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ABSTRACT

The aim of this study is to investigate creative thinking and critical thinking skills through the tasks contained in 5, 6t, 7t
and 8"-grade science textbooks in the 2020-2021 academic year in Turkey. The research utilized document analysis as a
qualitative method, and data were collected through the descriptive analysis method. In this study, themes related to creative
and critical thinking skills were utilized from the '21st Century Learning and Innovation Skills Themes' developed by the
researchers as the data collection tool to assess textbooks. The themes were generated based on a review of literature and
verified by experts. The status of both skills in the textbooks was presented in tables for years and tasks; Science Engineering
Applications and Activities. Although the number of Science Engineering Applications is lower than Activities, they are more
promising for these skills. The low frequency of themes emphasizing problems in both skills indicates a lack of challenging
situations. The reason for the low frequency of themes in activities is that they primarily take the form of demonstration
activities where students are passive through auditory and visual means. As the years progress, both the number of tasks and

the intensity of themes with which these tasks incorporate increases.
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ORTAOKUL FEN BILIMLERI DERS KiTAPLARININ YARATICI DUSUNME VE
ELESTIREL DUSUNME BECERILERI ACISINDAN INCELENMESI

OZET

Bu arastirmanin amacit 2020-2021 egitim-6gretim yilinda basilmis olan 5., 6., 7. ve 8. sinif Fen Bilimleri ders kitaplarinda yer
alan faaliyetlerin yaratici diisiinme ve elestirel diigiinme becerileri agisindan incelenmesidir. Nitel yontemlerden dokiiman
incelemesi yapilan arastirmada toplanan veriler betimsel analiz yontemiyle incelenmistir. Calismada veri toplama araci olarak
ders kitaplarida becerilerin diizeyini belirlemek i¢in arastirmacilar tarafindan gelistirilen “21. Yiizy1l Ogrenme ve Yenilikgilik
Beceri Temalari”ndan yaratici ve elestirel diisiinme becerilerine yonelik temalar kullanilmigtir. Becerilerinin kitaplarda yer
alma durumlart frekanslar bazinda tablolarda sunulmus, initelerdeki ve faaliyetlerdeki dagilimlari incelenmistir. Fen
Miihendislik Uygulamalarinin (FMU) sayilarmi Etkinliklerden az olmasina ragmen bu becerileri daha ¢ok igerdigi
goriilmigtiir. Her iki beceride de problemlere vurgu yapan temalarin diigiik olmasi, dgrenciler i¢in zorlayici durumlarin
eksikligini gostermektedir. Etkinliklerde yer alan temalarin diisiik olmasinin nedeni, bu etkinliklerin genellikle &grencilerin
sadece isitsel ve gorsel yollarla pasif olarak katildiklar1 gosteri etkinlikleri seklinde olmalaridir. Yillar ilerledikge, hem

faaliyetlerin sayis1 hem de bu icerdikleri temalarm yogunlugunun arttig1 goriilmektedir.

Anahtar Kelimeler: Fen Bilimleri ders kitabi, ortaokul, yaratici diisiinme becerisi, kritik diisiinme becerisi.

1. INTRODUCTION

In today's information society, the skills of comprehending, memorizing, and utilizing
information could be more satisfactory in meeting the future needs of individuals to sustain their lives.
In this era, where individuals need to be active, open to innovation, and competitive, they must possess
higher-order thinking skills such as inquiry, exploration, criticism, analysis, synthesis, evaluation, and
design. It is now significant to develop these crucial skills while acquiring knowledge (Y1lmaz, 2016).
Nowadays, skills in using knowledge are considered more important than acquiring it. According to
Temizkan (2014), skills are abilities that individuals can generally acquire through formal education and
utilize throughout their lives.

Among the skills individuals need to possess are those referred to as "21st Century Learning
Skills" are gaining importance in the education. 21st-century skills are a set of abilities developed based
on the lifelong learning approach, encompassing the skills individuals need or will need not only in their
school life but also in their personal and professional lives to succeed (Partnership for 21st Century
Skills, 2019). These skills were listed as critical thinking, creativity, problem solving, collaboration, and
communication skills. Among these skills, creative and critical thinking skills are regarded as the
primary cognitive abilities for the current century (OECD, 2009). Indeed, the consideration of creativity
and critical thinking as fundamental educational objectives has gained prominence in various countries,
including both developed and developing nations, with a particular emphasis on advanced societies
(Shaheen, 2010; Taylor et al., 2022).
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Creativity is a process aimed at generating original ideas and solutions by utilizing relationships
between existing concepts (Torrence, 1984). Yalcin (2018) has defined it as working to create an
interesting situation using unusual or unconventional circumstances. It has been characterized as a
lifelong skill directly associated with the capacity to express oneself, use intelligence, and employ
imagination (Craft, 2003). According to his hierarchy of needs, Maslow (1943) stated creativity as a
process experienced by individuals who have fulfilled their basic needs, especially during the self-
actualization phase. Creative thinking is innate and present in every individual, and it can be developed
through educational environments (Yesilyurt, 2021). Critical thinking, on the other hand, is not an innate
characteristic; it can be acquired and developed through various means (Nosich, 2012). Critical thinking
is a cognitive process that involves synthesis and evaluation, enabling easy access to information and
the resolution of encountered difficulties (Moore, 2001). Merely acquiring knowledge is insufficient;
individuals must possess the ability to evaluate it based on its clarity, precision, accuracy, relevance,
depth, breadth, logical consistency, and significance, which are named critical thinking standards
(Nosich, 2012; Paul & Elder, 2006). These standards involve a range of skills that include analyzing
facts, structuring thoughts, making comparisons and arguments, and drawing conclusions (Ozdemir,
2005). Hence, it is a complex cognitive process that involves both inductive and deductive reasoning,
as well as creative elements, all working together across various stages of the problem-solving process
(Linn, 2000; Philley, 2005).

