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Abstract 
Purpose: This study investigated how primary school preservice mathematics teachers and preservice classroom teachers 
classified the learning objectives and problems about fractions in terms of knowledge and cognitive processes. In addition, the 
study examined how preservice teachers posed problems about the learning objectives regarding fractions and what kind of 
errors they made in this process. 

Design/Methodology/Approach: Designed with the mixed research model, the study was carried out during the 2019-2020 
academic year with the participation of 55 preservice middle school mathematics teachers and 101 preservice classroom 
teachers. It was determined nine objectives about "Fractions" and "Operations with Fractions" from  the 2018 Mathematics 
Curriculum, and the preservice teachers were asked to classify these objectives in terms of knowledge and cognitive process 
dimensions of the revised Bloom's taxonomy and to pose suitable problems for each of these objectives. 

Findings: Analyses conducted in the framework of the study showed that while classifying the learning objectives at the level 
of understanding and applying, both primary school preservice mathematics teachers and preservice classroom teachers 
confused the steps of recognizing fractions and using fractions and obtained a low rate in regards to accurate classification. 
Regarding the knowledge dimension, it was observed that the preservice teachers did not confuse the learning objectives with 
each other at the conceptual and procedural knowledge level and performed a moderately accurate classification. On the other 
hand, it was concluded that both preservice middle school mathematics teachers and preservice classroom teachers were able 
to pose accurate problems in line with the knowledge process and cognitive process dimensions relevant to the learning 
objectives, but they did not have the same performance in classifying the problems prepared for these objectives. The errors 
made by preservice teachers in the process of problem posing were collected under three categories as "problems not relevant 
to the learning objective ", "limitations regarding subject matter knowledge" and "limitations in problem posing skills". 

Highlights: it is concluded that it is very important for preservice teachers in the learning and teaching process to problem 
posing in line with the behavior to be measured in terms of knowledge and cognition by paying attention to the purpose of the 
learning objective. 

Öz 
Çalışmanın amacı: Bu çalışmada, kesirler konusuna ait kazanımların ve problerin ilköğretim matematik ve sınıf öğretmeni 
adayları tarafından bilgi ve bilişsel süreç açısından nasıl sınıflandırıldıkları incelenmiştir. Ayrıca, öğretmen adaylarının kesirler 
konusuna ait kazanımlara yönelik nasıl problem kurdukları ve problem kurma sürecinde ne tür hatalar yaptıkları belirlenmiştir. 

Materyal ve Yöntem: Karma araştırma modeli ile tasarlanan bu çalışma 2019-2020 eğitim öğretim yılında, 55 ilköğretim 
matematik ve 101 sınıf öğretmeni adayının katılımıyla gerçekleştirilmiştir. 2018 matematik dersi öğretim programında yer alan 
“Kesirler” ve “Kesirlerle İşlemler” konularına ait dokuz kazanım belirlenmiş ve adaylardan bu kazanımları revize edilmiş Bloom 
taksonomisinin bilgi ve bilişsel bilişsel süreç boyutları açısından sınıflandırmaları ve bu kazanımlara uygun bir problem kurmaları 
istenmiştir.  

Bulgular: Yapılan analizler sonucunda, bilişsel süreç boyutu açısından hem ilköğretim matematik hem de sınıf öğretmeni 
adaylarının anlamak ve uygulamak basamağındaki kazanımları sınıflandırırken birbiri ile karıştırdıkları ve düşük oranda doğru 
bir sınıflandırma yaptıkları görülmüştür. Bilgi boyutu açısından ise adayların kavramsal ve işlemsel bilgi basamağındaki 
kazanımları sınıflandırırken birbiri ile karıştırmadıkları ve orta oranda doğru bir sınıflandırma yaptıkları görülmüştür. Diğer 
taraftan, bu çalışmada, hem ilköğretim matematik hem de sınıf öğretmeni adaylarının kazanımın bilgi ve bilişsel süreç boyutuna 
uygun problem kurabildikleri görülürken, kazanımları ve bu kazanımlara yönelik hazırlanan problemleri sınıflandırmada ise aynı 
performansı sergileyemedikleri dikkatleri çekmiştir. Adayların problem kurma sürecinde yaptıkları hatalar incelendiğinde ise 
hataların “kazanım dışı sorular“, “alan bilgisine yönelik sınırlılıklar”, “problem kurma becerisine yönelik sınırlılıklar” şeklinde üç 
kategori altında toplandığı görülmüştür. 

Önemli Vurgular: Adayların problem kurma sürecinde kazanımın eğitsel amacına ve ifadesine dikkat ederek, bilgi ve bilişsel 
süreç açısından ölçülmek istenilen davranışa uygun problem kurulmasının öğrenme ve öğretme sürecinde oldukça önemli 
olduğu düşünülmektedir. 

Anahtar Kelimeler 
1. Kesir 
2. Problem kurma 
3. Bilgi 
4. Bilişsel süreç 
5. Sınıflandırma 

 

Received/Başvuru Tarihi 
28.09.2020 

Accepted / Kabul Tarihi 
05.02.2021 

 

 
1 A part of this study was presented as an oral presentation at the International Online Conference on Mathematics Education in between May 26-29, 2021. 
2 Corresponding Author, Kirsehir Ahi Evran University, Faculty of Education, Department of Mathematics and Science Education, Kirsehir, Turkey, 
okan.kuzu@ahievran.edu.tr, https://orcid.org/0000-0003-2466-4701 
3 Kirsehir Ahi Evran University, Faculty of Education, Department of Primary Education, Kirsehir, Turkey, ocil@ahievran.edu.tr, https://orcid.org/0000-0001-
5903-9864 

mailto:okan.kuzu@ahievran.edu.tr
mailto:ocil@ahievran.edu.tr


  

|Kastamonu Education Journal, 2022, Vol. 30, No. 1| 

 

142 

INTRODUCTION  

Mathematics, whose importance is increasing day by day, forms the basis of many studies from past to present and it is the 
common language and thought of people. People learn mathematics based on intuition just as they learn their mother tongue 
before they learn how to read and write and many mathematical concepts and techniques are listed while thinking, a chain of 
thinking is formed and creative solutions emerge just as words are ordered in line with certain rules and structures while speaking 
(Umay, 1996). After this thinking process takes place in the mind, new ideas and ways can be generated thanks to performance-
based activities and by using this creativity, alternative solutions can be offered for the problems that are encountered. 

Measurement and evaluation approach, which is one of the most important components of the curriculum in recent years, 
has been adapting itself to improve students' creativity and contribute to their problem-solving skills. Measurement and 
evaluation is used to evaluate to the extent of achievement regarding the program objectives, whether the course content has 
been understood or not, the achieved skills and the level of these skills. Measurement is required to ensure that the evaluation is 
accurate, and a correct measurement tool is needed for the measurement to be done in the correct manner (Akpınar, 2003). Since 
mathematics includes more cognitive acquisitions (MoNE, 2018a), oral, written (short-answer, long-answer) and objective 
(multiple-choice, true-false, matching, completion) tests, which are cognitive behavioral measurement tools, may be more 
appropriate to use. 

