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ABSTRACT  Any society needs more scientifically literate citizens even if they do not follow a career in
science. In the 2015 PISA assessment, Turkey ranked 34" among 35 OECD countries based
on science literacy scores. The relatively unsuccessful results of Turkey from international
level examinations like PISA has necessitated the questioning of various components of
science education. One of these components is surely the science curriculum. Being aware of
this, we investigated the primary and middle school Turkish science curriculum for the balance
of science literacy aspects based on the PISA 2015 science literacy framework. This
framework defines scientific literacy under four aspects, namely contexts, knowledge,
competencies, and attitudes. The results revealed that the Turkish science curriculum does not
adequately reflect all dimensions of science literacy and is dominated by the pure knowledge
of the content of science. The curriculum developers should consider these two points in future
curriculum revisions to increase our success in international examinations like PISA and to
help raise scientifically literate students.
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Tirkiye’de uygulanan fen bilimleri dersi 6gretim programinin PISA
fen okuryazarligi cercevesiyle degerlendirilmesi

OZ  Her toplumun -fen bilimleri alaninda kariyer yapmayacak olsa bile- fen okuryazar1 bireylere
ihtiyact vardir. Tiirkiye 2015 PISA uygulamasinda fen okuryazarligi puanina gére 35 OECD
iiyesi iilkeler arasinda 34. sirada yer almistir. PISA gibi uluslararasi diizeyde uygulanan
smavlarda alinan gorece basarisiz sonuglar, Tiirkiye’de fen egitiminin farkli bilegenlerinin
sorgulanmasini gerekli kilmistir. Smif ici uygulamalara doniik bu bilesenlerden biri de
kuskusuz fen bilimleri dersi 6gretim programidir. Bu noktadan hareketle, bu calismada
Tiirkiye’de uygulanan fen bilimleri dersi 6gretim programinin fen okuryazarligi boyutlarini
hangi 6lgiide yansittigi PISA 2015 Fen Okuryazarligi Degerlendirme Cergevesi kullanilarak
aragtirllmistir. Bu gergeve fen okuryazarligini baglamlar, bilgi, yeterlikler ve tutumlar olmak
lizere dort boyutuyla tanimlamaktadir. Bulgular mevcut programin fen okuryazarligin dort
boyutunu dengeli bir sekilde vurgulamada yetersiz kaldigini ve programinin daha ¢ok icerik
bilgisine yogunlastigint ortaya koymustur. Gelecekte yapilacak program giincelleme ve
gelistirme ¢aligmalarinda bu iki noktanin géz oniinde bulundurulmasi, hem PISA gibi
uluslararasi sinavlarda basarimizi artiracak, hem de fen okuryazari 6grenciler yetistirmede
mesafeleri daha hizli kat etmemize olanak saglayacaktir.
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INTRODUCTION

The result of Programme for International Student Assessment (PISA) provided evidence that Turkish
15-year-old students are not scientifically literate enough to meet the needs of the knowledge society in
which individuals are prepared as self-sufficient participants to create scientific and technological
knowledge. Based on PISA 2015 statistics, most of the 15-year-old students (96.7%) attend high schools
in Turkey (OECD, 2016). That is, they successfully completed the middle school and had covered the
elementary and middle school curricula already. The major goal of Turkish science curriculum is to
educate scientifically literate students (Ministry of National Education [MoNE], 2004, 2013, 2017).
Therefore, we expect those students to perform with a high degree of competency in PISA which
evaluates the science literacy of 15-year-olds along with mathematical and reading literacy. In the 2015
PISA assessment, Turkey ranked 34th among 35 Organization for Economic Cooperation and
Development (OECD) countries based on science literacy scores. Moreover, PISA 2015 result indicated
that the percent of top performing students who can show advance scientific thinking and reasoning
skills is less than 1% of all 15-year-old in Turkey (OECD, 2016; Yorulmaz, Colak, & Ekinci, 2017).
PISA describes six levels of proficiency for science literacy and identifies students as top performers at
or above level 5 (OECD, 2017). The levels are arranged hierarchically in such a way that the use of
content knowledge, cognitive operations, and complexity in scientific reasoning increase toward the
upper levels.

It is possible to offer a number of reasons for the low success of Turkey in PISA such as the deficiency
of parental support (Sad, 2012), the shortage of educational resources (OECD, 2013), low job
satisfaction of teachers (Blandford, 2000), the disparity between schools (OECD, 2016), and exam-
oriented education (Acat, Anilan, & Anagun, 2010). Another main reason for the low success of Turkey
may be the science curriculum that does not fully meet what is required to be scientifically literate. Since
a curriculum is among the major sources available to teachers (Kesidou & Roseman, 2002), they make
use of curriculum in many different ways such as to find out objectives, contents, activities and the
limitations for a specific topic. Moreover, it is a guide for a teacher to decide on how to teach, what to
teach, when to teach, where to teach, and even why to teach. Therefore, the science curriculum should
be analyzed to address inadequacies for better science education (Cansiz & Turker, 2011; Kesidou &
Roseman, 2002). This research is significant and necessary to explore the reason behind the low
scientific literacy performances of Turkish 15-year-old students although they completed a science
curriculum from grade 3 to 8 which states the scientific literacy as its major goal. Moreover, it may
reveal important results from which curriculum developers and educators draw conclusions which may
trigger a fundamental change for achieving scientific literacy. Considering this critical issue, we
investigated whether Turkish science curriculum, released in 2017, has the potential to prepare
scientifically literate students based on PISA science literacy framework.

Science Literacy

For more than five decades, many countries, especially developed ones, have attached particular
importance to science literacy. Hurd (1958), for example, questioned the education system of United
States by referring to the term science literacy for the first time after Soviet Union had launched the
Sputnik I -the world's first artificial satellite- into Earth’s orbit in 1957. From then on, the stakeholders
of science education have focused on the important question of why people should be scientifically
literate. Some researchers provided several reasonable arguments to this question (e.g., Durant, Evans,
& Thomas, 1989; Millar, 1996). These researchers defended that science literacy may have a profound
impact on the wealth of a nation, becoming informed users of scientific knowledge in everyday life, and
the use of science in public decision-making. These arguments have shaped the definition of science
literacy and the characteristics of scientifically literate individuals. Although there is not a unique
definition of science literacy, previous studies underlined that public should have a general sense of
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science in order to be informed and critical users of science (e.g., Kolste, 2001; Miller, 1995, 1998). In
line with this perspective, Durant (1993) underlined that science literacy refers to scientific knowledge
that the societies should know to maintain their daily life. The general public does not have direct access
to scientific research but in a scientifically and technologically complex culture, they ought to know
something about science (Durant, 1993). National Research Council (NRC, 1996) defined a
scientifically literate person as the one who can read and understand popular science articles, evaluate
the trustworthiness of such articles, express opinion about socio-scientific issues, and differentiate facts
from fictions.