In recent years, there has been a revision in educational programs and curriculums in many
countries towards emphasizing 21st-century skills, aiming to cultivate individuals equipped with the
knowledge and skills demanded by the contemporary era. In Turkey, one of the updated curriculums in
line with this perspective is the Science Education Curriculum. The first curriculum developed based on
a constructivist approach and focusing on processes rather than end products was the 2005 Science and
Technology Education Curriculum, aligning with a lifelong learning perspective and emphasizing
research and inquiry (Colak, 2018). During this period, the objective was to nurture individuals who are
adept at learning, tolerant of differences, approach events from a scientific perspective, and possess
advanced problem-solving, critical thinking, and decision-making skills, thus becoming literate in
science and technology (MEB, 2005). This program has undergone revisions in response to evolving
needs in 2013 and 2017. The fundamental vision of the 2013 science curriculum was to nurture scientific
literacy in students (MEB, 2013). Within the curriculum, four learning domains were established:
"Knowledge, Skills, Attitudes, and STSE (Science Technology Society Environment)." The skills
dimension encompassed life skills, including creative thinking, decision-making, analytical thinking,
communication, teamwork, and entrepreneurship. The life skills embedded in the Science 2013
curriculum align with the 21st century learning and innovation skills (Anagiin, Kilig, Atalay, & Yasar,
2015). In the 2017 curriculum revision, domain-specific skills were supplemented with engineering and
design skills, alongside life skills. The updated curriculum’s inclusion of life skills, engineering and

design skills aligns with 21%-century learning and innovation skills (MEB, 2017). The transition from
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the 2005 science curriculum to the 2017 curriculum highlighted the increasing importance of 21st-
century skills, with these skills featuring more prominently in objectives and content (Colak, 2018).

In line with the updated objectives, content, teaching-learning processes, and assessment
components of each curriculum, textbooks to be used in schools have also been revised. In recent years,
science textbooks have been developed in accordance with a constructivist approach, which is based on
inquiry strategies, and they are prepared and updated in line with the specified learning domains in the
curriculum (Kahveci, 2020). Essentially, textbooks are considered to be essential and effective materials
that facilitate the achievement of desired goals and skills in students through the curriculums. In this
regard, Karamustafaoglu et al. (2005) stated that students benefit from textbooks as a teaching tool with
a rate of 70% or more. Textbooks, which have been used at all levels of education for many years, should
also incorporate the 21%-century skills that students need to acquire in accordance with the objectives of
new curriculums (Giiltekin, 2019). Textbooks that are widely used in educational environments should
provide content and activities that adequately support 21%-century skills and should be able to guide
students in this context. However, studies in this subject emphasize that books are not sufficient for skill
development. For example, Alin Uran (2019) examined the activities in science textbooks for grades 5,
6, 7, and 8 in terms of domain-specific skills specified in the 2018 curriculum (scientific process skills,
life skills, and engineering skills) and found that the contents did not sufficiently align with the
curriculum. It was noted that the level of inclusion of activities related to life skills, which are frequently
emphasized in the curriculum, was low. Furthermore, it was stated that as the grade level increased,
there was an increase in the frequency of this skill in the activities, but this increase was not at the desired
level. Saritas (2019), on the other hand, examined the activities in 5, 6™, 71, and 8"-grade textbooks in
terms of critical thinking standards and stated that the activities in the textbooks were more aligned with
standards related to clarity and accuracy rather than other standards such as importance/relevance,
sufficiency, depth/breadth, and precision. While the curriculum aims to develop critical thinking skills,
it was expressed that the content of textbooks did not adequately reflect this goal.

Due to the 21%-century skills being essential for lifelong learning, it is crucial for students to
acquire these skills to develop effectively for their future. Middle school level represents a fundamental
stage in formal education, and educators bear the responsibility of not only facilitating academic
knowledge but also fostering the development of 21%-century skills that students will use throughout
their lives (Shin & Lee, 2008). Considering that students begin their effective science education in this
level, and that they establish essential knowledge and skills during this period, it is important to provide
effective materials during these years. Textbooks, in particular, are significant tools for imparting skills
such as creative and critical thinking in science classes.

Therefore, this research holds significance in providing insights into the extent to which middle
school science textbooks incorporate these skills that students should acquire from an early age. In this
context, this study examines middle school Science textbooks in Turkey in terms of 21%-century learning

and innovation skills, specifically focusing on the presence of creative thinking and critical thinking
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skills. The study aims to answer the question, "To what extent do Science textbooks in Turkey include
creative thinking skills and critical thinking skills, which are part of 21%-century learning and innovation

skills?

2. METHOD
2.1. Research Design

This study had a qualitative research design, and data were collected through document analysis.
It involves the examination and analysis of written materials containing information about the
phenomena under investigation (Yildirim & Simsek, 2018). The choice of document analysis method is
driven by the research's objective, which is to examine sources in the literature to identify themes
defining creativity and critical thinking skills among the 21%-century skills and to analyze the activities
present in middle school Science textbooks used in Turkey during the 2020-2021 academic year in terms
of these skills. To achieve this objective, the study is carried out in two stages. In the first stage, national
and international studies related to creativity and critical thinking skills was reviewed, and main topics
and subthemes containing expressions related to these skills were identified. In the second stage, Science
textbooks are examined using a checklist developed based on the identified themes, and the findings
were interpreted. This study presents a portion of a more comprehensive research that encompasses all
learning and innovation skills.
2.2 Development Process of Creativity and Critical Thinking Skills Themes and Checklist

To determine the presence of 21%-century learning and innovation skills in Science textbooks,
the researcher developed the "Themes of 21%-Century Learning and Innovation Skills (21st-CLIS)"
containing items and themes that describe each skill. The draft items defining the skills were created
based on the theoretical framework in the relevant literature, national and international research results,
and measurement tools (Atli, 2019; Cevik & Sentiirk, 2019; Colak, 2018; Giilen, 2013; Saban, 2002;
Karakas, 2015; Seferoglu & Akbiyik, 2006; Bolat & Balaman, 2017; Giiltekin, 2019; Temizkan, 2014;
McKay et al., 2012; Yildiz et al., 2017; Baker & Shaw, 1987; Eryilmaz & Ulusoy, 2015; Oniir, 2019;
Ozdemir, 2005; Ozgﬁn, 2019; Torrance, 1984; Guilford, 1983; Craft, 2003; Dileke¢i, 2021; Facione,
1990; Norris, 1985; Turan, 2019; Paul, 1991; Ennis, 1987; Gibson & Mitchell, 1995; Sahin, 1998;
Bayram, 2013; Bulus et al., 2017; Canary & Brain, 1987; Camliyer & Camliyer, 1997; Owen & Bugay,
2014; Kayapinar, 2017; Aktas & Yilmaz, 2017; Kaya & Tastan, 2020). Learning and innovation skills
are categorized under four subheadings: creativity, critical thinking, communication, and collaboration
skills. Table 1 presents the themes that emerged in this study focusing on creative thinking and critical
thinking skills. Themes representing each skill were derived from the theoretical definitions and research
in the field in the document analysis process. After the themes were identified, the checklist was
reviewed by two experts working in this field to assess its content validity. Themes derived from the

