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1. INTRODUCTION

The most crucial role of education is raising students as self-confident, curious, innovative, and creative individuals as well as
critical thinkers (Ersoy & Baser, 2013). In the field of education, instructional developments are required in order to ensure
the success of raising students as innovators of the future who are embraced with all the necessary skills in the 21st century
(Alismail & McGuire, 2015). However, does education equip students with the new skills of the 21st century? The general
consensus among the educators, business leaders and politicians is that the gap between knowledge and skills required for
being successful in life has become even more visible in the 21st century (Moylan, 2008). Especially teachers are discussing
this gap as agents within this change. In the literature, it is suggested that, teachers should be aware of the distinction between
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the skills that are required to be successful in life and the skills that are taught in schools. Since one of the main roles of
education is to prepare students to deal with the possible challenges of their times, there are new skills that should be
integrated into lessons and taught to students because education is the key point of survival in the 21st century (Trilling &
Fadel, 2012).

Various definitions can be found in the literature for 21st century skills. In general, collaboration, critical thinking,
communication, digital literacy, citizenship, problem solving, creativity and productivity skills are mentioned in the literature
as 21st century skills which are perceived as essential in order to be successful in current economic state and social
development of the countries (Laar, Deursen, Dijk, & Haan, 2017; Voogt & Roblin, 2012). For Trilling and Fadel (2012), these
skills can be examined in three main parts. The first one is learning and innovation skills. Critical thinking, problem solving,
communication and collaboration, creativity and innovation are the examples of learning and innovation skills. The second
one is digital literacy skills. Information literacy, media literacy and ICT literacy are examples of digital literacy skills. The
third one is career and life skills. Flexibility and adaptability, initiative and self-direction, social and cross-cultural interaction,
productivity and accountability, leadership and responsibility are the examples of career and life skills. (Trilling & Fadel,
2012). This classification is detailed and well prepared. It not only focuses on academic skills, but also personal development
skills, which is perfectly suitable for the multidimensional nature of the 21st century. It has been shown in Trilling and Fadel’s
definition of 21st century skills that these skills are complex and embedded in every aspect of a person’s academic, daily and
business life. Furthermore, they are considered necessary to be successful in life as mentioned earlier. It is believed that
people with these skills become more competent, independent and practical in any challenge that life brings. They can be
successful in their jobs, use technology to improve themselves, solve daily life problems practically, communicate with others
effectively, and are more innovative and independent. In addition to Trilling and Fadel’s (2012) definition of 21st century
skills, there are other frameworks about 21st century skills. The first one is taken from Partnership for 21st Century (2008)
which divides 21st century skills into three categories: learning skills, literacy skills and life skills. Learning skills include
creativity and innovation, critical thinking, problem solving, communication and collaboration. Literacy skills include
information, media and ICT literacy. Finally, life skills include flexibility and adaptability, initiative and self-direction, social
and cross-cultural skills, productivity and accountability, leadership and responsibility (P21, 2008). The second framework is
taken from The Assessing and Teaching of 21st Century Skills (Binkley et al., 2012) which divides 21st century skills into four
categories: ways of thinking, ways of working, tools for working and living in the world. First category, ways of thinking
include creativity and innovation, critical thinking, problem solving and decision making, learning to learn and metacognition.
Second category, ways of working include communication, collaboration and teamwork. Third category, tools for working
include information literacy, information technology and communication literacy. The final category, living in the world
include life and career, personal and social responsibility (Binkley et al., 2012).

As far as these 215t century skills are concerned, as the role of education is continuously changing, teachers appear to have the
most important task, which is improving the skills of learners as well as keeping pace with the 21st century skills for
themselves (Trilling & Fadel, 2012). In order to raise students who, have these required skills for being successful, creative
and practical in daily challenges, teachers should be aware of the requirements of this century such as digital literacy,
productivity, critical and creative thinking, and improve themselves as creative and innovative teachers who plan their
lessons carefully and integrate these particular skills into lessons. With right support and education from teachers, students
can learn how to be more creative, innovative and productive. In order to raise such students, teachers need to review their
attitude towards students, design a productive and constructivist classroom learning environment, use alternative strategies
during instruction more often, promote discussions during lessons and use assessment techniques that focus on higher order
learning. (Holbrook, 2017) In this way, teachers can promote the 21st century skills of their students.

There are studies that placed emphasis on the importance of integrating 21st century skills into lessons, especially in science
lessons (Chai, Deng, Koh, & Tsai, 2015; Christensen & Knezek, 2015; Holbrook, 2017; Soh, Arsard, & Osman, 2010; Sukor,
Osman, & Abdullah, 2010). The study conducted by Adamson and Darling-Hammond (2014) reveals that the number of
countries putting emphasis on the integration of 21st century skills into their curricula has been increasing and it has been
observed that they have made progress. However, many countries still encounter challenges about embedding these skills into
curriculum effectively. It has been further shown in the literature that the integration of skills promotes students’ science
achievement (Sukor, Osman, & Abdullah, 2010) and their attitude towards science (Soh, Arsard, & Osman, 2010). For this
reason, every country has started to integrate the 21st century skills into their science curriculum and science lessons with
varying success rates.

For deeper understanding of this integration, comparing different nations’ curricula and effectiveness of integration of these
skills into their curricula will be beneficial. PISA is a worldwide examination which assess students learning in multiple
dimensions. The dimensions that assessed by PISA are excellence and equality, policies and practices for successful schools,
students’ well-being, students’ financial literacy and collaborative problem solving. Among these dimensions, collaborative
problem solving is the dimension which could be considered as the 21st century skill. When the results of this dimensions in
PISA’15 are examined, it is observed that Singapore has the highest score and Turkey has almost the lowest score over 50
countries. Why is there such a dramatic score difference between these two countries? When we examine Singapore’s
educational system in terms of the integration of the 21st century skills, it is seen that in 1997 they introduced an educational
reform called ‘Thinking Schools, Learning Nation’. They integrated collaboration, communication, critical and creative
thinking and problem-solving skills into their curriculum, teaching and assessment techniques (Adamson & Darling-
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Hammond, 2014). In 2010, Singapore Ministry of Education introduced a new framework and aimed to increase students’ 21st
century competencies. On the other hand, when the Turkish science curriculum is examined, it is observed that there is a list
of special skills that teachers should teach in science education, which are critical thinking, decision making, creative thinking,
communication, entrepreneurship, collaboration and innovative thinking. (MoNE, 2018a) One explanation for the difference
in the related PISA scores of two countries, despite having a similar education system, the ineffective integration of these skills
into actual classroom practices. In other words, there may be a mismatch between written curriculum and implemented
curriculum in Turkey concerning these skills. So, it is important to assess the implementation of 21st century skills in Turkey.
In order to assess the effectiveness of the integration on a large scale based on students’ perceptions, the present study, firstly,
aims to validate Students’ Perception of 21st Century Learning Practices instrument developed by Chai, Deng, Koh and Tsai
(2015) for Turkish middle school students. The instrument provides a multidimensional measure of perceived twenty-first-
century learning practices in science classrooms. Indeed, it assesses students’ perceptions in seven sub-dimensions, namely
self-directed learning, meaningful learning with ICT, collaborative learning, critical thinking, creative thinking, authentic
problem solving and knowledge creation efficacy sub-dimensions. More specifically, this instrument assess students’
perceptions in science classes regarding to what extent they (1) take responsibility and make plans for their own learning (i.e.
self-directed learning); (2) learn meaningfully utilizing ICT (i.e. meaningful learning with ICT); (3) participate in the collective
process of being a productive member of idea improvement (i.e. collaborative learning); (4) improve abilities to analyse
issues, propose arguments, make decisions and resolve problems (i.e. critical thinking); (5) develop abilities to create original
and proper products (i.e. creative thinking); (6) cope with ill-structured problems from daily lives (i.e. authentic problem
solving); and (7) feel self-efficacious about constructing knowledge to propose solutions to problems (i.e. knowledge creation
efficacy). Among these dimensions, self-directed learning, collaborative learning, and meaningful learning with ICT constitute
the learning processes for 21th century learning. On the other hand, critical thinking, creative thinking, and authentic problem
solving comprise the thinking processes in 21th century learning. Finally, self-efficacy for knowledge creation is the outcome in
21th century learning. The Students’ Perception of 21st Century Learning Practices instrument which aimed to asses 21th
century learning practices in terms of these dimensions was shown to have sufficient degree of reliability and validity (Chai et
al.,, 2015).

