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ABSTRACT
The aim of this study is to investigate the prospective teachers’ ability to write context-based problems about
the concepts in radioactivity unit. The study is carried out in a university in Turkey with 21 prospective
teachers in physics, chemistry and biology in 2014-2015 fall terms. In the study, data are collected through
the papers on which prospective teachers write context-based problems about the concepts in radioactivity
unit. Data are analyzed with a rubric which is developed by the researchers. According to the findings,
prospective teachers are found as ‘not adequate’ at selecting daily life context. At the end of the study, it is
revealed that prospective teachers understand the ‘context-based’ concept as ‘only relating something with
daily life’. It is suggested that in-service courses may solve and eliminate this problem.
Keywords: Context-based assessment, context-based problems, prospective science teachers

ÖZET
Bu çalışmanın amacı fen bilimleri öğretmen adaylarının radyoaktivite konusundaki kavramlar ile ilgili
bağlam temelli soru yazabilme becerilerinin belirlenmesidir. Çalışma Türkiye’de bulunan bir üniversitede
2014-2015 güz döneminde 21 fizik, kimya ve biyoloji öğretmen adayıyla yürütülmüştür. Çalışmada veriler
öğretmen adaylarının radyoaktivite konusundaki kavramlar hakkında yazmış oldukları bağlam temelli sorular
aracılığıyla toplanmıştır. Elde edilen veriler, araştırmacılar tarafından geliştirilen bir rubric yardımıyla
değerlendirilmiştir. Elde edilen bulgulara göre, öğretmen adayları günlük hayattan bağlam seçmede ‘yetersiz’
bulunmuşlardır. Çalışmanın sonucunda, öğretmen adaylarının ‘bağlam temelli’ kavramı ile ‘günlük yaşamla
ilişkili olan herhangi bir şey’i kastettikleri sonucuna ulaşılmıştır. Bu durumun giderilebilmesi için hizmetiçi
kurslar önerilerek çalışma sonlandırılmıştır.
Anahtar Sözcükler: Bağlam temelli değerlendirme, bağlam temelli problem, fen bilimleri öğretmen adayları
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Introduction
In the literature, there is the statement that “enthusiasm of learning increases
with the connection of knowledge to the students’ daily life” about the context
(Choi & Johnson, 2005). So, what does the context that helps to increase learning
desire of the student in science teaching mean? The context is described as “in any
concept, the pattern of events, cases and relationships or connection or context in
any concept.” by Turkish Language Association (TLA, 2015). Although context is
described as subject, story, case and problem, the most commonly used counterpart
is the “case” (Bennett, Holman, Lubben, Nicolson & Otter, 2005; Pilot & Bulte,
2006). In science programs, with the “context-based” concept it is meant that the
content should be associated to a real situation or an event which the students
encounter or may encounter in daily life. The content should also be associated to
any technological device which students are closely familiar (National Ministry
Education, 2012). The conducted studies reveal that the most important way to
increase the students’ interests to science (physics, chemistry, biology) is
associating the scientific information with the events in daily life (Barker & Millar,
1999; 2000; Potter & Overton, 2006). The association of scientific knowledge with
the events in daily life positively affects the attitudes of the students towards science
(Graber, Erdmann & Schlieker, 2002; Hofstein & Kesner, 2006; King & Ritchie,
2007). In order to help students to develop positive attitudes towards science, the
subjects should be taught within the contexts which the students are familiar in their
daily life. On the other hand, some of the problems encountered in traditional
science/chemistry education were not solved. These problems were that scientific
knowledge were not associated with daily life (Demircioğlu, Demircioğlu & Çalık,
2009; Gilbert, 2006; Stolk, Bulte, de Jong & Pilot, 2009a) and the students had
difficulties in application of scientific knowledge in different contexts (Gilbert,
2006). In order to eliminate these problems and to increase the quality of the
education, context-based approach has begun to be used in the education more
commonly in recent years. In Turkey, the physics program in high schools had
primarily been organized according to context-based approach and the program was
used from 2007 to 2013-2014 years. But it was found that physics teachers did not
use context-based approach in their classrooms because some researches showed
that they were not informed about the new approach (Ayvacı, 2010; Ayvacı, Ültay
& Mert, 2013). The most important obstacle that prevented implementing contextbased approach in learning environments in Turkey may be that teachers were not
informed enough by experts and they were not given enough time to focus on the
approach and discuss the advantages/disadvantages. The program was put into
practice by ignoring the teachers’ opinions about it. However, if the teachers who
was the real implementers of the approach had been included in the development of
the new program, it would have been more effective and useful (Stolk et al., 2009a;
Stolk, Bulte, de Jong & Pilot, 2009b ).
Through the literature, there are a lot of definitions about context-based
approach stated by many researchers. Review (2003) defined context-based
approach as an approach that based on the applications of context and science in