studies on a skill and their probable indicators in activities and educational processes were presented
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under each heading in Table 1. For example, “Developing numerous unique solutions.” and “Finding
original solutions to challenges.” are the themes emerged for creative thinking skills. Additionally,
“Transferring experiences to different situations” and “Postponing decisions when evidence and reasons
are insufficient” are the themes appeared for critical thinking skills. These themes were used as a
checklist by the researchers during the investigation of the content in the textbooks, and frequencies
were given to the findings as 1 and O based on whether the content was present for each theme.

Table 1. The themes for creative and critical thinking skills

Creative Thinking Skills Themes Critical Thinking Skills Themes:

Cl  Generating original, valuable, and useful CT1  Organizing structured, active mental
products processes

C2  Establishing cause-and-effect CT2  Eliminating contradictory contradictions

relationships among events.

C3  Developing numerous unique solutions. CT3  Consistent approach

C4  Finding original solutions to challenges. CT4  Transferring experiences to different
situations

C5 Identifying the causes of problems. CT5 Looking at events, situations, and topics
with a questioning eye

C6  Being sensitive to non-existent situations. CT6  The idea of dealing with the problem

C7  Demonstrating sensitivity ~ towards CT7  Not allowing information pollution and

problems. negative influence
C8  Recognizing strengths and weaknesses. CT8  Asking questions to oneself and testing
C9 Approaching familiar things with CT9  Making relationships between
skepticism. dimensions of thought
C10 Recognizing unsettling gaps. CT10 Postponing decisions when evidence and

reasons are insufficient
C11 Making assumptions and modifying when CT11 Making inferences
necessary.
C12 Harnessing the power of imagination. CT12 Classifying information
C13 Creating new connections among CT13 Recognizing similarities and differences
relationships.
Cl14 Employing analytical thinking while CT14 Interpreting values and attitudes
generating ideas.
C15 Examining relationships and situations CT15 Respecting individuals who do not think
from different perspectives and drawing like oneself
conclusions
CT16 Not ignoring the problem
CT17 Analytical and conscious judgments for
evaluation
CT18 Justifying and defending obtained results
CT19 Making logical predictions

2.3. Selection and Analysis Process of Textbooks

The study group of the research consists of the 5%, 6™, 7" and 8"-grade Science textbooks
developed by private publishing houses in the control of Ministry of National Education and distributed
free of charge to middle schools in the 2020-2021 academic year in Turkey. The study group was
determined using purposive sampling, which is a method used in qualitative research to explore and

explain phenomena and events. In selecting the textbooks to be examined in the document analysis, the
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aim was to focus on the Science textbooks distributed to schools by the Ministry of National Education
in the 2020-2021 academic year, and to include only one textbook from each grade level. Table 2 lists
the books and the number of tasks investigated in this study. The contents in the Science textbooks in
all grades are organized in units. In this study, only the status of tasks provided within and at the end of
each unit under the headings of 'Activities' and “Science and Engineering Applications” (SEA) was
examined, and the instructional sections were not included in the study. These sections are mostly text
based, focusing on to provide necessary content that the students need to learn passively. On the other
hand, the tasks in the textbook have a higher potential and purpose in supporting the skills covered
within the scope of the study. As seen in Table 2, In this study, a total of 147 tasks from the four
textbooks were analyzed.

Table 2. The science textbooks and number of tasks mvestigated 1n this study

Title Publisher Activity SEA
f f
5. Fen Bilimleri Ders Kitab1 SDR Dikey Yayincilik 25 3
6. Fen Bilimleri Ders Kitab1 Sevgi Yayincilik 40 8
7. Fen Bilimleri Ders Kitab1 Tutku Yayincilik 26 6
8. Fen Bilimleri Ders Kitab1 SDR Dikey Yayincilik 32 7
Total 123 24

In the study, data were analyzed using the descriptive analysis method, and they were interpreted
by the researcher according to the predetermined themes. The frequencies of themes related to creative
and critical thinking skills were determined by analyzing the indicators within the tasks. For example,
indicators suggesting the presence of Theme C1, such as terms like product design, originality, and
project mentioned within the activities or SEAs, were considered as indicators for this theme and coded
as 1. Similarly, statements such as recognizing contradictions and identifying anomalies indicated the
presence of Theme CT2. To ensure reliability, three activities were randomly selected from all textbooks
and examined by another researcher who is a Science teacher and has a master's degree in Science
Education. The interrater reliability rates obtained from the activities examined by the two coders were
found to be in the range of 80% to 100% for both skill themes in all textbooks, which is considered a
sufficient level of reliability according to Miles and Huberman (1994).

3. FINDINGS

This section presents the findings and interpretations obtained from the research. Firstly, the
numbers of activities and SEAs found in the textbooks at the class and unit levels are summarized.
Subsequently, the presence of activities and SEAs related to creative and critical thinking skills in all
units is examined. Each book consists of a total of 7 units. Table 3 presents the frequencies of activities

and SEAs in the books according to grade levels.
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3.1. The Tasks in the Textbooks; Activities and SEAS

Table 3 shows that the distributions of activities and SEAs vary by grades and units, and are
generally not homogeneous. It is noticeable that in some units, there are very few SEAs and activities.
For example, in the 5"-grade book, Unit 1, titled as 'World of Living Beings,' covers no activities and
the whole book presents only 1 SEA. When units are generally examined, it becomes evident that the
frequencies of SEAs are much lower than the frequencies of activities.
Table 3. The frequencies of activities and SEAs in the science textbooks

5" Grade Science 6" Grade Science 7" Grade Science 8™ Grade Science
Textbook Textbook Textbook Textbook
Activity SEA  Activity SEA Activity SEA Activity SEA
Unit 1 0 1
Unit 2 1
Unit 3 2
Unit 4 9
Unit 5 7
4
2
2

