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Abstract. In this study, an in-depth examination of teachers’ context-based question writing skills
in the scientific literacy course developed for science teachers was aimed. In the study, a case study
model from qualitative research was used. The study group consists of 25 science teachers working
in middle schools in Bursa. Teachers were given theoretical and practical context-based question
writing training on the basis of scientific literacy developed by the researchers. Questions and
observation were used as data collection tools in the study. The data obtained were analyzed using
descriptive analysis. The findings from the study showed that teachers learned context-based
question structures that measure scientific literacy. Although teachers had some deficiencies in
writing context-based question, it was understood that their ability to write questions had improved
through the scientific literacy course. We concluded that developing more context-based questions
by teachers will decrease the deficiencies identified in the study.

Keywords: scientific literacy, context-based, open-ended question, science teacher, writing skills.

Oz. Fen okuryazarligmm giiniimiizdeki Gnemine paralel olarak, baglam temelli sorular Glgme-
degerlendirme sistemlerinde yer almaya baslamistir. Bu Onem g6z Oniine alinarak yapilan
calismada, fen bilimleri Ogretmenlerine yonelik gelistirilen fen okuryazarlik kursunda,
Ogretmenlerin baglam temelli soru yazma becerilernin derinlemesine incelenmesi amaglanmigtir.
Calismada, nitel arastirmalardan durum calismast modeli kullanilmistir. Caligma grubunu, Bursa
iline bagh ortaokullarda gérev yapan 25 fen bilimleri dgretmeni olusturmaktadir. Ogretmenlere,
arastirmacilar tarafindan gelistirilen fen okuryazarligi temeline yonelik baglam temelli soru yazimi
teorik ve uygulamali egitim verilmistir. Calismada veri toplama araci olarak “ulusal ve uluslararast
sorulardan olusan form”, “yapilandirilmamis goézlemler” ve “Ogretmenler tarafindan hazirlanan
baglam temelli agik uglu sorular” kullanilmistir. Veriler betimsel analiz kullanilarak analiz
edilmistir. Caligmadan elde edilen bulgulara gore; 6gretmenlerin, fen okuryazarligini 6lgen baglam
temelli soru yapilarini 6grendikleri anlagilmigtir. Bununla birlikte 6gretmenlerin baglam temelli soru
yazmada bazi eksikleri olmasia ragmen, verilen egitime paralel olarak soru yazma becerilerinin
gelistigi anlagilmistir. Calismada belirlenen eksikliklerin, daha fazla baglam temelli soru
hazirlayarak azalacag: digtiiniilmektedir.

Anahtar Kelimeler: Fen okuryazarlik, baglam temelli, a¢ik uglu soru, fen bilimleri 6gretmeni,
yazma becerisi.
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Introduction

In parallel with the advances in technology and science, we can say that people who cannot
adapt to change have difficulty in adapting to their environment and the world. In order to find a
solution to this adaptation problem, countries have started to make changes in their education
policy. In the updated curriculum of Turkish Ministry of National Education (MoNE), the aim is
to understand the nature of science and to ensure that the information obtained is utilized in daily
life, thus the main purpose of the science curriculum in Turkey is to educate students as science
literate individuals (MoNE, 2018). Students are expected to be individuals who know science
subjects, who can relate the concept they have learned to daily life, who have high level thinking
skills, who understand the nature of science, who are willing to learn science subjects. As Siiliin,
Isik and Siiliin (2008) states, individuals need to be science literate individuals in order to
transform their education into skills they can apply in their daily lives, to be in a lifelong
learning process and to distinguish between right and wrong by using scientific data. Because it
is critical for individuals and societies to be science literate in order to comprehend and use new
information and technological developments consciously (Ozdemir, 2010).

In order for students to grow up as science literate individuals, teachers should be science literate
individuals and reflect this into their classrooms. Similarly, Saracaloglu, Yenice and Ozden
(2012) states that teacher is one of the most important factors that affect students' ability to
develop the knowledge, skills, attitudes, understanding and values required for their
development as science literate individuals. If a good science teacher wishes to raise science
literate students, the teacher needs to behave exemplary (Siiliin, et all., 2008). Teachers who will
educate science literate individuals should also be highly science literate (Karademir, 2012). At
this point, we can say that in order to be science literate, teachers need to develop themselves
and receive training for this purpose. Considering the trainings teachers took during their
undergraduate education, although the courses serve to scientific literacy, the main purpose of
their content is not scientific literacy. Kaya and Bacanak (2013) state that education faculties
should emphasize scientific literacy in teacher education. In order for science teachers to become
science literate individuals, we thought that they need to improve themselves through in-service
trainings. In this context, the scientific literacy course with teachers will be important for both
teachers, students and the literature.

