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This study was conducted to determine how the in-service training 

program for science teachers affects teachers' competencies in preparing 

items measuring higher order learning levels. The study was conducted 

with the exploratory special case design, which is one of the special case 

study models. The study group consisted of 8 science teachers who 

participated in the training program implemented within the scope of the 

study. The training program is an 8-week question preparation training 

that measures higher-order thinking skills. The training was carried out 

theoretically and practically by science education, assessment and 

evaluation and curriculum experts. During the study, the teachers 

prepared items to measure higher order thinking skills related to the Earth 

and Universe learning area in the science curriculum for six months. A 

21-item checklist developed by the researcher was used as a data 

collection tool in the study. The data obtained in the scope of the program 

were analyzed descriptively. The analyses were reported as frequency 

and percentage, and the results were visualised with graphs. At the end of 

the program, it was determined that 43% of the items prepared by the 

teachers measured higher-order thinking skills. This finding suggests that 

the training program positively affected the teachers' competence in 

writing items that measure higher-order thinking skills. At the end of the 

study, a fair number of suggestions were made, the most important being 

the widespread implementation of the training program. 
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Introduction 

To adapt to rapidly changing and developing science and technology, individuals need 

to enhance their thinking skills. The main task of education should be to cultivate individuals 

with HOTS by teaching ways of accessing knowledge rather than merely imparting 

knowledge. This approach enables the development of strategies to more effectively address 

the existing problems of humanity (Chaffee, 1994). In developing higher-order thinking skills 

(From here on, it will be expressed as HOTS.), it is important to transfer information learned 

in the classroom to daily life (Brookhart, 2010). To develop transfer skills, complete learning 

must be achieved. When complete learning is realized, the information transferred to daily life 
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can be used to solve individual and social problems. This leads to the development of 

problem-solving skills, an important component of HOTS. Similarly, individuals who develop 

problem-solving skills also enhance their creative thinking skills (Yenilmez & Yolcu, 2007). 

The development of creative thinking enables individuals to create value-added products for 

their country. 

The philosophy of science education has shifted from rote learning to the acquisition of real-

life skills. In its report published in 2007, the US National Research Council (NRC) 

emphasized that science-literate individuals not only understand natural events but also use 

them to create new evidence (NRC, 2007). The Organisation for Economic Cooperation and 

Development (OECD) carries out multifaceted studies to develop and measure students' 

HOTS in higher education (Güneş, 2012). The current curricula in Turkey place more 

emphasis on the development and measurement of HOTS than previous curricula (MoNE, 

2018). Despite this increased emphasis, the results of PISA (Program for International Student 

Assessment) show that Türkiye is not yet at the desired level in these skills (Yüksel, 2022). 

Therefore, Turkey needs to make more progress in developing students' HOTS. 

HOTS involves collecting the necessary data on a particular subject, evaluating the data, and 

reaching a judgment based on this evaluation (Ritchhart & Perkins, 2005). The first 

comprehensive study on this subject was conducted by Costa (2001). Costa's study identified 

four key HOTS: problem-solving, creative thinking, decision-making, and critical thinking 

(Costa, 2001). Additionally, Swartz and Parks (1994) included analytical thinking skills as 

part of HOTS. Overall, HOTS generally include five types: problem-solving, creative 

thinking, decision-making, critical thinking, and analytical thinking. Teachers, who are 

among the most important components of education, have responsibilities in developing 

students' HOTS. 

Teachers can develop HOTS through in-class discussions, activities or tasks that solve real-

life problems, and items that require HOTS (Miri, David & Uri, 2007; Antonio & Prudente, 

2024). However, study shows that the items asked by teachers in both central exams and 

classroom practices in Turkey mostly measure lower-order thinking skills (Akpınar & Ergin, 

2006; Arı & İnci, 2015; Ayvacı & Türkdoğan, 2009; Cansüngü Koray & Yaman, 2002; 

Dindar & Demir, 2006; İnceçam, Demir & Demir, 2006; Keskin & Aydın, 2011; Koray, 

Altunçekiç & Yaman, 2005; Mutlu, Uşak & Aydoğdu, 2003; Özcan & Akcan, 2010; Yıldız, 

2015, Wilson & Narasuman, 2020). Similarly, international studies indicate that most items 

prepared by teachers are insufficient in measuring HOTS (Abdullah et al., 2016; Abosalem, 

2016; Boyd, 2008; Driana & Ernawati, 2019; Ernst-Slavit & Pratt, 2017; Marso & Pigge, 

1988; Mitana, Muwagga & Ssempala, 2018). 

It is argued that using items that encourage students to think and item in both central exams 

and in-class assessment and evaluation practices will improve their HOTS (Karabulut, 2017). 

However, HOTS are complex both conceptually and practically. Due to their nature, teachers 

are concerned about teaching and measuring these skills (Lewis & Smith, 1993; Güleryüz & 

Erdoğan, 2018). This study aims to examine science teachers' competencies in writing items 

that measure HOTS in detail. The study is expected to contribute to the literature on teachers' 

competencies in writing such items. 

Abdullah et al. (2016) conducted a study with 196 mathematics teachers and found that their 

knowledge and practice levels of HOTS were inadequate. The training program applied to 

teachers positively changed their knowledge and practice levels. Villarroel, Bruna, Brown, 



Participatory Educational Research (PER), 11(6); 189-215, 1 November 2024 

Participatory Educational Research (PER) 

 
-191- 

and Bustos (2021) provided authentic assessment training to five teachers and examined the 

effect on the structure of the items prepared by the teachers. They found that the items 

prepared by the teachers were 1) more open-ended with higher cognitive complexity, 2) more 

closed and required less memorization, 3) used realistic contexts to measure knowledge in an 

embedded way, and 4) were more consistent with other items in the tests, which improved the 

curriculum alignment of the items. Yip (2004) studied the competence of 14 biology teachers 

who participated in a two-year in-service training program to measure HOTS. Yip found that 

the items asked by the teachers at the end of the program mostly measured HOTS. Yurdakul, 

Başokçu, and Yazıcılar (2020) organized a professional development program for 100 

secondary school mathematics teachers to prepare items measuring HOTS. They determined 

that there was a satisfactory increase in teachers' competence in writing items measuring 

HOTS compared to before the program. 