Regarding the concerns about the level of public science literacy, the stakeholders of education have
consistently focused on the science education in schools (e.g., Carlton, 1963; Collins, 1998; Fensham,
2008; Gallagher, 1971; Hurd, 1958; Rudolph & Horibe, 2015; Yager, 1986). They have questioned if
the science curriculum includes knowledge and skills to prepare students for the special needs of the
times. It is specifically suggested that schools should focus more on teaching the essentials of science
literacy rather than covering further content (Rutherford & Ahlgren, 1990). Considering these warnings
and recommendations, a number of reform movements were initiated to improve science education that
prepares students to a “real” world. In order to improve science education, countries changed the way
science is taught (\VVan Driel, Beijaard, & Verloop, 2001). Instead of traditional science teaching -which
includes introducing concepts, facts, theories and memorizing them- an inquiry-based science teaching
was embraced including hands-on activities (Van Driel et al., 2001). It was argued that this change in
science education helps students discover science topics, develop higher-order thinking skills, and be
prepared for science and technological issues of the 21st century (Van Driel et al., 2001).

In 1985, the American Assaciation for the Advancement of Science (AAAS) provided a definition for
science literacy and recommendations for what students should know in science when they graduate
from high school as scientifically literate individuals. Based on AAAS's (1990) definition, science
literacy does not just mean knowing scientific concepts and principles; rather it has many aspects such
as being aware of the environment; understanding the complex relationship between science,
technology, and mathematics; having a basic understanding of science; and appreciating the subjective
elements of scientific knowledge.

Almost all recent definitions of science literacy are also based on similar aspects. OECD (2016), for
example, highlighted that scientifically literate society should be intellectual in that they need to
approach issues scientifically. OECD intends to measure 15-year-old students’ science literacy by
preparing diverse assessment tools based on this definition. OECD’s assessment of science literacy has
awakened countries to rethink whether the science education in their schools has the standards to raise
students as scientifically literate citizens. Based on such international assessments, countries are
rethinking their education systems so that their students become more prepared to succeed in the 21st
century.

A Quick Look at the Science Curriculum in Turkey

Since 2012-2103 school year, the compulsory education in Turkey has been 12 years with three stages.
The first stage is the primary school which includes grades 1 to 4. It covers children of 66 months to 10
years old (Eurydice, 2018). The middle school is the second stage including grades 5 to 8 and covers
children of 10 to 14 years old. The high school, grades 9 to 12, is the last stage before higher education.
Children aged 14 to 18 years old attend high school. The type of schools in middle and high school may
change. However, all students take the same science education until the end of middle school. Science
education starts in the 3rd grade of primary school and continues until the 8th grade. In each grade level,
all students should follow the same national curriculum. Until the recent one, the organization of the
topics was based on a spiral curriculum, i.e. the topics are covered in each grade with increasing
complexity by reinforcing previous learning. With the 2017 curriculum, the order of the topics has been
changed in such a way that topics progress from universe to human body (see 2017 science curriculum).
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The science curriculum has been updated several times since the 2000s with the most recent revisions
in 2017. In 2000, a major paradigm shift arose in many disciplines including science. Following the
international reforms in science education, the national educational paradigm has shown a shift from the
traditional teacher-centered approach to a contemporary student-centered approach as well. In line with
this philosophy, the process of active construction of knowledge based on personal experience was
underlined rather than passively acquiring it. With the changing philosophy of curriculum, education
systems aim to prepare students with skills such as discovering knowledge, testing hypothesis and
evaluating results, arguing and making evidence-based decisions (MoNE, 2004, 2013, 2017). In 2013,
the science curriculum was revised again to include socio-scientific issues which include controversial
issues related to science, technology, and society. The continuous reforms in science education resulted
in new trends such as science, technology, engineering, and mathematics (STEM). The current science
curriculum (i.e., 2017) focuses on STEM education for the first time. Values education is implicitly
included in the curriculum, and the role of the teacher is highlighted in values education (MoNE, 2017).

METHODOLOGY

Document analysis, a type of qualitative research methods, was adopted in this study. Bowen (2009)
underlined that in document analysis researchers interpret various resources (e.g., books, curriculum
materials, and lesson plans) to give meaning to them. Bowen added that one of the frequent use of
document analysis is to use rubric to score documents, which is what the researchers utilized within the
scope of this study.

The aim of this study is to analyze the Turkish science curriculum from grades 3 to 8 to determine the
emphasis given to the following aspects of science literacy: (1) contexts, (2) knowledge, (3)
competencies, and (4) attitudes. The curriculum has been released in 2017 and is now being
implemented in all schools in Turkey. The subject areas and the corresponding number of objectives in
each grade were given in Table 1.

Table 1.

The content knowledge categories and number of objectives in 2017 Turkish science curriculum
Subject Area Grade3 Grade4 Grade5 Grade6 Grade7 Grade8
Earth and the Universe 5 5 9 5 10 3
Life and Living Things 11 8 8 20 17 28
Physical phenomena 16 20 14 19 27 16
Matter and Its Nature 4 10 6 13 16 17
Science and Engineering Practices - 3 3 4 4 4
Total 36 46 40 61 74 68
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Instrument: Science Literacy Framework of PISA 2015

For the purpose of this study, the objectives of science curriculum from grades 3 to 8 were analyzed and
categorized using the PISA 2015 science literacy framework. PISA has introduced the four aspects of
science literacy as the contexts, the knowledge, the competencies, and the attitudes (OECD, 2016). The
framework in Table 2 presents the aspects of science literacy and the explanations for each aspect based
on PISA 2015 Assessment and Analytical Framework.