Changes are being made in the measurement and evaluation system in Turkey and updates are
made in question structures in parallel with PISA applications. In this regard, Berber and Anilan
(2018) indicates that new exam systems have been developed for the applied program in
response to the changes in the education programs. Scientific literacy levels of the countries are
also examined in PISA applications and questions that require high level thinking
skills/competences are asked. In parallel with scientific literacy, which is considered as the main
objective of the development of science programs in Turkey, the transition to context-based
questions has begun. Because it is known that students are unable to reconcile the science
subjects they have learned with daily life and therefore have difficulty in solving these exams
related to daily life (Sak & Giirel, 2018). In parallel with this situation, changes in the
understanding of assessment and evaluation take place and context-based questions related to
daily life are gaining importance. In parallel with all these reasons, we thought an in-depth study
of context-based question writing skills, which is a requirement for scientific literacy of teachers,
is important.
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When we look at the literature, Siiliin, et. all., (2008) concluded that teachers' scientific literacy
levels were not sufficient in their study with classroom teachers. Ozdemir (2010) determined
that the scientific literacy of pre-service teachers was at medium and low levels. Chin (2005)’s
study of first-year pre-service teachers in Taiwan, where they investigated scientific literacy,
determined that basic scientific literacy was generally satisfactory. At this point, we can say that
the literacy levels of the teachers are low and the trainings to be given on this subject will be
important. In the scientific literacy course developed for science teachers within the scope of the
study, examining context-based question writing skills of teachers is another important step. In
the literature, the effects of context-based questions on participants' anxiety, success, attitude,
and problem solving were investigated (Hill, 1998; Kurbanoglu & Nefes, 2015; Kurbanoglu &
Nefes, 2016; Tekbiyik & Akdeniz, 2010) or provided examples of context-based questions
(Kaltakci & Eryilmaz, 2011). Additionally in the literature, determining prospective science
teachers' ability to write context-based questions about the concepts of radioactivity subject
found its place as an aim (Ultay & Usta, 2016). In our literature review we could not find any
other study. In this context, we think that this study will contribute to the gap in the literature
and at the same time, it will be more effective to examine context-based question writing skills
in parallel with a given education. In this study, we aimed to examine in depth the context-based
question writing skills of the scientific literacy course developed for science teachers. In this
context, the problem sentence of the research is as follows;

e How are the context-based question writing skills of science teachers participating in the
scientific literacy course?

The sub-problems of the research are as follows:
¢ How do science teachers understand scientific literacy questions in literature?
e How do science teachers analyze the skills/competences of a scientific literacy question?
¢ How do the science teachers distinguish scientific literacy/context-based questions?

e How do the science teachers write scientific literacy/context-based questions?

Theoretical Framework

Scientific Literacy

Scientific literacy involves knowing and understanding the scientific concepts and processes
necessary for economic efficiency, participation in civil and cultural affairs, and personal
decision-making (National Research Council, 1996). DeBoer (2000) defined scientific literacy
as what people should know about science in order to live more effectively and efficiently.
Basically, scientific literacy can be thought of as having the process skills necessary to interpret
culturally important information (Turgut, 2007). Similarly, scientific literacy is considered as a
citizen qualification that requires rational thinking about science when seeking solutions to
personal, social, economic problems and to potential problems that people may encounter
throughout their lives (Yetisir, Bati, Kahyaoglu & Birel, 2018). At this point, one of the
important points in the concept of scientific literacy is the skills/competences that individuals
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should have. In this regard, Ozdemir (2010) defines scientific literacy as a “competence”
situation that serves to understand, monitor, assimilate and consciously use scientific and
technological developments and includes all cognitive, affective and psychomotor skills that can
protect human quality of life and natural life. In this context, studies aiming to improve scientific
literacy of students in different countries were carried out. The main focus of the standards set
by the NRC (2013) in the USA have been scientific literacy and life skills.

An important point in scientific literacy is the association of concepts with everyday life and
integration into life. Similarly, Kesik (2016) states scientific literacy as the use of theoretically
learned information in solving problems encountered in daily life and being responsible to
society when making decisions on any issue. Because it is possible for individuals to develop
their critical thinking abilities, to discover ways to access information instead of retrieving and
memorizing, and to inquiry and question the individual with the characteristics of scientific
literacy (Sahin, Sanalan, BektaS & Kaygisiz, 2010). As can be understood so far, science literate
individuals have basic knowledge of science (Biology, Physics, Chemistry, Earth, Celestial and
Environmental Sciences, Health and Natural Disasters) and scientific process skills for the
exploration of the natural environment (MoNE, 2018). The science literate person understands
the nature of science and scientific knowledge, basic science concepts, principles, laws and
theories and uses them appropriately (Duban, 2010; Siiliin, et. all., 2008). But the main point that
makes these possible is that they know the concepts of science. In other words, students need to
know science concepts in order to understand the nature of science, examine the relationship
between science-technology-society-environment, thinking and interpreting science to develop
interest and attitude towards science, in short, become science literate (Kavak, Tufan &
Demirelli, 2006). In this context, a science literate individual needs to know the basic concepts
of science, to use them in problems or situations encountered in daily life and to use the
necessary skills/competences in this process.

In order to increase the scientific literacy status of individuals, it is necessary to focus on this
variable in the courses and to process the courses in parallel. Anagiin (2011) states that the
variable that most affects scientific literacy in Turkey in terms of teaching-learning processes is
“time devoted to learning” followed by “experiments” and “inquiry-based learning activities”.
Therefore, in order to improve scientific literacy in the courses, teaching activities must be
organized accordingly. At this point, the responsibility falls on the teachers. As Kaya and
Bacanak (2013) points out, teachers need to be science literate in order to develop these skills in
their students and have knowledge about activities that improve science literacies their students.
From this basic point of view, the importance of scientific literacy trainings with teachers
emerges.

Programme for International Student Assessment (PISA)

One of the applications where scientific literacy is important is the Programme for International
Student Assessment (PISA). PISA defines scientific literacy as the scientific knowledge of a
person and utilizing this knowledge in identifying questions, obtaining new knowledge, drawing
experience based conclusions on science related issues, understanding the characteristics of
science for learning and research purposes, realizing how science and technology shapes our
material, cultural and intellectual environment and being interested in science-related issues and
scientific ideas as a responsible citizen (MoNE, 2010). In this context, we can state that literacy
is a very important variable for PISA applications. As Sadler and Zeidler (2009) points out, one
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of the unique and improbable features of PISA is the articulation of scientific literacy that serves
as a conceptual determinant of the project.

