry
a

When the question presented in Figure 1 as designed by T2 is examined in terms
of the mathematical content area category, the actions in the question are evaluated
within the scope of the “quantity” category since they are mainly aimed at executing
numerical operations, estimating with numbers, and making sense of numerical results.
When the designed question is examined in terms of the real-life context category, it
appears that the context of the problem is related to the health policies in the society in
which the individual is included and to a certain social problem. For this reason, the
real-life context category of the problem has been classified under the “social” category.
Finally, given the mathematical durations in the 1% item of the question, the student
solving the problem is expected to calculate how many days the vaccines will run out in
the first place by dividing the total number of vaccines available by the number of
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vaccines administered per day. The category of mathematical processes has been rated
as the employment process because this question item involves performing the
necessary actions and achieving the desired result. Moreover, in the 2" item, the student
solves the problem and is provided with different options for Turkey’s vaccine supply
and some information about their costs. This question requires the problem solver to
develop different mathematical models and decide on the most cost-effective option for
vaccine supply with the help of these models. The category of the particular
mathematical process is interpreted as an evaluation since the question item requires
discussing the significance of the mathematical results obtained in the real-life context
and reaching a decision most appropriately. Like the case in the 1% item, the 3" question
item requires the problem solver to conduct incremental numerical operations to
conclude. For this reason, the mathematical process category of this question item is
also considered the employing process.

In the second stage of the data analysis, the appropriateness of the classifications
was examined by comparing the classification made by the OECD (2019) according to
the ML components used for the first research problem and the classification made by
the teachers for the questions they had designed. When the classification made by the
teachers for the mathematical content area category was consistent with the
classification made by the OECD (2019), it was considered correct. When the content
classification made by the teachers was given under the wrong category, it was
considered incorrect. However, some of the questions designed by the teachers included
two different content categories simultaneously, in which case, if the participants
identified only one of the two different content categories correctly and failed to
determine the other category, the classification was considered incomplete. Similar to
the analysis for the appropriateness of content categories, the classification made by the
teachers for the questions they designed was compared to that made by the OECD
(2019) for real-life context to analyze the appropriateness of teachers’ classifications for
real-life situations. When the classification made by the teachers for the real-life context
category was consistent with the classification made by the OECD (2019), it was
deemed correct.

In contrast, the classification was deemed incorrect if it was assigned to the
incorrect category. Finally, an examination of the teachers’ categorizations of the
mathematical process categories for the questions they developed. When the
classifications made by the teachers were consistent with the definitions of
mathematical processes made by the OECD (2019), they were considered correct. If
participants did not fully identify the mathematical process in the designed question,
their response was incomplete. If some of the mathematical processes included in the
items of the designed question were classified correctly, and some were classified
incorrectly or incompletely, they were considered partially appropriate. Table 2
illustrates the classifications T2 made for the question in Figure 1.
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Table 2
The Classification for The First Question Designed by T2
Question Items Mathematical Process Content Category Real-life context
1. Employing
. . Change and Relations- Societal
2. Interpreting and evaluating

(Misclassification)
3. Employing

As shown in Table 2, although T2’s first question falls under the quantity
category, T2 has categorized this question under the change and relations category. For
this reason, T2’s classification for the content category is considered incorrect, while the
classification T2 has made for the real-life context category is deemed correct. When
the designed question is examined in terms of its mathematical processes, as stated in
the first stage of the data analysis, the 1% and 3™ question items include the employing
process. In contrast, the 2" question item includes the interpretation-evaluation process.
Table 2 demonstrates that T2 can correctly categorize the mathematical content
categories of the question. As another example, although T5 determined the
mathematical content area of the second question as quantity, the question also included
the categories of change and relationships. Therefore, the classification made by T5
under the mathematical content category was considered incomplete. Besides, if the
participants stated that the question included all three categories of mathematical
processes, although the question did not include some of the categories, it was
considered partially appropriate. For instance, although T1 stated that the third question
included all three categories of mathematical processes, it turned out that it included the
processes of formulating and employing, not the interpretation-evaluation process. For
this reason, the classification made by T1 for the 3" question was considered partially
appropriate.