Table 2.
PISA 2015 science literacy assessment framework
Science
Literacy Aspect

Description

Personal, local/national and global issues, both current and historical, which demand some
understanding of science and technology

An understanding of the major facts, concepts and explanatory theories that form the basis
of scientific knowledge. Such knowledge includes knowledge of both the natural world
Knowledge and technological artefacts (content knowledge), knowledge of how such ideas are
produced (procedural knowledge), and an understanding of the underlying rationale for
these procedures and the justification for their use (epistemic knowledge)

The ability to explain phenomena scientifically, evaluate and design scientific enquiry, and
interpret data and evidence scientifically.

A set of attitudes towards science indicated by an interest in science and technology,
Attitudes valuing scientific approaches to enquiry where appropriate, and a perception and awareness
of environmental issues.

Contexts

Competencies

The four dimensions presented in Table 2 have also subdimensions. Moreover, each subdimension
includes several practices that a scientifically literate person is capable of doing. For example, the
competencies aspect has three subdimensions as explain phenomena scientifically, evaluate and design
scientific enquiry, and interpret data and evidence scientifically. The subdimension explain phenomena
scientifically has also several practices and one of them is recall and apply appropriate scientific
knowledge. That is, a scientifically literate person should have scientific competencies and one of which
is to be able to explain phenomena scientifically. To achieve this, he/she should recall and apply
appropriate scientific knowledge. Each dimension including subdimensions and practices are provided
in Appendix 1.

The Analysis Procedure

We analyzed the objectives of each unit from Grade 3 to Grade 8 using the framework in Table 2. Two
independent researchers examined each science curriculum to determine the distribution of the four
aspects of science literacy. Before the analysis, they examined the science literacy framework for
clarifications and scoring process. They analyzed a number of objectives together to use the same
analysis criterion and scoring procedure. They performed analysis by assigning each objective to one of
the four aspects of the framework. After researchers completed the analysis of each curriculum
independently, they compared their findings to reconcile their decisions. At the beginning, there were
41 inconsistencies out of 432 decisions. Therefore, the interrater reliability was calculated as 90.51%.
Then Cohen’s Kappa (Cohen, 1960) was administered to test the significance of this interrater reliability.
The interrater reliability was statistically significant (Cohen's Kappa = .78, p <.001). Based on Landis
and Koch’s (1977) criteria, the level of agreement was substantial. In the end, full reconciliation
occurred in the analysis of the objectives. It is worth mentioning that one objective can be assigned to
more than one aspect of science literacy. Therefore, the total frequencies given in the results section
should not necessarily be equal to the total number of objectives for each grade in the curriculum.

A step by step procedure was presented below to exemplify the analysis of objectives. An objective was
focused, e.g. “students discover the materials that are attracted to magnets by doing experiments”
(Objective number: F.4.3.2.2).

221

I e A = M T RSIAU E| 2019, Volume 8, Issue 3 www.turje.org


http://www.turje.org/

CANSIZ & CANSIZ; Evaluating Turkish science curriculum with PISA scientific literacy framework

Each researcher read it carefully and decided whether it emphasizes content, competency, or attitude
aspect. Two researchers decided that it emphasizes competency aspect.

It was then decided to which subdimension it belongs to under competency aspect. This objective
requires that students interpret data and evidence scientifically (a subdimension of competency aspect)
since they will experiment with different materials and magnets. As a result, they will have data on
which materials are attracted or not attracted to magnets.

After reaching consensus on subdimension, the researchers focused on which practice the objective
belongs to under the subdimension. This objective was assigned to the practice “analyze and interpret
data and draw appropriate conclusions” because students experiment with different kind of materials
and magnets, collect data on which of them are attracted to the magnets and draw conclusions about the
materials that are attracted to the magnets.

This objective was also assigned to the content aspect of scientific literacy. It was in physical science
subdimension.

Finally, it was decided that it is written free from a context.

A similar pattern was followed during the analysis of all objectives. The Figure 1 summarizes the data
analysis process of objectives.

« Assign objective to one of the aspects (Appendix 1, Column 1)

+ Assign objective to one of the subdimensions (Appendix 1, Column 2)

« Assign objective to one of the practices (Appendix 1, Column 3)

Figure 1. The data analysis process

RESULTS

The present study was designed to determine the extent to which Turkish science curriculum emphasizes
the PISA 2015 science literacy aspects. With this in mind, we classified the objectives in Turkish science
curriculum for grades 3 to 8. Table 3 shows the results of data analysis which reveals the frequencies
and percentages in each aspect of science literacy.
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Table 3.

The distribution of objectives in each aspect of science literacy from grade 3 to 8
Grade 3 Grade 4 Grade 5 Grade 6 Grade 7 Grade 8
f % f % f % f % f % f %

Contexts
Personal 7 194 6 130 - - 3 49 1 14 1 15
Local/National 1 28 4 87 2 50 5 82 4 54 8 118
Global - - 7 152 3 75 2 33 - - 3 44
Total 8 222 17 369 5 125 10 164 5 68 12 177
Knowledge
Knowledge of the Content of Science 22 611 15 326 10 250 27 443 36 486 31 456
Procedural Knowledge 10 277 6 130 13 325 8 131 6 81 9 132
Epistemic knowledge 1 28 - - - - - - 2 27 - -
Total 33 916 21 456 23 575 35 574 44 594 40 588
Competencies
Explain phenomena scientifically 10 277 16 348 10 250 18 295 19 257 17 25.0
Evaluate and design scientific inquiry 1 28 6 130 3 75 - - 1 14 4 59
Interpret data and evidence scientifically 3 83 10 217 5 125 4 66 6 81 3 44
Total 14 388 32 695 18 450 22 361 26 352 24 353
Attitudes
Interest in science - - - - - - - - - - - -
Valuing scientific approachestoenquiry 2 56 1 22 1 25 4 66 - - 5 74
Environmental awareness 4 111 8 174 5 125 2 33 6 81 5 74
Total 6 167 9 202 6 150 6 99 6 81 10 148

Table 3 shows that objectives in all grades rarely include personal, local, or global issues. In grade three,
only eight objectives (out of 36) are based on a context. These numbers vary in different grades: in
fourth grade, 17 objectives (out of 46); in fifth grade, five objectives (out of 40); in sixth grade, 10
objectives (out of 61); in seventh grade, five objectives (out of 74); and in eighth grade, 12 objectives
(out of 68) include personal, local, or global context. These contexts are important since how students
use knowledge and competencies in these specific contexts is the main idea underlying science literacy.