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order to develop the scientific opinions. Ingram (2003) stated; “context-based
learning includes learning in the contexts and the learning takes place in close
relationship with the experienced daily life”. In Sözbilir, Sadi, Kutu, and Yıldırım
(2007)’s study, they explained context-based learning as; “submitting the scientific
concepts with the events chosen from daily life to the students”. In the literature, it
is found that context-based approach have a positive effect on the academic success
(Ingram, 2003; Potter & Overton, 2007; Ültay, 2012, 2015; Ültay, Durukan &
Ültay, 2015; Yavuz & Kepçeoğlu, 2011), interest and motivations of the students
(Bennett et al., 2005; Holman & Pilling, 2004; Ramsden, 1997; Rayner, 2005;
Tekbıyık & Akdeniz, 2010; Ültay & Çalık, 2011; Ültay & Ültay, 2014). Besides, in
the literature, there are many studies supporting the thoughts of that context-based
approach is a more catchy learning method since the students can internalize the
events that the students encounter in daily life more (Ültay, 2012; 2014; Ültay &
Çalık, 2012) and it positively contributes to associating the chemical knowledge
with daily life (King & Ritchie, 2007). Being different from the studies mentioned
above, in the literature it is stated that science and physics lessons should be
assessed in accordance with the context-based approach (Akpınar, 2012) and daily
life examples should be used in order to develop the problem-solving abilities of the
students (Park & Lee, 2004; Taasoobshirazi & Carr, 2008). During learning
process, problems are said to have the functions of directing the students and
monitoring their development, facilitating classroom management, ensuring the
interaction between the individuals in learning environment, increasing motivation
and developing problem-solving abilities (Kurnaz, 2013.) So, in science lessons, the
problems acquiring students to make analysis, synthesis and evaluation should be
preferred to develop students’ problem-solving abilities (Knecht, 1971). So, in this
case it will be possible to deepen the conceptual learning and to gain a deeper
understanding. In recent years, the importance of science teaching based on the real
life and problem solving abilities has been widen by the conducted studies
(Campbell, Lubben & Dlamini, 2000; Park & Lee, 2004). Although the effects of
the context-based courses on students’ interest, motivation and success are
investigated in many studies, very few numbers of studies focused on the contextbased assessment (Heller & Hollabaugh, 1992; Kurnaz, 2013; Park & Lee 2004).
Hence, it is needed the studies presenting different viewpoints about context-based
approach. For example, the studies investigating prospective teachers’ contextbased problem writing abilities about radioactivity and the related concepts should
be needed.
Radioactivity is an interdisciplinary subject that is closely related to the daily
life of the student and science/chemistry/physics concepts. This subject has also
some difficulties in teaching. Since most of the concepts in radioactivity unit are
seen as abstract concepts, their learning is rather difficult and complex (Dönmez
Usta & Ayas, 2013; Dönmez Usta, Karslı & Ayas, 2014; Janiuk, 1993). This unit
also consists of important information affecting real life in the world. In the
literature, there are some studies indicating that the students have some
misconceptions about the concepts in this unit (Alsop, 2001; Brown & Clement,
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1987; Ceng, Dönmez, Karslı & Ayas, 2007; Dönmez Usta, 2011; Dönmez Usta &
Ayas, 2010a; Dönmez Usta, Karslı, Ceng & Ayas, 2009; Matsuuar & Iiri, 2002;
Morgil, Yılmaz & Uludağ, 2004; Prather & Harrington, 2001; Ronneau, 1990;
Williams, 1995). Because of the nuclear accidents of Chernobyl and Fukushima,
and the negative effects of the bombs thrown to Hiroshima and Nagasaki on the
living cells caused that the concepts of “radioactivity” or “radiation” is thought with
altogether (Cohen, 1998; Dönmez Usta & Ayas, 2010b; Max, 1993). But, it is
important to note that radiation is used in the detection of the important illnesses for
the health of society and it is also an environmentally friendly technology (Morgil
et al., 2004). In teaching radioactivity, the daily life examples such as gas phase of
the radiaoactivity, ultraviolet, nuclear energy, nuclear power plants should be
included (Andersson, 1986; Dönmez Usta, 2011; 2015).
In the literature, it is stated that context-based problems made the subject
more interesting (Rennie & Parker, 1996) and they are considered to be more
appropriate after a context-based teaching (Akpınar, 2012; Rennie & Parker, 1996).
Traditional problem requires recalling knowledge, whereas context-based problem
requires deeper understanding (Wilkinson, 1999). Furthermore, the students may
find the context-based problems more interesting and they may incite the students
solving the problems with enthusiasm. Hence, the context-based problems may
measure deeper understanding instead of recalling the knowledge and this gives
more detailed information about students’ learning of the subject (Akpınar, 2012).
In order to understand the difference between traditional problems measuring the
skill of recalling knowledge and context-based problems measuring students’
understanding, sample problems in radioactivity are presented in Figure 1.