The PISA is an international assessment that measures the abilities of 15-year-olds in reading,
mathematics and scientific literacy every 4 years (Fleischman, Hopstock, Pelczar & Shelley,
2010). The PISA exams are a combination of open-ended, closed-ended and multiple-choice
guestions that last for 2 hours, and these groups of questions are prepared in paragraphs and
adapted from real life (Dos &Atalmig, 2016). The PISA application does not aim to measure the
extent to which students have learned the subjects (mathematics, science and reading
skills/competences) addressed in their curriculum, but to measure their ability to use and transfer
their knowledge and skills/competences in the face of certain situations in today's information
society (Acar & Ogretmen, 2012). As Bybee and McCrae (2011) notes, international
assessments provide important information about science education and help inform decisions
about policies, programs and practices in participating countries. Policy makers around the
world use PISA results to compare the knowledge and skills/competences levels of students in
their home countries with those of other countries participating in the research, to establish
standards for raising the level of education and to identify strengths and weaknesses of their
education systems (Tas, Arici, Ozarkan & Ozgiirliik, 2016). Therefore, PISA applications play
an important role not only in terms of students' scientific literacy but also in determining the
educational policies and teaching programs of many countries.

High School Transition System (LGS) and Context Based Questions

High school transition exams are administered centrally by the Ministry of National Education in
Turkey in order to determine how much of the intended behaviours the students gained during
the primary school (primary and lower middle school) process (Giindiiver & Gokdas, 2011). In
this system, schools are divided into two categories as middle education institutions, high
schools which will take students by examination and high schools that will take address-based
registration (Biber, Tuna, Uysal & Kabuklu, 2018). While the former high school transition
exams were measurement exams because they placed all students to all high schools, the new
system is more of a selection exam because only a limited number of students are placed to a
limited number of high schools (Ormanci, 2019). In addition to the questions at the level of
knowledge and understanding in which the basic concepts are questioned, context-based
guestions have also been introduced.

Context-based questions are questions that present the subject or concept with the help of an
appropriate context, allowing the students to respond based on this context with the help of their
knowledge (Kabuklu, Yiizbasioglu & Kurnaz, 2019). The students are directed to a question
enriched by their daily life, experiences or a context that interests them (Sak & Giirel, 2018). In
this context, context-based questions need to contain some characteristics. ElImas and Eryilmaz
(2015) stated these characteristics as follows:

¢ It needs to include a problem that concerns the individual or society.

e Science concepts, formulas and laws need to be in a relationship with the context while
constructing the problem.

e The answer needs to arise as a result of a thinking process, not memorization.
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Thus, the most important feature of context-based questions is that it contains a problem that
concerns the individual from daily life. In addition, the problem needs to be related to the
science concept that is intended to be questioned. Finally, as Kabuklu, et. all., (2019) states,
context-based questions should keep students from answering by memorizing or formulization
and encourage reasoning. An example of a context-based question is given Photograph 1.

Evlerine gelecek misafir icin kek yapan A) basing
Tugge, kgki §ekiz egit parcaya aylrmlgpr. Tugce, who makes Pressure
Gelen misafirler kekin 6 pargasini yemis-| cakes for the guests Time
tir. coming to their zaman
Her bir parca kek tabaktan sirayla alin-| homes, cutthe cake | g, _
P i : 2 into eight equal basing
digina gore kekin, bulundugu “k_apa pieces, Guests have
uyguladigi basincin zamanla degisim| eaten six pieces of
grafigi nasildir? cake. Since each G
piece of cake is c) —
taken out of the
plate in turn, —
what is the graph /
of the pressure ¢ 7aman
that the cake D)
exerts on the | DR
container it
contains? N
Zaman

Photograph 1. Example of Context-Based Question (Cepni, 2020)

The question developed for pressure is an example of context-based questions. In the question,
an example of solid pressure in daily life is given and the question is based upon a context. In
addition to being a situation that concerns the individual, the question is related to the concepts
of science. Besides, memorization information is not sufficient for the answer of the question,
the student must understand the question, be able to read and interpret the graphics. In this
context, it can be stated that the question meets most of the features required by the context-
based questions.

Methodology

Case study was preferred in this study, where the implementation process of the scientific
literacy course developed for science teachers and the teachers were examined in depth in terms
of context-based question writing skills. These cases are “understanding scientific literacy
questions”, “analyzing skills/competences in these questions”, “distinguish the scientific
literacy/context-based questions” and “writing appropriate context-based questions”. Case study
is a research method based on ‘how’ and ‘why’ questions and examines a phenomenon or event
that the researcher cannot control (Yildirim & Simsgek, 2018). The most important advantage of
this method is that it gives the opportunity to concentrate on a particular subject or situation and
provides an opportunity to investigate the subject in depth (Cepni, 2019). Since we aim to
examine the application process of the scientific literacy course developed in our study in depth
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in terms of context-based question writing and we use qualitative data collection tools in this
process, we used the case study method.

Research Participants

The participants consist of 25 science teachers working in middle schools in Bursa. In this
process, we first received the teachers' applications and conducted the process on a voluntary
basis. Participants were selected from among the teachers who applied, whether or not they
received a similar education before, in parallel with the counties and schools they served. In this
context, the participants consist of science teachers working in central districts of Bursa. Table 1
shows the characteristics of the teachers.

Table 1.