Unit 6
Unit 7
Total Frequency

WOOOORrRON
DUOITOR OO WO
OFRONNORN
NN NUITO RO
ORORNRER OR
Wa~NN B wWwwN
N N e e

5 0

3.2. Findings Regarding Creative Thinking Skill Themes

The high-frequency (occurring 20 times or more in at least one textbook) and low-frequency
(not occurring at least 20 times in none of the textbooks) creative thinking themes in science textbooks
are presented in Table 4. In addition, Figure 1 represents the cumulative frequency of themes in each
grade. It is observed that the most prominent skill themes in activities and SEAs are 'establishing cause-
effect relationships among events (C2)," 'creating new connections among relationships (C13),'
‘harnessing the power of imagination (C12)," and ‘examining relationships and situations from different
perspectives and drawing conclusions (C15)." Upon closer examination of these themes, it becomes
evident that they are interconnected. A student attempting to establish cause-effect relationships will
also utilize their imagination in the process of creating new patterns among variables. Subsequently,
they will make unique inferences during the evaluation stage. The content in the activities and SEAs in
the textbooks largely expects students to establish cause-effect relationships in events and connections
among variables. Activities primarily aim to enhance abstract thinking, problem-solving,
experimentation, reverse thinking, and predictive reasoning skills. The skill theme with the least
representation in activities and SEAs is 'making assumptions and modifying when necessary (C11).'
This skill theme aligns with scientific process skills, expecting students to formulate hypotheses
regarding problems. It is observed that very few activities are problem-based, and the SEAs featured in
the textbooks are more geared towards the design process rather than scientific processes. It is evident
that the opportunity for students to encounter challenging situations where they can generate original
solutions and develop sensitivity towards problems is limited, especially in activities with lower

frequencies. Furthermore, the skill themes with the least frequencies are ‘finding original solutions to
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challenges (C4)," 'identifying the causes of problems (C5),"' 'being sensitive to non-existent situations
(C6)," and 'demonstrating sensitivity towards problems (C7).' Overall, the activities in the textbooks tend
to focus on solutions rather than delving into the causes of existing problems. Insufficient emphasis is
placed on fostering empathy and sensitivity towards problems, which are crucial aspects of these skill
themes in the provided tasks.

Table 4. The high and low-frequency creative thinking themes in science textbooks

Science Textbooks
5th 6th 7th 8th
Grade Grade Grade Grade

f f f f

High-frequency creative thinking themes in C2 28 46 31 39

books occurrences C3 16 32 27 34
C8 14 34 22 27
C10 18 37 28 29
C12 24 46 28 35
C13 28 48 32 39
Cl4 9 19 27 16
C15 26 45 31 38

Low-frequency creative thinking themes in C1 6 12 10 10

books occurrences C4 5 9 7 8
C5 6 9 7 7
C6 14 15 9 13
Cc7 6 9 8 9
C9 9 18 18 13
Cl1 2 8 6 9
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Figure 1. The cumulative frequency graph of creative thinking themes in the books
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3.3. Findings Regarding Critical Thinking Skill Themes

The frequencies of the critical thinking skill themes in the textbooks are compared by class
presented in Table 5 and Figure 2. As shown in Table 5, it can be observed that the most prominent skill
themes in activities and SEAs are 'making relationships between dimensions of thought (CT9)' and
'making inferences (CT11). Following these themes are 'recognizing similarities and differences
(CT13), "analytical and conscious judgments for evaluation (CT17)', and ‘justifying and defending
obtained results (CT18)". These themes involve skills in making inferences, establishing connections,
evaluating, justifying, and questioning. These skills are related to students' observations and the results
they obtain. The skill themes with high frequencies are mostly found in the evaluation sections of
activities, where students are asked questions such as '...what changes occurred? Explain.’, "...discuss
with your friends.', 'What is the reason for this difference? Explain.', 'What kind of relationship exists?
Explain.' These processes involve the specified themes in the task.

The skill theme 'looking at events, situations, and topics with an inquiring eye' (CT5) is covered
to a low extent in all textbooks except the 7*"-grade science book. The reason for the relatively high
frequency of CT5 skill theme in the 7™-grade science book compared to other textbooks is primarily the
discussion technique included in the final part of most activities. This technique includes skills such as
guestioning, asking questions, reasoning, and reflecting, which are the indicators of inquiry.

When activities and SEASs are compared, it is seen that SEAs more frequently cover the themes
compared to activities. CT11 is found in all activities and SEAs, and this skill is notably common in the
evaluation section of experiments. Some themes such as ‘interpreting values and attitudes' (CT13), have
very low frequencies (CT3, CT10, CT14). These themes may be included in experiments or activities
where students are communicating with each other. In the 5th-grade science book, there are very few
activities that include social activities or opportunities for students to work together and create. CT3 and
CT7 are the critical thinking skill themes with the lowest frequency. Activities generally do not
sufficiently include these themes. Similarly, the frequencies of CT6 and CT16 skill themes in activities
are low. These themes involve the ability to be sensitive to and cope with problems, nourished by
responsibility and empathy feelings. It has been observed that these skill themes are included in activities

involving social projects, student interactive work, and active group tasks.
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Table 5. The high and low-frequency critical thinking themes in science textbooks

Science Textbooks

5th 6th 7th 8th
Grade Grade Grade Grade
f f f f
High-frequency critical thinking themes in CT1 11 30 19 23
books occurrences CT5 6 19 28 12
CT9 27 43 26 38
CT11 28 48 32 39
CT12 7 13 32 15
CT13 19 33 28 34
CT17 19 31 31 31
CT18 20 25 30 30
Low-frequency critical thinking themes in CT2 6 14 12 11
books occurrences CT3 2 6 5 1
CT4 6 16 9 11
CT6 5 9 6 8
CT7 4 7 3 7
CT8 4 9 6 8
CT10 2 8 10 7
CT14 2 5 23 8
CT15 4 10 24 8
CTi6 5 10 7 8
CT19 12 18 11 9
160
140

120
100
80

60 I l
40 l l
" | sIHiid
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Figure 2. The cumulative frequency graph of critical thinking themes in the books

3.4. Findings Regarding Detailed Investigations of Science Textbooks
Table 6 presents the frequencies of skill themes in each textbook by unit, as well as the tasks

they contain. It is evident that SEAs in all science textbooks contain a greater variety of creative thinking
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skill themes compared to activities. Design cycle steps have been provided in the introduction section
or at the end of the unit in the textbooks as guidelines for SEAs. These design cycle steps given as
guidance for SEAs overlap with the creative thinking skill themes created by the researcher. Thus, SEA
activities highly encompass creative thinking skill themes. Interesting findings have also been obtained
in grade-based comparisons.