Validity and Reliability

Another expert in the field examined the data on hand independently and
classified the questions in terms of content, context, and mathematical operations before
determining whether the designed questions were appropriate for the teachers’
classification. Then, the analyses made by both researchers were compared. The
agreement rate between the researchers’ analyses was determined as 89% by using the
Miles & Huberman formula. The researchers discussed the points of disagreement in the
analyses and reached a consensus for the points of disagreement. For example, in the
analysis carried out by two independent researchers, the formulation process of the
second question designed by T2 was included in the classification of the mathematical
process category by the researcher at the beginning. The other field researcher, on the
other hand, did not classify the question during its formulation in her analysis. Two
field researchers reached a consensus after discussing the designed question that it
includes the employing, interpreting, and evaluating processes but not the formulation
process. The results were reported in accordance with scientific and ethical standards.
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Ethical Procedures

Ethical approval and written permission were obtained from the Kafkas
University Social and Human Sciences Ethics Committee, with the decision dated July
12, 2021, and numbered 21/11. The research was carried out following ethical rules at
every stage. The participation of the candidates in the research took place voluntarily.

Results

This study investigated the questions on ML that mathematics teachers designed
with a graduate-level education in ML, as well as the appropriateness of the
classifications made by the teachers for the questions they designed. The results were
presented according to the sub-problems of the study.

Distribution of Questions on ML Designed by Mathematics Teachers in
terms of Mathematical Content, Real-Life Context, and Mathematical Processes

Table 3 presents the distribution of eighteen questions on ML designed by six
mathematics teachers according to mathematical content categories.

Table 3
Mathematical Content Categories of Questions Designed by Mathematics Teachers
Participant Question 1 Question 2 Question 3
T1 Uncertainty and Data Change and Relationships Change and Relationships
Change and Relationships Quantity
T2 Quantity Change and Relationships Quantity
Space and Shape
T3 Change and Relationships ~ Change and Relationships Change and Relationships
Quantity
T4 Change and Relationships Change and Relationships Change and Relationships
Quantity Quantity Quantity
T5 Change and Relationships ~ Change and Relationships Space and Shape
Quantity Change and Relationships
T6 Change and Relationships Uncertainty and Data Uncertainty and Data

As seen from Table 3, most of the questions designed by mathematics teachers
were in the category of change and relationships. However, nine of the problems
designed by teachers included two different content categories at the same time. Figure
2 illustrates the distribution of the designed questions according to the mathematical
content categories.
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Figure 2

Distribution of Questions Designed by Mathematics Teachers According to
Mathematical Content Categories

Mathematical Content Categories

16

14

12

10

8

6

4

: ]

’ ]
Change and Quantity Uncertainty and Space and shape
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As shown in Figure 2, 14 (78%) of 18 questions on ML designed by
mathematics teachers fell in the category of change and relationships. Eight of the
designed questions fell in the category of quantity, three in the category of uncertainty
and data, and two in the category of space and shape. It appeared that the participants
designed most of the questions under the sub-learning areas of percentages and equality-
equation under the category of change and relationships. When it came to the category
of quantity, it seemed that they mostly included questions requiring arithmetic solutions
and questions that included estimation. Furthermore, the analysis of the questions
indicated that the sub-learning fields of area measurement and liquid measurement were
included in two questions designed for the category of space and shape. The three
questions designed for uncertainty and data were created for data analysis, creating
tables, and the probability of simple events.

Table 4 shows the distribution of ML questions that the mathematics teachers
created following real-world categories.