As explained above, there are a limited number of studies in both international literature and 

in-service training programs that examine the effect of in-service training programs on 

teachers' competencies in preparing items that measure HOTS. In the national literature, there 

is no model proposed to improve teachers' competence in preparing items that measure 

HOTS. This study aims to test and finalize a training model on this subject, which is not 

found in the national literature. 

In this study, an answer to the item "At the end of the in-service training program for science 

teachers, how are the teachers' competencies in preparing items that measure high-level 

learning levels?" was sought. The sub-problems related to this main problem are presented 

below: 

(1) At the end of the applied training program, how is the competence of science teachers 

to prepare items that measure higher-order learning levels at the 5th, 6th-,7th and 

6thgrade level? 

(2) At the end of the implemented training program, how is the competence of science 

teachers to prepare items that measure higher-order learning levels at all grade levels? 

Method 

Research Design 

The study was conducted by the special case study model. Special case studies involve 

in-depth examination of the subject being studied (Punch, 2013). Special case studies are of 

three types: explanatory, exploratory, and descriptive case studies (Yin, 2003). The case study 

applied in the scope of this study is an exploratory case study. Exploratory case studies are 

typically applied to determine the effectiveness of an implemented program (Davey, 2009). 

To determine the effectiveness of the training program implemented within this study, item 

preparation and development studies were carried out with 8 science teachers participating in 

the program. Through a checklist developed by the researcher, the items developed by the 

teachers were evaluated against 21 different criteria. This allowed teachers to examine their 

strengths and weaknesses in writing items that measure HOTS in depth by the end of the 

training program. 

To ensure internal validity, detailed reports on how the results were reached were provided. 

For external validity, the conclusions reached at the end of the special case study were also 

reported in detail. Detailed process reporting in case studies ensures internal validity, while 
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generalizing results to the theory or model instead of the universe ensures external validity 

(Gillham, 2000). To ensure reliability, the rater reliability of the checklist used as a data 

collection tool was confirmed. Checklist reliability is ensured through rater reliability (Landis 

& Koch, 1977). For this study, three raters, including the researcher, coded the checklist 

consisting of the data obtained. The flow chart of the research is presented in Figure 1. 
 

 

Figure 1. Flowchart of the research process 

Sample 

This study is the second phase of the first author's doctoral dissertation study. In the 

first phase, the effect of the training program on 25 teachers' self-efficacy in preparing 

questions measuring higher order thinking skills was determined. In this phase, which is the 

second phase, teachers' self-efficacy was divided into four segments according to the score 

value. In the study, by the maximum diversity technique, two teachers from each of the four 

different segments, whose self-efficacy scores ranged from low to high based on the scale 

scores applied in the previous stage of the study, were included in the sample. The maximum 

diversity technique ensures that the sample consists of individuals with similar, varying, or 

different features related to the problem (Baltacı, 2018). The study group consisted of a total 

of 8 teachers selected on the basis of volunteerism. 

EDUCATION

The training programme was 

implemented.

QUESTION PREPARATION

Teachers worked on preparing 

questions for two months.

DATA COLLECTION

Data were collected simultaneously with 

the question preparation study.

ANALYSIS
The data collected at the end of 

the question preparation study 

were analysed.

REPORTING

After analysing the data, 

the research was reported.
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Education Program 

The training program was developed by the researcher by the Taba Program Development 

Model. The stages of the program creation are presented in Figure 2. 

 

 
Figure 2. Training program development process for measuring HOTS 

In the scope of the study, a needs analysis was conducted, and the objectives of the training 

program were determined based on the data obtained. In line with the determined objectives, 

five acquisitions were prepared. These outcomes are as follows: 

(1) Explains the basic concepts and principles of measurement and evaluation in 

education. 

(2) Explains high-level thinking skills. 

(3) Prepares items appropriate to the outcomes in the Science Curriculum. 

(4) Prepares items that measure HOTS. 

(5) Prepares a measurement tool for HOTS, including the basic stages of the test planning 

process. 

The main topics were determined to achieve these outcomes. The main topics included "Basic 

Concepts and Principles of Measurement and Evaluation in Education," "HOTS," "Item 

Development," " Item Development Measuring HOTS," and "Basic Stages of the Test 

Planning Process." Subsequently, main headings were listed, and subheadings were created. 

The main topics and subtopics are presented in Table 1. 
 
 
 
 
 
 

Needs were identified through the 

scale and interview data applied 

to teachers and literature review.

Identification 

of Needs
Within the scope of the training 

programme, the achievements 

aimed to be gained by the teachers 

were determined.

The subject areas that corres-

pond to the outcomes of the 

learning programme have been 

identified.

The determined topics were 

ranked and sub-topics were 

determined.

Learning experiences appropriate to 

the subject and sub-subjects wer e 

determined and the training 

programme was carried out by 

applying learning experiences.

At the end of the training programme, the 

teachers were interviewed and the scale was 

applied again. The pretest-posttest difference 

was analysed with the data obtained from the 

interview and the scale. In addition, the 

effectiveness of the programme was evalua-

ted by having the teachers write questions.
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Table 1. Main and sub-topics of the training program 
Main Topics Subtopics  

HOTS 

Critical Thinking. 

Analytical Thinking.  
Creative Thinking. 

Problem Solving.  

Decision Making.  
Taxonomies 

HOTS according to taxonomies  

Substance Development 

Gain Analysis 

Skill Analysis 
Identifying real life skills to be measured.  

Preparing the specification table. 

Open-ended items and issues to be considered in writing.  
Open-ended item writing.  

Holistic and Analytical Rubrics  

Analysing and Criticising Sample Open-ended Items. 
Points to be Considered During the Examination of Open-Ended 

Items  

How to Score with Rubric Rules to be Considered by Lower and 
Upper Scorers 

What is a multiple-choice item? 