Figure 1. Traditional and context-based problem samples
From this point of view, the aim of this study is to investigate the prospective
teachers’ ability to write context-based problems about the concepts in radioactivity
unit.
METHOD
In this study, case study method is used because this research method gave
opportunity to investigate the properties of a sample group deeply (Creswell, 2003).
The study is carried out in a university in Turkey with 21 prospective teachers in
© Çanakkale Onsekiz Mart University, Faculty of Education. All rights reserved.
© Çanakkale Onsekiz Mart Üniversitesi, Eğitim Fakültesi. Bütün hakları saklıdır.

Investigating Prospective Teachers’ Ability to Write Context-Based Problems

451

physics, chemistry and biology. Prospective teachers in the sample group were
graduated from Physics, Chemistry and Biology Departments of Science Faculties
with a bachelor’s degree before. Then, because they wanted to become a physics,
chemistry or biology teacher, they had to complete a pedagogical formation
program successfully. Pedagogical formation program which was organized by the
Education Faculties of universities lasts two semesters. The sample group is
randomly selected from 4 classes consisting of physics, chemistry or biology
prospective teachers. The sampling method is stratified because the classes were
created before the study and the researchers selected randomly among the classes
(Balcı, 2011).
Graduate students of Education Faculties had already been interested in
physics, chemistry and biology education courses during their training, so they were
more used to implement different learning approaches in their lessons, but graduate
students of Science Faculties had firstly faced learning approaches in pedagogical
formation program.
The sample group consisted of 5 physics, 10 chemistry and 6 biology
prospective teachers (aged 20-24 years). Prospective teachers were coded as PT1,
PT2, PT3, …. PT21 in the study.
Implementation
In the study, firstly prospective teachers were informed and taught contextbased approach and context-based assessment during 8 hours (8*50 minutes).
Example lesson plans which were formed in accordance with context-based
approach were presented and discussed in the class. Then context-based assessment
was presented and example problems were shown. The differences between
traditional and context-based problems were discussed. At the end of this period,
prospective teachers were supposed to write context-based problems in radioactivity
unit which was thought as a common interest for physics, chemistry and biology
prospective teachers. For this aim, they were given 2 weeks to prepare the contextbased problems.
Data Analysis
Rubric is used to evaluate the resulting data. Rubrics (or rating scales) are
scoring scales used by the teachers and the other people interested in assessment to
guide students in the learning process or to help to discover their understanding. In
addition, rubrics help the teachers how to analyze learning products and how to
support learning (Moskal, 2000; Truemper, 2004).
Rubrics are of two types as holistic and analytic are of two types namely.
Holistic rubrics make assessment by giving points on a single provision expressing
the quality of the performance (Linn & Gronlund, 1995). Within the scope of this
research, a holistic rubric was developed. While developing rubrics, relevant
literature was first examined. As a first step, it was determined what the end goal
was that can be summarized as points for any event. The cases which prospective
teachers were supposed to show in their products, processes and performances were
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described. By brainstorming, the features describing each case were determined. In
each case the narrative/descriptive definitions were written with the help of
Tekbıyık and Akdeniz (2010)’s criteria they defined earlier. By defining the
distinction of the degrees of each cases and revising the rubrics, the necessary
arrangements were made. These processes were in parallel with certain steps to be
taken as a priority to design a rubric in literature (Eppink, 2002; Gallo, 2004;
Mertler, 2001).
Validity and Reliability
In order to detect the validity of rubrics, there are some questions to be
answered about rubrics. Within the scope of this research, related to the validity of
content, the question was that “is there any content field in the assignment/activity
that is not described to be evaluated with rubrics?”. Also, related to construction
validity, the question was that “are there all important surfaces of the structures
designed to be evaluated with scoring measurements?” and related to criterion
validity, the question was that “is there any surface of the related performance that
is not revealed in scoring measurement?”. These questions were tried to be
answered and the validity of rubrics were tried to be ensured. Additionally, the
reliability of the rubrics were tried to be ensured by answering the questions “are
the scoring categories described well?” and “are the differences between categories
defined clear?”. These items were formed in parallel with Tuncel (2011)’s study. To
evaluate the prospective teachers’ questions, two chemistry educators different from
the researchers evaluated the data and the interrater reliability coefficient (Cohen’s
Kappa) between the researchers and the chemistry educators was found to be 0.90.
After that, the researchers evaluated the papers according to the criteria in the
rubric. Overall, these procedures have been done to ensure the research’s validity
and reliability.
The rubric is displayed in Table 1. As can be seen from in Table 1, the rubric
includes six criteria and three categories.