1.2. The Purpose of the Study

The main aim of the current study is to assess middle school students’ perceptions regarding twenty-first-century learning
practices that they experience in their science classes using Turkish version of the Students’ Perception of 21st Century
Learning Practices instrument. Since one of the main roles of education is to prepare students for future challenges, assessing
how these skills have been integrated into curriculum and science lessons is essential. Utilization of the adapted version of the
instrument is expected to provide a detailed information about the 21st century skills integration into science lessons and
effectiveness of it. Science teachers may use findings of this research in order to plan their lessons, choose effective
instructional method or design classroom learning environment. Science curriculum developers may also use the findings and
take necessary action for a better the integration of the 21st century skills into the objectives of the curriculum.

1.3. Research Problems

Does Turkish version of “Students’ Perception of 21st Century Learning Practices” instrument provide valid and reliable
measure of Turkish middle school students’ 21st century skills?

What is the level of 21st century skills that Turkish middle school students experience in science class?
2. METHOD
2.1. Participants

Two independent samples were used to validate 21st Century Learning Practices instrument for Turkish middle school
students and to examine their perceptions using the validated instrument. Each sample was selected utilizing convenient
sampling method. Each participant was a middle school student attending a public school in central region of Turkey. Students
were from medium to high socio-economic status.

Sample 1. The first sample consisted of 107 middle school students attending public schools in central region of Turkey. Of
these students, 53% of them were female (n = 57) and 47% of them were male (n = 50). The participants were Grade 6 (n =
32), Grade 7 (n= 33) and Grade 8 (n = 42) students. This sample was utilized as part of the pilot study conducted to make an
initial exploration of the psychometric properties of the Turkish version of the instrument.

Sample 2. The second sample consisted of 461 middle school students attending public schools in central region of Turkey. Of
these students, 48.2% of them were female (n = 222) and 51.8 % of them were male (n = 239). Similar to the first sample, this
sample consisted of Grade 6 (n = 185), Grade 7 (n= 137) and Grade 8 (n = 139) students. The data from the second sample
were used to examine psychometric properties of the Turkish version of the instrument in detail considering findings from
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the pilot study and to investigate middle school students’ perceptions of twenty-first-century learning practices in science
classes using this instrument.

2.2. Instrumentation

Students’ Perception of 215t Century Learning Practices instrument was developed by Chai, Deng, Koh and Tsai (2015). The
development of this instrument was partially based on past instruments and self-constructions. The items of the self-directed
learning, collaborative learning and meaningful learning with ICT were modified from earlier instruments (Lee et al. 2014)
The items of critical learning were modified from Castle’s survey (2006) and the items of creative learning were modified
from Welch and McDowall’s survey (2010). Lastly, the items of authentic problem solving and knowledge creation efficacy
were developed by the Chai, Deng, Koh and Tsai (2015). Completed version of the instrument was shown to two experts and
two school teachers in order to ensure its face validity and understandability among primary school students. In addition,
exploratory analysis (PCA) and confirmatory factor analysis (CFA) were used by the authors in order to validate the
instrument. PCA (principal component analysis) with varimax rotation was conducted to analyse the commonalities and
differences between the instrument items. Furthermore, a correlation analysis of all the factors was performed to provide an
opportunity to investigate the relationships between students’ learning processes and thinking processes.

This instrument is a five-point Likert type self-report instrument ranging from 1 (strongly disagree) to 5 (strongly agree). The
instrument consists of 32-items in 7 dimensions, namely (1) self-directed learning (SDL, e.g. “In this class, I can set goals for my
studying”, n=5), (2) meaningful learning with ICT (MLT, e.g. “In this class, I find out useful information on the internet to help
my learning”, n=5), (3) collaborative learning (COL, e.g. “In this class, my classmates and I actively work together to learn new
things”, n=5), (4) critical thinking (CriT, e.g. “In this class, I can provide reasons and evidences for my opinions “, n=3), (5)
creative thinking (CreT, e.g. “In this class I can generate many new ideas “, n=4), (6) authentic problem solving (APS, e.g. “In this
class, I practice solving real-world problems “, n=5) and (7) knowledge creation efficacy (KCE, e.g. “I am able to design things
that may be useful “, n=5) (Chai, Deng, Koh, & Tsai, 2015). Scale scores were determined by summing the items. A higher score
in this scale indicated higher perceptions of 21st century learning practices.

During the adaptation of “Students’ Perception of 21st Century Learning Practices” to Turkish, firstly, the instrument was
translated into Turkish by the researchers for science classes. Accordingly, during translation, the statement “in science
classes” was used instead of “in this class” used in the original version. Translated version of the instrument was examined by
the experts in the field of science education, English Language and Turkish Language regarding content validity,
appropriateness of the translations, clarity of the translated items, sentence structure and comprehensiveness. Based on the
suggestions, some items were revised. Some words were changed with their synonyms in order to make the items clearer and
understandable by middle school students. In addition, opinions of middle school students were gathered regarding clarity
and understandability of the items. Then, a pilot study was conducted. Based on the statistical results as well as concerns
raised by students, such as difficulty in understanding 3 items and finding these items confusing, during administration 3
items were decided to be revised. Then, the main study was conducted using the revised items. Data were collected from
students’ voluntary to participate by considering their science lessons and necessary permissions were received from
ministry of education and their science teachers.