Multiple choice items and issues to be considered in writing.  

Item Development Measuring HOTS 

 

Points to be considered during article writing 

Relationship between acquisition and skill concepts and skill 
selection studies 

Determining the level of items according to Bloom's taxonomy. 

Analysing, evaluating, writing item by the steps of creation. 
Multiple-choice item writing studies suitable for acquisition and 

skill. 

Writing open-ended items appropriate to the attainment and skill  
Holistic and Analytical Rubric writing studies  

Examination of the written items by measurement and evaluation 

experts, field experts and language experts. 
Proofreading 

Selection and Placement of Items in the Trial Form. 

Key Stages of the Test Plan Process 
 

Designing a Test Plan 

Purpose of the Test Contents of the Test 

Designing a Test Plan 

Training on the topics created was implemented through distance education due to the Covid-

19 global pandemic. In the first week of the training, training was given on basic concepts in 

measurement and evaluation, in the second week on higher order thinking skills. In the third 

week, training was given on the achievements and skills in the science curriculum, and in the 

fourth week, training was given on preparing open-ended questions that measure higher-order 

thinking skills. In the fifth week of the training, training was given on multiple-choice 

question preparation, and in the sixth week, training was given on multiple-choice question 

preparation measuring higher-order thinking skills. Test development training was given in 

the seventh week. In the eighth week, with the participation of measurement and evaluation 

experts, language experts and science education experts, the questions prepared by the 

teachers were evaluated and feedback was given to the teachers about the questions. The 

trainings were given by faculty members working in the fields of science education, 

measurement and evaluation, and instructional programs. A language expert also took part in 

the trainings. Each field expert provided training in two stages. The first stage was theoretical, 

and the second stage was practical. During the practical sessions, items were prepared by the 

theoretical training given in the first stage. Each item was evaluated by the field expert, and 

feedback was provided to the teachers. The training program lasted two months.  

At the end of the training program, the scale was applied again, and interviews were 

conducted. Additionally, the quality of the items prepared by teachers over six months was 

evaluated using the checklist developed by the researcher. The evaluation results were 

presented to the teachers as feedback. In this way, the effectiveness of the program was tested. 
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Data Collection Tool 

Item evaluation checklist measuring HOTS 

During the study process, science teachers prepared items to measure HOTS. These 

items were based on the 5th, 6th, 7th, and 8th grade acquisitions of the Earth and Universe 

learning area. This part of the study focused on the Earth and Universe learning area because 

it is taught at all grade levels in schools. The learning domain of Earth and Universe includes 

7 objectives at the 5th grade level, 5 objectives at the 6th grade level, 10 objectives at the 7th 

grade level, and 3 objectives at the 8th grade level, totaling 25 objectives. Each teacher 

prepared one item per objective, resulting in a total of 25 items per teacher. In total, the 8 

participating teachers prepared 200 items over the course of two months. 

To facilitate this process, an online class was created in which teachers and the researcher 

participated. Teachers were tasked with writing items through this online platform. The 

researcher evaluated the items using a checklist and provided feedback to the teachers during 

online meetings. 

A checklist was developed by the researcher to evaluate the prepared items. Checklists are 

known as lists of performance criteria (Russel & Airaisan, 2012). Their main purpose is to 

determine whether the students can perform specified tasks, with scoring done in a binary 

manner such as present-absent or observed-not observed. The initial version of the checklist 

contained 27 items and was reviewed by 3 field experts, 1 curriculum development expert, 

and 2 measurement and evaluation experts. Based on their feedback, the checklist was refined 

to its final form, which consists of 21 items across four sections. The checklist consists of 

four sections and 21 items. These are the skills required to measure “the general 

characteristics, analysis, evaluation and creation steps that questions measuring higher order 

thinking skills should carry”. The general characteristics included in the list are bias, 

appropriateness of the words to the level of the student, appropriateness to the spelling rules, 

necessity and compatibility of the visuals for the question, clarity and comprehensibility of 

the question, scientific accuracy, avoiding unnecessary information, avoiding unnecessary 

information, the expressions used do not give clues to the correct answer, containing context, 

the context should include a real life situation and supported by visuals. These features 

include the standards that should be followed in the preparation of multiple-choice questions 

put forward by Downing (2005). Standards were set so that the questions in the analyzing step 

include the skills of comparison, classification, establishing part-whole relationships, and 

establishing cause and effect relationships. Criteria were established to include the skills of 

explaining the causes of events, prediction, generalization and decision-making skills of the 

questions at the evaluation level. Criteria were created to measure the problem solving skills 

of the questions at the creation level. In the creation of these criteria, the standards set by 

Anderson, Krathwohl, Airasian, Cruikshank, Mayer, Pintrich, Raths, and Wittrock (2018) 

were taken into consideration. The sections of the checklist are presented in Table 2. 
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Table 2. Sections and items of the checklist 

 

In the creation of these criteria, the standards determined by Anderson et all. (2018:39) were 

taken into consideration. The list was scaled as "Observed" and "Not Observed" according to 

whether the item exhibited the desired feature. 

Analysing the Data 

 

The checklist developed by the researcher, consisting of 21 items, was used to 

determine whether the items prepared by the participant teachers met the sub-skills requiring 

HOTS. When coding the checklist, "Observed" responses were coded as "1" and "Not 

Observed" responses were coded as "0". In the table titles where the results of the analyses are 

presented, N refers to the total number of items, frequency refers to the number of items that 

meet the relevant item in the total number of items, and percentage (%) refers to the 

percentage ratio of the frequency in N. 