Oral tests are a type of non-written assessment in which questions and answers are provided orally. Written tests are a type 
of non-objective test in which questions and answers are presented in writing. Objective tests, on the other hand, are a type of 
assessment that requires more expertise and knowledge in the preparation stage than oral and written tests and has an objective 
evaluation. In the objective test type, students' difficulty and discrimination levels can be determined with more ease, and 
psychometric properties such as validity and reliability can be examined more easily (Umay, 1996). However, it has been argued 
that objective tests limit  students to the given options and hinder the assessment of high-level cognitive skills such as judgment, 
interpretation, analysis, evaluation and creation (Üstüner & Şengül, 2004), and it is emphasized that the use of oral and written 
tests is more appropriate to measure these skills (Umay, 1993). In addition, it is stated within the framework of the 2023 Education 
Vision that measurement tools that support high-level cognitive skills are important for students to achieve high performance in 
international exams and to associate the problems presented in the learning process with daily life (MoNE, 2018b). For example, 
international large-scale exams like PISA, do not aim to measure how much the students learn, but how much they reflect the 
knowledge to the society (OECD, 2007), and this situation is reflected more with open-ended problems (Öksüz & Güven, 2019). 
Open-ended problems are reported to contribute to students' perception, thinking and implementation skills (Badger & Thomas, 
1992; Cooney, Sanchez, Leatham, & Mewborn, 2004), to be more appropriate for measuring higher-order thinking skills than other 
problem types  (Bahar, Nartgün, Durmuş, & Bıçak, 2012) and to allow students to make interpretations and think creatively in the 
process of solving daily life problems (Akay, Soybaş, & Argün, 2006; Öçal, İpek, Özdemir, & Kar, 2018). The suitability of open-
ended problems prepared to measure high-level cognitive skills for students in mathematics is closely related to the creativity 
levels of educators who prepare these problems (Umay, 1996). 

Teachers undertake the responsibility to prepare and implement the problems and to interpret the results correctly to 
determine students' performance (Küçükahmet, 2006). While teachers prepare their problems, they sometimes change only the 
figures on the existing, readymade problems and this may prevent the students from thinking creatively and producing new ideas. 
However, the correct preparation and effective use of problems makes it easier to determine students' understanding levels, to 
increase their participation and motivation more easily, and to raise their knowledge and cognitive skills to higher levels (Ralph, 
1999). For example, problems that have only one correct answer that can be easily figured out cause students and teachers not 
to use their thinking skills sufficiently, while high-level problems are very useful in developing students' skill to access information, 
testing their own knowledge, recognizing problems and producing solutions for them (Koray, Altunçekiç, & Yaman, 2005; 
Feldhusen, 1985). Hence, it would be more appropriate to prepare the problems to fit the purpose and objectives, rather than 
random selection of items, so that students can develop all the required cognitive skills. Learning objectives have an important 
place in the regulation, implementation and evaluation of these goals and objectives (MoNE, 2018a). Since primary school 
mathematics course learning objectives are predominantly cognitive, it would be a more appropriate approach to use a cognitive 
taxonomy in classifying the problems to be prepared for these outcomes. 

Bloom's taxonomy, which has a cognitive structure, is widely accepted by educators in interpreting the standards in 
mathematics and classifying upper and lower thinking skills (Arı, 2013; Näsström, 2009). Bloom's taxonomy, which has a 
hierarchical structure from low cognitive skills to high cognitive skills, previously consisted of six steps from simple to complex 
information, comprehension, application, analysis, synthesis and evaluation (Bloom et al., 1956). Based on the results of the 
studies carried out over time, it was reported that the one-dimensional classification was insufficient for in-depth analyses and 
therefore the taxonomy was revised to support a two-dimensional structure (Anderson et al., 2001). It was argued that the 
synthesis step includes more complex mental processes compared to the evaluation step; the incompatibility between them has 
been eliminated by changing their places in the taxonomy. In addition, the steps in the cognitive process dimension were named 
by using verbs (emphasizing the actions) rather than  using nouns and rearranged as remembering, understanding, applying, 
analyzing, evaluating and creating (Anderson et al., 2001). Here, remembering, understanding and applying steps are considered 
as low-level cognitive processes while analyzing, evaluating and creating steps are accepted as high-level cognitive processes 
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(Crowe, Dirks & Wenderoth, 2008). In addition, a knowledge dimension consisting of factual, conceptual, procedural and 
metacognitive knowledge steps has been added to the revised Bloom's taxonomy in order to express cognitive terminology more 
clearly. Each step in the dimension of knowledge in the vertical column and the dimension of cognitive process in the horizontal 
column also includes the other steps under it, and abstraction, complexity and scope increase as one moves up to the higher order 
levels (Krathwohl, 2002).  

Table 1. The structure of knowledge and cognitive process dimensions of the revised Bloom's taxonomy (Krathwohl, 2002) 
Cognitive Process Dimension 

Remember Understand Apply Analyze Evaluate Create 
Retrieving relevant 
knowledge from 
long-term memory 

Determining the 
meaning of 
instructional 
messages, including 
oral, written, and 
graphic 
communication 

Carrying out or using 
a procedure in a given 
situation 

Breaking material into its 
constituent parts and 
detecting how the parts 
relate to one another 
and to an overall 
structure or purpose 

Making 
judgments based 
on criteria and 
standards  

Putting elements 
together to form a 
novel, coherent 
whole or make an 
original product 

Recognizing 
Recalling 

Interpreting   
Exemplifying  
Classifying  
Summarizing   
Inferring 
Comparing   
Explaining  

Executing  
Implementing  

Differentiating 
Organizing 
Attributing 

Checking 
Critiquing 

Generating  
Planning 
Producing 

 

Kn
ow

le
dg

e 
Di

m
en

sio
n 

Fa
ct

ua
l 

kn
ow

le
dg

e 

The basic elements a student must know to be 
acquainted with a discipline or solve problems in it. 

Terminology  
Specific details and elements 

Co
nc

ep
tu

al
 

kn
ow

le
dg

e 

Interrelationship among basic elements in a larger 
structure that allows them to function together 

Classifications and categories 
Principles and generalizations 
Theories, models and structures 

Pr
oc

ed
ur

al
 

kn
ow

le
dg

e 

How to do something, methods of inquiry, and 
criteria for using skills, algorithms, techniques, and 
methods 

Subject-specific skills/processes 
Subject-specific techniques/methods 
Criteria for determining when to apply suitable procedures. 
 

M
et

ac
og

ni
tiv

e 
kn

ow
le

dg
e 

Knowledge of cognition in general, awareness and 
knowledge of one's own cognition 

Strategic knowledge 
Cognitive tasks, appropriate contextual and conditional knowledge 
Self-knowledge 
 

The level of problems used to measure higher-order thinking skills is very important (Aslan, 2011). For example, a problem at 
the level of factual knowledge leads students to remember and memorize, while a problem at the level of metacognitive 
knowledge leads students to use their existing knowledge and to think effectively with this knowledge (Paul, 1995; Doğanay & 
Ünal, 2006). The problems used both in textbooks and in the classroom settings from the first years of primary education should 
be prepared in a manner to improve students' thinking skills (Elder & Paul, 2003; Goatly, 2000). The quality and relevance of these 
problems contribute to the increase in student motivation for the courses, encourage them and significantly affect their future 
achievement (Belcastro, 2017; Carr, 1998; Jones, 2008). For this reason, preparing relevant problems for the learning objectives 
in line with the aims and objectives of the program is believed to be important in developing students' thinking skills and evaluating 
them accurately. It is also reported that the problems prepared in accordance with the learning objectives classification prevent 
accumulation in certain steps and help the teacher in determining students’ cognitive levels (Büyükalan, 2007; Özden, 1998). 