The analysis of the objectives in terms of the knowledge aspect of science literacy revealed that the
content knowledge is represented more than other two knowledge categories (see Table 3). The least
emphasis is on epistemic knowledge. Only in grade five, the emphasis on procedural knowledge is
higher than content and epistemic knowledge.

The percentage distribution based on scientific competencies showed that the most emphasis is on
explain phenomena scientifically (see Table 3). The other two competencies -evaluate and design
scientific inquiry- are emphasized least in the curriculum for all grades except grade eight.

Attitudes aspect of science literacy is given the least emphasis among other aspects. Moreover,
objectives mostly focus on environmental awareness among other dimensions of attitude. Table 3 gives
an overall distribution of objectives based on four aspects of science literacy. We provided in-depth
results including typical objectives for each aspect in the following sections.

Contexts in the Science Curriculum

Regarding the context aspect of science literacy, the percentage distribution was presented in Table 4.
The minus (-) sign in the cells of tables refers to the fact that the curriculum does not include any
objectives corresponding to that cell. The result is notable in that there are not adequate context-based
objectives in Turkish science curriculum. That is, there are few objectives including personal, local and
global contexts. Among them, health issues at personal level are represented more than others. At global
level, on the other hand, environmental quality is emphasized more than others. Natural resources are
emphasized at local level most. However, the frequencies for different contexts at each level are very
low as compared to the total number of objectives. Typical objectives for contexts dimension are
provided in Appendix 2.
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Table 4.

The frequencies of the context of objectives from grade 3 to 8
Grade3 Grade4 Grade5 Grade6 Grade7 Grade8
f % f % f % f % f % f %

Personal
Health and Disease 4 111 4 87 - - 3 49 - - 1 15
Natural Resources - - - - - - - - - - - -
Environmental Quality 1 28 2 43 - - - - - - - -
Hazards 2 56 - - - - - - - - - -
Frontiers of Science and Technology - - - - - - - - - - - -
Total 7 195 6 130 - - 3 49 - - 1 15

Local
Health and Disease - - 1 22 - - 2 33 - - 1 15
Natural Resources - - 2 43 - - 1 16 1 14 3 44
Environmental Quality 1 28 1 25 1 16 1 14 2 29
Hazards - - - - - - - - - - - -
Frontiers of Science and Technology - -1 22 - - 1 16 2 27 2 29
Total 1 28 4 87 1 25 5 81 4 55 8 117

Global
Health and Disease - - - - - - - - - - - -
Natural Resources - - - - - -1 16 - - - -
Environmental Quality - - 7 152 3 75 1 16 - - - -
Hazards - - - - - - - - - - 3 44
Frontiers of Science and Technology - - - - - - - - - - - -
Total - - 7 152 3 75 2 32 - - 3 44

Knowledge Aspect of Objectives

Table 5 displays the distribution of the knowledge aspect of science literacy. As mentioned before, the
knowledge aspect has three subdimensions as content, procedural, and epistemic knowledge. The
objectives in the content dimension only cover the facts, principles or theories rather than apply them in
contexts. For example, one of the objectives in grade five is as follows: students “explain the main
differences between heat and temperature” (MoNE, 2017, p. 28). The emphasis in this objective is only
on the facts of science. There is no reference to procedural or epistemic knowledge of science. In all
grades, the subdimension procedural knowledge is observed less in the objectives as compared to the
content knowledge. There are more objectives including measurement issues compared to others under
procedural knowledge. The other more frequent procedural knowledge is the use of control variables
and identifying possible causal mechanisms. However, the objectives very rarely include the epistemic
dimension of scientific knowledge. Only two objectives emphasize the reasoning based on data (see
Appendix 3 for typical objectives for knowledge dimension).
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Table 5.

The frequencies of the knowledge aspects of objectives from grade 3 to 8
Grade3 Grade4 Grade5 Grade6 Grade7  Grade8
f % f % f % f % f % f %

Knowledge of the Content of
Science

Physical systems 12 333 8 174 4 100 9 148 17 230 17 250
Living System 6 167 2 43 1 25 15 246 12 162 11 16.2
Earth and Space System 4 111 5 109 5 125 3 49 7 95 3 44
Total 22 611 15 326 10 25.0 27 443 36 487 31 456

Procedural Knowledge
The concept of variables -
Concepts of Measurements
Ways of assessing and minimizing
uncertainty
Mechanisms to ensure the
replicability of data
Common ways of abstracting and
representing data
The control-of-variables 3 83 1 22 3 75 2 33
The nature of an appropriate
design for a scientific question
Total 10 277 6 131 13 325 8 131 6 82 9 132
Epistemic knowledge
The nature of scientific
observations, facts, hypotheses, - - - - - - - - - - - -
models, and theories
The purpose and goals of science
as distinguished from technology
The values of science - - - - - - - - - - - -
The nature of reasoning - - - - - - - - - - - -
How scientific claims are
supported by data
The function of different forms of
empirical enquiry
How measurement error affects
the degree of confidence
The use and role of abstract
models and their limits
The role of collaboration and
critique
The role of scientific knowledge,
along with other forms of - - - - - - - - - - - -
knowledge
Total 1 28 - - - - - - 2 28 - -

- - 2 50 2 33 1 14 1 15
194 5 109 8 200 3 49 5 68 4 59

~

1
1
N

2.9

Scientific Competencies

PISA 2015 framework introduces scientific competencies as an aspect of science literacy including three
subdimensions (OECD, 2017). In the objectives, the most emphasized competency is explaining
phenomena scientifically. The other competencies are seldom emphasized in the objectives as seen in
Table 6. In terms of subdimension interpret data and evidence scientifically, the emphasis in the
objectives is only on the ability to analyze and interpret data and draw appropriate conclusions.
Considering the subdimension evaluate and design scientific inquiry, the emphasis in the objectives is
only on the ability to propose a way of exploring a given question scientifically. Typical objectives for
scientific competencies dimension are provided in Appendix 4.
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Table 6.

The frequencies of the objectives in competencies aspect from grade 3 to 8
Grade 3 Grade 4 Grade 5 Grade 6 Grade 7 Grade 8
f % f % f % f % f % f %

Explain phenomena scientifically
Recall and apply appropriate scientific
knowledge.
Identify, use and generate explanatory
models and representations
Make and justify appropriate 1 28 1 22 2 50 6 98 3 41 4 59
predictions

Offer explanatory hypotheses 2 56 - - - - 1 16 - - - -

E)gpla!n_ the potential |mpI|ca_1t|ons of 1 28 11 239 - ) 5 33 4 54 5 74

scientific knowledge for society

Total 10 279 16 348 10 250 18 294 19 258 17 250
Evaluate and design scientific enquiry

Identify the question explored in a

given scientific study.