Before coding, five items about the Earth and Universe learning domain prepared by 

randomly selected teachers were coded by three experts, including the researcher, and rater 

reliability was calculated. One of the raters, other than the researcher, is a science education 

field expert, and the other is a measurement and evaluation field expert. The raters were 

informed about the checklist beforehand, and instructions were prepared and presented for 

their use during coding. Fleiss' Kappa Coefficient of Agreement was calculated for 105 items 

coded by each of the three raters. Fleiss' Kappa Coefficient provides information about 

scoring reliability by statistically calculating the coefficient of agreement between raters when 

there are more than two raters (Fleiss, 1971). Fleiss' Kappa Coefficient takes values between -

1.00 and +1.00. The coefficient is interpreted as follows: "a coefficient less than 0.00 

indicates poor agreement due to chance, 0.00-0.20 indicates insignificant agreement, 0.21-

0.40 indicates poor agreement, 0.41-0.60 indicates moderate agreement, 0.61-0.80 indicates 

substantial agreement, and 0.81-1.00 indicates almost perfect agreement" (Landis and Koch, 

1977). The calculation was made with the open-source and free R software. As a result of the 

calculation, Fleiss' Kappa Coefficient was calculated as 0.52. This value shows that the 

scoring reliability is generally moderate. After ensuring scoring reliability, the actual scoring 

process began. During the scoring process, each item prepared by the teachers was coded 

according to the 21 criteria in the checklist. The scores of "1" and "0" as a result of coding 

Category Assessment Criteria 

General Features 

Bias 

Conformity of the words to the level of the student Conformity to 
the spelling rules 

Necessity and harmony of the visuals for the item 

Clarity and comprehensibility of the item Scientific accuracy 
Avoiding unnecessary information 

Avoiding unnecessary information, the expressions used do not give 

clues to the correct answer 
Containing context, the context should include a real-life situation 

and be supported by visuals. 

Analysing 

Comparison skill 
Classification skill 

Sorting skill 

Establishing part-whole relationship skill 
Establishing cause and effect relationship skill 

Evaluation 

Explaining the causes of events Skill 

Prediction skill 

Generalisation skill 

Decision-making skill 

Created Problem solving skill 
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62%

38% Question Measuring Lower Order

Thinking Skills

Question Measuring Higher Order

Thinking Skills

were transferred to the Microsoft Excel program. Descriptive analyses of the items prepared 

by the teachers were made first according to the grade levels and then according to the total 

number of items. The analyses were reported as frequency and percentage, and the results of 

the analyses were visualized with graphs. 

Results 

Findings related to the first sub-problem 

According to the science curriculum, there are seven acquisitions at the 5th grade level. 

These acquisitions are as follows: 

Table 3. Acquisition s at the 5th grade level 
Acquisition Code Acquisition Code 

F.5.1.1.1. Explains the properties of the Sun. 

F.5.1.1.2. Prepares a model comparing the size of the Sun with the size of the Earth. 

F.5.1.2.1. Explains the properties of the Moon. 

F.5.1.2.2. Discusses the idea that living things can live on the Moon. 
F.5.1.3.1. Explains the rotation and orbital movements of the Moon. 

F.5.1.3.2. Explains the relationship between the phases of the Moon and its orbit around the Earth. 

F.5.1.4.1. Prepares a model representing the movements of the Sun, Earth, and Moon relative to each other. 

Each teacher in the study group prepared a total of 7 items by the purpose of the study, with 

one item from the 5th grade acquisitions of the Earth and Universe learning area of the 

secondary school Science Curriculum. The items they prepared were analyzed using the " 

Item Evaluation Checklist Measuring HOTS." 

The percentages of the level of the items prepared by the study group teachers from the 5th 

grade acquisitions of the Earth and Universe learning domain are presented in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Distribution of items written for 5th grade acquisitions according to cognitive level 

When Figure 3. is analyzed, it is understood that 35 (62%) of the total 56 items prepared by 

the study group teachers from the 5th grade acquisitions of the Earth and Universe learning 

domain consisted of items measuring lower-level thinking skills, and 21 (38%) of them 

consisted of items measuring HOTS.  

An example of a item measuring HOTS prepared by teachers at the fifth-grade level is 
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presented in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Example of a 5th grade item that measures HOTS 

An example of a item measuring lower-order thinking skills prepared by teachers at the fifth-

grade level is presented in Figure 5. 

 

 

 

 

 

 

 

 

 

Figure 5. Example of a 5th grade item that measures lower order thinking skills 

According to the science curriculum, there are five acquisitions at the 6th grade level. These 

acquisitions are as follows: 

Table 4. Acquisition s at the 6th grade level 
Acquisition Code Acquisition Code 

F.6.1.1.1. Compares the planets in the solar system with each other. 

F.6.1.1.2. Creates a model sorting the planets in the solar system according to their proximity to the Sun. 

F.6.1.2.1. Predicts how a solar eclipse occurs. 

F.6.1.2.2. Predicts how a lunar eclipse occurs. 

F.6.1.2.3. Creates a model representing solar and lunar eclipses. 
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Thinking Skills
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By the purpose of the study, each teacher in the study group prepared one item from the 6th 

grade acquisitions of the Earth and Universe learning area of the secondary school Science 

Curriculum. Since there are 5 objectives at the 6th grade level, each teacher prepared 5 items, 

totaling 40 items. The items they prepared were analyzed using the " Item Evaluation 

Checklist Measuring HOTS." 

The percentages of the level of the items prepared by the study group teachers from the 6th 

grade acquisitions of the Earth and Universe learning domain are presented in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Distribution of items written for 6th grade acquisitions according to cognitive level 

An example of a item measuring HOTS, prepared by teachers at the sixth-grade level, is 

presented in Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Example of a 6th grade item that measures HOTS 

An example of a item measuring lower-order thinking skills, prepared by teachers at the sixth-
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55%

45%

Question Measuring Lower Order

Thinking Skills

Question Measuring Higher Order

Thinking Skills

grade level, is presented in Figure 8. 

 

 

 

 

 

 

 

 

Figure 8. Example of a 6th grade item that measures lower order thinking skills 

According to the science curriculum, there are ten acquisitions at the 7th grade level. These 

acquisitions are as follows: 

Table 5. Acquisitions at the 7th grade level 
Acquisition Code Acquisition Code 

F.7.1.1.1. Explains space technologies. 