2.3. Context of the Study

Turkish Science Curriculum in terms of the emphasis on the 21st Century Skills: When the 2018 Turkish science curriculum
(MoNE, 2018a) is examined in terms of 21st century skills and their adaptation to objectives and aims of the curriculum, it is
seen that great emphasis has given to 21st century skills on the aims and competencies section. For deeper understanding,
when aims of the curriculum are examined, it is stated that roles of individuals and societies are changing because of the
developments in science and technology. Approaches to learning and teaching should be revised in terms of innovative and
creative perspectives. Under the light of these changes, students should be defined as the ones who have critical and creative
thinking skills, are innovative, determined to be successful, capable of empathy, beneficial to their culture and society and can
easily solve daily life problems with the knowledge that they have learned in the school in the 21st century. Turkish science
curriculum is an integrated curriculum which aim to gain these skills to students.

Moreover, the competencies part of this curriculum aims to provide students with 21st century skills which are highly related
to this part of the curriculum. All the competencies that science curriculum aims about students and their connections with
the dimension of the instrument are presented as follows. Firstly, digital competencies are mentioned in the curriculum and
defined as ‘students can use ICT effectively in order to solve daily life problems by using digital tools and improve their
communication skills’, which are highly related with meaningful learning with ICT dimension of the instrument. Secondly, self-
learning competencies are defined as ‘students can learn certain things by themselves or by a group of students. They should
be capable of managing their times, controlling their own learning and gaining new skills’. Its connection with self-directed
learning dimension and collaborative learning dimension of the instrument is quite clear. Thirdly, social competencies are
defined in the curriculum as ‘students should be aware of the fact that individuals’ roles in society are becoming more
collaborative and innovative. Students should be capable of effective group working, aware of their responsibilities in
different groups and try to behave more consciously in these groups’. Its connection with collaborative learning dimension of
the instrument is clear. Next, innovation and critical thinking competencies are represented as students’ capabilities of
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creativity, critical thinking and reaching their goals by using these thinking skills. Also, planning and project management
skills are important here. The connection of these competencies and creative and critical learning dimension is obvious.
Finally, science competencies are mentioned in the curriculum and it is defined as ‘understanding the questions deeply,
understanding the nature and using proper methodology and evidences in order to reach conclusion’. It is seen that science
competencies are related with authentic problem solving and knowledge creation efficacy dimensions of the instrument. In
other words, science competencies in Turkish science curriculum covers authentic problem solving and knowledge creation
efficacy dimensions of the instrument. Because it includes how students use proper methodology and evidences to reach
conclusion which is related with authentic problem solving dimension and how they understand the nature of questions and
maintain their knowledge to find solutions to these questions which is related with knowledge creation efficacy.

So far, it is clear that aims of the curriculum and competencies that students should have are quite integrated with 21st
century skills. When objectives are examined, it is observed that Board of Education integrated some of the 21st century skills
into objectives. When 4t grades science curriculum (MoNE, 2018a) are examined, for example, it is obvious that critical
thinking and creative thinking skills are the most common skills that integrated into objectives. In almost each topic, there are
objectives that lead students to think connection of the topics with their daily life application. In the state of matters topic,
students are expected to design an experiment by themselves which is also a good integration of critical and creative thinking.
In addition, finding a solution to light and sound pollution are two of the objectives that requires critical and creative thinking
and authentic problem-solving skills. Another objective is about using separation methods for solving daily life problems
which is a clear integration of authentic problem-solving skills. These three skills (creative thinking, critical thinking and
authentic problem solving) are well integrated into objectives. On the other hand, it is quite obvious that integration of the
other four 21st century skills (self-directed learning, meaningful learning with ICT, collaborative learning and knowledge
creation efficacy) is inadequate. Although the aims of the science curriculum and expected competencies are well developed
with the 21st century skills, objectives can be revised and the other 21st century skills can be integrated too.

3. RESULTS
3.1. Adaptation of the Students’ Perception of the 21st Century Learning Practices Instrument
3.1.1. Pilot study

Turkish version of the “Students’ Perception of 21st Century Learning Practices” was administered to 107 middle school
students (Sample 1). The data were analyzed through confirmatory factor analysis (CFA) conducted using LISREL 8.80
(Joreskog & Sorbom, 2007) in order to validate the proposed factor structure of the original instrument. CFA results revealed
that the model fit was reasonable ( x2/df = 1.56 ; RMSEA = .05 ; SRMR = .08 ; CFI = .95 ; and NNFI = .94 ). However, detailed
examination of factor loadings revealed that factor loading of one of the items (“In this class, I find out useful information on
the internet to help my learning”; MLT5) belonging to Meaningful learning with ICT dimension was low. Corresponding
completely standardized Lambda-X estimate was .33. In addition, removal of the item, led to an increase in the related
dimension (i.e. meaningful learning with ICT). Indeed, the reliability coefficient raised to .80 from .77 after deletion of this
item. It indicates that this item did not contribute total variability well and causes lower internal consistency. Thus, this item
was decided to be revised to be improve its understandability and restated as “In science classes, I gather the information
contributing to my learning via internet”. In addition, one item from collaborative learning dimension (i.e. “In science class, I
get helpful comments about my work from my classmates”; COL5) and one item from knowledge creation efficacy dimension
(i.e. “I am able to design things that may be useful in daily life by using thing are taught in science lessons”; KCE5) were
revised due to students’ comments about these two items during the pilot study: the students expressed that these two items
were not clearly communicated. Thus, overall, 3 items were revised after the pilot study. The reliability coefficients were
found to be .86 for Self-Directed Learning, .78 for Meaningful Learning with ICT, .87 for Collaborative Learning, .74 for Critical
Thinking, .74 for Creative Thinking, .86 for Authentic Problem Solving, .71 for Knowledge Creation Efficacy. After the pilot
study, revised instrument was administered to Sample 2.

3.1.2. Main study

Working with a new sample (Sample 2) confirmatory factor analysis (CFA) and reliability analysis was conducted in order to
analyse revised instrument. To validate the factor structure of the revised instrument, CFA was conducted and results
revealed that the model fit was good ( x2/df = 2.12; RMSEA = .05 ; SRMR =.06 ; CFI =. 97; and NNFI =.97). As demonstrated in
Table 1, all pattern coefficients (i.e. completely standardized Lambda-Ksi estimates were greater than .50 except for the MLT5
and the CRET3. Hair, Black, Babin, and Anderson (2010) suggested that the standardized estimates of .50 or higher provide an
indication for convergent validity. For CRET3, corresponding completely standardized Lambda-X estimate was .47. Deletion of
the item did not cause an improvement in the reliability coefficient of its designated factor (i.e. creative thinking). Thus, it
appeared to contribute to the total variability well. Thus, this item was decided to be retained as it is. For MLT5, on the other
hand, corresponding completely standardized Lambda-X estimate was .29. In addition, removal of the item, led to an increase
in the reliability of the related dimension (i.e. meaningful learning with ICT). Indeed, the reliability coefficient raised to .82
from .78 after deletion of this item. It indicates that this item did not contribute total variability well and causes lower internal
consistency. In order to improve total variability and internal consistency, MLT5 was candidate for item deletion. However,
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according to Netemeyer, Bearden and Sharma, (2003) even though an item does not meet statistical criteria, if it makes a
contribution to content validity the item can be retained in further studies. Therefore, this item was decided to retain for
further investigations. Also, average variance extracted (AVE) computed for each dimension ranged from .39 to .51 implying
that average completely standardized loadings were between .62 to .71. In addition, reliability coefficients that can be also
utilized as an evidence for convergent validity (Hair, Black, Babin, and Anderson, 2010) were found to be high enough;
coefficient alpha values were .80 for Self-Directed Learning, .78 for Meaningful Learning with ICT, .81 for Collaborative
Learning, .66 for Critical Thinking, .70 for Creative Thinking, .78 for Authentic Problem Solving, and .83 for Knowledge
Creation Efficacy. Mean inter-item correlations ranged from .37 to .50, providing exemplary evidence for internal consistency.
Moreover, construct reliability values ordinarily utilized in SEM models were .80 for Self-Directed Learning, .79 for Meaningful
Learning with ICT, .80 for Collaborative Learning, .66 for Critical Thinking, .71 for Creative Thinking, .78 for Authentic
Problem Solving, and .84 for Knowledge Creation Efficacy. According to Hair et al.,, (2010) construct reliability of .70 or higher
indicates good reliability and reliability between .60 and .70 is deemed acceptable.