Table 4
Classification of Questions in Conformity with Real-Life Situations
Participant Question 1 Question 2 Question 3

T1 Societal Personal Occupational
T2 Societal Personal Personal
T3 Occupational Personal Personal
T4 Occupational Occupational Personal
T5 Scientific Occupational Personal
T6 Scientific Personal Personal

As shown in Table 4, mathematics teachers appeared to have included different
contexts in their questions on ML. For example, T1 and T5 included different contexts
in all three questions they designed.
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Figure 3

Distribution of Questions Designed by Mathematics Teachers According to the
Category of Real-Life Situations

Real-life categories
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Figure 3 illustrates the distribution of the designed questions according to real-
life categories. As shown in Figure 3, half of the designed questions are in the personal
context category, five are in the occupational context, and two are in the scientific and
social categories. For example, the activity named “Coronavirus,” the 1% question on
ML designed by T1, was evaluated in the societal category in terms of real-life context.
In the activity, T1 was asked to predict when the virus spread would decrease according
to the conditions given in the activity by using the map that showed the coronavirus risk
status of cities published by the Ministry of Health every 15 days in Turkey. Since the
activity included a situation related to society, it was evaluated under the category of
societal context. In another activity named “Parallax Method,” which was the 1%
question on ML designed by T5 and evaluated in the scientific category (See Appendix
1), a mathematical method was mentioned to be used to determine the distances of
objects, requiring a formula to be developed for finding the distance between any object
measured by this method and the person making the measurement. In this respect, the
designed activity was evaluated in the scientific category since it included a situation
related to the nature of mathematics itself.

Table 5 shows the distribution of questions on ML designed according to the
mathematical process categories.

Table 5
Mathematical Processes Included in The Questions Designed by Mathematics Teachers
Participant Question 1 Question 2 Question 3
T1 Formulating Formulating Formulating
Employing Employing Employing
T2 _ Formulating Formulating
Employing . Employing
. . Employing
Interpreting and evaluating . . Interpreting and
Interpreting and evaluating .
evaluating
T3 Formulating Formulating Formulating
Employing Employing Employing

Interpreting and
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Interpreting and evaluating evaluating
T4 Formulating Formulating Formulating
Employing Employing Employing
Interpreting and evaluating Interpreting and evaluating
T5 Formulating Formulating Formulating
Employing Employing Employing
Interpreting and evaluating  Interpreting and evaluating Interpreting and
evaluating
T6 Formulating Formulating Formulating
Employing Employing Employing
Interpreting and evaluating  Interpreting and evaluating Interpreting and
evaluating

As seen in Table 5, most of the questions on ML designed by mathematics
teachers, except for T1, include all three mathematical process categories. In contrast,
those designed by T1 were limited to the processes of formulating and employing and
did not include the process of interpretation and evaluation. The first question designed
by T2 did not include the formulation process. In addition, one of the three questions
designed by T3 and T4 did not include the interpretation and evaluation process.

Figure 4

Distribution of Questions Designed by Mathematics Teachers According to
Mathematical Processes

Mathematical Processes
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10
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Formulating Employing Interpreting and
evaluating

Figure 4 illustrates the distribution of the designed questions according to
mathematical processes. As shown in Figure 4, all the designed questions include the
employing process. Only one of the designed questions did not include the formulation
process. Five (%28) of 18 questions designed by mathematics teachers did not include
the interpretation and evaluation process.
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The Appropriateness of the Classifications Made by The Mathematics
Teachers for the Questions They Designed on ML

This section focused on examining the extent of the appropriateness of the
classifications made by six mathematics teachers in terms of mathematical content, real-
life context, and mathematical processes for each of the three questions on ML. Table 6
presents the findings obtained from the analysis of the category of mathematical content
determined by the mathematics teachers for the three questions designed.