F.7.1.1.2. Expresses the causes of space pollution and predicts the possible consequences of this pollution. 

F.7.1.1.3. Explains the relationship between technology and space exploration. 

F.7.1.1.4. Explains the structure of the telescope and what it does. 
F.7.1.1.5. Makes inferences about the importance of telescope in the development of astronomy. 

F.7.1.1.6. Prepares and presents a simple telescope model. 

F.7.1.2.1. Recognises the star formation process. 
F.7.1.2.2. Explains the concept of star. 

F.7.1.2.3. Explains the structure of galaxies. 

F.7.1.2.4. Explains the concept of universe. 

Each teacher in the study group prepared one item from the 7th grade acquisitions of the Earth 

and Universe learning domain of the secondary school Science Curriculum, by the purpose of 

the study. Since there are 10 acquisitions at the 7th grade level, each teacher prepared 10 

items, resulting in a total of 80 prepared items. The items they prepared were analyzed using 

the " Item Evaluation Checklist Measuring HOTS." 

The percentage ratios related to the level of the items prepared by the study group teachers 

from the 7th grade acquisitions of the Earth and Universe learning domain are presented in 

Figure 9. 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Distribution of the items written for the 7th grade acquisitions according to cognitive 

level 
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When Figure 9. is analyzed, 44 (55%) of the total 80 items prepared by the study group 

teachers from the 7th grade acquisitions of the Earth and Universe learning domain consisted 

of items measuring lower-level thinking skills, and 36 (45%) of them consisted of items 

measuring HOTS. 

An example of an item measuring HOTS prepared by teachers at the seventh-grade level is 

presented in Figure 10. 

 

 

 

 

 

 

 

 

 

 

Figure 10. Example of a 7th grade item that measures HOTS 

An example of a item measuring lower-order thinking skills, prepared by teachers at the 

seventh-grade level, is presented in Figure 11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Example of a 7th grade item that measures lower order thinking skills 

 

In the question above, it is clearly stated which spacecraft space probes are used to study. 

Therefore, reaching the correct answer requires thinking skills in the dimensions of analysis, 

evaluation and creating.  It is enough for students to read and understand the presented 

paragraph carefully. 

 

According to the science curriculum, there are ten acquisitions at the 8th grade level. These 

acquisitions are as follows: 
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67%

33% Question Measuring Lower Order

Thinking Skills

Question Measuring Higher Order

Thinking Skills

Table 6. Acquisition s at the 8th grade level 
Acquisition Code Acquisition Code 

F.8.1.1.1. Makes predictions about the formation of seasons.  

F.8.1.2.1. Explains the difference between climate and weather events.  

F.8.1.2.2. Says that climate science (climatology) is a branch of science and experts working in this field are called 

climatologists. 

By the purpose of the study, each teacher in the study group prepared one item from the 8th 

grade acquisitions of the World and Universe learning area of the secondary school Science 

Curriculum. Since there are three objectives at the 8th grade level, each teacher prepared 3 

items, totaling 24 items. The items they prepared were analyzed using the " Item Evaluation 

Checklist Measuring HOTS." 

The percentages of the level of the items prepared by the study group teachers from the 8th 

grade acquisitions of the World and Universe learning domain are presented in Figure 12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Distribution of the items written for the 8th grade acquisitions according to 

cognitive level 

When Figure 12. is analyzed, 16 (67%) of the total 24 items prepared by the study group 

teachers from the 8th grade acquisitions of the Earth and Universe learning domain consisted 

of items measuring lower-level thinking skills, while 8 (33%) of them consisted of items 

measuring HOTS. 

An example of a item measuring HOTS, prepared by teachers at the eighth-grade level, is 

presented in Figure 13. 
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Figure 13. Example of an 8th grade item that measures HOTS 

An example of a item measuring lower-order thinking skills, prepared by teachers at the 

eighth-grade level, is presented in Figure 14. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Example of an 8th grade item that measures lower order thinking skills 

Findings related to the second sub-problem 

By the purpose of the study, the teachers who formed the study group prepared a item 

from each acquisition of the World and Universe learning area of the secondary school 

Science Curriculum. The items they prepared were analyzed using the " Item Evaluation 

Checklist Measuring HOTS." The results of the analysis are presented in Table 7. 
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Table 7. Analysis results of the items written for all objectives 
Item 
No 

Item N Frequency Percentage (%) 

i1 The item is unbiased (gender, cultural, geographical, ethnic, etc.). 200 198 99,00 

i2 The wording is appropriate for the student's level. 200 200 100,00 

i3 The item follows Turkish spelling rules. 200 200 100,00 

i4 Any accompanying image is necessary and relevant to the item. 200 121 60,50 

i5 The item is clear, understandable, and concise. 200 194 97,00 

i6 The information presented in the item is scientifically accurate. 200 160 80,00 

i7 Unnecessary details are avoided in the item. 200 189 94,50 

i8 The item does not provide hints towards the correct answer. 200 164 82,00 

i9 The item includes context. 200 58 29,00 

i10 The context provided in the item reflects a real-life skill or problem. 200 51 25,50 

i11 The item's context is supported by a table, graph, figure, or picture. 200 41 
20,50 