Distinguish questions that could be

investigated scientifically

Propose a way of exploring a given

question scientifically

Evaluate ways of exploring a given

question scientifically

Describe and evaluate how scientists

ensure the reliability of data and the

objectivity and generalizability of

explanations

Total 1 28 6 130 3 75 - - 1 14 4 59
Interpret data and evidence scientifically

Transform data from one

representation to another

Analyze and interpret data and draw

appropriate conclusions

Identify the assumptions, evidence,

and reasoning in science-related texts.

Distinguish between arguments that

are based on scientific evidence and

theory and those based on other

considerations.

Evaluate scientific arguments and

evidence from different sources

Total 3 83 10 217 5 125 4 66 6 81 3 44

4 111 4 87 1 25 6 98 7 95 o6 838

2 56 - - 7 175 3 49 5 68 2 29

3 83 10 217 5 125 4 66 6 81 3 44

Attitudes Aspect

Table 7 gives the frequencies and percentage distribution of objectives for attitudes aspect of science
literacy. The objectives mostly focus on environmental awareness with a high percentage in grade four.
There is no explicit reference to the aspect interest in science in any grade (see Appendix 5 for typical
objectives for attitude dimension).

Table 7.
The frequencies of the objectives in attitude aspect from grade 3 to 8
Grade3 Grade4 Grade5 Grade6 Grade7 Grade8

f % f % f % f % f % f %
Interest in science - - - - - - - - - - - -
Valuing scientific approachestoenquiry 2 56 1 22 1 25 4 66 - - 5 74
Environmental awareness 4 111 8 174 5 125 2 33 6 81 5 74
Total 6 167 9 196 6 150 6 99 6 81 10 148
226
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DISCUSSION

This research was designed to explore the extent to which 2017 Turkish science curriculum supports the
development of scientifically literate students. The objectives from grade 3 to 8 were closely scrutinized
for their emphasis given on the aspects of science literacy as defined by PISA. Since science curriculum
is the major source that provides the outcomes about what is taught in science classrooms to a great
extent, we expect that this study offers some important contribution to both teacher educators and
curriculum developers.

There are two main overall findings of this study. One of the most significant findings to emerge from
this study is that Turkish science curriculum reflects the aspects of science literacy in varying degrees.
That is, the curriculum is not adequate to reflect each of the four dimensions in a balanced manner. The
results of this study revealed that the context aspect of the science literacy framework of PISA is almost
not included in the objectives of Turkish science curriculum. However, active engagement of students
with real-world contexts that affect their lives is seriously highlighted in the definition of science
literacy. In other words, the definition of science literacy highlights context-driven curriculum. This
context-driven curriculum in science teaching aims to engage students with issues that they are highly
likely to come across as citizens (Roberts, 2007). The science curriculum that is contextualized around
real-world problems is needed to help students develop a more realistic understanding of the world
around them by adapting to a wider social and cultural reality in science classrooms. Lack of a real-
world context may lead to a feeling that the concepts learned in schools are not related to daily life. The
context-driven science helps students to find out the underlying science concepts for real-world issues
(Fensham, 2009). Moreover, choosing the contexts compatible with students’ daily lives results in the
generation of intrinsic interests (Fensham, 2009). Especially personal and local contexts are valuable to
make sense of the world around us and global context to understand others’ world.

The second important finding of this study was about the emphasis given on the knowledge aspect. The
three subdimensions of knowledge aspect are represented in varying degrees. The most emphasis is
given to the content knowledge while the epistemic knowledge is emphasized least. The objectives
mostly include the memorizing of the scientific facts and principles. The emphasis on the science content
may be important but it should be balanced with procedural and epistemic knowledge. The science
curriculum is particularly deficient in providing students with experiences for procedural and epistemic
knowledge. In order to meet the needs of the 21st century, the curriculum should be readjusted to
underlie these two types of knowledge. The industry world in the 21st century requires people with
diverse skills such as creating testable hypothesis, design experiments to test the hypothesis, manipulate
variables, and collect data (Duggan & Gott, 2002). Citizens can gain these skills through practicing
during K-12 education, primarily in science classrooms. Especially the reforms in science education
underline the process of science and students’ understanding of how scientific knowledge is produced
(e.g., AAAS, 1989, 1993; NRC, 1996). Students should develop certain abilities for scientific inquiry.
These abilities cannot be separated from science content and yet there is no need to choose skills over
content (Rillero, 1998). It is obvious that procedural knowledge is necessary to do science. This, in turn,
will lead to produce first-hand science knowledge. Students cannot link the procedural knowledge and
content knowledge if there is less emphasis on procedural knowledge. The objectives of the curriculum
are also problematic in terms of epistemic knowledge. Students who experience the Turkish science
curriculum do not have adequate epistemic knowledge of science until Grade 8 because it is not
highlighted in the curriculum until then. Epistemic knowledge is related to the nature and characteristics
of scientific knowledge. As content and procedural knowledge, it is an eminent aspect of science
literacy. The reforms in science education have brought the idea of inquiry-based science teaching in
order to introduce students to the procedural knowledge and skills in science. An inquiry is defined as
complex activity that contains numerous skills such as asking questions, observing the environment,
reviewing literature about what is previously known, collecting data, interpreting the evidence, and
evaluating alternative solutions (NRC, 1996). Inquiry refers to the way how scientists work and to the
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methodology of science teaching and learning (Carlson, Humphrey, & Reinhardt, 2003). Therefore, the
science curriculum should include objectives promoting inquiry-based practices if it aims to promote
science literacy.

Regarding scientific competencies, the Turkish science curriculum emphasizes mostly explain
phenomena scientifically and seldom focus on other two aspects -evaluate and design scientific inquiry,
interpret data and evidence scientifically. As discussed in the knowledge aspect above, the three
competencies should share equal importance. Therefore, students need to experience all of them with
similar emphasis. In addition to having knowledge of scientific concepts, science literacy requires the
ability to carry out a scientific inquiry. The discussions on science literacy also confirm this viewpoint.
For example, when Roberts (2007) suggested the two visions of science literacy, he aimed to emphasize
both contents of science (vision I) and the use of these contents (vision 11). Therefore, there is a need for
a science curriculum that provides students with opportunities to conduct scientific inquiry in which
they utilize content, procedural, and epistemic knowledge together. In this way, they can evaluate their
results and reach meaningful conclusions.