In the 5th-grade science textbook, it can be observed that the activities in the 6™ unit contain a
high level of skill themes (f=15). Three out of the four activities in this unit actively involve students in
project processes, which support creative thinking. In the 6"-grade science textbook, it is seen that the
highest number of skill themes is found in an activity in the 5" unit titled "Design a Soundproof
Environment," and this activity expects students to work actively in groups to achieve a product (f=11).
When examining the 7""-grade science textbook, it is noticed that the units contain skill themes above
the average. The discussion method is mostly preferred in the activities in this textbook and it involves
an active process that encourages students to think. It aligns with many themes of creative thinking
skills. The activity that addresses the most skill themes is the activity of the 4" unit titled "Pure
Substances and Mixtures." This activity, compared to other activities, includes a project process and
involves social activities. In the 8"-grade science textbook, the activity that encompasses the most skill
themes is an activity of the 6™ unit titled "Energy Transformations and Environmental Science." In this
activity, provided under the heading of "Recycling," students gain environmental awareness as well as
the creativity and critical thinking skills.

In terms of critical thinking skills, Table 6 shows that SEAs incorporate critical thinking skills
more effectively compared to activities, thanks to their design and product creation processes. SEAS,
with their design implementation steps, not only facilitate the emergence of new products but also
encourage students to identify problems, conduct analysis, establish relationships, engage in reflection,
benefit from their experiences, and adopt a questioning perspective on events. SEAs engage students
physically and mentally, drive them to adopt a questioning perspective in problem-solving processes,
and encourage them to seek different and novel designs, which is why they encompass critical thinking
skill themes to a greater extent. On the other hand, it is noted that, in general, the activities in all science
textbooks have a lower frequency of addressing critical thinking skill themes. Activities predominantly
expect students to explain and infer observations' results. It is important that the activities in the
textbooks, like SEAs, focus more on problem-solving, prompting students to think, as this contributes
significantly to enhancing students' critical thinking skills.

In the 5"-grade science book, it can be observed that the highest level of skill themes is
addressed in the first three activities of the 6th unit titled "Human and Environment." Two of these
activities involve obtaining a product and include a discussion process, while one involves the process
of designing a project. These activities, where students actively engage, share their experiences, and
grapple with problems, largely encompass critical thinking skill themes. In the 6th-grade science book,

it is noted that the activity titled "Design a Soundproof Environment” in the 5" unit contains a high
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frequency of skill themes. In this activity, students collaborate to design the best soundproof
environment, which involves a cooperative learning process and significantly addresses critical thinking
skill themes. Furthermore, when comparing the activities in the 6th unit of the book, the activity titled
"What Happened to Me?" stands out for its high frequency of skill themes. This activity involves a social
experiment based on disabled individuals and addresses various skill themes. Unfortunately, the 7"-
grade science textbook activities do not frequently address critical thinking skill themes, with many of
them addressing less than half of the skill themes. However, it is noteworthy that one of the activities in
the 4™ unit encompasses all skill themes. This activity involves a social activity that emphasizes
cooperation, collaboration, and assistance, contains a project evaluation form, and encompasses
preparation, implementation, and evaluation stages. Such activities provide the necessary content for
acquiring critical thinking skills. Finally, when reviewing the 8th-grade science book, it is found that
the units have a lower rate of addressing critical thinking skill themes. The activity under the title
"Recycling" has a higher frequency of addressing the themes compared to other activities. In this
activity, similar to SEAs, research is conducted towards problem-solving, students actively participate,
and they generate solutions.

Table 6. The skill theme frequencies observed in SEAs and activities in science textbook units

The Units Task Number Creative Critical
Grade of of task  thinking thinking
Science skill themes skill themes
Textbook f f f
5" Grade 1. The Sun, Earth, and the Moon ~ SEA 2 14 14
Activity 0 - -
2. The World of Living Beings SEA 0 - -
Activity 1 6 6
3. Measuring Force and Friction SEA 1 14 13
Activity 2 6 5
4. Matter and Change SEA 0 - -
Activity 9 8 6
5. Propagation of Light SEA 0 - -
Activity 7 8 6
6. Humans and the Environment SEA 0 - -
Activity 4 15 16
7. Elements of Electrical Circuits SEA 0 - -
Activity 2 4 5
6" Grade  1.Solar System SEA 2 15 18
Activity 0 - -
2. Systems in Our Body SEA 1 15 15
Activity 0 9 10
3. Force and Motion SEA 0 - -
Activity 5 6 6
4. Matter and Heat SEA 2 15 15
Activity 9 8 8
5. Sound and Its Characteristics SEA 2 15 14
Activity 12 11 14
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6. Systems in Our Body and Health SEA 0 - -

Activity 6 9 11

7. Transmission of Electricity SEA 1 15 14
Activity 5 8 6

7" Grade 1. Solar System and Beyond SEA 1 15 14
Activity 0 - -
2. Cells and Divisions SEA 0 - -
Activity 1 7 9