 

i12 The item assesses the student's ability to compare. 200 35 17,50 

i13 The item assesses the student's ability to classify. 200 5 2,50 

i14 The item assesses the student's ability to establish a part-whole relationship. 200 4 2,00 

i15 The item assesses the student's ability to sort. 200 8 4,00 

i16 
The item assesses the student's ability to establish cause-and-effect 

relationships. 
200 44 22,00 

i17 The item assesses the student's ability to explain the causes of events. 200 22 11,00 

i18 The item assesses the student's estimation skills. 200 7 3,50 

i19 The item assesses the student's ability to generalize. 200 6 3,00 

i20 The item assesses the student's decision-making skills. 200 5 2,50 

i21 
The item assesses the student's ability to solve a real-life problem with an 

original approach. 
200 2 1,00 

 N: Total Number of Items; f: Frequency; %: Percentage 

When Table 7. is analyzed, in terms of the general characteristics that the items should have, 

all of the items prepared by the teachers meet the required criteria in the items m2 (conformity 

to student level) and m3 (conformity to spelling rules) among the evaluation criteria. The 

criterion met at the highest rate among the criteria of HOTS is m16, which is the criterion of 

cause-effect relationship, prepared at a rate of 25%. Then, m12, the criterion of comparison 

skill, was prepared at a rate of 17.5%. Following that, m17, the criterion of explaining the 

causes of events, was prepared at a rate of 11%. Other criteria prepared include m15 (sorting 

skill) at 4%, m18 (prediction skill) at 3.5%, m19 (generalization skill) at 3%, m13 

(classification skill) at 2.5%, m20 (decision-making skill) at 2.5%, and m14 (establishing 

part-whole relationship) at 2%. The criterion prepared at the lowest rate (1%) among the 

items was m21, which is the criterion of problem-solving skill. The percentages related to the 

level of the items prepared by the study group teachers from all acquisitions of the World and 

Universe learning domain are presented in Figure 15. 
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Figure 15. Distribution of items written for all objectives according to cognitive level 

When Figure 15. is analyzed, 115 (57%) of the total 200 items prepared by the study group 

teachers from all acquisitions of the Earth and Universe learning domain were items 

measuring lower-level thinking skills, while 85 (43%) were items measuring HOTS. The 

distribution of the prepared items measuring HOTS according to their cognitive level is 

presented in Figure 16. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Distribution of items measuring HOTS according to cognitive level 

When Figure 16. is analyzed, 60 (71%) of the items measuring HOTS are at the analyzing 

level, 23 (27%) are at the evaluating level, and 2 (2%) are at the creating level. Figure 17 

presents the number of items measuring HOTS according to grade levels. 
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Figure 17. Distribution of the number of items measuring HOTS according to grade level 

When Figure 17. is analyzed, the study group teachers prepared 21 items at the 5th grade level, 

28 items at the 6th grade level, 29 items at the 7th grade level, and 8 items at the 8th grade level 

to measure HOTS. However, since the total number of items prepared differed according to 

the grade levels, it was also evaluated in terms of ratios. The ratio of the prepared items 

measuring HOTS to the total items is presented in Figure 18. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18. Percentage distribution of the items measuring HOTS according to the items 

prepared at class level 

When analyzing Figure 18., it is evident that items measuring HOTS were prepared at the 

highest rate for the 6th grade level (50%), followed by the 7th grade level (45%), the 5th grade 

level (38%), and the 8th grade level (33%). 

The type of the item prepared by each teacher according to the acquisitions is presented in 

Table 8. Items measuring HOTS were coded as 1, while items measuring lower-order 

thinking skills were coded as 0. The table also includes the frequency and percentage values 

of items measuring HOTS for each outcome. Additionally, it provides the frequency and 

percentage of items measuring HOTS prepared by each teacher. 
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Table 8. Frequency and percentage value of the type of item prepared by each teacher 

according to the objectives 

Grade 
Learning  
Outcome Code 

T1 T2 T3 T4 T5 T6 T7 T8 
Lower Order Higher Order 

f % f % 

5 

F.5.1.1.1. 0 1 1 0 0 0 0 1 5 62,5 3 37,5 

F.5.1.1.2. 0 0 0 1 0 0 1 0 6 75 2 25 

F.5.1.2.1. 0 1 1 1 1 0 1 0 3 37,5 5 62,5 
F.5.1.2.2. 0 1 1 1 1 0 1 0 3 37,5 5 62,5 

F.5.1.3.1. 0 0 0 1 0 0 1 0 6 75 2 25 

F.5.1.3.2. 0 1 1 1 0 0 0 0 5 62,5 3 37,5 
F.5.1.4.1. 0 1 0 0 0 0 0 0 7 87,5 1 12,5 

6 

F.6.1.1.1. 0 1 1 0 1 0 0 0 5 62,5 3 37,5 

F.6.1.1.2. 0 1 0 0 1 0 1 0 5 62,5 3 37,5 
F.6.1.2.1. 0 1 1 1 1 0 1 0 3 37,5 5 62,5 

F.6.1.2.2. 0 1 1 1 1 0 1 0 3 37,5 5 62,5 

F.6.1.2.3. 0 1 1 1 0 0 0 1 4 50 4 50 

7 

F.7.1.1.1. 0 1 1 1 0 1 0 0 4 50 4 50 
F.7.1.1.2. 0 1 1 1 0 0 0 1 4 50 4 50 

F.7.1.1.3. 0 0 1 1 0 0 1 1 4 50 4 50 

F.7.1.1.4. 0 1 0 1 0 0 1 0 5 62,5 3 37,5 
F.7.1.1.5. 0 0 0 1 0 1 1 0 5 62,5 3 37,5 

F.7.1.1.6. 1 1 1 1 0 0 1 0 3 37,5 5 62,5 
F.7.1.2.1. 0 1 1 1 0 1 1 0 3 37,5 5 62,5 

F.7.1.2.2. 0 1 0 1 0 0 1 0 5 62,5 3 37,5 

F.7.1.2.3. 0 1 0 0 0 1 0 0 6 75 2 25 
F.7.1.2.4. 0 0 1 1 0 0 1 0 5 62,5 3 37,5 

8 

F.8.1.1.1. 0 1 1 0 1 0 1 0 4 50 4 50 

F.8.1.2.1. 0 0 0 0 1 0 0 1 6 75 2 25 

F.8.1.2.2. 0 0 0 0 0 0 1 1 6 75 2 25 

Total 

Lower Order 
f 24 7 10 8 17 21 9 19 115 57,5 85 42,5 

% 96 28 40 32 68 84 36 76     

Higher Order 
f 1 18 15 17 8 4 16 6     

% 4 72 60 68 32 16 64 24     

T: Teacher, f: Frequency, %: Percentage 

When Table 8. is analyzed, it is understood that items measuring HOTS were prepared at the 

5th grade level at the highest rate from the objectives "Explains the properties of the Moon" 

and "Discusses the ideas he/she has produced that living things can live on the Moon". 