Among others, the most neglected aspect of science literacy is attitudes aspect. Regarding three
subdimensions of this aspect, only the fourth-grade science curriculum includes objectives emphasizing
environmental awareness while science curriculum from six to eight grade emphasizes neither of them.
The attitudes towards science are generally neglected in science curriculum because the cognitive gains
are given more emphasis than affective ones. However, having positive attitudes toward science bring
about other outcomes such as science achievement. Moreover, Kirk (2018) underlined that if the learning
environment only offers students cognitive opportunity to learn, then it is highly likely that such
environment may inhibit students’ learning at a certain point in time. If students appreciate science and
scientific way of thinking, they become more scientifically literate. A key policy priority should,
therefore, be to consider the ways of promoting students' attitudes toward science which, in turn,
promotes science literacy.

CONCLUSION and RECOMMENDATIONS

The present study was designed to evaluate the extent to which Turkish science curriculum emphasizes
the PISA 2015 science literacy aspects. Overall, the investigation of objectives has shown that there are
certain drawbacks of current science curriculum in terms of raising scientifically literate children. The
most significant finding of this study is that Turkish science curriculum includes objectives fostering
content knowledge more. That is, the curriculum is dominated by the pure knowledge of the content of
science. This is definitely an essential element of science education but there is a need to focus on the
process of science in classrooms.

The Turkish science curriculum underlines the importance of educating every young person as
scientifically literate. However, the evidence from this study indicated that this is not totally reflected in
the objectives. Although current science curriculum emphasizes science literacy and include objectives
fostering it to some degree, international assessments show that Turkish students (especially 15-year-
old ones) are not well-equipped with the elements of science literacy. Therefore, Turkish science
curriculum in each grade needs to be redesigned to provide students with opportunities to raise them
science literacy in all aspects. It should include objectives fostering each aspect of science literacy in a
balanced manner. Lack of such curriculum might be one of the reasons why 15-year-old students in
Turkey “fail” in PISA assessments.
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APPENDIX 1.

Aspects, subdimensions, and practices in PISA scientific literacy framework

Aspects

Subdimensions

Practices

Contexts

Personal
Local
Global

Health and Disease

Natural Resources

Environmental Quality

Hazards

Frontiers of Science and Technology

Knowledge

Knowledge of the Content
of Science

Physical systems
Living System
Earth and Space System

Procedural Knowledge

The concept of variables

Concepts of Measurements

Ways of assessing and minimizing uncertainty
Mechanisms to ensure the replicability of data

Common ways of abstracting and representing data

The control-of-variables

The nature of an appropriate design for a scientific question

Epistemic Knowledge

The nature of scientific observations, facts, hypotheses, models, and
theories

The purpose and goals of science as distinguished from technology
The values of science

The nature of reasoning

How scientific claims are supported by data

The function of different forms of empirical enquiry

How measurement error affects the degree of confidence

The use and role of abstract models and their limits

The role of collaboration and critique

The role of scientific knowledge, along with other forms of
knowledge

Competencies

Explain phenomena
scientifically

Recall and apply appropriate scientific knowledge.

Identify, use and generate explanatory models and representations
Make and justify appropriate predictions

Offer explanatory hypotheses

Explain the potential implications of scientific knowledge for
society

Evaluate and design
scientific enquiry

Identify the question explored in a given scientific study.
Distinguish questions that could be investigated scientifically
Propose a way of exploring a given question scientifically
Evaluate ways of exploring a given question scientifically
Describe and evaluate how scientists ensure the reliability of data
and the objectivity and generalizability of explanations

Interpret data and evidence
scientifically

Transform data from one representation to another

Analyze and interpret data and draw appropriate conclusions
Identify the assumptions, evidence, and reasoning in science-related
texts.

Distinguish between arguments that are based on scientific evidence
and theory and those based on other considerations.

Evaluate scientific arguments and evidence from different sources

Attitudes

Interest in science
Valuing scientific
approaches to enquiry
Environmental awareness
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APPENDIX 2.

Typical objectives in the context aspect of science literacy

Contexts Typical Objectives

Personal

Health and Disease

Natural Resources
Environmental Quality
Hazards

Frontiers of Science and
Technology

Local

Health and Disease
Natural Resources
Environmental Quality
Hazards

Frontiers of Science and
Technology

Global

Health and Disease
Natural Resources
Environmental Quality

Hazards

Frontiers of Science and
Technology

Discuss what should be done to protect the health of the sense organs (Objective
number: F.3.2.1.3).

No objectives

Be careful to be efficient in the use of resources (Objective number: F.4.6.1.1).
Discuss the dangers of moving objects in daily life (Objective number: F.3.3.2.3).
No objectives

Assume responsibility to reduce smoking in the close vicinity (Objective number:
F.4.2.1.6.).

Discuss the separation of mixtures in terms of their contribution to national
economy and effective use of resources (Objective number: F.4.4.5.3.).

Discuss the effect of battery waste on environment and what should be done about
this (Objective number: F.3.7.2.2.).

No objectives

Explain his/her ideas on the new applications of magnets (Objective number:
F.4.3.2.4).

No objectives

Discuss the importance of density of solid and liquid water for the livings

Explain the negative effects of light pollution on natural life and observation of
celestial bodies (Objective number: F.4.5.3.2).

Discuss the causes and possible consequences of global climate change (Objective
number: F.8.6.3.5)

No objectives
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APPENDIX 3.

Typical objectives in the knowledge aspect of science literacy

Knowledge

Typical Objectives

Knowledge of the Content of Science
Physical systems

Living System
Earth and Space System

Procedural Knowledge
The concept of variables

Concepts of Measurements

Ways of assessing and minimizing
uncertainty

Mechanisms to ensure the replicability
of data

Common ways of abstracting and
representing data

The control-of-variables

The nature of an appropriate design for a
scientific question

Epistemic knowledge
The nature of scientific observations,
facts, hypotheses, models, and theories
The purpose and goals of science as
distinguished from technology
The values of science
The nature of reasoning
How scientific claims are supported by
data
The function of different forms of
empirical enquiry
How measurement error affects the
degree of confidence

The use and role of abstract models and
their limits

The role of collaboration and critique
The role of scientific knowledge, along
with other forms of knowledge

Classifies the substances according to their state (Objective number:
F.3.4.2.1).