Table 6

The Appropriateness of The Classifications Made by The Mathematics Teachers
According to The Mathematical Content Categories of The Questions They Designed

Participant Question 1 Question 2 Question 3
T1 Incomplete Incomplete Correct
T2 Incorrect Correct Correct
T3 Incorrect Incorrect Incomplete
T4 Correct Correct Correct
T5 Correct Incomplete Correct
T6 Correct Correct Incorrect

As seen in Table 6, only T4 could correctly determine the mathematical content
category of all three questions she designed. T2 and T6 were able to classify two of the
three questions they designed correctly, but they classified one question under the
wrong category. Although T2 intended for the question to fall under the category of
quantity, she placed it under the category of change and relationships. Similarly, T6
classified her third question on ML under the category of change and relationships;
however, when the content area of the question was examined, it turned out that it was
indeed related to the category of uncertainty and data. The analysis of T5’s
classifications for the questions revealed that she had classified the first and third of her
questions according to the appropriate mathematical content area yet failed to fully
determine the second question in conformity with the relevant content area since she
specified the mathematical content area of that question as to quantity only, though the
question should have been included in the category of change and relationships as well.
Another participant, T1, on the other hand, classified only one of the three questions she
designed under the appropriate content category and underdetermined the content area
of the other two questions. Although T1 classified the first question she designed under
the category of change and relationships, as a matter of fact, the question also belonged
to the category of uncertainty and data. T3, on the other hand, determined the content
category of two of the three questions she designed incorrectly, and the other one was
incomplete. It seemed clear that the first two questions had been designed in conformity
with the category of change and relationships; however, T3 classified them under the
category of quantity. Moreover, although T3 classified the third question she designed
under the category of quantity when the question was examined, it turned out that it
should also have been included in the category of change and relationships.
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Table 7 presents the results obtained from the analysis of the classifications
made by the mathematics teachers participating in this study regarding the “real-life
context” category for the three questions designed.

Table 7

The Appropriateness of the Classifications Made by The Mathematics Teachers for The
Questions They Designed According to The Category of Real-Life Situations

Participant Question 1 Question 2 Question 3
T1 Correct Incorrect Incorrect
T2 Correct Correct Correct.
T3 Incorrect Correct Correct
T4 Correct Correct Correct
T5 Correct Correct Correct
T6 Correct Correct Correct

As seen from Table 7, four of the six mathematics teachers determined the
questions appropriately in conformity with real-life situations. When the first question
designed by T3 was examined, it seemed that the content of the question was about the
cheese production process and was designed to require ratio and percentage calculations
for the nutritional elements in the cheese content. T3 classified the question under the
societal category in terms of real-life context; however, the question should have been
evaluated under the category of occupational context since it included a context
concerning a profession. Therefore, T3’s classification of the first question was
considered incorrect. While T1 could determine the real-life category of the first of her
three questions, she misclassified the second and third questions. The content of the
second question included situations such as choosing the most appropriate route for a
journey by using navigation, how long the journey would take according to the variables
given in the question, and what the average speed should be. Although T1 classified the
question under the societal category in terms of real-life context, it seemed appropriate
to classify it under the personal category since it was related to an event that the
individual may have experienced and was not a society-related problem.

As a result, T1’s classification was determined to be incorrect. The third
question, on the other hand, was designed to calculate the amount of yarn obtained from
spider webs on a farm and the number of bulletproof vests produced from that yarn. T1
classified that question under the category of societal context from among real-life
situations. However, when the content of the question was examined, it seemed clear
that it fell under the occupational context category since it was designed to concern a
production process belonging to a particular profession. It was thus determined that the
classification made by T1 was incorrect.

Table 8 presents the findings obtained from the analysis of the classifications
made by the mathematics teachers in terms of the mathematical process category for the
three questions they had designed.
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Table 8

The Appropriateness of The Classifications Made by The Mathematics Teachers
According to The Mathematical Process Categories for The Questions Designed

Participant Question 1 Question 2 Question 3
T1 Incomplete Partially appropriate Partially appropriate
T2 Appropriate Appropriate Appropriate
T3 Appropriate Appropriate Appropriate
T4 Appropriate Appropriate Appropriate
T5 Appropriate Appropriate Appropriate
T6 Appropriate Appropriate Appropriate