Conversely, the acquisition "Prepares a model representing the movements of the Sun, Earth, 

and Moon relative to each other" had the lowest rate of items measuring HOTS. At the 6th 

grade level, items measuring HOTS were prepared most frequently for the objectives 

"Predicts how a solar eclipse occurs" and "Predicts how a lunar eclipse occurs," while the 

objectives "Compares the planets in the solar system with each other" and "Creates a model 

by ordering the planets in the solar system according to their proximity to the Sun" had the 

lowest rates. For the 7th grade level, items measuring HOTS were most commonly prepared 

for the objectives "Prepares and presents a simple telescope model" and "Recognizes the star 

formation process," whereas the objective "Explains the structure of galaxies" had the lowest 

rate. At the 8th grade level, items measuring HOTS were prepared at the highest rate for the 

acquisition "Makes predictions about the formation of seasons," while the acquisitions 

"Explains the difference between climate and weather events" and "Describes climate science 

(climatology) as a branch of science and identifies experts in this field as climate scientists 

(climatologists)" had the lowest rates. 

Discussion 

 

As part of the study's purpose, a two-month item writing study was conducted with 

science teachers to assess their competence in creating items that measure HOTS. The items 
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prepared by the teachers were evaluated using a checklist designed for this purpose. 

According to the evaluation results, out of the 56 items prepared by teachers at the 5th grade 

level, 21 were identified as measuring HOTS, representing 38% of the total. Comparatively, 

existing literature reveals varying percentages of higher-order thinking items among those 

prepared by teachers. For instance, in a study examining items from science courses at the 5th 

grade level, only 1.15% of 1505 items were categorized as measuring HOTS (Dindar & 

Demir, 2006). Another study focusing on items prepared by science teachers found that 

32.1% of 1592 items assessed were at the higher-order thinking level (Ayvacı & Türkdoğan, 

2009). Similarly, a study analyzing items from 327 teachers, including secondary school 

educators, highlighted that a significant majority were knowledge-based, with few categorized 

as higher-order thinking items (Marso & Pigge, 1988). Moreover, a study involving over 

1400 items by mathematics and science teachers reported that 8% of the items were at the 

higher-order thinking level (Oescher & Kirby, 1990). In the context of national and 

international literature, the findings of this study align with existing studies. However, the 

study suggests that the rate of higher-order thinking items prepared by teachers in this study 

exceeds those reported in previous literature. This suggests that the training programs and 

associated interventions implemented as part of this study may positively influence teachers' 

competence in crafting items that measure HOTS. 

Out of a total of 40 items prepared by teachers based on 6th grade acquisitions, 20 (50%) were 

categorized as measuring lower-level thinking skills, and 20 (50%) were categorized as 

measuring HOTS. Comparatively, existing literature provides insights into the prevalence of 

higher-order thinking items among those prepared by teachers in various contexts: In a study 

analyzing exam items from 13 science teachers at the sixth-grade level using Revised Bloom's 

Taxonomy (RBT), only 6 (1.2%) out of 543 items were identified as measuring HOTS (Ataş 

& Güneş, 2020). Another study focusing on pre-service science teachers found that 102 

(29.8%) out of 342 items examined measured HOTS (Özcan & Akcan, 2010). A study 

analyzing exam items by science and technology teachers revealed that 44 (9.1%) out of 1061 

items assessed were categorized as measuring HOTS (Tanık & Saraçoğlu, 2011). Boyd 

(2008) examined items by mathematics teachers at the 8th grade level and reported that 13% 

of the items assessed measured HOTS. Abdullah et al. (2016), in a study involving 196 

mathematics teachers, found inadequacies in preparing items that measure HOTS, particularly 

in Abu Dhabi. Mitana et al. (2018), studying items for the Primary Completion Examination 

in Uganda using RBT, found that only 13.2% of the items assessed measured HOTS. When 

compared with the literature, the findings of this study suggest that teachers participating in 

this study demonstrated a higher competence in preparing items that measure HOTS. 

As a result of analysing the 7th grade level objectives, it was found that 44 (55%) of the total 

80 items prepared by the teachers consisted of items measuring lower-level thinking skills and 

36 (45%) of them consisted of items measuring higher level thinking skills. When the 

literature is examined, in the study in which the written exam items prepared by science and 

technology teachers were analyzed according to the RBT, it was determined that only 37 

(6.9%) of the 533 items prepared by the teachers were items measuring HOTS (Gökulu, 

2015). In the study in which the written exam items prepared by social studies teachers were 

analyzed according to the RBT, 60 (11.91%) of the 533 items prepared by the teachers were 

determined to be items measuring HOTS (Şanlı & Pınar, 2017). In another study examining 

the items prepared by primary school teachers, it was determined that the items were mostly 

at the level of recall and comprehension (Driana & Ernawati, 2019). According to the results 

of a study of 10 mathematics teachers' competencies in assessing HOTS, 9 out of 10 teachers 

found that they had difficulty in preparing and applying the tool to measure HOTS (Afifah & 
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Retnawati, 2019). When compared with the national and international literature, it is seen that 

the teachers in this study have higher rates of preparing items that measure HOTS. This may 

indicate that the implemented training program contributed positively to teachers' 

competencies in preparing items that measure HOTS. 