Table 1.
Pattern and Structure Coefficients in the Main Study
Indicator  Self-directed = Meaningful Collaborative Critical Creative Authentic Knowledge
learning learning with learning thinking thinking problem- creation
ICT solving efficacy
SDL1 74 0.33 0.39 0.60 0.49 0.49 0.45
SDL2 .68 0.30 0.36 0.55 0.45 0.45 0.41
SDL3 .61 0.27 0.32 0.49 0.40 0.40 0.37
SDL4 71 0.32 0.38 0.57 047 0.47 0.43
SDL5 .61 0.27 0.32 0.49 0.40 0.40 0.37
MLT1 0.37 .83 0.29 0.26 0.26 0.27 022
MLT2 0.38 .85 0.30 0.27 027 0.28 022
MLT3 0.33 74 0.26 0.23 023 0.24 0.19
MLT4 0.22 .50 0.18 0.16 0.16 0.16 0.13
MLT5 0.13 .29 0.10 0.09 0.09 0.09 0.08
COL1 0.35 0.24 .67 0.37 0.30 0.31 0.28
COL2 0.38 0.25 71 0.39 0.32 0.33 0.30
COL3 0.36 0.24 .68 0.38 0.30 0.31 0.29
COL4 0.41 0.28 .78 0.43 0.35 0.36 0.33
COL5 0.30 0.20 .57 0.32 0.25 0.26 0.24
CRIT1 0.50 0.20 0.34 .62 0.54 0.47 047
CRIT2 0.52 0.20 0.36 .64 0.56 0.49 0.49
CRIT3 0.51 0.20 0.35 .63 0.55 0.48 0.48
CRET1 0.45 0.21 0.30 0.59 .68 0.55 0.58
CRET2 0.42 0.20 0.29 0.56 .64 0.51 0.55
CRET3 0.31 0.15 0.21 0.41 47 0.38 0.40
CRET4 0.44 0.21 0.30 0.58 67 0.54 0.57
APS1 0.38 0.19 0.26 0.43 0.46 .57 0.41
APS2 0.42 0.21 0.30 0.49 0.51 .64 0.46
APS3 0.40 0.20 0.28 0.46 0.49 61 0.44
APS4 0.45 0.22 0.32 0.52 0.55 .69 0.50
APS5 0.45 0.22 0.32 0.52 0.55 69 0.50
KCE1 0.44 0.19 0.30 0.55 0.61 0.52 72
KCE2 0.45 0.19 0.31 0.57 0.63 0.54 74
KCE3 0.45 0.19 0.31 0.57 0.63 0.54 74
KCE4 0.48 0.21 0.34 0.61 0.68 0.58 .80
KCE5 0.34 0.15 0.24 0.43 0.48 0.41 .56

Note: Non-italicized numbers signify the pattern coefficient for each item with its designated factor. Italicized numbers show the structure
coefficient for each item with its nondesignated factors.

3.2. Examination of Students’ Perceptions about 21th Century Learning Practices

Descriptive statistics was carried out to explore middle school students’ perceptions about 21th century learning practices in
science classes. Students’ perceptions were examined in terms of learning processes for 21th century learning (i.e. self-
directed learning, collaborative learning, and meaningful learning with ICT), thinking processes in 21th century learning (i.e.
critical thinking, creative thinking, and authentic problem solving), and outcome in 21th century learning (i.e. self-efficacy for
knowledge creation). Prior to descriptive statistical analyses, necessary inspections were carried out and it was ensured that
middle school students’ 21th century learning practices do not differ with respect to grade level and it is appropriate to
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conduct analyses using the whole data. The mean and standard deviation for each dimension of the 21th century learning
practices were shown in Table 2. According to the results, it seems that students engage in the learning processes (i.e. self-
directed learning, meaningful learning with ICT, and collaborative learning) and thinking processes (i.e. critical thinking,
creative thinking, and authentic problem-solving) of twenty-first century learning at moderate to high levels in science
classes. While the highest mean score was obtained on critical thinking, the lowest score was obtained on the meaningful
learning with ICT dimension. In addition, as an outcome in twenty-first century learning, the students appeared to be self-
efficacious in knowledge creation.

Table 2.
Descriptive Statistics
M SD

Self-directed learning 3.69 1.052
Meaningful learning with ICT  3.02 1.260
Collaborative learning 3.34 1.207
Critical thinking 3.77 1.054
Creative thinking 3.53 1.116

Authentic problem-solving 3.48 1.126
Knowledge creation efficacy 3.52 1.153

In the following sub-sections, students’ responses to individual items in each dimension of the instrument is presented in
detail. While presenting the data, the “strongly agree” and “agree” responses were consolidated to represent the proportions
of students agreeing with the related item. Similarly, the “strongly disagree” and “disagree” responses were combined to
represent the proportions of students disagreeing with the item.

3.2.1. Learning processes for 21th century learning
3.2.1.1. Students’ perceptions of self-directed learning practices

As shown in Table 3, students appeared to engage in self-directed learning practices in science classes at moderate to high
levels. For example, about 70 % of the participants reported that they set goals for their studying in science classes. Similarly,
68.8 % of the participants appeared to adjust the ways they study according to their progression. However, although majority
of the students seemed to agree with the statements related to self-directed learning practices, with the percent of the
agreements ranging from 58.9 % to 69.7 %, some of the students were found to be undecided about the statements. For
example, more than one quarter of them (27 %) were undecided about the statement that “In science classes, I make plans for
how [ will study”.

Table 3.