The relevant literature points out that the studies in the field mostly investigated the level of problems prepared to measure 
the students (Alexander et al., 1994; Aydemir & Çiftçi, 2008; Baysen, 2006; Çalışkan, 2011; Dursun & Aydın-Parim, 2014; Jesus & 
Moreira, 2009; Koray & Yaman, 2002; Köğce & Baki, 2009; Özcan & Akcan, 2010; Geçit & Yazar, 2010; Gökler, Arı, & Aypay, 2012; 
Gündüz, 2009; Ülger, 2003). It was observed in these studies that the problems were mostly prepared at the lower levels, and 
higher level problems that required higher-order thinking skills were not encountered very often. The studies in literature focusing 
on teachers’ skill to prepare problems (Çakıcı, Ürek, & Dinçer, 2012; Erdoğan, 2017; Marbach-Ad & Sokolove, 2000; Yeşilyurt, 2012; 
Yılmaz & Keray, 2012) were mostly conducted in the fields of Turkish and Science and generally included the classification of 
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prepared problems. The studies examining students’ and teachers’ problem posing skills also focused on the fields of Turkish and 
Science, and the studies examining the problem posing skills for the learning objectives in mathematics were rather limited. 

Regarding the fact that mathematics is used as a tool in solving problems encountered in daily life, it may be easily 
comprehended seen that natural numbers, which are frequently used in daily life, are not enough for some mathematical 
calculations. For example, if 3 apples are to be shared equally among 2 children, the operation (the number of apples per child) 
cannot be executed with natural numbers (Baykul, 2014). Also, the set of natural numbers, which are closed under addition and 
multiplication, is not closed under subtraction and division. The set of natural numbers, which is insufficient in terms of subtraction 
and division operations, has been expanded and the set of integers has been obtained with an expansion so that subtraction can 
be done, and the set of rational numbers has been expanded so that division can be done (Baykul, 2005). The set of rational 
numbers and fractions are presented to students in relation to each other, and at this stage, the part-whole relationship becomes 
important (MoNE, 2018a). Therefore, fractions are defined as each or a few of the equal parts of a whole (Baykul, 2014). The fact 
that fractions have their own abstract meanings and are not used much in daily life forms the basis of why it is one of the difficult 
subjects to learn and teach (Albayrak, 2000; İpek, Işık, & Albayrak, 2005). Similarly, the studies in the literature (Aksu, 1997; Alacaci, 
2012; Behr, Lesh, Post & Silver, 1983; Biber, Tuna, & Aktaş, 2013; de Castro, 2008; Işık & Kar, 2012; Işık, Öçal, & Kar, 2013; Kar & 
Işık, 2015; Kocaoğlu & Yenilmez, 2010; Moss, & Case, 1999; Okur, Çakmak-Gurel, 2016; Olkun & Toluk-Uçar, 2012; Pesen, 2008; 
Soylu & Soylu, 2005; Soylu, 2008; Stafylidou & Vosniadou, 2004; Tirosh, 2000; Ünlü & Ertekin, 2012; Wu, 1999) demonstrate that 
students have learning difficulties regarding the concept of fractions as well as the  operations related to fractions. In that case, 
preparing appropriate problems for the subject of operations with fractions can help improve the cognitive levels of students and 
create a more effective and permanent learning environment since this subject includes an important conceptual expression such 
as the part-whole relationship and which can be used frequently in daily life problems but is one of the difficult subjects to learn. 

This study examined how the learning objectives and problems on the subject of fractions were classified in terms of knowledge 
and cognitive process dimensions of the revised Bloom's taxonomy by primary school preservice mathematics and preservice 
classroom teachers. In addition, the study set out to determine how the preservice teachers posed problems about the learning 
objectives related to fractions and what kind of errors they made during the problem posing process. 

METHOD/MATERIALS  

Research Model 
Quantitative and qualitative data, which had equal importance for the purpose of the research, were collected at the same 

time in this study which utilized the simultaneous transformational design of the mixed research model. Case study model was 
used as the quantitative research model while the survey model was selected as the qualitative research model. According to 
Cresswell (2009), using qualitative and quantitative approaches together enables us to better understand research problems 

Participants 
The research participants consisted of 55 preservice mathematics teachers and 101 preservice classroom teachers studying at 

the education faculty of a state university in Turkey during the 2019-2020 academic year. Convenience sampling method was used 
in the selection of the relevant university while the criterion sampling method, one of the purposive sampling methods, was used 
in the selection of primary school preservice mathematics and classroom teachers studying at this university. Criterion sampling 
is the selection of people, objects or situations that are predetermined with certain conditions (Patton, 2002). In this study, the 
criterion for the selection of the primary school preservice mathematics and classroom teachers was designated as attending a 
course on teaching mathematics during the undergraduate education process. 

Data Collection and Analysis 
A test consisting of two items was prepared by the researchers in this study to examine the classification of learning objectives 

and problem posing skills regarding fractions (see Appendix 1). The first test item included nine objectives about "Fractions" and 
"Operations with Fractions" from  the 2018 Mathematics Curriculum, and the preservice teachers were asked to classify these 
objectives in terms of knowledge and cognitive process dimensions of the revised Bloom's taxonomy and to pose suitable 
problems for each of these objectives. The second item included 14 problems on "Fractions" and "Operations with Fractions" and 
the candidates were asked to classify these problems in terms of knowledge and cognitive process dimensions of Bloom's 
taxonomy. 

Firstly, the 2018 mathematics curriculum was examined while the test was being developed and it was observed that the 
subject of "Fractions" was taught in grades 1-5 and the subject of "Operations with Fractions" was taught in grades 4-6 under the 
"Numbers and Operations" learning area. Since including all the learning objectives in the program may cause boredom and result 
in a loss of interest, attention and motivation for the participants during the implementation, the test focused on a limited number 
of learning objectives. In this context, all the learning objectives on the subject of fractions and operations with fractions were 
examined for grades 1-6 and attention was paid to include the learning objectives that serve different purposes or competencies 
in order to avoid being redundant.  
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In addition, the more complex learning objective was included in the test when one learning objective was the natural 

progression of others within the same class level. For example, the learning objective at 6th Grade “A.6.1.5.6. Performs the division 
of two fractions and makes sense of them” is more complex than the following learning objective, since the learning objective 
presented above is a natural progression of the similar objectives preceding it: “A.6.1.5.5. Divides a natural number by a fraction 
and a fraction by a natural number, and makes sense of this operation”. For this reason, the learning objective A.6.1.5.6 was 
included in the test. In addition, similar learning objectives that serve the same learning purpose and competence in the program 
are taught at different grade levels. Since this study focused on primary school preservice mathematics and classroom teachers, 
test problems were created for the similar learning objectives by paying attention to the learning objective presented in the 
highest grade level. For example, “A.1.1.4.1. Shows the concept of whole and half with appropriate models and explains the 
relationship between the whole and the half” learning objective at the first grade level is expressed as follows in the second grade 
“A.2.1.6.1. Shows the concept of whole, half and quarter with suitable models; explains the relationship between the whole, half, 
and quarter”.  For this reason, the second grade learning objective was taken into account due to being more complex and 
comprehensive among the similar learning objectives relevant to the subject. 

Nine learning objectives presented in the first item of the test and 14 problems  related to learning objectives in the second 
item were coded independently by the researchers, taking into account Krathwohl's (2002) table, which includes knowledge and 
cognitive process dimensions, and the inter-coder reliability was calculated as .818 using Cohen's kappa statistics (Fleiss & Cohen, 
2008). 1973). Kappa statistic takes a value between -1 and +1 and it is recommended to be at least .60. Values between 60 and 80 
indicate good agreement between encoders, and values above .80 indicate a very good agreement between encoders (Fleiss & 
Cohen, 1973; Landis & Koch, 1977; Wood, 2007). In this context, the obtained inter-coder agreement was found to be at a very 
good level. In addition, the disagreements that occurred after the coding were re-evaluated by the researchers and a consensus 
was reached for all disagreements.  