Demographic Characteristics of Participating Teachers

Teacher County School Gender
Teacher A and B Niliifer Ucgevler Sehit Faik Gokgen Middle School F, F
Teachers C, D and E Niliifer Abdurrahman Vardar Middle School F,F, F
Teachers F and G Nilifer Sadettin Tiirkiin Middle School F, F
Teacher H Niliifer Ozliice Nurettin Topgu AIH High School F
Teachers l and J Niliifer Ko¢ Middle School F, M
Teacher K Niliifer Meral Muammer Agim Middle School F
Teachers L and M Niliifer Siileyman Cura Middle School F,F
Teacher N Niliifer Alara Middle School M
Teacher O Osmangazi Bisas Middle School M
Teacher P Osmangazi Panayir Middle School M
Teacher R Osmangazi Sabiha Kostem Middle School M
Teacher S Osmangazi Ibni Sina Middle School F
Teacher T Yildirim Samanli Latif Dortgelik Middle School M
Teacher U Yildirim Sehit Piyade Er Nezir Akgiil Middle School F
Teacher V and W Yildirim Kiziklar Middle School M, M
Teacher Y Yildirim Setbas1t Middle School F
Teacher Z Yildirim Selguk Hatun Middle School F
Teacher Q Yildirim Emek Middle School M

As shown in the table, 14 teachers from Niliifer district, four teachers from Osmangazi district
and seven teachers from Yildirim district participated in the scientific literacy course. 16 of the
teachers were female and nine were male. In addition, teachers have at least five years of
teaching experience. Each teacher was actively involved in both scientific literacy and the
context-based question writing process, which is essential for scientific literacy.

Implementation

The study was carried out in Bursa in the spring term of 2014-2015 academic year. The training
concerning scientific literacy was given by three instructors (authors) and lasted five weeks and
30 hours. We conducted the trainings every week on Fridays within a six-hour curriculum.
Instructors are experts who have been studying in context-based questions and scientific literacy
for many years.

The scientific literacy course includes theoretical and practical training developed by researchers.
The content of the training is the introduction of national exams, PISA and TIMSS applications,
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understanding of teaching-learning approaches and measurement-evaluation approaches,
examinations of scientific literacy concept and PISA scientific literacy concept, realization of
guestion writing activities. After the determination of education content, we created the content
and activities to be implemented every week. The contents applied for five weeks are as follows:

Week one: First, we made a general introduction to scientific literacy, context-based
guestion writing and a five-week process. Then, we applied scientific literacy questions to
the teachers and enabled them to see the question structures. These questions were used in
PISA and TIMSS, and these are included in the findings section. In addition, we asked
teachers to look at the questions from this perspective in order to determine the proficiency
levels of scientific literacy questions with teachers and discussed the questions with the
teachers in terms of structure and scientific literacy.

Week two: First, we focused on international exams and gave examples of questions about
these exams. Then we introduced PISA, TIMSS and exams in our country. We examined
the questions in all exam systems in terms of scientific literacy. Here, after the theoretical
part, we analyzed practical exam questions. We conducted a practical activity with teachers
about which questions the exams could contain and their effectiveness in terms of scientific
literacy. In this activity, a checklist was formed and participants were asked to fill this out
for each question. In this way, we aimed to familiarize the questions in line with context-
based questions and analyze their features.

Week three: This week is a more theoretical week and we first talked about the relationship
between learning theories of international exams. For example, it has been stated that the
context-based questionsshould be more appropriate for a constructivist or context-based
learning approach. Or, for questions requiring experimental process or skills/competences,
it is suggested to prefer laboratory approaches. Then, we focused on the assessment and
evaluation approaches on which the exams are based, and with the participation of teachers,
we tried to reach a conclusion about the approaches on which the questions were based.
Then, we have sampled some of the questions from the PISA and TIMSS exams.

Week four: From this week onwards, we have moved from scientific literacy and
theoretical to context-based question writing. When writing questions at this stage, first a
context was given and partly included in the question. The teachers are asked to complete
the existing question. In this way, teachers who had little or no context based question-
writing experience were asked to get used to this process. Then, it was progressed step by
step and after the teachers were given only context and asked to write the question they
wanted. As a final step, teachers writed original context-based questions. At this point,
since the questions closest to scientific literacy are in PISA practices, we first proceeded to
write gradually by examining the structure of these questions. During the lecture hours, we
mainly conducted question-writing activities. Examples of this process were included in the
findings section.

Week five: The main goal in the last week of training is for teachers to write original
context-based questions. For this purpose, we asked teachers to come prepared for this
week and planned based on questions that teachers prepared or started to prepare during the
lesson. The teachers then presented the questions they had prepared and discussed with the
teachers whether the questions were context-based.
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Data Collection Tools

In this study, we used two documents and an unstructured observation. Documents are forms
consisting of national and international questions (such as questions, proficiency levels) and
context-based open-ended questions prepared by teachers as data collection tools.

Document 1: Forms consisting of national and international questions (such as questions,
proficiency levels)

As a data collection tool, we used a form consisting of national and international questions
prepared by the researchers. We took the questions in the form from exams such as PISA,
TIMSS and TEOG, mainly from PISA application. The main reason for this situation is that
PISA application includes questions closer to scientific literacy. There are eighteen questions in
the form. We asked teachers to answer this test, find competences in the questions, make
comments according to the difficulty level of the questions, and so on. In the first week, the
teachers are expected to answer the questions basically, in the second and third weeks they are
expected to examine in terms of proficiency and in the fourth week, they are expected to classify
these questions. In this context, we distributed four different forms (“understanding the
questions-Form 17, “finding the skills/competences in the questions-Form 2”, “choosing the
skills/competences in the questions from the given skills/competences-Form 3”, “recognize the
scientific literacy/ context based questions-Form 4”) to teachers to examine the same questions
from different perspectives. The forms’ application lasted for one hour each week. Five hours of
theoretical content and activities with teachers took place. An average one hour is devoted to
filling out these forms.

Unstructured observations

The trainings were carried out by the team of researchers and observations were made
throughout the process (30 hours). We observed in the form of unstructured observations. Two
researchers made observations each week and notes were taken on the process. But the main
goal in the observations is to examine teachers in terms of scientific literacy and context-based
guestion writing skills. In the observation notes, we basically took notes on these parts. We
compared the grades we get each week and we have a consensus. We also took video recording
during the process and used video recording at the required points.