Frequency Distributions for Self-Directed Learning Practices Items

Item Agree (%) Undecided (%) Disagree (%)
“In science classes, | make plans for how I will study” 58.9 27.5 13.8
“In science classes, I set goals for my studying” 69.7 18.5 11.8

“In science classes, I think about different ways or methods I

. N 59.8 24.5 15.7
can use to improve my study
In science "Classes, I adjust the ways I study based on my 609 209 183
progression
“In science classes, I try to check my progress when I study” 68.8 17.5 13.8

3.2.1.2. Students’ perceptions of meaningful learning with ICT practices

Participants’ responses to the items related to meaningful learning with ICT practices revealed that their disagreement level
was higher for most of the items. For instance, 56.5 % of the participants disagreed with the statement that “In science classes,
[ use the computer to record my ideas for my learning progress” (see Table 4). Similarly, about 55 % of the students appeared
not to use computers to organize and save information for their learning. Only, 29.9 % of the students agreed with the related
item. However, majority of the students (78.7 %) reported that they use internet to access the information contributing to
their learning. Thus, according to the results, among ICT practices, participants tend to use internet mostly to gather
information to improve their learning.
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Table 4.
Frequency Distributions for Meaningful Learning with ICT Practices Items
Item Agree (%) Undecided (%) Disagree (%)

“In science classes, I use the computer to organize and

. . oy 29.9 15.3 54.7
save the information for my learning
In science c.lasses, I use Ehe computer to record my ideas 25 g 17.6 56.5
for my learning progress
In science classes, [ use the computer to 341 185 474

remix/reorganize information from other resources”

“In science classes, I construct ICT-based materials (e.g.,
PowerPoint slides, word documents, mind maps) to 36.0 19.4 44.6
represent my understanding”

“In science classes, [ gather the information contributing

. o ; 78.7 10.3 11.0
to my learning via internet

3.2.1.3. Students’ perceptions of collaborative learning

Regarding participants’ perceptions of collaborative learning, results showed that collaboration in science classes tend to be at
moderate levels. Indeed, more than half of the students actively discuss different views that they possess about what they
learn in science classes (51.5 %), actively work together to finish tasks (54.2 %), actively explain and share their
understanding (58.2 %). About 60 % of the students thought that their classmates make supportive comments to them.
However, the agreement (38.8 %) and disagreement (33.8) level of the students with the item “In science classes, my
classmates and I actively work together to learn new things” was comparable. In addition, more than one-quarter (27.4 %) of
the students were undecided on this item (see Table 5).

Table 5.
Frequency Distributions for Collaborative Learning Items
Item Agree (%) Undecided (%) Disagree (%)

In sc1gnce::lasses, my classmates and I actively work together to learn 388 274 338
new things
“In science classes, my classmates and I actively discuss different views

: L 51.5 21.7 26.8

we have about things we are learning

In science cla}’sses, my classmates and [ actively work together to 542 209 24.9
complete tasks

In science -cla,s'ses, my classmates and I actively share and explain our 58.2 196 229
understanding
“In science classes, my classmates make helpful comments to me” 60.2 19.2 20.5

3.2.2. Thinking processes in 21th century learning
3.2.2.1. Students’ perceptions of critical thinking

Compared to other dimensions of the 21th century learning practices, the average percentage of the agreements were found
to be higher for critical thinking items (see Table 6). For instance, more than a three-quarter of the students (76.1 %) reported
that they take different point of views into consideration to realize which one makes more sense. The lowest level of
agreement was with the item “In science classes, I provide reasons and evidences for my opinions” (61.1 %).

Table 6.
Frequency Distributions for Critical Thinking Items

Item Agree (%) Undecided (%) Disagree (%)

“In science classes, 1 think about other possible ways of

understanding what [ am learning” 66.5 205 129
In science classes", I consider different opinions to see which one 76.1 158 8.2
makes more sense

In science classes, I provide reasons and evidences for my 611 216 172

opinions”

3.2.2.2. Students’ perceptions of creative thinking
According to the results, while more than half of the participants agreed with the items about creative thinking, some of the

participants were undecided about the related statements (see Table 7). For example, 53 % of the students reported that they
produce new ideas in science classes. However, 28.8 % of students chose undecided option for this item. Similarly, although
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57.8 % of the students agreed with the statement “In science classes, I create different solutions for a problem”, almost a

quarter of them (26 %) were undecided.

Table 7.
Frequency Distributions for Creative Thinking Items

Item Agree (%) Undecided (%) Disagree (%)

“In science classes, | generate many new ideas” 53.0 28.8 18.2
In sc1er3ce classes, I create different solutions for a 578 26.0 16.2

problem

“In science classes, | suggest new ways of doing things” 53.6 219 24.5
In science classes, I produce ideas that are likely to be 59 4 245 16.1

useful”

3.2.2.3. Students’ perceptions of authentic problem-solving

As shown in Table 8, students appeared to have opportunities to learn about real-life problems (56.8 %), apply their
knowledge to deal with them in science classes (69.6 %). However, less than half of the students (48.2 %) thought that they
are challenged by various real-world problems such as environmental issues. Quite a few students appeared to be undecided
on the items of the authentic problem-solving dimension. For example, 28.3% of the students were undecided about the
statement “In science classes, I practice solving real-world problems”.

Table 8.

Frequency Distributions for Authentic Problem-Solving Items

Item Agree (%) Undecided (%) Disagree (%)

In science classes, | 1n\{'estlgate the reasons that give rise 525 241 235
to real-world problems

In science Slasses, I learn about real-life problems that 56.8 224 20.7
people have

In science classes, I am challenged by many .real-wgrld 48.2 279 24.7
problems (e.g., water shortage, environmental issues)

In sc1er,1'ce classes, [ practice solving real-world 53.2 28.3 18.4
problems

In science classes, I apply the knowledge I have to solve 69.6 19.0 113

real-life problems”

3.2.3. Outcome in 21th century learning

3.2.3.1. Students’ perceptions of knowledge creation efficacy

Students’ responses to knowledge creation efficacy items revealed that they appear to feel self-efficacious to create new ideas
about what they are learning in science classes (65.7 %). However, 19% of the students were undecided on this item. In fact,
more than a few students were undecided about the items in this dimension. For example, approximately 30 % of the students
were undecided about the statement “In science classes, | am able to create useful knowledge on my own” (see Table 9).
Percentage of the agreement on this item was 51.7 %. Thus, according to the results, although students, in general, seemed to
feel self-efficacious in knowledge creation as reflected by their agreement with the related items, several students appeared to

be undecided.

Table 9.