Upon analyzing the objectives at the 7th grade level, it was found that out of the total 80 items 

prepared by teachers, 44 (55%) were categorized as measuring lower-level thinking skills, 

while 36 (45%) were categorized as measuring HOTS. Comparatively, when examining 

existing literature: A study analyzing exam items by science and technology teachers using 

RBT found that only 37 (6.9%) out of 533 items assessed measured HOTS (Gökulu, 2015). In 

a study analyzing exam items by social studies teachers using RBT, 60 (11.91%) out of 533 

items were identified as measuring HOTS (Şanlı & Pınar, 2017). Another study focusing on 

primary school teachers revealed that the majority of items were at the recall and 

comprehension levels (Driana & Ernawati, 2019). A study assessing the competencies of 10 

mathematics teachers in assessing HOTS found that 9 out of 10 teachers encountered 

difficulties in preparing and implementing tools to measure HOTS (Afifah & Retnawati, 

2019). In comparison to national and international literature, the findings of this study suggest 

that teachers involved in this study demonstrated higher rates of preparing items that measure 

HOTS. This suggests that the training program implemented in this study may have positively 

contributed to teachers' competencies in preparing such items. 

Upon analyzing items prepared for objectives across all grade levels, it was found that out of 

the total 200 items, 115 (57%) were categorized as measuring lower-level thinking skills, 

while 85 (43%) were categorized as measuring HOTS. Of the items measuring HOTS, 65 

(77%) were at the analysis level, 19 (22%) at the evaluation level, and 1 (1%) at the creation 

level. The distribution of these items by grade level shows that 42% were at the 6th grade 

level, followed by 24% at the 5th grade level, 22% at the 7th grade level, and 12% at the 8th 

grade level. These findings are consistent with existing literature. Although the study 

indicates a positive improvement in teachers' competencies in preparing items measuring 

HOTS, the rate of such items in the prepared set remains limited to 43%. Similar results have 

been reported in studies by Kartal & İlgün Dibek (2021), Villarroel et al. (2021), and 

Yurdakul et al. (2020), which also show that training programs have improved teachers' 

competencies, yet a significant proportion of items still do not measure HOTS. Contrasting 

findings can also be found in the literature. For example, Ernst-Slavit and Pratt (2017) found 

that a majority (72%) of items posed by science teachers in a primary school 4th grade 

science course were aimed at measuring HOTS in the context of the rocks and minerals unit. 

Both national and international literature consistently shows that teachers predominantly craft 

items assessing lower-level thinking skills. Our findings also reflect this trend, indicating that 

a majority of items prepared by teachers measure lower-level thinking skills. Several factors 

contribute to this: central exams primarily emphasize lower-order thinking skills (Arı & İnci, 

2015; Keskin & Aydın, 2011), curriculum goals and assessments predominantly focus on 

lower-order thinking skills (Cangüven et al., 2017; Güven, 2014; Zorluoğlu et al., 2016; 

Zorluoğlu et al., 2017), concerns about student comprehension difficulties (Güleryüz & 

Erdoğan, 2018), and textbooks that do not adequately support HOTS (Biber & Tuna, 2017). 

Another significant factor is teachers' insufficient knowledge and experience in crafting items 

that measure HOTS. 

This study aimed to enhance teachers' competencies in writing items that measure HOTS 

through a training program designed to increase their knowledge and skills. The findings 
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indicate the success of the training program in achieving this objective. Although a majority 

of the items prepared by participating teachers assessed lower-level thinking skills, the rate of 

items measuring HOTS is notably higher compared to findings in both national and 

international literature. Studies referenced in this study report a combined average of 11.12% 

for higher-order thinking items in the literature (Ataş & Güneş, 2020; Ayvacı & Türkdoğan, 

2009; Dindar & Demir, 2006; Gökulu, 2015; Güleryüz & Erdoğan, 2018; Özcan & Akcan, 

2010; Şanlı & Pınar, 2017; Tanık & Saraçoğlu, 2011), while within our study, 43% of all 

items prepared by teachers measured HOTS. This suggests that the training program had a 

positive impact on teachers' ability to write items that measure HOTS. Furthermore, the 

success of our training program is supported by findings in both national and international 

literature (Abdullah et al., 2016; Ar, 2019; Çepni & Şenel Çoruhlu, 2010; Kartal & İlgün 

Dibek, 2021; Şenel Çoruhlu et al., 2008; Villarroel et al., 2021; Yip, 2004; Yurdakul et al., 

2020). As evidenced by the literature, the training program focused on HOTS implemented by 

our researchers has been deemed successful. 

When the types of items prepared according to the objectives are evaluated, it is understood 

that the items measuring lower-level thinking skills belong to the objectives that require 

psychomotor skills such as modelling. Some of the objectives of the items measuring lower-

level thinking skills correspond to lower level thinking skills such as recall and 

comprehension. Some of the items measuring HOTS are those that require HOTS such as 

prediction and inference. This situation shows that the cognitive level of the outcome 

accompanies the prepared item. On the other hand, the results obtained from the study show 

that the teacher's item preparation experience is effective in preparing items that measure 

HOTS. Similar situation is also supported by the literature (Kurnaz Adıbatmaz ve Kutlu, 

2020:117; Üstüner ve Şengül, 2004). When all the results of the study are evaluated, it is 

revealed that the curriculum outcomes and the teacher's item writing experience affect the 

competence of preparing items that measure HOTS, and that the applied training program 

applied in the scope of the study will significantly improve the competence of teachers to 

prepare items that measure HOTS. 

Recommendations 

• The training program implemented within this study could be widely adopted to 

enhance teachers' proficiency in preparing items that measure HOTS. 

• Including practices targeting lower skills in in-service programs can help improve 

teachers' proficiency in preparing items that measure HOTS. 

• Encouraging the use of open-ended items, particularly beyond multiple-choice items, 

in teachers' exams can effectively enhance the measurement of HOTS. 

• Organizing comprehensive item writing workshops focused on HOTS, guided by 

central and local experts, could significantly enhance teachers' experience in item 

preparation. 

• Providing training and guidance for teachers to develop items at the evaluation and 

creation levels can enhance their competence in preparing items at these higher levels. 

• Conducting study based on long-term practices is crucial due to the significant role of 

teacher experience in item writing. 

• In the scope of this study, teachers were not guided on sub-skills for item preparation, 

leading to some sub-skills being overlooked. Planning to address these sub-skills 

could improve teachers' competencies in preparing items across all sub-skills. 
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