Document 2: Context-based open-ended questions prepared by teachers

We asked teachers to write questions in the last two weeks. Since the main purpose of the study
was to examine the teachers' context-based question writing skills, we used these questions as a
data collection tool. At this stage, the original context based questions developed by the teachers
were analyzed. In other words, the questions that the contexts of their own found were
emphasized. Since each teacher wrote questions in different contexts, many contexts / topics and
different grade levels have occurred. While examining these questions, the features specified by
Elmas & Eryilmaz (2015) were taken into consideration (general title is given theoretical
framework section). A rubric related to these features has been created and whether the
questions were sufficient or not has been analyzed.
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Data Analysis

Data on the first sub-problem “teachers' understanding of scientific literacy questions” were
collected with the help of document 1 and observations. In document 1, the form of
“understanding the questions” was used. The answers of the questions in this form were given
by the relevant organizations (PISA, TIMSS etc.), and how many points should be given to
which answer was also shown. Accordingly, in the study the answer keys of international exams
were used in data analysis. In addition, observation data were also analyzed in accordance with
the descriptive analysis and were used to support the form’s answers.

The second sub-problem is “How do science teachers analyze the skills/competences of a
scientific literacy question?”. Data related to this problem was collected through "finding the
skills/competences in the questions "with "choosing the skills/competences in the questions from
the given skills/competences” forms in document 1 and observations. Since the
skills/competences required by the questions in the form were expressed by the relevant
organizations, analyzes were made based on these skills/competences. In the “finding the
skills/competences in the questions” form, the teachers wrote the necessary skills/competences
themselves. The skills/competences written by the teachers and were analyzed by the researchers.
And analyzes were made regarding the suitability of the determined skills/competences. At this
point, since the criteria are the skills/competences determined by the organizations, descriptive
analysis, which is one of the analysis methods, was used. The second form, "choosing the
skills/competences in the questions from the given skills/competences”, was given related
skills/competences, and teachers were asked to mark and explain these skills/fcompetences’
rationale. These skills/competences are defined by PISA. In this context, analyzes continued
similar to the other form. In addition, the data obtained from the observation were analyzed
according to the descriptive analysis to support the data related to the second sub-problem.

The form prepared by the researchers was used to distinguish the third sub-problem, scientific
literacy/context-based questions. Some of thequestions in the form were, scientific
literacy/context-based questions and some were not. Teachers were expected to distinguish these
guestions and write their justifications. Whether these questions were context-based or not was
determined by both relevant institutional data and discussing researchers. In addition,
observation data were also analyzed descriptively to support this sub-problem.

Final research question is “How are the science teachers writing scientific literacy/context based
questions?” Document 2 was used as the basis for finding an answer to this question. The
teachers were asked to write questions during the last two weeks, and in the last week they were
asked to write original questions by finding context. Within the scope of the study, we analyzed
context-based open-ended questions prepared by the teachers in accordance with the document
analysis. As Cepni (2019) states, document analysis is the process of collecting the existing
records and documents related to the work to be performed and coding them according to the
specific norm or system. In this study, we used the document analysis method because the
guestions posed by the teachers had an important place for the study. These questions were
analyzed based on the criteria set by Elmas and Eryilmaz (2015). Here, the main focus is on
whether the question involves a problem or context that concerns the society or the individual.
The second criterion is whether the questioned concept of science is appropriately polled. It is
also the last criterion whether the problem includes the thinking processes. The sub-dimensions
of these three criteria are included in the relevant study. In parallel with these determined criteria,
the questions developed by teachers were analyzed.
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It can be said that descriptive analysis of qualitative data analysis methods were used for four
sub-problems. We also included the images obtained from these forms in the findings section. In
order to present the overall picture in a realistic way and to compare it with the results obtained
from other data collection tools, we have combined the data obtained from the observations with
the data obtained from other data collection tools. The analyzes were conducted jointly by three
researchers who are also article authors. Analyzes were carried out after one week or two after
the training process. Then the article was edited by a researcher during the writing process. At
this point, in parallel with its analysis by more than one researcher, it was tried to provide
reliability, i.e. coherence. In addition, since the analyzed data was shared and discussed with the
participant teachers the following week, participant confirmations were provided and internal
validity, namely persuasiveness, was supported. In addition, instead of a single data collection
tool, two different types of data collection tools were preferred and this situation was tried to be
supported. Finally, in the findings section, the data were tried to be described in detail and it was
aimed to complete the external validity, ie the transferability.

Findings

Findings Related to the Sub-Problem “How Do Science Teachers Understand Scientific
Literacy Questionsin Literature?

According to the data obtained from the form 1 we collected from the teachers in our study, it
was understood that the teachers answered almost all eighteen questions consisting of national
and international exam questions correctly. Correct answers are those that get full points that are
not recognized by the relevant organization (PISA, TIMSS etc.). In this context, we can say that
teachers have been successful in answering context-based questions that serve scientific literacy.
One of the most noteworthy issues in our observations is that teachers do not have any problems
with the content knowledge necessary to solve the questions. Considering that the questions are
prepared for the average age group of 15, it is desirable that teachers do not experience any
problems. However, in our observations, we found that some teachers find it difficult to solve
questions that require high-level thinking skills. For example, it was observed by researchers that
teachers had difficulty in a question that requires interpreting and analyzing graphics.
Photographs 2 and 3 for the answer of teachers' context-based questions are as follows.