3. Force and Energy SEA 1 15 14
Activity 6 9 9

4. Pure Substances and Mixtures ~ SEA 2 15 15

Activity 5 13 19

5. Interaction of Light with Matter SEA 1 15 14

Activity 7 12 12
6. Reproduction, Growth, and SEA 0 - -

Development in Living Organisms  Activity 2 8 10

7. Electrical Circuits SEA 1 15 14

Activity 5 8 13

8" Grade 1. Seasons and Climate SEA 1 15 15
Activity 2 9 6

2. DNA and Genetic Code SEA 1 15 15
Activity 3 7 7

3. Pressure SEA 1 15 15
Activity 3 8 8

4. Matter and Industry SEA 1 15 15
Activity 10 11 9

5. Simple Machines SEA 1 15 15
Activity 2 7 7

6. Energy Transformations and SEA 1 15 15

Environmental Science Activity 7 11 14

7. Electric Charges and Electrical SEA 1 15 15
Energy Activity 5 5 8

To sum up, investigating middle school science textbooks revealed that SEAs contain more skill
themes compared to activities. Furthermore, it is observed that creative thinking skills are more prevalent
in activities compared to critical thinking skill themes. Particularly, in 7th-grade activities, the
deficiencies in critical thinking skill themes are noticeable. The 5th-grade science textbook addresses
both creative and critical themes to the least extent compared to other textbooks. The limited number of
activities in the 5th grade also contributes to the scarcity of observed themes. Except for the 5th grade,
in all other years' textbooks, there is at least one activity that densely encompasses skill themes. As the
years progress, an increase is observed both in the number of activities and the intensity of skill themes

present in these activities.
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4. DISCUSSION AND CONCLUSION

One of the noteworthy findings is that, despite being in fewer numbers in textbooks, SEAs have
a higher frequency of incorporating skill themes compared to activities. It has been found that SEA
tasks, with their interactive processes, are the most supportive practices for creative thinking skills.
Kahveci (2020) also stated that the engineering and design skills adopted in the 2018 Science
Curriculum, which is based on constructivism and a holistic approach, are compatible with STEM
education and that SEA activities in textbooks are effective in achieving the program's objectives.
Similarly, in terms of critical thinking, it is observed that the tasks that contain the most themes are SEA
tasks. The reason for this is that sub-skills that constitute the foundations of critical thinking, such as
analysis, elimination of contradictions, problem-solving, making connections, active engagement,
making predictions, and adopting an inquisitive approach, are included in the SEA process. In the
literature, there are studies that argue that SEA, through the design and scientific research steps they
contain, provides environments that support students' critical thinking skills (Kahveci, 2020; Uspolat
Yazici, 2021; Tezcan, 2018).

In this study, textbooks have been examined at all grade levels, and it has been noticed that
SEAs are less in number in textbooks compared to activities. Particularly, in the 5th-grade science
textbook, only two SEA studies are observed. Similarly, Tezcan (2018) has suggested that SEA tasks,
which are emphasized in the program as providing effective learning environments for students, should
be increased at all grade level textbooks.

From 5"-grade to 8™-grades, an increase in the number of SEAs in science textbooks and the
intensity of themes within these SEAs has been observed. In the 5th-grade textbook, the products
generated within the SEA are constrained by the procedural steps provided in the book, i.e., the
guidelines. However, in the 6" and 7"-grade textbooks, alongside the practices outlined in the
guidelines, a second phase is introduced where students can create an original product by utilizing their
own abilities and creativity. In the 8"-grade science textbook, the SEA is entirely unconstrained by
guidelines, leaving it to the students' imagination and abilities. It is believed that restricting the product
creation with any guidelines would hinder imagination and creativity (Tezcan, 2018). Similarly,
Whitworth and Wheeler (2017) have suggested that in order for students to think innovatively and create
designs, a problem should be presented without step-by-step guidance. The evolution of activities in
textbooks over the years, allowing students to increasingly showcase their own skills and gradually
removing constraints, is considered a positive arrangement for skill development.

The examination of science textbooks in terms of the activities showed that the majority of them
are demonstration activities, where students participate in the process mainly through auditory and visual
means and mostly assume a passive role. In individual activities, students actively engage in the process
through their own experiences and obtain their own products. Therefore, these activities are seen to
better support creative thinking skills compared to demonstration activities. Since the activities are

mostly intended for demonstration purposes, the frequency of activities including creative thinking skills
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may be low. This situation indicates that the activities may not provide a sufficiently supportive process
for imparting creative thinking skills to students. Trilling and Fadel (2009) have stated that learning
environments that nurture creativity are environments where inquiry-based learning takes place, new
ideas emerge, and students take responsibility for their learning, which enhances their confidence. In a
study examining high-level thinking skills in science textbooks, Erol (2021) argued that the questions
in textbooks need to be developed in terms of creative thinking and decision-making skills, and that all
skills should be distributed equally in textbooks. Similarly, Tezcan (2018), in a study on science
textbooks, stated that activities in textbooks are limited to the knowledge and comprehension stages in
Bloom's taxonomy, have limited relevance to everyday life, and are insufficient in imparting 21st-
century skills.

The low frequency of critical thinking skill themes CT5 and CT14 in the 5™, 6", and 8"-grade
science textbooks, while the 7™-grade science textbook shows a significantly high frequency of these
themes, is an intriguing finding. The reason for the high frequency of these skill themes, which are
referred to as looking at situations and issues with an inquisitive eye (CT5) and making sense of values
and attitudes (CT14), in the 7"-grade textbook is the discussion method included in the assessment
sections of the activities. Unlike other textbooks, almost all activities in the 7""-grade book incorporate
this discussion process. The discussion technique supports these skill themes as it requires the use of
imagination, fosters decision-making skills, encourages generating multiple perspectives, involves
listening to and respecting other viewpoints, promotes an inquisitive outlook, and encourages asking
questions. Seferoglu et al. (2006), in their study on critical thinking and teaching, also state that the
discussion method is more effective than the lecture method in imparting critical thinking skills. The
activities included in the 7th-grade textbook can contribute to students' development of critical thinking
skills. Indeed, findings from studies examining the critical thinking skills of middle school students by
grade level in the literature reveal a significant difference in favor of 7th-grade students (Amanvermez
Incirkus, 2021; Kandemir & Egmir, 2020).

The themes of CT6 (dealing with problems) and CT16 (not ignoring problems) are skill themes
centered around being sensitive to problems. The frequencies of these themes appearing in all textbooks
are quite low. It has been found that the activities in the textbooks are generally oriented towards solving
problems, but the number of activities that raise awareness about the causes and prevention of problems
is very limited. Project-based activities involving students in active communication, collaboration, and
social activities generally contain more critical thinking skills. Increasing the number of activities in
which students will face problems directly is important. Cinar (2005) emphasized the need for students

to encounter real-life problems in order to think critically.