As seen from Table 8, five of the six mathematics teachers could determine the
mathematical process categories appropriately included in all the questions they
designed. However, T1 specified the mathematical process category of the first question
she designed incompletely. In contrast, her classification according to the mathematical
process category of the other two questions was partially appropriate. T1 only classified
her first question’s mathematical content area as the formulating process. However,
when the question was examined, it turned out that, besides the formulation process, it
required processes such as finding information based on a given map, developing a
strategy to come up with mathematical results, or employing mathematical rules. Thus,
it appeared that the mathematical process of the problem designed by T1 also included
the process of employing.

For this reason, the classification made by T1 for her first question was
considered incomplete. As regards her classification for the second question, T1 stated
that the question included all three categories of mathematical processes. However,
when the content of the question was examined, it was found that although it included
the processes of formulating and employing, it did not include the interpretation-
evaluation process. From this standpoint, the mathematical process classification that T1
made for the second question was partially appropriate. Similarly, although T1 stated
that Question 3 included all three categories of mathematical processes, the question
turned out to be included in the interpretation-evaluation process only. The
classification made by T1 for Question 3 was also considered partially appropriate.

Discussion and Conclusion

As a result of this study, most of the questions designed by the participating
mathematics teachers were found to be in the category of change and relationships,
followed by the category of quantity in terms of the mathematical content area. The
least number of problems were found in space and shape, uncertainty, and data
categories. This study’s results were in parallel with those obtained from the study in
which Kohar et al. (2019) examined the PISA-like questions designed by 14 pre-service
mathematics teachers. The analysis of the distribution of ML questions according to
real-world categories revealed that the majority of questions were designed for the
personal context, followed by the occupational context, and the fewest questions were
designed for the scientific and societal contexts. These results align with those reported
by Canbazoglu and Tarim (2021), who examined the problem-posing skills of
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prospective classroom teachers regarding ML. Additionally, given the results of the
studies focusing on designing questions on ML, it frequently appears that most
questions are likely to be designed in a personal context (Baran-Sarag, 2021; Kohar et
al., 2019; Ozgen, 2019; Sahin & Basgiil, 2018). It can be assumed that this situation
derives from the fact that teachers commonly associate mathematics with personal
contexts such as shopping, travel, nutrition, and housing. The result obtained from the
study conducted by Suharta and Suarjana (2018) with 12 pre-service teachers indicates
that pre-service teachers can associate mathematics with the problems presented in a
personal context more easily, supporting this result of the present study. In a study by
Kohar et al. (2019), while pre-service teachers mostly designed questions in a personal
context, they designed only a few questions in a scientific context. The researchers
stated that the reason for very few questions designed in a scientific context was the
nature of scientific knowledge or the difficulties of searching for accurate data in
sources and finding reliable sources. However, in this study, although the teachers
encountered questions related to all types of contexts in graduate courses, they could
freely determine the contexts of the questions they would design in the practice part of
the present study. However, research has shown that using various contexts in questions
on ML increases the likelihood of students associating the problems with the situations
they are dealing with in the 21 century (OECD, 2013). In light of this, teachers should
be inspired and encouraged to create questions with varying contexts by analyzing the
types of questions on ML, which contain a variety of contexts.

Examining the questions on ML that the mathematics teachers created in terms
of the mathematical processes reveals that, with the exception of T1, the majority of the
questions included all three categories of mathematical processes. However, the
questions on ML designed by T1 were limited to the processes of formulating and
employing and did not include the processes of interpretation and evaluation. The first
question designed by T2 did not include the formulation process. In addition, two of the
three questions, T3 and T4, failed to include the interpretation and evaluation process.
Although the teachers were free to determine the content and context types of the
questions they would design, the participants were asked to include all three
mathematical processes in the questions.