In the Photograph 2, the teacher solved the question in detail about the fossil fuels question on
graphic reading. In the Photograph 3, it is seen that the teacher answered the question on the
variables correctly. Photograph 4 contains a question on how to read graphics and provide
evidence. It is seen that the teacher provides evidence according to years. In this context, it can
be stated that teachers are successful in solving context-based questions. At this point, it can be
said that teachers are good at knowing the basic information necessary for scientific literacy.
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Fossil Fuel (3/4) (PISA 2015 Question)

TIMSS 2007 Question (ID: S042244A)

Ash’s Figure | Leverage of the
* As the depth increased, the Egvptians
retention period of the amount of Force Workers pushing the
CO: remaining stored increased, As lever down
tl:idepth increases, even after 500 Load Stone block
years, CO; still remains 60% depot. Support Log
* In addition, since blue-green algae Force Lever distance between the
can survive on the surface, they may. and Load Lever | log and the point
be reduced by using some of the where the workers
CO:. 1t is not observed since it does push the lever down
not have a deep life.

Photograph 2. Example of Teacher Answers 1 Photograph 3. Example of Teacher Answers 2

Greenhouse, Queston 1 (PISA 2006)

-In the 1950s and 1960s, CO2 emissions increased, while
the average atmosphere temperature remained constant.
-The same conclusion can be reached in the 1970s
and1980s.

-In the 1860s and 1900s, CO2 emissions increased, albeit
slightly, and fluctuated in temperature changes.

Photograph 4. Example of Teacher Answers 3
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Findings Related to the Sub-Problem “How Do Science Teachers Analyze
Skills/fCompetences in Scientific Literacy Questions?”

In terms of knowing and applying the competences and skills required for scientific literacy,
teachers are less successful than applying the content knowledge at this stage. In the activity
with the teachers, context-based questions were given, and the skills/competences required in
these questions were questioned. When the form 2 was examined, the most repeated
skills/competences in teachers' answers were as follows:

“Interpretation, Graphical interpretation, Hypothesis building, having basic knowledge, defining
variables, Analyzing, reading comprehension, evaluating data, Problem solving skills, Scientific
process skills, Measuring skills”

The teachers stated that they needed the most interpretation and graphic reading skills. In
addition, skills such as hypothesis building, defining variables, and analysis are frequently
repeated by teachers. Examples are given in Photographs 5 and 6.

Genetically Modified Crops, Queston |
(PISA 2006)

e e o, s S |
e n‘f‘t‘d‘&. P 4-:’ [EV PR j_r-

Bee Colony Collapse Disorder, (4/5)

A —-— - (PISA 2015)
- —-‘p.“rl ot s e - - —_—
Bueret ewertieste mko} | \ Cf“\k ol Scacn l
s Sablp Olunmass |
— Geroken eerey

B
|

Skill(s) to | Ability to recognize dependent-
possess independent and controlled

|

— 1

B e I |

variable in the experiment and |

= R

1 | —

to interpret the result of the - T -
cxgcrinll) o : Skill(s) to Ability to read graphics
Reasons | Can not solve the question poadtas - —
AR without knowing the Reasons for | By reading the graphic, it is
preferred | experimental m;thod preferred necessary to compare the
skill(s) skill(s) variables.
Photograph 5. Example of Teacher Skills/Competences 1 Photograph 6. Example of Teacher Skills/Competences 2

When the form 2 filled out by the teachers were examined, it was understood that although there
were true statements, there were also false statements. In this context, it can be said that teachers
have deficiencies in finding the necessary skills/competences for solving the problem.
Observations also support this situation. In the observations, it was determined that teachers had
problems in finding and defining skills/competences and in analyzing what the problem
measures. A photograph of this process is included in Photograph 7.
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Photograph 7. A moment from the Observation Process

In the second activity on identifying skills/competences (these skills/ competences are in
the Photograph 8 which defined by PISA), the qualifications determined by PISA were
given and teachers were asked to choose among these competencies and explain their
reasons. Both documents and observations showed that teachers were more successful
than the previous activity. An example of this is shown in Photograph 8. The most
important mistake in this process is the desire of teachers to mark many
skills/competences.

Genetically Modified Crops, Queston |
(PISA 2006)

"i“
:
i
|

I
|
|
:

Skll{s) o

possess

( ) Applying knowledge of science in & givea situation

( ) Describing or interpreting phenomena scientifically and predicting changes

( ) Identifying appropriate descriptions, explanations, and predictions

(x) Interpreting scientific evidence and making and communscating conclusions

(x) Ideatifying the assumptions. evidence and reasoning behind conclhisions

( ) Reflecting on the socictal implications of scence and technological developments
( ) Recognising issues that it 1s possible to investigate scientifically

( ) Identsfying keywords to search for scientific mformation

( ) Recognising the key features of a scientific wnvestigation

( ) Others

preferred
shallfs)

Reasons for | Determining scientific argument and evidence supporting the conclusion

Photograph 8. Example of Teacher Skills/Competences 3
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Findings Related to the Sub-Problem “How Do the Science Teachers Distinguish Scientific
Literacy/Context Based Questions?”

In the next stage, the teachers were asked to select context-based questions about scientific
literacy. Teachers generally misrepresented the cognitive level of the questions. Although this
topic was discussed in the previous week and activities were conducted, it was observed that
teachers had problems. Throughout this activity, it was determined that teachers selected almost
all the given questions as context-based questions measuring scientific literacy (PISA, 2006).
They stated the reasons for this from the very repetitive to the less repetitive as follows:

e Requires establishing a relationship between concepts
e Contains problems encountered in daily life

e Requires interpretation of graphics and tables

e Application oriented

¢ Requires conclusion

e Requires commenting

e Focusing on variables

e To be able to establish a cause-effect relationship

e Need to analyze the research results

When the reasons expressed by the teachers are examined, it is seen that the teachers correctly
state the reasons of context-based question structures that measure scientific literacy. In addition,
they stated that questions that do not measure scientific literacy contain the reasons
“Requirement of book knowledge” and “It only requires remembering”. When the reasons of
teachers are examined, it can be understood that teachers are sufficient theoretically. However, it
can be stated that teachers have some deficiencies at the point of application.