Frequency Distributions for Knowledge Creation Efficacy Items

Item Agree (%) Undecided (%) Disagree
(%)
“In science classes, | am able to build explanations/theories about things
. L 60.7 21.6 17.7

related to the issues that I am learning

“In science classes, I am able to connect different ideas to form new ideas” 58.7 25.5 15.8
“In science classes, | am able to create useful knowledge on my own” 51.7 29.8 18.6
In s<.:1er,1’ce classes, | am able to generate new ideas about what [ am 65.7 191 152
learning

I am able to design things that may be useful in daily life using what I 49.2 255 253

learned in science classes”
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4. DISCUSSION

4.1. Adaptation of the Students’ Perception of 21st Century Learning Practices Instrument

The main purpose of this study was to determine middle school students’ perceptions about twenty-first-century learning
practices that they experience in their science classes. For the specified purpose, firstly, “Students’ Perception of 21st Century
Learning Practices” instrument was adapted to Turkish (Chai, et al.,, 2015). CFA results from the main study provided a good
model fit. Completely standardized Lambda-Ksi estimates of all items were greater than .50 except for MLT5 and CRET3 items.
This finding provided an evidence for convergent validity (Hair et al, 2010). When CFA and reliability analyses results for
MLTS5 and CRET3 were examined in detail, it was found that presence of CRET3 belonging to creative learning dimension in
the instrument was not psychometrically problematic. However, completely standardized Lambda-Ksi estimate of MLT was
very low (.29) and removal of this item lead to an improvement in internal consistency. In spite of these findings, considering
the contribution of the MLT5 to content validity, it was decided to be retained. In fact, Netemeyer, Bearden and Sharma,
(2003) suggested that even if an item does not meet statistical criteria, if it contributes to content validity, the item can be
used in further studies. Thus, although MLT5 and CRET3 did not meet the criteria for convergent validity with completely
standardized loadings less than .50, they were decided to be included in the instrument. Actually, the AVE value was .46 for
meaningful learning with ICT and .39 for creative learning indicating that the average completely standardized loadings for
these dimensions to which these items belong were .67 and .62, respectively. Results of the reliability analyses, which can also
be used as an evidence for convergent validity, showed that coefficient alpha values were between .66 to .83, and mean inter-
item correlations provided an exemplary evidence for internal consistency. In addition, the construct reliability values were
found to range from .66 to .84. According to Hair et al, 2010, the values between .60 and .70 are acceptable. At this point it is
important to note that the reliability coefficient of .66 belongs to critical thinking dimension which consists of only 3 items.
Because reliability is sensitive to sample size and higher number of items are generally coupled with higher reliability values
(Netemeyer, Bearden, and Sharma, 2003), additional items can be written for this dimension to improve its internal
consistency.

Concerning discriminant validity, confidence intervals (+2 standard errors) around the phi coefficients not including a value of
1 suggested a discriminant validity evidence. Overall, the results indicated that Turkish version of the Students’ Perception of
21st Century Learning Practices” instrument with 7 dimensions provides and valid and reliable measure of middle school
students’ perception about twenty-first century learning practices that they experience in their science classes. Accordingly,
the data from sample 2, was used to investigate these perceptions in detail.

4.1.1. Learning processes for 21th century learning

In the instrument, self-directed learning, collaborative learning and meaningful learning with ICT dimensions are mentioned
as learning practices. Developers of this instrument (Chai and his colleagues) tested it with 482 primary school students, who
live in Singapore and aged from 11 to 13. Their results about learning practices showed that, mean of self-directed learning is
3.74, collaborative learning is 3.55 and meaningful learning with ICT is 3.26. When these results are compared with our main
study’s results, it is observed in our main study that, means are lower comparing to Chai’s results. The reason for this finding
may be that educational reform in Singapore mentioned earlier in the paper aim the integration of critical thinking, problem
solving, decision-making, collaboration and innovation into curriculum, lessons and eventually students’ lives (Adamson &
Darling-Hammond, 2014). Although, 21st century skills were also intended to be integrated to Turkish science curriculum, this
integration appears not to be as successful as that of Singaporean curriculum, as reflected by the students’ perceptions
obtained from these two countries. In the following paragraphs, the results obtained from the current study, will be discussed
for each 21th century learning practices in detail.

When the self-directed learning results of the main study are examined, it is seen that, majority of the students agreed with
the statements but there were also many undecided students. Considering the fact that self-directed learning is about both
internal characteristics of students and external factors, learning environments, as an external factor, should be designed so
that students experience self-directed learning (Saeid & Eslaminejad, 2016). This could be accomplished by providing
students with opportunities to study by themselves or collaboratively with others (Fahnoe & Mishra, 2013). In this way
undecided responses can be avoided and students’ self-directed learning can be enhanced. In addition the level of students’
self-directed learning can be related to their academic self-efficacy: It is obvious in the literature that, learning is an
intentional and a purposeful process generally maintained by behavioral activities of students. Students need to accept the
responsibility of their decisions about objectives and activities (Long & Huey, 2009). Such behavioral activities can be related
to students’ self-efficacy perceptions. Accordingly, one can expect that, if there is lack of self-efficacy, they students may not be
able to adapt self-directed learning to their own learnings. Although this explanation is speculative, it warrants further
investigation.

Regarding meaningful learning with ICT dimension, mean score was found to be 3.02 which represents students’ low
engagement with this dimension. Thus, it appears that there is an insufficient integration of this dimension into the classroom
practices. In addition, the low score obtained on this dimension may suggest the usage of ICT for leisure not for educational
purposes by students. In fact, there were some student comments related to the items of this dimension: Some students stated
that they prefer to play computer games and some of them just expressed that they use ICT for only leisure. However, effective
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integration of ICT to science classes can create learning environments leading students to use ICT for their own meaningful
learning not only for leisure and teachers play significant role at this point (Uluyol & Sahin, 2014). Actually, teachers’
motivation in here play as a determinant factor because motivated teachers integrate ICT at higher levels. So, the connection
between motivated teachers’ usage of ICT in lessons and students’ usage of ICT for educational purposes is obvious.
Accordingly, it is suggested that teachers share their best practices about usage of ICT during lessons with other teachers so
that they provide students with more effective leaning environment integrating ICT (Skryabin, Zhang, Liu, & Zhang, 2015).

Moving on now to consider collaborative learning results based on students’ perceptions, findings, in general, revealed that,
collaborative learning in science classes is at moderate with a mean of 3.34. The lowest level of agreement was on the item “In
science classes, my classmates and I actively work together to learn new things (38.8 %)”. This finding suggests that although,
it is known that group works are carried out in science classes, questioning the effectiveness of these group works, in terms of
students collaborative learning skills, is necessary. In addition, teachers’ classroom management skills and collaborative
learning knowledge is quite important in group works. Actually, educational systems must give emphasis on collaborative
learning-centred environment where students can internalize the topics and respond to other students’ ideas (Boholano,
2017).

4.1.2. Thinking processes in 21th century learning

In the instrument, critical thinking, creative thinking and authentic problem-solving dimensions are mentioned as thinking
practices. Critical thinking is generally described as a metacognitive process that requires other skills such as evaluation,
observation, inferring, analysis, application etc. When a person uses critical thinking appropriately, reaching logical
conclusion to an argument or a problem become easier. It is obvious that, critical thinking skills are crucial in the frame of
education because it promotes students’ understanding of complex subjects meaningfully ang go beyond the just memorizing
(retrieved from Dwyer, Hogan, & Stewart, 2014). In addition, these skills are also important for social and personal contexts
because people should have good decision-making skills and practical problem-solving skills on their daily lives (Ku, 2009).
When the main study results are examined, it is seen that mean of the critical thinking dimension is 3.77 which demonstrates
the highest mean in this study. It shows that students engagement with critical thinking dimension is at high level. One of the
reasons of this high engagement could be curriculum integration because critical thinking is the most integrated 21st century
skill into the objectives. Another reason could be derived from critical thinking skills not only integrated into science
curriculum but also other disciplines’ curricula, too (MoNE, 2018b, 2018c). Since it is the most integrated 21st century skills
into science curriculum, it can be said that, other disciplines also integrated critical thinking skills into their aims and
objectives.