The test was applied to 55 preservice mathematics teachers and 101 preservice classroom teachers, and the content analysis 
method was used to analyze the qualitative data regarding the problem posing in the first problem. The two-dimensional table 
created by Krathwohl (2002) consisting of information/cognitive process dimensions was used as the coding key in the content 
analysis, and preservice teachers’ knowledge and thought processes were investigated. Both the classification and content analysis 
of the problems posed by the candidates in accordance with the learning objectives were conducted independently by researchers 
who are experts in primary school mathematics and classroom education, and the agreement between the classifications was 
found to be .961 with Cohen's kappa statistics (Fleiss & Cohen, 1973). Three categories emerged as a result of the content analysis: 
problems not relevant to the learning objective", "limitations regarding subject matter knowledge" and "limitations in problem 
posing skills". Whether the problems represented these categories were calculated with the consensus/(consensus + 
disagreement) formula as .953 (Miles & Huberman, 1994). This value was regarded to be rather good as well in the study. 

On the other hand, participants’ accurate classification of the objective/problem in the first and second items of the test and 
their problems in accordance with the objective in the first item were examined and the data was coded as 1 for correct answers 
and 0 for incorrect or blank answers. The data obtained this way was transferred to SPSS 23 (Statistical Package for the Social 
Sciences 23) program and the reliability of the test was calculated as .747. In addition, using these quantitative data, the 
percentages of correct classification of the objectives and problems regarding fractions were examined as well as the percentages 
of posing the correct problems suitable for the objectives. The findings for this study are as follows: 0 ≤ percentage ≤ 20: Very 
low, 20 < percentage ≤ 40: Low, 40 < percentage ≤ 60: Moderate, 60 < percentage ≤ 80: High, 80 < percentage ≤ 100. 
The results were found to be very high 

FINDINGS  

This section presents the findings about how primary school preservice mathematics and classroom teachers classified the 
learning objectives and the problems prepared for the subject of fractions, how they posed problems in line with the learning 
objectives, and what errors were found in the problems they posed. 

Quantitative Findings of the Study 
This section examined how the candidates classified the learning objectives and the problems on fractions in terms of 

knowledge and cognitive process dimensions of the revised Bloom's taxonomy and how they posed problems suitable for the 
learning objectives. The findings are presented below in tables. 

Table 2. Percentage distribution of the classification of the learning objectives prepared in the steps of understanding and 
applying in terms of the cognitive process dimension 

Learning objectives 
Classification   

Primary  Mathematics Education Classroom Education 

R U A An E C R U A An E C 

Understand 5.90 26.81 25.45 25.90 10.90 2.72 3.21 33.41 39.35 14.85 1.98 - 
Apply 4.36 26.54 29.09 17.81 8.00 10.18 6.73 26.33 39.00 13.26 2.17 4.55 

R: Remember, U: Understand, A: Apply, An: Analyze, E: Evaluate, C: Create 



 

|Kastamonu Education Journal, 2022, Vol. 30, No. 1| 

 

146 
Table 2 shows that the learning objectives prepared at the level of understanding for the subject of fractions were classified 

as understanding by 26.81% of the primary school preservice mathematics teachers. Although the majority of the preservice 
mathematics teachers concentrated on understanding and made the accurate classification, it was observed that 25.45% of the 
preservice teachers were inaccurate with a percentage close to each other (applying by 25.45% and analyzing by 25.90%). It was 
seen that the learning objectives prepared at the level of understanding were misclassified as applying by 39.35% of the primary 
school preservice classroom teachers, and correctly classified by 33.41% of the primary school preservice classroom teachers. On 
the other hand, it was found that the learning objectives prepared at the level of applying were classified correctly by 29.09% of 
the primary school preservice mathematics teachers. However, 26.54% of primary school preservice mathematics teachers 
classified these as understanding and misclassified them with a percentage close to the level of applying. It was observed that 
39.00% of primary school preservice classroom teachers classified the learning objectives prepared at the level of applying 
correctly, while 26.33% of the primary school preservice classroom teachers classified them incorrectly as understanding. In this 
context, it was observed that both primary school preservice mathematics and classroom teachers confused the learning 
objectives at the level of understanding and applying with each other and had a low rate of correct classification. 

Table 3. Percentage distribution of the classification of the learning objectives prepared in conceptual and procedural steps in 
terms of the knowledge dimension 

Learning objectives 
Classification   

Primary  Mathematics Education Classroom Education 

F C P M F C P M 

Conceptual 13.63 44.54 27.27 7.72 9.40 57.42 26.23 .49 
Procedural 11.27 17.81 50.90 13.81 20.19 15.44 49.90 4.55 

F: Factual, C: Conceptual, P: Procedural, M: Metacognitive 

Table 3 demonstrates that the learning objectives prepared at the conceptual knowledge level for the subject of fractions were 
mostly identified to be in the conceptual knowledge level by both primary school preservice mathematics teachers (44.54%) and 
primary school preservice classroom teachers (57.42%), and were classified correctly. Similarly, the preservice teachers stated 
that the learning objectives prepared in the procedural knowledge level were mostly in the procedural knowledge level and again 
the learning objectives were classified correctly. In this context, it was seen that both primary school preservice mathematics and 
classroom teachers made a moderately correct classification when classifying the learning objectives in the conceptual and 
procedural knowledge level. 

Table 4. Percentage distribution of the steps for which the problems were posed for the learning objectives prepared in the 
steps of understanding and applying in terms of cognitive process dimension 

Learning 
objectives 
Classification   

Primary Mathematics Education Classroom Education 

R U A An E C R U A An E C 

Understand .90 78.18 12.27 .45 - - - 68.06 8.16 - - - 
Apply - 6.54 85.45 - .72 1.09 - 2.77 66.53 - - - 

R: Remember, U: Understand, A: Apply, An: Analyze, E: Evaluate, C: Create 

       Table 4 shows that both primary school preservice mathematics teachers (78.18%) and primary school preservice classroom 
teachers (68.06%) focused on understanding the most and posed correct problems in accordance with the cognitive process step. 
Similarly, it was determined that the participants mostly focused on applying in posing problems suitable for the learning 
objectives prepared at the level of applying, and they posed problems suitable for the cognitive process step. In this context, it 
was observed that both primary school preservice mathematics and classroom teachers posed a high percentage of correct 
problems in accordance with the learning objectives prepared at the level of understanding. It was determined that primary school 
preservice mathematics teachers posed correct problems at a very high rate and primary school preservice classroom teachers 
posed correct problems at a high rate for the learning objectives prepared at the level of applying. 

Table 5. Percentage distribution of the steps for which the problems were posed for the learning objectives prepared in 
conceptual and procedural steps in terms of knowledge dimension 

Learning objectives 
Classification   

Primary  Mathematics Education Classroom Education 

F C P M F C P M 

Conceptual .90 77.72 12.72 .45 .24 67.32 8.16 - 
Procedural .36 13.81 77.81 1.81 - 10.09 58.01 1.18 

F: Factual, C: Conceptual, P: Procedural, M: Metacognitive 

Table 5 presents that both primary school preservice mathematics teachers (77.72%) and primary school preservice classroom 
teachers (67.32%) focused on the conceptual knowledge level the most and posed the right problems in accordance with the 
knowledge level. Similarly, it was determined that the participants mostly focused on the procedural knowledge level in posing 
problems suitable for the learning objectives prepared in the procedural knowledge level, and they posed problems appropriate 
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for the knowledge level. In this context, it was found that both primary school preservice mathematics and classroom teachers 
posed a high percentage of correct problems in accordance with the learning objectives prepared in the conceptual knowledge 
level. For the learning objectives prepared in the procedural knowledge level, it was observed that the primary school preservice 
mathematics teachers posed problems at a high rate, while it was determined that the primary school preservice classroom 
teachers posed correct problems at a moderate rate. 