Consequently, teachers seemed to try to consider all mathematical processes in
the questions they would design. In a related study by Baran-Sara¢ (2021), it was found
that while the pre-service teachers initially designed questions at the level of
formulating and employing, it turned out that they expanded the diversity of the
mathematical processes of the problems on ML and that the problems they created
covered more than one process after the teaching experience. Similarly, the
effectiveness of postgraduate education can be inferred from the fact that teachers
tended to include multiple processes in their questions. However, it is also noteworthy
that three questions designed by T1, and one question each designed by T3 and T4, did
not include the interpretation and evaluation process. Similarly, Kohar et al. (2019)
reported that most PISA-like questions designed by pre-service teachers involve the
hiring process. Bastiirk-Sahin and Altun (2019) and Giirbiiz (2014) concluded that pre-
service teachers generally have difficulties producing questions that require
interpretation-evaluation skills. It is believed that the reason for this is that teachers are
most familiar with the multiple-choice questions in the textbooks and central exams in
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Turkey, which include the hiring process. Oztiirk (2020) investigated the PISA ML
proficiency levels of the mathematics questions in the central exam of the High School
Transition System (LGS) and concluded that the questions did not cover all the levels
but were concentrated at the 2" level in general. Similarly, Ekinci and Bal (2019)
classified the mathematics questions in the LGS exam held in 2018 according to the
Revised Bloom Taxonomy by including only the questions in the “application” and
“analysis” steps. They stated that no questions were found in “recalling, understanding,
evaluating, and synthesizing.” Another study that examined the questions in the 8-
grade mathematics textbook based on PISA ML proficiency levels reported that the
questions in the first four levels were generally included in the book. In contrast, the
questions in the 5™ and 6™ levels were never encountered (Aydogdu-iskenderoglu &
Baki, 2011). The results of the studies support those found in the present study.
However, creating a ML question is not an easy activity. Studies conducted with
teachers and teacher candidates on ML revealed that participants had difficulties
creating ML questions (Demir & Altun, 2018; Ozgen, 2019; Saenz, 2009). The fact that
teachers create fewer questions about the interpretation and evaluation process can be
seen as a reflection of the beliefs about mathematics education, as the participants
perceive mathematics more dominantly in the operational dimension, as Ozgen (2019)
states. Based on these results, it is suggested that in future training on ML, more
emphasis should be placed on the interpretation and evaluation process, both in
problem-solving and problem design.

The second part of the study aimed to examine the appropriateness of the
classifications in terms of mathematical content categories, real-life categories, and
mathematical processes for the three questions. According to the results, while the
content categories of 10 of the 18 questions designed by six teachers were determined
correctly, four were deemed incomplete, and the other four were incorrect. The
incompleteness of the content category of the questions seemed to have stemmed from
the fact that they contained two different contents simultaneously. While PISA
emphasizes that classification by content category is important for item development
and selection, it is also essential to note that certain content issues may develop in more
than one content category (OECD, 2013). The reason for this lies in the nature of the
PISA task, which is based on the contextual environment in which more than one
branch of mathematics is used (Kohar et al., 2019). The analysis of the classifications
made by the mathematics teachers for the questions they designed in terms of the real-
life category revealed that only three of the 18 questions were determined incorrectly. In
this regard, the results indicated that teachers were more adept at identifying the real-
world categories of the questions than the content categories. Finally, five of the six
mathematics teachers participating in the present study could determine the
mathematical process categories appropriately in all the questions they designed. At the
same time, T1 made an incomplete specification for the mathematical process category
of the first question. Moreover, her classification according to the mathematical process
category of the other two questions was partially appropriate. Furthermore, Bastiirk-
Sahin and Altun (2019) examined the questions prepared by 66 teacher candidates about
ML and concluded that 36% of the pre-service teachers could identify all mathematical
processes and correctly produce appropriate questions. Compared with the results of this
study, it is believed that the postgraduate course provided to the teachers proved
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effective in determining mathematical processing skills. Giirbliz (2014), on the other
hand, stated that pre-service teachers were more successful in classifying PISA
questions than writing. The researcher explained this situation as the participants’ lack
of experience in writing questions. In this study, however, teachers were largely
successful in both ML question design and classification. In addition, it is thought that
the effects of courses such as Mathematical Modeling and Activity-Based Learning in
Mathematics Education that they take in graduate education were also important in the
overall success of the ML questions designed by the teachers. Studies on ML question
design generally seem to have positive effects on participants. Kozakli-Ulger et al.
(2022) stated that teachers could pose ML problems, but this potential can be developed
by spending more time on such problems. For this reason, it is recommended to carry
out longitudinal studies on ML to develop the potential of teachers.