When we examine the observations made in applications and activities, the teachers are
interested and participate in the activities throughout the education. With the activities, it was
determined that teachers understand scientific literacy and life-based questions one more step
each week. In this context, it is thought that teachers gradually learned the requirements of
scientific literacy and the question structures that measure scientific literacy. A striking point in
the process is that teachers are tired of solving questions even though they like applications more.

Findings Related to the Sub-Problem “How Do the Science Teachers Write Scientific
Literacy/Context Based Questions?

As a result of these practices, teachers were asked to write context-based questions about

scientific literacy. When we examine the questions prepared by the teachers, the general
characteristics are as follows:
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¢ Relationship with daily life in questions,

o There is a context in the questions, but generally there are problems in the relationship
between the context and the item stem,

e The curriculum is not considered in the questions,

e The questions are usually close to the middle or upper cognitive level (such as
comprehension, application, analysis).,

¢ The questions did not focus on high-level thinking skills.

When we examine context-based questions in terms of one of their characteristics, “it must
contain a problem that concerns the individual or the community,” it can be stated that teachers
are trying to relate them to a context or problem. However, it was found that the problem or
context they started to construct was incomplete in some questions and that the relationship
between the item stem and the context could not be fully established. In terms of another feature,
“the concepts, formulas and laws of science should be in relation to context while the problem is
being constructed”, it is understood that the questions are oriented towards a science concept.
However, although it was stated that teachers were also asked to base a curriculum gain during
the training period, it was determined that the questions ' relationship with the gain could not be
fully established. When we look at the last feature, “the answer should come as a result of a
thinking process rather than memorization”, teachers experience the most problems at this stage.
When we look at the questions developed by teachers according to Bloom's taxonomy, they did
not ask any questions at knowledge/remembering level, but the questions were generally at
comprehension level. Some questions can be said to be at the higher level of application and
analysis. However, the questions were found to be insufficient in terms of higher-level thinking
skills. Given the importance of skills/competences in scientific literacy, this is a major
shortcoming. Examples of questions posed by teachers are in Photographs 9, 10 and 11.

When the first example was examined, the teacher prepared a question about tree rings and gave
information about it and entered a context. When the context is examined, some parts may be
considered unnecessary, but generally related to daily life. However, it can be said that the
context is not original and it is a known context in the literature. The questions were prepared in
parallel with this context. The first question is a lower level and a calculation. When we look at
the second question, it is seen that the teacher has more relationship with the context and tries to
focus on a problem. However, one of the deficiencies in the question is that it is not directed
towards the middle school curriculum. Although the question is about the concept of science, it
is not appropriate for the scope of middle school. When we examine it in terms of
skill/competence, it can be stated that although it includes interpretation and estimation
processes, it is not a very comprehensive question in this respect. In the second example, a
context for light pollution is established. However, it is also possible to solve the question by
reading the root of the question without reading the context. In this context, it can be stated that
the relationship between the question root and the context is not fully established. When the
context in the question is examined, it is seen that it contains a problem from daily life. At this
point, it can be said that the problem can be effective when a question containing context is
prepared.
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Tree-Rings
When a cross-saction is taken from 2
trea, you can sz2 the ambaddad rings.
Each of thess rings are Xylem tisvse
formed avery year and it 1s called aze
rings.
Trezs growth in mild arsas stratad to
grow in spring and stop in astumn.
This time period callzd growth szason.
The czlls formad in the sarly times of

Boilogical Obligation: The Dark
City lights, ad boards, lizhts on buildings, parks and racreation lights,
security lights, sports and enterteinment lights, night shift lizhts ..
However all of thesz combinzd night lishts szen imprassive, it is
actually a2 environment pollution called a light pollution. As it is not
s2amed as important liks water pollution, light pollution is also
dangsrous for human health, astronomical invastizations and naturs.

growth s2ason ara big and has thin

, walls; but the cells formed at the end
of the zrowth s2ason are smaller and
has thick walls. Bacauss of that density
of the spring rings is fawar then the
avtumn rings. The difference batween
spring and autumn rings s2en 2s in
colours in which spring rings are mors
| lighter but the astumn rings are darker.
The light ané dark ring formad avery
spring and avtumn shows us the age

of the tree

Quastion 1: How old doss the tres se2n above at lzast?

Quastion 2: Scientist can investizate the climata changs over many
wears using tres-rings. How can a scientist pradict a dry s2ason making
an invastizgation on tree-rings?

Light pollution causa death of birds and s=a turtles becauss of the
vartigo, crash to big buildings and going back to the off-shore.

1. What kind of hazards can the light pollution have on humans and
plants? Plaass explain.

Photograph 9. Teacher I’s Question Photograph 10. Teacher R’s Question

1st workar

2nd
- worker

One of the two workers who wants to lift tha barrels up. said if
he vses inclinad plana. Even he wantad to prove this idza to his
friends using different ways. Which way he n==ds to vs= to
prove his idea’

A) To increass the high of inclined plane

B) To uvsz 2 m long plank in the same high

C) To vs= 3 m long plank in the zame hizh

D) Increasing both high and plank lenzth

Photograph 11. Teacher M’s Question

The third example is a context that can be encountered in everyday life with simple machines.
However, context and item stem are not fully expressed, and parallel to this situation, the
problem that context contains is not fully understood. When the question is studied at this point,
it is thought that there may be context involving a problem from everyday life. When we
examine the question structure, it can be said that it is parallel to the question structures asked in
the transition exams to high schools in our country. It can be stated that the problem is
compatible with the curriculum gains but there are important deficiencies in terms of high-level
skills.