Explain the basic functions of sensory organs. (Objective number:
F.3.2.1.2).

Explains the events that occurs as a result of Earth’s motion (Objective
number F.4.1.2.2).

Tests and predicts the variables that affects bulb brightness in an
electrical circuit. (Objective number F.5.7.2.1).

Compares the mass and volume of different substances by measuring
them (Objective number F.4.4.2.1)..

No objectives

No objectives

Interpret the factors affecting the rate of photosynthesis by drawing
graphs (Objective number F.8.6.2.3)

Discover by doing experiment that the heat energy of a matter depends
on the type, mass, and temperature of the matter (Objective number
F.8.4.5.1)

No objectives

No objectives
No objectives

No objectives

No objectives

Questions how the ideas about the concept of atom has changed from
past to present (Objective number F.7.4.1.2)

No objectives

Discusses the ideas about the structure of the cell from past to present
by associating with technological developments. (Objective number
F.7.2.1.2)

No objectives

No objectives
No objectives
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APPENDIX 4.

Typical objectives in the scientific competencies aspect of science literacy

Scientific Competencies
Explain phenomena scientifically

Typical Objectives

Recall and apply appropriate scientific
knowledge.

Identify, use and generate explanatory models
and representations

Make and justify appropriate predictions

Offer explanatory hypotheses

Explain the potential implications of scientific
knowledge for society

Evaluate and design scientific enquiry

Identify the question explored in a given
scientific study.

Distinguish questions that could be investigated
scientifically

Propose a way of exploring a given question
scientifically

Evaluate ways of exploring a given question
scientifically

Describe and evaluate how scientists ensure the
reliability of data and the objectivity and
generalizability of explanations

Interpret data and evidence scientifically

Transform data from one representation to
another

Analyze and interpret data and draw appropriate
conclusions

Identify the assumptions, evidence, and reasoning
in science-related texts.

Distinguish between arguments that are based on

scientific evidence and theory and those based on
other considerations.

Evaluate scientific arguments and evidence from

different sources

Prepares solution by using the solutes and solvents from
daily life substances (Objective number F.7.4.3.2).
Designs an imaging tool using mirrors or lenses (Objective
number F.7.5.3.5)

Predicts and tests the environments in which sound can
propagate. (Objective number F.6.5.1.1)

Demonstrates the relationship between the sense of smell
and taste by designing experiment (Objective number
F.6.6.2.2)

Discuss the separation of mixtures in terms of their
contribution to the national economy and the effective use
of resources. (Objective number F.4.4.5.3)

No objectives

No objectives

Offers solutions to prevent acid rain (Objective number
F.8.4.4.7)

No objectives

No objectives

No objectives

Discusses the importance of freshness and naturalness of
foods for a healthy life based on research data. (Objective
number F.4.2.1.3))

No objectives

No objectives

No objectives

APPENDIX 5.

Typical objectives in the attitudes aspect of science literacy

Attitudes
Interest in science

Valuing scientific approaches to

Typical Objectives

No objectives
Discuss the consequences of consanguineous marriages. (Objective number

enquiry F.8.2.2.3)
Environmental awareness Takes an active role in the cleaning of the environment. (Objective number
F.3.6.2.2)
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TURKCE GENISLETILMIS OZET

Uluslararas1 Ogrenci Degerlendirme Programi (PISA) sonuglari, Tiirkiye’de egitim goren 15 yasindaki
Ogrencilerin bilgi toplumunun ihtiyaclarmi karsilayacak diizeyde fen okuryazari olmadiklarina dair
kanitlar saglamistir. Tiirkiye’de 15 yasindaki 6grencilerin biiyiik bir ¢ogunlugu (%96,7) ortadgretime
devam etmektedir. Yani, Tiirkiye’de 15 yasindaki 6grencilerin yaklasik %97’si, ilkokul ve ortaokul fen
programinin gereksinimlerini tamamlamistir. Halen uygulanmakta olan Fen Bilimleri Dersi Ogretim
Programi’nin (ilkokul ve ortaokul 3, 4, 5, 6, 7 ve 8. siniflar) temel amaglarindan biri fen okuryazari
bireyler yetistirmektir. Bu nedenle bu programi basariyla tamamlamis 6grencilerden, fen okuryazarlik
diizeyini degerlendirme amaci tasiyan PISA’da yiiksek performans gostermeleri beklenir. Bu
beklentinin aksine, 2015 PISA uygulamasinda Tiirkiye fen okuryazarlik puanina gére 35 OECD iilkesi
arasinda 34. sirada yer almistir. Ayrica ayni sinavda ileri diizey bilimsel diisiinme ve akil yiiriitme
becerileri gosterebilen 6grencilerin orani, toplam 6grencilerin % 1'inden daha azdir.

Tiirkiye'nin PISA’da elde ettigi gorece basarisiz sonuglara bir takim makul agiklamalar getirmek
miimkiindiir. Bunlarin bazilar1 egitim-6gretimde ebeveyn desteginin eksikligi, egitime 6zgii kaynaklarin
yetersizligi, okullar arasi ciddi basar1 farkliliklar1 ve 6grencileri ulusal sinavlara hazirlama kaygisi olarak
siralanabilir. Bunlarin yaninda gorece basarisizligin bir nedeni de, fen okuryazar 6grenci yetistirmek
igin gereken bilesenleri tam karsilayamayan ogretim programlari olabilir. Ogretmenler gretim
programlarint kazanimlart belirlemek, igerikleri hazirlamak, etkinliklere karar vermek gibi farkl
amagclarla kullanirlar. Ayrica 6gretim programlar bir 6gretmenin ne dgretecegine, nasil gretecegine,
ne zaman &gretecegine, nerede dgretecegine ve hatta neden dgretecegine karar vermesi adina bir rehber
niteligi tasir. Bu sebeple O6gretim programlarinin gesitli yonleriyle analiz edilmesi 6nemlidir. Bu
noktadan hareketle ortaya koyulan bu calismanin amaci, 2017 yilinda yayimlanan ve halen
uygulanmakta olan fen bilimleri 6gretim programinin fen okuryazar1 6grenci yetistirme potansiyelini,
PISA Fen Okuryazarligi Degerlendirme Cergevesi kullanarak analiz etmektir.