Table 6. Percentage distribution of the level in which the problems prepared for fractions were classified in terms of cognitive 
dimension  

Learning objectives 
Classification   

Primary  Mathematics Education Classroom Education 

R U A An E C R U A An E C 

Remember 58.18 17.27 9.09 2.72 3.63 .90 29.20 24.25 28.21 8.91 2.47 - 
Understand 11.36 27.72 17.27 20.90 15.90 .45 5.69 40.84 21.78 17.07 8.41 - 
Apply 3.03 13.33 38.18 17.57 16.96 4.24 2.97 17.16 51.15 18.81 3.30 .66 
Analyze .90 10.00 18.18 50.00 7.27 10.00 1.98 22.77 42.07 25.74 1.98 - 
Evaluate - 5.45 27.27 18.18 41.81 1.81 - 8.91 37.62 16.83 28.71 .99 
Create - 9.09 4.54 5.45 9.09 66.36 - 12.37 18.31 6.93 .99 55.44 

R: Remember, U: Understand, A: Apply, An: Analyze, E: Evaluate, C: Create 

Table 6 demonstrates that the problems prepared for the subject of fractions at the level of remembering were classified 
correctly as remembering the most by 58.18% of the primary school preservice mathematics teachers. Although it was observed 
that 29.20% of the primary school preservice classroom teachers classified them correctly as remembering, it was determined that 
24.25% of the preservice teachers misclassified them with a percentage close to each other (understanding by 24.25% and 
analyzing by 28.21%). On the other hand, when the problems prepared in terms of understanding dimension were examined, it 
was seen that primary school preservice mathematics teachers (27.72%) and primary school preservice classroom teachers 
(40.84%) focused more on understanding than other steps and made accurate classifications. Similarly, the preservice teachers 
correctly classified the problems prepared at the level of applying compared to other options. While the problems prepared at 
the level of analyzing were correctly classified by 50.00% of the primary school preservice mathematics teachers, 42.07% of the 
primary school preservice classroom teachers had erroneous classification by focusing on applying. Only 25.74% of the primary 
school preservice classroom teachers made an accurate classification for the problems prepared at the level of analyzing. 22.77% 
of the primary school preservice classroom teachers made a wrong classification, by focusing on understanding, with a very close 
rate to the correct option. While 41.81% of primary school preservice mathematics teachers made a correct classification for the 
problems prepared at the level of evaluating, only 28.71% of the primary school preservice classroom teachers made a correct 
classification by qualifying the related problems as evaluating. However, 37.62% of the primary school preservice classroom 
teachers wrongly identified the problems prepared at the level of evaluating as applying and made a wrong classification. For the 
problems prepared at the level of creating, both primary school preservice mathematics teachers (66.36%) and preservice 
classroom teachers (55.44%) made a correct classification. In this context, the problems prepared at the level of understanding 
and applying were classified by primary school preservice mathematics teachers at a low rate; the problems prepared at the level 
of remembering, analyzing and evaluating were classified by primary school preservice mathematics teachers at a moderate rate 
and classified the problems prepared at the level of creating correctly at a high rate. On the other hand, primary school preservice 
classroom teachers correctly classified the problems prepared at the level of remembering, analyzing and evaluating at a low rate 
while they correctly classified the problems prepared at the level of understanding, creating and applying at a moderate rate. In 
addition, it was determined that the primary school preservice classroom teachers mixed up the problems prepared at the level 
of remembering with understanding and applying during classification, and they characterized the problems prepared at the level 
of analyzing and evaluating mostly as the level of applying. 

Table 7. Percentage distribution of the level in which the problems prepared for fractions were classified in terms of knowledge 
dimension  

Learning objectives 
Classification   

Primary  Mathematics Education Classroom Education 

F C P M F C P M 

Factual 51.81 26.36 11.81 3.63 54.45 17.32 19.30 .49 
Conceptual 19.63 37.45 30.18 6.90 15.04 50.29 27.32 .39 
Procedural 3.18 10.45 61.36 17.27 3.71 30.19 54.45 6.18 
Metacognitive 7.87 15.15 29.09 40.60 2.97 23.76 38.94 26.40 

F: Factual, C: Conceptual, P: Procedural, M: Metacognitive 

Table 7 displays that the problems prepared at the factual knowledge level on the subject of fractions were classified correctly 
by 51.81% of primary school preservice mathematics teachers and 54.45% of primary school preservice classroom teachers. 
Although the problems prepared in the conceptual knowledge level were classified correctly by 37.45% of the primary school 
preservice mathematics teachers, it was determined that, with a similar percentage, 30.18% misclassified the problems to be 
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prepared in the procedural knowledge level. On the other hand, it was seen that both primary school preservice mathematics 
teachers (61.36%) and primary school preservice classroom teachers (54.45%) concentrated on the procedural knowledge level 
the most in the classification of the problems prepared in the procedural knowledge level. While it was observed that 40.60% of 
the primary school preservice mathematics teachers made a correct classification for the problems prepared in the metacognitive 
knowledge level, it was determined that 38.94% of the primary school preservice classroom teachers opted for the procedural 
knowledge level and made a wrong classification. Only 26.40% of the primary school preservice classroom teachers made a correct 
classification for the problems prepared in the metacognitive knowledge level.  

It was observed that 23.76% of the primary school preservice classroom teachers made a misclassification about the problems 
as conceptual knowledge, which was a rate close to the rate of teachers who had accurate classification. In this context, the 
problems at the conceptual knowledge level were classified accurately by preservice mathematics teachers at a low rate; the 
problems at the factual and metacognitive knowledge level were classified accurately at a moderate rate and the problems at the 
procedural knowledge level were classified accurately at a high rate. In addition, it was determined that the primary school 
preservice mathematics teachers confused the problems prepared at the conceptual knowledge level with the problems prepared 
at the procedural knowledge level during classification, while the primary school preservice classroom teachers identified the 
problems at the metacognitive knowledge level as procedural knowledge level. 

Qualitative Findings of the Study 
This section investigated the kind of mistakes made by the primary school preservice mathematics and classroom teachers 

regarding the problems about fractions and learning objectives, and the findings were presented as examples collected under 
appropriate categories. 

Problems which were irrelevant to the learning objective  

Examination of the irrelevant problems posed by the preservice teachers pointed to two problems.  The qualitative findings 
related to these problems are presented below as examples. The first of these problems was related to the fact that preservice 
teachers posed problems that measured a different learning objective other than the intended one, which was not related to the 
statement or the level of the learning objective in terms of knowledge and cognitive dimensions. For example, primary school 
preservice mathematics teacher M2 focused on integers contrary to what was desired in the learning objective, addressed the 
percentage problem and ignored the cognitively higher level action of posing a problem: 

 
(Problem: In a class, one student gets 60 points and the other student gets 30 points. Since the exam is evaluated out of 100 

points, what is the percentage of the total score they get) 

It was observed that the preservice classroom teacher C8 posed a problem that could measure the skills of adding with 
fractions instead of posing a problem that would measure problem solving and posing skills: 

 
(Problem: What is the result of the operation 1/2+3/4+2/6=?) 