5. SUGGESTIONS
Creative thinking and critical thinking are the skills needed to find solutions to complex
problems (OECD, 2019). In light of the findings of this study, it is possible to state that the SEAs
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(Science and Engineering Activities) show promise in developing both of these skills in students. On
the other hand, a deficiency in supporting these skills was revealed in the existing activities found in the
textbooks, which are primarily teacher-centered and take the form of demonstration experiments.
Therefore, it is suggested that starting from the 5 grade, activities that actively engage students and
provide better support for the development of creative and critical thinking skills should be incorporated.
Incorporating problem-based learning, project-based learning, or outdoor learning environments into
the curriculum is suggested to develop these skills. Additionally, the themes developed in this study can
also be used for further research investigating creative and critical thinking skills. For researchers who
intend to use the themes in their own studies, it is recommended by the authors of this study that if more
than half of the skill themes are present in the activities, it may be considered sufficient evidence that
the activities support the relevant skill. However, activities aiming to fully encompass a skill are

expected to include all aspects of that skill.
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GENISLETILMIS TURKCE OZET

ORTAOKUL FEN BIiLIMLERI DERS KiTAPLARININ YARATICI DUSUNME VE
ELESTIiREL DUSUNME BECERILERI ACISINDAN iINCELENMESI

1. GIRIS

Giintimiizde bilgiyi kavrama, ezberleme ve kullanma becerileri bireylerin gerekli ihtiyaglarini
karsilama konusunda yetersiz kalmaktadir. Cagimizda “21. Yiizyil Ogrenme Becerileri” olarak
isimlendirilen ve bireylerin sadece okulda degil, yasaminda ve is hayatinda da basarili olabilmelerini
saglayacak beceriler bulunmaktadir (Partnership for 21st Century Skills, 2019). Ozellikle yaratic1 ve
elestirel diistinme becerileri, giiniimiiziin ve gelecegimizin temel biligsel yetenekleridir (OECD, 2009).
Gelismis ve gelismekte olan iilkeler bu becerileri temel egitim hedeflerinden biri olarak gormektedirler
(Shaheen, 2010; Taylor vd., 2022). Yaraticilik, mevcut kavramlar arasindaki iliskileri kullanarak orijinal
fikirler ve c¢oziimler tretilen bir siirectir (Torrence, 1984). Elestirel diisiinme ise sentez ve
degerlendirmeyi iceren biligsel bir siirectir ve zorluklarin agilmasini miimkiin kilar (Moore, 2001).

Ulkemizde Fen Bilimleri Ogretimi Progranm, 2017°de giincellenerek bu becerilerle uyumlu
yasam, mithendislik ve tasarim becerilerini igermis, (MEB, 2017) ders kitaplar1 da degistirilerek,
yapilandirmaci yaklasim ve sorgulama stratejilerine uygun sekilde hazirlanmistir (Kahveci, 2020). Bu
kitaplarin programlarin hedeflerine uyarak 21. yy. becerilerini de igermesi gerekmektedir (Giiltekin,
2019).

Bu arastirma ortaokul Fen Bilimleri ders kitaplarinin, dgrencilerin erken yaslardan itibaren
kazanmalar1 gereken becerileri ne 6lgiide igerdiginin incelenmesini amaglamaktdir. Calismada, 21. yy.
ogrenme ve yenilik becerilerinden 6zellikle yaratici diisinme ve elestirel diisiinme becerilerinin
durumuna odaklaniimaktadir. Caligmanin arastirma problemi, "Fen Bilimleri ders kitaplart 21. yy.
o6grenme ve yenilik becerilerinden yaratici ve elestirel diisiinme becerilerini ne olgiide igermektedir?"
seklindedir.

2. YONTEM

Arastirmada nitel aragtirma yontemlerinden dokiiman incelemesiyle veriler toplanmigtir. Bu
yontem, becerileri tanimlayan temalarin belirlemek ve ortaokul Fen Bilimleri ders kitaplarindaki
etkinliklerin bu beceriler agisindan analizini yapmak amaglandigi igin tercih edilmistir. ilk olarak,
aragtirmacilar tarafindan "21. Yiizy1l Ogrenme ve Yenilik¢ilik Beceri Temalart (YOYBT)" adli bir
kontrol listesi gelistirilmistir (Tablo 1). Bu liste, literatiirdeki kuramsal yapi1, uygulama sonuglari, 6lgme
araglar1 ve uzman goriislerinden yararlanilarak olusturulmustur. Ikinci asamada, gelistirilen kontrol

listesi kullanilarak Fen Bilimleri Ders Kitaplar1 incelenmistir.

Aragtirmanin ¢aligma grubu, 2020-2021 egitim 6gretim yilinda MEB tarafindan ortaokullara
iicretsiz dagitilan, Talim Terbiye Kurulu’nun kontroliinde 6zel yayin evlerinin gelistirdigi 5, 6, 7 ve 8.

simif Fen Bilimleri ders kitaplaridir. Calisma grubu nitel arastirmalarda olgu ve olaylarin
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kesfedilmesinde ve ac¢iklanmasinda yararlanilan amagh drnekleme yontemiyle belirlenmistir. incelenen
becerileri destekleme potansiyeli daha yiiksek oldugu i¢in sadece her iinite i¢inde ve sonunda Etkinlik
ve Fen ve Miihendislik Uygulamalari (FMU) bagliklar1 altinda verilen faaliyetlerin durumlar

incelenmis, konu anlatimi kisimlari ¢alismaya dahil edilmemistir.