Fen okuryazarligi, PISA Fen Okuryazarligi Degerlendirme Cercevesinde en genel haliyle baglamlar,
bilgi, yeterlikler ve tutumlar olmak iizere dort boyutta ele alinmaktadir. Her bir alt boyut, ilgili yapiy1
ortaya koyacak sekilde detaylandirilmistir. Ornegin bu gergeve; yeterlikler boyutunu “olgular1 bilimsel
olarak agiklama”, “bilimsel sorgulama yontemi tasarlama ve degerlendirme” ve “verileri ve bulgulari
bilimsel olarak yorumlama” olarak agiklamistir. Bu ¢alismada bu g¢erceve kullanilarak 3. siniftan 8.
sinifa kadar uygulanmakta olan fen bilimleri 6gretim programinin biitlin kazanimlar1 analiz edilmistir.

PISA Fen Okuryazarligi Degerlendirme Cercevesinde baglamlar; kisisel, yerel/ulusal ve kiiresel olmak
tizere U¢ farkli kategoride ele alinmistir. Fen bilimleri 6gretim programi bu agidan incelendiginde,
programda yeterli miktarda baglam temelli kazamm bulunmadigi dikkat c¢ekmektedir. Ogretim
programinda baglami kisisel, yerel/ulusal ve kiiresel dlgekte sorunlar olan az sayida kazanim vardir. Bu
kazanimlar i¢inde kigisel baglamda saglik sorunlarini igeren kazanimlar, diger kazanimlara kiyasla daha
fazladir. Ote yandan kiiresel baglamin alt boyutlarindan gevresel kalite, kazanimlarda digerlerinden daha
fazla vurgulanmaktadir. Dogal kaynaklar ise en ¢ok yerel/ulusal baglamda vurgulanmaktadir.

PISA Fen Okuryazarligi Degerlendirme Cercevesinde bilgi; icerik bilgisi, siiregsel bilgi ve epistemik
bilgi olmak iizere li¢ farkli kategoride ele alinmigtir. Fen bilimleri 6gretim programi bilgi yoniinden
incelendiginde 3. smiftan 8. sinifa kadar biitiin smiflarda siiregsel bilgi, igerik bilgisine kiyasla
kazanimlarda daha az vurgulanmistir. Siiregsel bilgi boyutunda yer alan dl¢iim konulari, kazanimlar
icerisinde diger becerilere gore kendisine daha fazla yer bulabilmistir. Diger yandan kazanimlar
epistemik bilgi yoniinden oldukga yetersiz kalmigtir. Fen bilimleri dersi 6gretim programinda epistemik
bilgiyi dogrudan gelistirmeye yonelik higbir kazanima 4, 5, 6 ve 8. sinif diizeylerinde rastlanmamugtir.

PISA Fen Okuryazarligi Degerlendirme Cercevesinde yeterlikler; olgulari bilimsel olarak agiklama,
bilimsel sorgulama ydntemi tasarlama ve degerlendirme, verileri ve bulgular1 bilimsel olarak
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CANSIZ & CANSIZ; Tiirkiye 'de uygulanan fen bilimleri dersi ogretim programinin PISA fen okuryazarligi cergevesiyle
degerlendirilmesi

yorumlama olmak iizere ii¢ farkli kategoride ele alinmigtir. Kazanimlarda en ¢ok vurgulanan yeterlik,
olgular bilimsel olarak agiklama seklinde karsimiza ¢ikmaktadir. Diger iki yeterlik 6gretim programinin
kazanimlarinda nadiren vurgulanmaktadir.

PISA Fen Okuryazarligi Degerlendirme Cergevesinde tutumlar; fen bilimlerine duyulan ilgi, bilimsel
sorgulama yontemlerine verilen deger ve c¢evresel farkindalik olmak tizere ii¢ farkli kategoride ele
almmistir. Program kazanimlar1 bu ii¢ kategori arasinda en fazla ¢evresel farkindaliga odaklanmistir.
Kazanimlarda tutumlar agisindan gozlemlenen énemli noktalardan biri de, farkli sinif diizeylerinde fen
bilimlerine duyulan ilgiye yonelik dogrudan vurgu yapan higbir kazanim bulunmamasidir.

Ozetle, bu galigmanin iki genel bulgusu vardir: Ortaya konulan énemli bulgulardan ilki Tiirkiye’de
uygulanan Fen Bilimleri Dersi Ogretim Programi’nin fen okuryazarhigmin dért boyutunu dengeli bir
sekilde yansitmada yetersiz kaldigidir. Tkinci 6nemli bulgu ise fen bilimleri dersi dgretim programimin
daha ¢ok igerik bilgisine yogunlastigidir. Igerik bilgisi elbette herhangi bir programim 6nemli
bilesenlerinden biridir. Fakat siiregsel ve epistemik bilgiye de igerik bilgisi ile kiyaslanabilecek 6l¢iide
programda yer verilmelidir. Fen bilimleri dersi 6gretim programi Ogrencilere siiregsel ve epistemik
bilgiyi de kazandirabilecek sekilde tasarlanmalidir. Bu iki bilgi igerik bilgisiyle birlikte 21. yiizyilin
ihtiya¢ duydugu becerilere sahip bireyleri yetistirmede 6nem arz etmektedir. Giiniimiiz sanayi diinyasi
hipotez kurabilen, bu hipotezleri sinayabilecek deneyler tasarlayabilen, amaca yonelik veri toplayabilen
bireylere ihtiya¢ duymaktadir. Bireyler bu becerileri en iyi zorunlu egitim kademesi boyunca, 6zellikle
fen bilimleri dersinde, ilk elden deneyimleyerek kazanabilirler. Bu deneyimleri kazandirmay1
hedefleyen bir fen bilimleri dersi 6gretim programinin olmasi, fen okuryazari bireyler yetistirmede
atilacak 6nemli adimlardan biridir. Sonug olarak, gelecekte yapilacak program giincelleme ve gelistirme
caligmalarinda, fen okuryazarligin dort boyutunu dengeli bir sekilde yansitmak ve igerik bilgisinin
yaninda siire¢sel ve epistemik bilgiye de benzer vurgular yapmak, PISA benzeri uluslararasi sinavlarda
basarimizi artiracagi gibi fen okuryazari 6grenciler yetistirmede mesafeleri daha hizli kat etmemize
olanak saglayacaktir.
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