When the problem posed by the preservice teacher M6 was examined, it was determined that the problem was not suitable 
for both the purpose of the given objective and the desired level in terms of knowledge and cognitive dimensions. Although the 
posed problem seemed to be about fractions, it was not related or suitable to the educational actions in the content or purpose 
of the learning objective, so it was classified as irrelevant: 

 
(Problem: Ali first eats half of the bread in his hand and writes it as a fraction (1/2). Then he eats half of the remaining 

portion. How much of the bread does Ali have now?) 
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The preservice teacher M26 asked for the letter in the denominator of a fraction whose numerator and denominator were 

unknown, and the problem was cognitively at a lower level than the expectations of the learning objective. It was noticed that 
M26 posed a completely unrelated problem, irrelevant to the statement and the educational purpose of the learning objective 
which was intended to be measured: 

 
(Problem: Write the letter in the denominator of x/y fraction.) 

In addition, with the problem, M26 focused on the pattern instead of four operations in the fractions presented latently in the 
content of the learning objective, and aimed to measure higher levels in terms of knowledge and cognitive dimensions. Although 
the term “four operations” was not mentioned in the content of the learning objective, M26 posed an incorrect problem on this 
subject, since the preservice teacher were informed that the learning objective were prepared on four operations in fractions: 

 
(Problem: 2/3, 1/2, 4/3, 3/4 … complete the pattern on the right.) 

It was observed that the problem posed by M19 did not include fractions and/or operations with fractions, it was out of the 
scope of the statement and the educational purpose of the objective  and was a higher level problem terms of knowledge and 
cognitive dimensions: 

 
 
 
 

(Problem: Prove that 11=12=13=…=1n  (n ∈ Z). 

Another problem encountered in the irrelevant problems posed by the preservice teachers is that they posed problems related 
to the learning objective statement, but the posed problems could not fully measure the educational skills intended to be 
measured in terms of knowledge and/or cognitive dimensions. For example, the problem posed C50 measured a different learning 
objective by explaining how the process was realized rather than the prediction of the result of operations with fractions, and it 
was determined that the problem was cognitively at a higher level: 

 
(Problem: Prove that the result of the fraction 1/2+1/2 is 2/2.) 

C52 posed a problem that measured students' subtraction skills in fractions as well instead of posing a problem that measured 
only the skill to compare and order unit fractions: 

 
(Problem: Do the operation 4/3-1/3, 5/4-1/4 and compare.) 

M40, on the other hand, focused on the simple fraction instead of the unit fraction as expressed in the objective and went 
beyond the purpose of the objective and asked about the relationship between the numerator and denominator of simple 
fractions. It was identified that the problem posed by preservice teacher was unrelated to both the objective statement and its 
educational purpose: 



 

|Kastamonu Education Journal, 2022, Vol. 30, No. 1| 

 

150 

 
(Problem: Write the relationship between the numerator and denominator in simple fractions.) 

The structure of the objectives included in the 2018 Mathematics curriculum may be an important reason why the candidates 
cannot pose problems in accordance with the objectives. For example, the following objective in the program "Solves and 
constructs problems that require addition and subtraction with fractions whose denominators are equal or whose denominator is 
a multiple of the other" aims to measure more than one educational skill. It was seen that many preservice teachers who posed 
problems for this objective ignored and/or overlooked the educational skill (constructing problems) of the learning objective. For 
example, C64 only concentrated on the educational action of problem solving while posing a problem for the aforementioned 
objective: 

 
(Problem: Melike gave 1/2 of her cake to Melih. Melih had 2/4 of Melike's cake in his hand. How much cake did Melih have in 

total?) 

M1 posed a problem below the cognitive level of the objective by asking how to solve the problem instead of posing a problem 
with appropriate problem-solving skills for the "Solves problems that require operations with fractions" learning objective 
statement: 

 
(Problem: Which way do we follow for the subtraction of a half cake from a whole cake?) 

M13, on the other hand, posed an irrelevant problem by not asking students to show the relationship with appropriate models, 
and posing a problem at a higher knowledge and cognitive level with problem solving instead of pointing to the relationship 
between fractions: 

 
(Problem: Ali will share his cake with his friends. He will take half of the whole cake to himself, will give a quarter of the whole 

cake to Ayşe, and will give the remaining part to Fatma and Selim equally. How much of the cake will Selim get.) 

The fact that some expressions included in the objectives are not clear or observable is another reason affecting the quality of 
the problems posed by teachers. For example, C54, who tried to pose a problem suitable for the objective of " Performs the division 
of two fractions and makes sense of them ", ignored the educational skill of making sense included in the objective, and posed a 
problem only for the educational action of solving a division problem: 

 
(Problem: Kezban has 12 pencils. She gave half of them to Idris. If she gives 2/3 of the remaining pencils to Ayşe, how many 

pencils will she have left.) 

Limitations regarding subject matter knowledge 
Preservice teachers’ inability to fully understand the concepts in the learning objectives, their tendency to get confused by the 

learning objectives or having generally limited problem posing skills are other reasons for the errors encountered the problems in 
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this study. For example, C54 not only confused the concepts of operation and fraction in regards to the subject of fractions, but 
also confused the concepts of unit fractions and compound fractions, and posed a problem that could not meet the learning 
objective: 

 
(Problem: Order the fractions 3/2-1/2, 6/3-3/3 from greatest to least?) 

Similarly, M3 posed a problem that did not meet the purpose of the objective as a result of confusing the concepts of unit 
fraction and simple fraction: 

 
(Problem: Order the fractions 3/8, 4/9, 10/11 from greatest to least.) 

The primary school preservice teachers did not only experience confusion in the subjects that include content knowledge such 
as fraction types, but also confused concepts such as problem sentences and operations with mathematical estimation and mental 
operations. For example, C67 confused mental processing with mathematical estimation skills: 

 
(Problem: What is 1/3 of 30 apples? 2/3, 3/3, 3/15 (calculate it with your mind)) 

Similarly, C92 confused the skill to estimate operation results with mental processing skills and posed the problem that did not 
meet the following objective: 

 
(Problem: 1/5 x 1/2   1/8 : 1/2   4/8 : 1/2    1/10 + 1/5 work out the results of the above operations with your mind.) 

In another example, C31 confused the concepts of fractions and operations in fractions and instead of estimating the result of 
an operation related to fractions, the preservice teacher posed a problem in which fractions should be compared. 

 
(Problem: a. 3/4  b. 2/4 c. 3/5 Guess the order of these operations) 

Similarly, preservice classroom teachers often understood the educational action of problem solving as operating with 
fractions. For example, it was seen that C56 asked students to operate on fractions and find answers instead of creating a problem 
statement: 

 
(Problem: 2/6+4/6=?, 8/9-4/9=? Find the result of the operation.) 
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In another example, C71 posed a problem that required only one sum operation in fractions, instead of forming a problem 

statement, even though the preservice teacher had underlined the words in the objective such as solves and constructs: 

 
(Problem: 2/4+3/8 Find the result of the operation.) 

When the problem posed by M10 was examined, it was seen that instead of using expressions such as 3/5 of a tomato, 2/7 of 
a lemon and 4/6 of an apple, the preservice teacher used expressions such as 3/5 tomatoes, 2/7 lemons and 4/6 apples by ignoring 
the fact that the concept of “piece” is used for countable or any number of objects: 

 
(Problem: Ms. Ayşe bought 3/5 piece of tomatoes, 2/7 piece of lemons and 4/6 piece of apples from a grocery store, how many 

ingredients are in the bag in total?) 

Limitations in problem posing skills 
Examination of the errors made by the preservice teachers while posing problems about fractions showed that they are limited 

in displaying meaningful problem posing skills in addition to confusing the concepts with each other. It was determined that some 
of the problems posed by the preservice teachers did not have a definite solution, and the problem statements of some of these 
problems were wrong. For example, the problem posed by C12 did not provide information about fractions or the operation to 
be done with fractions, therefore, this specific problem did not have a definite solution: 

 
(Problem: What type of fractional expression does the result of two simple fractions represent?) 