Concerning creative thinking skills, previous studies mostly defined creative thinking as a crucial skill that facilitates
individuals’ learning by using their imagination, provides a confident to express their ideas freely (Ersoy & Baser, 2013). In
order to spread the creative thinking skills among the students in the school context, teaching and learning environments and
teaching methods should be designed to boost students’ creativity. (Ersoy & Baser, 2013). The results of the main study
present moderate level of student engagement in this dimension with the mean of 3.53. In the curriculum, it is observed that
creative thinking skills are also one of the most integrated 21st century skill into the science curriculum as well as other
disciplines, too. Actually, creative thinking is vital for long-term success of individuals and current curricula seem promising
that, with the well-prepared objectives translated in the practice, students’ high engagement could be promoted more.

Moving on now to authentic problem solving, which is the last dimension in the thinking practices. The main study results
demonstrate students’ engagement with authentic problem-solving skills are at moderate levels with the mean of 3.48. In the
curriculum, it is observed that, authentic problem-solving dimension is effectively integrated into objectives of science
curriculum. In the 2018 science curriculum, there are several objectives that requires students to apply their knowledge to
solve their daily life problems. For instance, in the 4th grades curriculum students are expected to find solutions to decrease
the light pollution (pg.23) and sound pollution (pg.24). There are other objectives that expected students to use their current
science knowledge and solve daily life problems and all of these could have resulted students’ high engagement. Moreover, in
the literature it is seen that students are motivated to solve real-world problems (Lombardi, 2007). With the help of well-
designed objectives and using problem-based learning in lessons, the engagement level of these dimension will be higher. On
the other hand, there are still significant number of students who are undecided about their authentic problem-solving skills.
The reason of this could derived from learning environments. Teacher centred learning environments could not help students
to master their authentic problem-solving skills even some objectives try to promote these skills. Maybe the teachers should
have informed first about the importance of student centred learning environments in terms of promoting students’ 21st
century skills. For instance, Singapore government has developed a policy called “Teach Less Learn More” which encourage
teachers to create more student-centred learning environments. By this way, education can promote high quality of learning
to students and adapting their knowledge into their lives (Cho, Caleon, & Kapur, 2015).

4.1.3. Outcome in 21th century learning

In the instrument, knowledge creation efficacy dimension is accepted as a learning outcome which can be significantly
associated with other dimensions. In the literature, knowledge creation has a complex nature because of the students’ role in
the school (Scardamalia & Bereiter, 1999). The main role of students is learning in the schools. They should learn knowledge
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about topic, skills that required to be successful in the boundary of national curriculums. It is believed that these knowledges
and skills will make them better citizens for economic and global purposes (Tan & Tan, 2014). According to Scardamalia and
Bereiter (1999), learning knowledge and skills are crucial and required in order to promote knowledge creation skills of
students and promote their knowledge creation efficacy. When the main study results are examined, it is seen that knowledge
creation efficacy of students are at moderate levels with the mean on 3.52. Since this dimension is an outcome, when students’
perceptions about other dimensions are developed over time, it can be expected that students’ knowledge creation efficacy
will develop, too. In this sense, when students become advanced in other dimensions, knowledge creation becomes an
intentional activity in the classrooms and students will started to see this whole process as a continuum.

5. CONCLUSION AND RECOMMENDATION

Overall, the present study suggests that the Turkish version of the “Students’ Perception of 21st Century Learning Practices”
instrument can be used as a valid and reliable measure which can be used as a multidimensional, diagnostic tool in Turkish
middle school context. According to the results from the main study, in spite of the curricular emphasis on various 21th
century skills, integration of these skills to science classes appear to be at moderate levels. In order to improve this
integration, curricular objectives can be revised and some of the 21th century skills can be better emphasized guiding the
science instruction. In addition, in the future studies, science teachers’ perceptions regarding the impeding and facilitating
factors for this integration can be explored in detail, and necessary actions can be taken. For example, if it is found that
teachers do not perceive themselves as competent enough to implement related strategies, they can be provided with a special
training to improve their classroom practices in terms of the emphasis on the 21th century skills. For instance, they can attend
training about integrating ICT to their lessons or debate trainings to improve their critical thinking and problem solving skills
or STEM trainings in order to improve their creative thinking and problem solving skills. Moreover, because teachers’ beliefs,
knowledge or skills are translated to their instruction, future studies can also examine the level of science teachers’ own 21th
century skills as well.
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7. GENIS$ OZET

Diinyada ve iilkemizde yasanan bilimsel, teknolojik ve sosyokiiltiirel gelismeler 6grencilerin gelecekte toplumun tiretken
liyeleri olarak sahip olmalar1 gereken temel bilgi, beceri ve yeterliliklerin farklilasmasina sebep olmaktadir. Bu farklilasma,
cagin gerekliliklerini karsilayabilecek bireylerin yetistirilmesini saglayacak olan 6gretim programlarinin (miifredatlarinin)
yenilenmesi ve giincellenmesi ihtiyacini dogurmaktadir. 2016-1017 Egitim 6gretim yilinda yapilan miifredat gelistirme
calismalarinda, 6grencilere kazandirilmasi hedeflenen temel yeterlilik ve becerilere 6nem verilmistir (MONE, 2018a).
Yenilenen fen bilimleri dersi 6gretim programinda, 21.yy. becerileri olarak adlandirilan ve ¢agin mezunlarinin sahip olmasi
beklenilen yeterlilik ve beceriler kazanimlarin ve/veya kazanim agiklamalarinin yapilandirilmasinda goéz oniinde
bulundurulmustur (MONE, 2018a).

Bu calismada ortaokul 6grencilerinin sahip olduklar1 21. Yiizyil becerilerini fen bilimleri derslerinde ve giinliik hayatlarinda
ne kadar etkili kullandiklarini belirlemektir. Bu amag¢ dogrultusunda asagidaki sorulara cevap aranmistir.

Tiirkgeye uyarlanan “Fen Ogreniminde 21.yy. Becerileri Olgegi (Chai et al., 2015) gegerlilik ve giivenilirligi ne diizeydedir?
Ortaokul 6grencilerinin fen bilimleri dersinde deneyimledikleri 21. Yiizyil becerileri ne diizeydedir?