Analiz siirecinden sonra giiven duyulabilirlik i¢in tiim kitaplardan gelisigiizel secilen tiger
faaliyetin Fen Bilgisi dgretmeni olarak gérev alan ve yiiksek lisans yapmis bir bagka arastirmaci
tarafindan analizi saglanmis, goriis birligi oranlarinin % 80 ve %100 aralifinda ve yeterli oldugu

goriilmiistiir (Miles & Huberman, 1994).
3. BULGULAR VE TARTISMA

Kitaplardaki {initelerin etkinlik ve FMU sayilar1 incelendiginde homojen dagilmadiklar ve
FMU sayilarinin etkinliklerden daha az oldugu goriilmektedir. Ozellikle 5. Smif kitabindaki etkinlik ve
FMU sayilar diistiktiir (Tablo 3). Ayrica kitaplardaki FMU’nin becerilerin temalarini etkinliklere oranla
daha yiiksek oranda barindirdigi géze ¢arpmaktadir (Tablo 6). FMU projeler ve tasarim basamaklari
icermektedir. Ogrencinin siiregte aktif olacag1 proje-tabanl dgrenme gibi ortamlarinin olusturulmasi
yaratici ve elestirel diisiinen bireylerin yetistirilmesini desteklemektedir (Shearer ve Quinn, 1996; Onur
ve Kozikoglu, 2019). Her iki beceride de problemlere vurgu yapan temalarin frekanslarinin diisiik
olmast, genellikle sorunlarin nedenlerinin degil ¢oztimlerinin irdelendigi ve sorunlara karsi hassasiyetin
gelistirilebilecegi etkinliklerin kitaplarda yeterince bulunmadigina isaret etmektedir. 5. Sinif disinda tiim
yillarda beceri temalarini yogun bir sekilde barindiran en az bir etkinlik yer almasi1 olumlu bir bulgudur.
Ayrica yillar ilerledikge hem faaliyetlerin sayilarinda hem de bu faaliyetlerin beceri temalarim

barindirma yogunluklarinda bir artis gézlemlenmektedir.

Elestirel diisinme becerisi ile karsilastirildiginda, faaliyetlerin yaratict diisiinme becerileri
acisindan daha zengin oldugu soylenebilir (Tablo 4 ve Tablo 5). Tiim faaliyetlerdeki en belirgin yaratici
diisiinme beceri temalar1 C2, C13, C12 ve C15’dir (Sekil 1). Bu temalar birbirleriyle iliskilidir.
Faaliyetlerde, 6grencilerden olaylar arasinda nedensel iliskiler kurmalarin1 ve degiskenler arasinda
baglantilar olusturmalar1 beklenmektedir. Ote yandan faaliyetlerde en az yer alan beceri temas1 C11°dir.
Bu tema bilimsel siire¢ becerisi ile uyumludur ve grencilerden probleme yonelik hipotezler kurmalarini
beklemektedir. Etkinliklerin ¢ok azi problem temelli kurulmustur ve FMU da bilimsel siire¢lerden
ziyade tasarim siirecine yonelik gelistirilmistir. Hipotez kurmanin sadece bilimsel siire¢ becerisi igeren
FMU’nda oldugu, etkinliklerde ise Ogrencilerin orijinal ¢oziimler bulabilecekleri zor ve geliskili
durumlara yeterince yer verilmedigi goriilmektedir. Bunun yani sira en disiik frekansa sahip C4, C5,
C6 ve C7, etkinliklerde genel olarak sorunlara kars1 hassasiyet gelistirebilecekleri ¢alismalarin yeterince

yer almadigina igaret etmektedir.

Elestirel diisiinme becerileri a¢isindan incelendiginde faaliyetlerde en ¢ok yer alan temalarin

CT9 ve CT11 oldugu, bu temalar1 CT13, CT17, CT18 temalarmin takip ettigi goriilmektedir (Tablo 5,
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Sekil 2). Bu temalar sirasiyla ¢ikarim yapma, iliski kurma, degerlendirme, gerek¢elendirme ve
sorgulama becerileri barindirmaktadir. Bu beceriler 6grencilerin gozlemleri sonucu elde ettikleri
sonuglar ile iligkilidir. Frekansi yiiksek olan beceri temalari daha ¢ok etkinliklerin degerlendirme
boliimlerinde yer alan sorularda vurgulanmistir. CT5 beceri temasi 7. sinif kitabi harig tiim kitaplarda
diisiik oranda karsilanmaktadir. 7. Smuf kitabinda faaliyetlerin son boliimiinde yer verilen tartisma
teknigi, sorgulama, soru sorma, fikir yiiriitme, yansitma becerileri barindirir. Buna paralel sekilde, sinif
seviyelerine gore ortaokul 6grencilerinin elestirel diisiinme becerilerini inceleyen ¢aligmalar, 7. sinif
ogrencileri lehine anlamli bir farklilik oldugunu ortaya koymaktadir (Amanvermez Incirkus, 2021;
Kandemir ve Egmir, 2020). CT3, CT10, CT14 temalarinin frekanslari ise olduk¢a azdir. Bu temalar
ogrencilerin birbirleri ile iletisim halinde oldugu deney ya da etkinliklerde yer alabilmektedir. 5. sinif
fen kitabinda sosyal aktivite iceren veya dgrencilerin beraber ¢alisabilecegi etkinlik sayis1 yok denecek

kadar azdir.

Etkinliklerin temalar1 icerme frekanslarinin diisiik olmasinin sebebi 6grencilerin isitsel ve gorsel
olarak siirece katildigi ve g¢ogunlukla izleyici roliinde yer aldiklari gosteri etkinlikleri seklinde
olmalaridir. Benzer sekilde Fen Bilimleri ders kitaplarindaki etkinliklerin ist-diizey diisiinme
becerilerini igermedeki yetersizligini vurgulayan c¢alismalar mevcuttur (Erol, 2021; Kisoglu, 2021;

Tezcan, 2018).
SONUC VE ONERILER

FMU'larin 6grencilerde her iki beceriyi de gelistirmede potansiyel tagidigi sdylenebilir. Ancak
mevcut Fen Bilimleri kitaplarindaki etkinlikler, genellikle 6gretmen merkezli ve gosteri deneylerine
dayandigi icin bu becerileri desteklemede yetersizdir. Bu nedenle, 5. siniftan itibaren daha etkilesimli
ve yaratici ve elestirel diisiinme becerilerini destekleyen etkinliklerin eklenmesi 6nerilebilir. Problem ve
proje tabanli 6grenme veya okul dis1 6grenme etkinliklerinin dahil edilmesi, bu becerilerin geligimini
tesvik edebilir. Ayrica, bu ¢alismada gelistirilen temalar, yaratici ve elestirel diisiinme becerilerini
inceleyen diger arastirmalar i¢in de kullanilabilir. Aragtirmacilar, beceri temalarinin yarisindan fazlasini
iceren bir etkinligin ilgili beceriyi destekledigini kabul edebilirler, ancak en ideali bir beceriyi kapsamay1

hedefleyen etkinliklerin becerinin tiim yonlerini igermesidir.

287