In the following example, the data presented by C16 in the problem and the answer requested in the problem did not match, 
and therefore there was no definite answer to the problem in problem: 

 
(Problem: Ali will give 2/5 of his pens to Ahmet and Ayşe will give 1/5 of her pens to Ahmet. Ahmed will give 1/10 of the total 

pens to his brother. How many pencils are there?) 

In some cases, it was observed that the unnecessary information provided by the primary school preservice classroom teachers 
in the problem diverted the problem from obtaining the purpose of the learning objective. For example, in the problem of C41, 
providing information about the number of slices to be given to everyone made it impossible to observe the skill intended to be 
measured with the objective: 

 
(Problem: A cake is divided into 10 pieces. Everyone will receive 2 slices of cake. How many slices of cake will there be for 3 

people?) 

Another problem encountered in the posed problems was related to the operation errors or logic errors. For example, the 
problem posed by C48 had an operation error since the share of cake slices per person could not be 2/5 even if there were 10 
cakes in total or there was one cake divided into ten pieces: 
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(Problem: 10 cakes will be shared equally among 5 people. There will be 2/5 slices for each. How many slices of cake will there 

be for 3 people) 

Another problem encountered regarding the problem posing skills of the preservice teachers was related to their providing a 
clear and plain answer in the problem statement so that students could easily find the answer without spending any effort. For 
example, the problem posed by M24 asked how many wafers Ayşe bought although it was clearly stated in the problem that Ayşe 
bought 5 wafers: 

 
(Problem: Ayşe bought 5 wafers, each of which is 2 TL for 10 TL. How many wafers did she have.) 

In the example below, C20 mixed up simple fractions with compound fractions and overlooked that most of the fraction values 
given in the problem were more than the total number of students provided by the teacher in the problem: 

 
(Problem: The total number of students in a school is 100; 4/3 of them are boys and 4/1 of them are girls. 2/3 of the girls 

wear glasses. what is the total number of girls without glasses?) 

Similarly, it is understood that C37 posed a problem statement that required dividing a field among three siblings, but according 
to the data presented in the problems, the piece of field that should be given to only the third sibling is more than the whole field: 

 
(Problem: When a squire distributes a field to his children as an inheritance, his 1st  child inherits 3/8 of the field, his 2nd child 

2/8 the field, and his 3rd  child receives  2 times the sum of the shares of his siblings. How much of the field does the 3rd child get?) 

When the problem posed by M12 was examined, it was seen the expressions in the problem statement were suitable for the 
objective, but the problem sentence was not complete and the problem was not plain, understandable and clear. It is clear that 
the statement in the last sentence "He asks Fatma to show the shapes of these breads" was not directed to the student who was 
supposed to solve the problem: 

 
 
 
 

(Problem: We have 3 loaves of bread. Ali says he wants to eat a loaf of bread, Ahmet half a loaf of bread and Ayşe a quarter. 
He asks Fatma to show the shapes of these breads.) 
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CONCLUSION, DISCUSSION AND RECOMMENDATIONS 

This study examined how primary school preservice mathematics and classroom teachers classified the learning objectives on 
fractions and the problems prepared for these objectives. In addition, primary school preservice mathematics and classroom 
teachers’ problem posing skills for the learning objectives were investigated and the mistakes encountered in the problem posing 
process were examined. In this context, primary school preservice mathematics and classroom teachers made a moderately 
correct classification when classifying the learning objectives in regards to conceptual and procedural knowledge. However they 
had a low rate of accurate classification when classifying the learning objectives at the level of understanding and applying, 
confusing the learning objectives at this stage with each other. This may be due to preservice teachers’ perception of the 
expression or educational purpose in the learning objectives as the necessity to use or apply this information in a given situation 
while they were intended to be understood or interpreted by students instead. As a matter of fact, the study conducted by 
Akbulut-Taş and Karabay-Turan (2020) emphasized that preservice teachers could not fully distinguish the knowledge and 
cognitive process steps from one another in their classifications and that they could associate the actions in the statement of 
purpose with faulty cognitive processes. The study conducted by Altıntaş and Yanpar-Yelken (2016) reported that the primary 
school preservice mathematics teachers’ skill to classify the learning objectives related to their fields was rather low. 

On the other hand, regarding the classification of the problems prepared for the learning objectives in terms of cognitive 
process dimension, the primary school preservice mathematics teachers were found to correctly classify the problems prepared 
at the level of understanding and applying at a low rate; they correctly classified the problems the problems prepared at the level 
of remembering, analyzing and evaluating at a moderate rate and correctly classified the problems prepared at the level of 
creating at a high rate. The problems posed in these four steps may have been classified more easily because preservice 
mathematics teachers have a high level of metacognitive awareness (Deniz, Küçük, Cansız, Akgün, & İşleyen, 2014), the level of 
remembering is included in the most basic cognitive process step, and the necessary thinking skills become more advanced with 
analyzing. In addition, compared to primary school preservice classroom teachers, primary school preservice mathematics 
teachers did not confuse cognitive process steps in classifying problems and made a more accurate classification. This may be 
related to the primary school preservice classroom teachers’ lower level content knowledge on fractions and especially their major 
shortcomings in presentations and model use (Aksu & Konyalığolu, 2015). This study concluded that primary school preservice 
classroom teachers correctly classified the problems prepared at the level of remembering, analyzing and evaluating at a low rate 
while they correctly classified the problems prepared at the level of understanding, creating and applying at a moderate rate. In 
addition, it was determined that the primary school preservice classroom teachers confused the problems prepared at the level 
of remembering with understanding and applying during classification, and they characterized the problems prepared at the level 
of analyzing and evaluating mostly as the level of applying. 

In regards to classifying the problems prepared for the learning objectives in terms of the knowledge dimension by primary 
school preservice mathematics teachers and  primary school preservice classroom teachers, it was found that the problems at the 
conceptual knowledge level were classified accurately by preservice mathematics teachers at a low rate; the problems at the 
factual and metacognitive knowledge level were classified accurately at a moderate rate and the problems at the procedural 
knowledge level were classified accurately at a high rate. The problems at the factual, conceptual and procedural knowledge level 
were classified accurately by primary school preservice classroom teachers at a moderate rate while the problems at the 
metacognitive knowledge level were classified primary school preservice classroom teachers accurately at a low rate. As a matter 
of fact, the study conducted by Işıksal (2006) reported that problems about operations in fractions could be symbolized and solved 
by preservice teachers, but they were not successful enough in interpreting and making sense of these problems. In the light of 
the findings obtained in this study, it was determined that the primary school preservice mathematics teachers mixed up the 
problems prepared at the conceptual knowledge level with the problems prepared the procedural knowledge level during 
classification, while the primary school preservice classroom teachers defined the problems at the metacognitive knowledge level 
as problems at procedural knowledge level. The previous studies showed that preservice teachers lacked knowledge about 
fractions and operations in fractions (Armstrong & Bezuk, 1995; Ball, 1990; Işık, et al., 2013; Işıksal, 2006; Kılcan, 2006; Ma, 1999; 
Rosli, et al., 2013; Zembat, 2007) and preservice teachers' operational understanding was much higher than their conceptual 
understanding (Rosli, et al., 2013). The inability of the preservice teachers to associate a certain type of knowledge with a specific 
teaching activity or to make a full distinction between the types of knowledge (Akbulut-Taş & Karabay-Turan, 2020) can be seen 
as a reason for the emergence of errors or confusion in the classification of problems in terms of knowledge dimension. Since 
designing a learning environment and teaching process that is suitable for the students' understanding is important in making 
sense of mathematical concepts (Kuzu, Kuzu, & Sıvacı, 2018), student understandings can also be taken into account while 
designing the education learning process. 