Implications

The mathematics literacy course is believed to yield positive outcomes regarding
the products the teachers created. In light of the results of this study, it can be suggested
that the training to be provided to write questions on ML in the future is highly likely to
benefit the teachers. For that reason, increasing the number of relevant training sessions
on writing ML-related questions can be recommended. For this, in-service training can
be organized for teachers, and workshops and projects can be carried out by field
experts on ML. In ML training, it is suggested that teachers should be inspired and
encouraged to create questions with varying contexts by analyzing the types of
questions on ML, which contain a variety of contexts. Also, it is suggested that in future
training on ML, more emphasis should be placed on the interpretation and evaluation
process, both in problem-solving and problem design. In this study, after 12 weeks of
ML training, the ML design process took 6 weeks. In future studies, it is recommended
to devote more time to the ML question design process and to emphasize the
interpretation and evaluation process. This study has limitations in some respects, such
as the lack of interviews and reflective thinking reports. Considering these limitations,
more comprehensive studies can be done in the future.
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Appendix

Appendix 1. The Question on ML Designed by TS5 in a Scientific Context
PARALLAX (JUMPY FINGERS) METHOD

Parallax is the displacement in the position of an object from the observer’s
point of view. Here, we can make distance estimations using this feature. For example,
we need to estimate the distance of a distant house on a plain. We turn our front towards
the house and extend one arm parallel to the ground and perpendicular to our torso.
Then we close one eye and target the house with our open eyes and thumbs. Then,
without moving our hands or heads, we close the open eye, open the closed eye, and

look with that eye.

In this case, the image will shift, as seen in the picture above. We estimate how
far our thumb has shifted (this distance is easier to estimate) and multiply that by 10.
The resulting number will indicate the distance of the house from us. In the example

above, if we assume that our finger has shifted 20 meters to the left of the house, then,
in that case, the distance of the house is 20X10 = 200 meters.

Question 1: According to the method given above, the difference in the distance
between the thumbs in the two images should be shown with the letter “f.” We then
write the formula that gives the distance of any object we measure from us.
(Formulation process)

Question 2:

Thumb
First eye
P}lp illary | T\ Distance to be measured Target
distance s S
Second eye S
70¢em \\
Distance between \ ' Dlstmlcedto be
eye and thumb \ estimate
Distance between Pupillary e Coefficient ratio is 10 : :
eye and thumb distance ™= The object of bearing as

a result of shifting

The parallax method is based on the fact that the base/side ratio of both triangles
given above is the same and that the ratio between the arm and the pupil of a normal
person is 10 times (The distance between the eyes is 7 cm, and the distance between the
eyes and the thumb is 70 cm.) People who want healthier results can find their ratio by
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measuring the distance between their pupils and their arm’s length. Based on this, if
people considering this information measure the pupillary distance as 6 cm, the length
of his arm as 70 cm, and the estimated result by moving away the thumb as 85 c¢m, then
what will be the distance when the parallax method is applied? Please show your
calculations. (Employing process)

Question 3: If you were making the above measurement for your pupillary
distance and arm length, and the distance to be estimated was 40m, how would you find
the distance? Explain by drawing triangles (Interpretation-evaluation process)

The pictures wused in this question were obtained from:
https://dogayakacis.com/2014/05/1 1/mesafe-tahmin-yontemleri/
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