Yukaridaki amaclar dogrultusunda ilk olarak Chai, Deng, Koh ve Tsai (2015) tarafindan gelistirilen “Fen Ogreniminde 21.yy.
Becerileri” olcegi Tiirkceye cevrilmis olup, fen egitimi alaninda uzman kisiler tarafindan igerik gecerligi acisindan
incelenmistir. Olcegin dil es degerligine yonelik olarak Tiirkce ve Ingilizce okutmanlarimin gériisleri alinmistir. Uzman
gorisleri dogrultusunda, bazi maddelerin ifadelerinde degisiklikler yapilmistir. Sonrasinda 6l¢egin Tirkce formu, uygun
ornekleme yontemiyle secilmis ortaokulda okumakta olan 107 6grenciden olusan pilot gruba uygulanmis, gecerlik ve
giivenilirlige yonelik bulgular elde edilmistir. Bu veriler dogrultusunda olgekte gerekli diizenlemeler yapilmistir. Sonrasinda
ise, 461 ortaokul 6grencisinden olusan ana gruba uygulanmistir.

Elde edilen veriler, ilk olarak anketin gecerliligini ve giivenilirligini test etmekte kullanilmistir. Pilot calismanin sonuglarini
incelemek i¢in gilivenilirlik testi yapilmis olup, alt boyutlarin giivenilirlikleri .71-.87 araliginda ¢ikmistir. Sonrasinda 6lgegin
gecerliligini test etmek amaciyla dogrulayici faktér analizi yapilmistir. Sonuglar kabul edilebilir olmasina ragmen, detayli
incelemeler sonucunda ii¢ maddenin faktér yiiklerinin diisiik oldugu belirlenmistir. Ozellikle bilisim ve iletisim teknolojileri
alt boyutunda bulunan “fen bilimleri dersinde, 6grenmeme yardimci olacak bilgilere internetten faydalanarak ulasirim”
maddesinin diger maddelere kiyasla faktor yiikiiniin diistik oldugu gorilmiistiir. Gerekli olan diizenlemeler yapildiktan sonra
Olcek ana gruba uygulanmistir. Sonuglar 6lgegin gecerli ve giivenilir oldugunu ortaya koymustur. Fakat dogrulayic1 faktor
analizi incelendigi zaman pilot ¢calismada faktér yiikii diisiik olan maddenin asil ¢alismada da faktor yiikiiniin diisiik oldugu
gorilmiistiir. Fakat icerik gecerligine katkisindan dolay1 6l¢ekte tutulmustur.

Asil calismanin sonuglari géz dniinde bulundurularak 6grencilerin deneyimledikleri 21.yy. becerileri incelendiginde ise, genel
olarak 6grencilerin 6grenme ve diisiinme pratiklerini fen 6grenimlerinde kullanmalarinin orta seviyede oldugu goriilmistr.
Ogrenme pratikleri detayl olarak incelendigi zaman ilk olarak 6grencilerin 6z yonelimli 6grenme boyutuna verdigi cevaplar
orta derecede katilimi gostermektedir ve goz ardi edilemeyecek cogunlukta 6grencinin ise kararsiz kaldiklar gézlenmektedir.
Orta derecedeki katilimin ve goz ardi edilmemesi gereken kararsiz cevaplarin sebebi 6grenme ortaminin 6z ydnlendirmeli
ogrenmeyi desteklemeyecek sekilde diizenlenmis olmasi olabilir. ikinci olarak bilisim ve teknoloji ile anlamh 6grenme boyutu
incelendigi zaman, dgrencilerin katilimlarinin bir madde haricinde diisiik seviyede oldugu gézlemlenmistir. Bu sonuglarin
sebeplerinden biri 6grencilerin bilisim ve iletisim teknolojilerini egitim amagh degil, eglence amagh kullanmalar1 olarak
gosterilebilir. Diger bir sonug ise 6gretmenlerin bu teknolojileri derslerinde, sinif ortamlarinda etkili kullanamamalari olabilir.
Ugiincii olarak isbirlik¢i 6grenme boyutu incelendigi zaman, égrencilerin katiliminin bir madde disinda orta seviyede oldugu
gorilmiistiir. Bu sonucun sebebi, grup ¢alismalarinin etkin yapilamamasi, 6gretmenlerin grup calismasi sirasinda sinif
yonetimi konusunda problemler yasamasi olabilir.

Ogrencilerin diisiinme pratikleri disiiniildiigii zaman, ilk olarak kritik diisinme boyutu incelendiginde, 6grencilerin
katiimlarimin yiiksek seviyede oldugu gorilmiistiir fakat kararsiz kalan 6grencilerin sayis1 da goz ardi edilemeyecek
boyuttadir. Bu yiiksek katilimin sebebi fen bilimleri miifredatinda kritik diisiinmenin bir¢ok kazanima entegre edilmis olmasi
olabilir. Ek olarak diger alanlarin (matematik, sosyal bilgiler, vb.) miifredatlarinda da ge¢mesi bu yiiksek katilima etkisi oldugu
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diistinilmektedir. Kararsiz kalan 6grencilerin sebebi ise, kritik diislinmenin kompleks yapisindan kaynaklaniyor olmasi
gosterilebilir. Kritik diisiinme; ¢ikarim yapma, analiz yapma, sentez yapma, degerlendirme gibi alt boyutlar1 mevcuttur ve
ogrencilerden tiim bu yeteneklere sahip olmasi beklenilir. ikinci olarak yaratica diisinme boyutu incelendiginde ise,
ogrencilerin katilimlarinin orta seviyede oldugu ve kararsiz 6grencilerin sayisinin da géz ardi edilemeyecek miktarda oldugu
gorilmistiir. Kararsiz dgrenciler igin, sinif ortaminda bu boyuta yapilan vurgu arttirildigi takdirde katilimin artacagi
diisiiniilmektedir. Ucilincii olarak otantik problem ¢ézme boyutu incelendiginde ise égrencilerin katihmlarinin yine orta
diizeyde oldugu goriilmiistiir ve kararsiz kalan bir¢ok 6grenci de mevcuttur. Bu boyutunun miifredattaki entegrasyonunun
yliksek oldugu séylenebilir.

“Fen Ogreniminde 21.yy. Becerileri” él¢eginde yer alan bir baska alt boyut ise 6grencilerin bilgi iiretme yeterliligini 6lgmeye
yoneliktir. Ogrencilerin, bu boyuttaki maddeler verdigi yanitlar incelendiginde, bilgi fen bilimleri dersinde iiretmeye yonelik
yeterlik algilarinin orta diizeyde oldugu bulunmustur. Bu durum bilgi iiretme yeteneginin kompleks yapisindan kaynaklaniyor
olabilir.

Genel olarak sonugclar, Fen Ogreniminde 21.yy. Becerileri Olceginin Tiirkce formunun, ortaokul égrencilerinin fen bilimleri
dersinde deneyimledikleri 21. Yiizyil becerilerini belirlemek i¢in gecerli ve giivenilir bir 6l¢gme araci oldugunu gostermistir.
Ayrica, bu calismadan elde edilen veriler, 21. Yiizyil becerilerinin fen bilimleri derslerindeki entegrasyonunun orta diizeyde
oldugunu ortaya koymustur.
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