 Examining preservice teachers’ problem posing skills for the learning objectives, this study concluded that the primary school 
preservice mathematics teachers posed a high percentage of correct problems in accordance with the learning objectives prepared 
at the level of understanding and posed correct problems at a high rate for the learning objectives prepared at the level of applying. 
Primary school preservice classroom teachers were also found to posed correct problems at a high rate for the learning objectives 
prepared at the level of understanding and applying as well. In addition, in terms of knowledge dimension, it was observed that 
primary school preservice mathematics teachers posed a high percentage of correct problems for the learning objectives prepared 
in the conceptual and operational level, while it was determined that the primary school preservice classroom teachers posed a 
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high percentage of correct problems for conceptual knowledge level and a moderate amount of correct problems for operational 
knowledge level. Previous studies emphasized that the preservice teachers achieved high performance in posing problems suitable 
for low cognitive level learning objectives, and that they could pose more appropriate problems more comfortably (Özcan & Akcan, 
2010; Yeşilyurt, 2012). On the other hand, the result of the analyzes conducted in this study showed that while the preservice 
teachers were able to pose problems in accordance with the knowledge and cognitive process dimension of the learning 
objectives, they could not exhibit the same performance in classifying the learning objectives and the problems prepared for these 
learning objectives. Among the reasons for this outcome may be related to the fact that many of the mathematics problems that 
the preservice teachers encountered during their learning process could not go beyond the application step, that the candidates 
were more familiar with the variety of problems at this level and thus they could pose a higher number of problems at a similar 
level. That is, the problems preservice teachers encountered during their learning process whether they were problems prepared 
by their teachers (Baysen, 2006; Dursun & Aydın-Parim, 2014; Karaman & Bindak, 2017; Köğçe & Baki, 2009a; Köğçe & Baki, 
2009b), problems in different large-scale exams (Dursun & Aydın-Parim, 2014; Karaman & Bindak, 2017; Köğçe & Baki, 2009a) or 
problems in textbooks (Arslan & Özpınarar, 2009; Biber & Tuna, 2017; Üredi & Ulum, 2020), they mainly focused on lower cognitive 
levels based on remembering, understanding, and applying. 

In addition, this study examined the mistakes made by the preservice teachers in the process of posing problems suitable for 
the learning objectives, and concluded that the mistakes made were grouped in three categories: "the problems that were not 
relevant to the learning objective ", "limitations regarding subject matter knowledge" and "limitations in problem posing skills". 
Preparing the learning objectives for a clear educational action aimed at teaching comes to the fore as the most basic and 
important criterion here (Kennedy, 2006; Kuzu, Çil, & Şimşek, 2019; Öçal, 2017). Preservice teachers posed problems that 
measured a different learning objective apart from the intended one and problems that were not related to the statement and 
the level of the objective in terms of knowledge and cognitive dimensions. There were also problems that were related to the 
statement of the intended learning objective but could not fully measure the desired educational skills in terms of knowledge 
and/or cognitive dimensions. Examination of the obtained results demonstrated that the preservice teachers ignored or 
overlooked the educational actions included in the statement of the objective that were not understood in the same way by 
everyone or were very difficult to observe (such as "makes sense") or made some mistakes while posing problems about these 
unclear objective statements. For example, the use of two different educational actions together in the learning objective of 
"Solves and constructs problems that require addition and subtraction with fractions whose denominators are equal or whose 
denominator is a multiple of the denominator of one" not only made the problem posing process more complicated for the 
preservice teachers, but also became one of the important reasons why they turned to the other educational action, solving. 
Similarly, considering how different the problem-solving skills for operations with fractions and problem posing skills and the 
educational activities that need to be prepared for these skills, using these educational actions together can make the education 
process more complex for both teachers and students. For this reason, revising the learning objectives that include more than one 
educational action or educational actions that are difficult to observe in the 2018 Secondary Education Mathematics Program for 
the next mathematics program will make these learning objectives more understandable (Kuzu et al., 2019) and it will be possible 
for preservice teachers to make fewer mistakes while creating problems for the objectives.  

It was noted in this study that some of the preservice teachers’ knowledge of mathematics was quite limited while posing 
problems about the learning objectives related to fractions. For example, it was observed that both primary school preservice 
mathematics and classroom teachers mixed up the concepts of unit fractions and simple or compound fractions, and they 
experience confusion about these concepts. Experiencing difficulties in understanding and interpreting the concept of fractions 
(Aksu, 1997; Booker, 1998; Davis, 2003; Hart, 1987; Hasemann, 1981) may cause some mistakes during the problem posing process 
related to lack of content knowledge. Although both preservice teacher groups were observed to make mistakes in the problem 
posing process related to limited content knowledge, it was determined that primary school preservice classroom teachers made 
more mistakes and had difficulties due to shortcomings in content knowledge and conceptual understanding compared to primary 
school preservice mathematics teachers. Low level of content knowledge on fractions and shortcomings regarding presentations 
and model representations (Aksu & Konyalığolu, 2015) can lay the groundwork for such a situation for primary school preservice 
classroom teachers. 

On the other hand, it was observed that the preservice teachers were limited in demonstrating their problem posing skills, 
included unnecessary or incomplete information, made operational or logical errors, and, at times, could not prose complete 
problem sentences. For example, one preservice teacher posed, “Ayşe bought 5 wafers, each of which is 2 TL, for 10 TL. How many 
waffles has she got?” When the problem was examined, it was seen that the requested answer was given plainly and clearly in 
the problem, and this answer can be found easily with no effort whatsoever. It is thought that it is important for the preservice 
teachers to create more meaningful problems suitable for their purpose in this process, so that the learning process can be more 
effective. 

The presentation of many mathematics subjects such as fractions and operations with fractions by enriching them with 
different activities in primary school mathematics and classroom teaching undergraduate programs can be seen as a solution to 
the problems that will be encountered in the teaching of the subject of fractions, which is present in the curriculum from the first 
grade of primary school. It is thought that presenting the most basic information about fractions to the preservice teachers will 
be effective in limiting the conceptual misconceptions specific to the field of mathematics that the candidates will experience in 
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the future. It should be ensured that the courses such as Basic Mathematics and Mathematics Teaching are provided more 
efficiently throughout undergraduate education in order to maximize the future performance of the preservice teachers in 
teaching hard-to-learn subjects such as fractions and prevent them from making mistakes in the process of posing problems. As a 
matter of fact, taking the subject matter courses in the undergraduate program will increase preservice teachers’ perceptions of 
teacher efficacy and their personal competencies in the teaching process (Çaycı, 2011). Thus, the importance of matching the 
knowledge, skills and concepts gained in these courses with the theoretical knowledge obtained in the Measurement and 
Evaluation course will be apparent. In addition, using process-based teaching approaches that involve the student in the process 
and ensure active participation instead of traditional methods and transferring mathematical knowledge and skills to daily life will 
allow more meaningful learning to occur (Çil, Kuzu, & Şimşek, 2019). For this reason, real life problems can be used in teaching 
fractions and real-life lesson plans, visual teaching materials and in-class/extra-class activities can be prepared to make the subject 
more understandable and easier to learn. On the other hand, with the integration of technology with digital games and/or stories 
and integrating it into the education process, a more permanent and effective learning environment will be created (Kuzu & Sıvacı, 
2018), more effective and comfortable learning will be provided (Özüdoğru, 2021). Considering this stitation, the use of teaching 
materials with digital content can be included while preparing the programs and achievements. 
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Appendix 1. Learning objective classification and problem posing test for fractions 

 

 