1265



Journal of Qualitative Research tn Education Volume 8 / |Ssue 4, 2020

Egitimde Nitel Arastirmalar Dergisi - ENAD
Journal of Qualitative Research in Education - JOQRE

Discussion and Conclusion

According to the findings of the study, it was understood that teachers were able to solve
context-based questions related to scientific literacy and they had difficulty in solving only the
questions requiring some high-level skills. In this context, we can say that teachers are sufficient
to know the basic concepts specific to the field required for scientific literacy. Considering that
the participants are individuals who have been teaching for a long time, it is desirable that
teachers do not have problems in their questions. Another finding obtained from teachers is that
their students can do when they read these questions. However, students have perceptions about
what they cannot do without reading context-based questions. Similar situation has been
observed in some teachers. Giiler (2013) found that as the main sources of difficulty for students
to solve PISA questions, students do not trust themselves, do not fully read the problem, do not
understand what they read and act carelessly. At this point, in addition to having knowledge in
context-based questions, it is necessary to have full attitude and confidence about what it can do.

When we look at the findings related to the competences and skills necessary for scientific
literacy, the most frequently mentioned skills are interpreting, graphical interpretation,
hypothesis, defining variables, and analyzing. In PISA questions (OECD, 2013), it is thought
that the highest number of interpretations and inferences from graphs is also in the study
conducted in parallel. In the study conducted by Aktas and Ceylan (2016), it was determined that
pre-service science teachers' skills of defining and controlling variables, procedural defining
skills were low, hypothesis-building skills were medium and research designing, graphics and
data interpretation skills were high. It can be understood that teachers are more successful in
interpreting data and graphics and are more effective in recognizing these skills. In general, it
can be stated that teachers have knowledge in terms of necessary skills/competences, which is a
dimension of scientific literacy, but this level is lower than knowledge dimension. Because the
findings show that teachers have deficiencies in finding the necessary skills (such as identifying
evidence, identifying fundamental features of the research) to solve the problem. However, it
can be said that this situation will improve over time when teachers are more confronted with
these skills or competences. Another finding obtained from the study is that teachers cannot
prepare questions related to skills/competences such as interpretation and graphic reading in
their own questions. In fact, although teachers found that they had interpretation and graphic
reading skills in the questions they examined, they had problems integrating these skills into
their own questions. At this point, it can be stated that teachers have problems in applying to the
application dimension in parallel with their new encounter with these skills/competences. As
they face these skills/competences, they are thought to include their own questions. However,
considering the skill/competence dimension is important in comtext-based questions, it can be
stated that it causes great deficiencies in the questions.

During the education process (Form 4), teachers were asked to choose context-based questions
about scientific literacy. The main objective is to help teachers understand the structures of
context-based questions for scientific literacy. The findings obtained in this context showed that
teachers correctly selected scientific literacy questions. Teachers explained the reasons for this
situation by using expressions such as the need to establish relations between concepts, the
problems encountered in daily life, the need to interpret graphics and tables, and the need to
apply them. In this context, it was understood that teachers theoretically knew the characteristics
of context-based questions for scientific literacy. However, when the teachers themselves were
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asked to write questions, that is, to use the theoretical knowledge they had towards the
application, it was understood that they had some shortcomings.

When the findings from the questions prepared by the teachers are examined, the questions
contain a context or problem from daily life. However, it was understood that the relationship
between the problem or context and the root of the question that teachers began to construct
could not be fully established. Similarly, as a result of their study in Ultay and Usta (2016),
prospective teachers found that they were inadequate in choosing context from daily life. It can
be said that teachers are expected to be challenged at this stage, as finding context or creating
guestions related to context requires a high level of skill in the question writing process. At this
point, it is thought that as teachers prepare questions, that is, as they gain experience, this
problem will disappear. In addition, since the exam system in our country includes a multiple
choice question structure and the number of context-based questions is very few, teachers are not
accustomed to these question styles. However, in recent years, the number of context-based
questions has increased especially in high school entrence exams. In this context, teachers are
increasingly used to context-based questions and believed to be more successful in writing this
type of question. In the questions prepared by the teachers, it was determined that they were
successful in establishing a relationship with the science concept or subject. It was understood
that teachers had problems at the point that “questions involve a thinking process,” the final
context-based feature. It has been determined that teachers ' questions are usually at a level of
comprehension, but that the questions are lacking in terms of having a reasoning process.
Similarly, in their study Ozcan and Oluk (2007), they determined that the questions prepared by
science teachers were largely at the level of knowledge and practice. Koray, Altungeki¢ and
Yaman (2002) found that the ability of science prospective teachers to ask questions was
improved in the steps of "knowledge and comprehension”, but that such skills were lower in the
steps of "application, analysis, synthesis and evaluation", which included the use of learned
knowledge and high-level thinking. This may be a positive development considering that the
guestions prepared in our study are not at the level of knowledge but at the level of
understanding and higher level. However, we think that teachers need to improve this situation
by writing more questions in order to include thinking skill processes in the gquestions.

As a result, teachers started to learn about scientific literacy requirements and context-based
guestion structures that measure scientific literacy during the course. In this context, it can be
stated that teachers' knowledge and competence in scientific literacy and context-based question
writing gradually increase. In parallel with the education received, it is usual for science teachers
to get better and better. Aslan (2011) stated that while a significant part of the questions prepared
by the participants before the application was low, there was a significant increase in the
percentage of the high-level questions after the application. With similar trainings, teachers can
understand context-based questions and improve their context-based questions writing skills.

Suggestions

Some deficiencies were found in the results of the questions prepared by the teachers. In order to
solve this problem, teachers need to prepare more context-based questions about their experience,
namely scientific literacy. In addition, another way to increase the experience of teachers in this
field is to increase the number of hands-on trainings for teachers. In this context, it may be
suggested that the number of trainings to be given for scientific literacy and context-based
guestion writing should be increased by similar content or by developing content.
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