Tablo 1. The rubric which was developed and used in this study
Criteria
Selecting daily
life context.

Not Adequate
Daily life context is not
selected.

Partially Adequate
Daily life context is
selected but it is partially
related
to
the
radioactivity.

Adequate
Daily life context is
selected and it is related
to the radioactivity.

2.

Relating
radioactivity and
related concepts
with daily life.

Context-based problems
do not make feel that
radioactiviy and related
concepts are related to
daily life.

Context-based problems
make
feel
that
radioactiviy and related
concepts are partially
related to daily life.

Context-based problems
make
feel
that
radioactiviy and related
concepts are related to
daily life.

3.

Containing a
scenario, an
event or a story.

Each
context-based
problem
does
not
contain a scenario, an
event or a story.

Each
context-based
problem contains
a
partially
relevant
scenario, an event or a
story.

Each
context-based
problem contains
a
scenario, an event or a
story.

1.
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4.

Facing with a
case that
students may
solve or propose
a solution.

In the context-based
problem, students do not
face with a case that they
may solve or propose a
solution.

In the context-based
problem, students face
with a case that they
may partially solve or
propose a solution.

In the context-based
problem, students face
with a case that they
may solve or propose a
solution.

5.

Creating
context-based
problems that
can be
encountered in
real life.
Taking all
objects in the
context-based
problems from
real life.

Context-based problems
are not created as can be
encountered in real life.

Context-based problems
are created as can be
partially encountered in
real life.

Context-based problems
are created as can be
encountered in real life.

All objects in the
context-based problem
are not taken from real
life.

Some objects in the
context-based problem
are taken from real life.

All objects in the
context-based problem
are taken from real life.

6.

FINDINGS AND DISCUSSION
The findings obtained from the prospective teachers’ context-based problems
are presented in Table 2.
Table 2. Distribution of prospective teachers’ context-based problems
according to the criteria in the rubric
Criteria
1.

Daily life
context is
selected.

2.

Context-based
problems make
feel
that
radioactiviy and
related concepts
are related to
daily life.
Each
contextbased problem
should contain a
scenario,
an
event or a story.
In the contextbased problem,
students should
be faced with a
case that they
may solve or
propose
a
solution.
Context-based
problems should
be created as can
be encountered
in real life.

3.

4.

5.

Not adequate
PT
PT2, PT6, PT8,
PT13, PT18, PT19,
PT21

f
7

Partially adequate
PT
f
PT3, PT4, PT5,
10
PT7, PT9, PT10,
PT12, PT15,
PT16, PT20

Adequate
PT
f
PT1, PT11,
4
PT14, PT17

PT12

1

PT2, PT4, PT5,
PT13, PT14,
PT19, PT20, PT21

8

PT1, PT3,
PT6, PT7,
PT8, PT9,
PT10, PT11,
PT15, PT16,
PT17, PT18

12

PT2, PT4, PT5,
PT6, PT12, PT13,
PT14, PT18, PT19

9

PT8, PT11, PT15,
PT16, PT17, PT20

6

PT1, PT3,
PT7, PT9,
PT10, PT21

6

PT2, PT3, PT4,
PT21

4

PT5, PT6, PT8,
PT10, PT11,
PT12, PT13,
PT14, PT15,
PT16, PT18, PT19

12

PT1, PT7,
PT9, PT17,
PT20

5

PT12

1

PT2, PT3, PT5,
PT6, PT7, PT8,
PT10, PT11,
PT13, PT14,
PT16, PT18, PT21

13

PT1, PT4,
PT9, PT15,
PT17, PT19,
PT20

7
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PT7, PT12, PT14

3

PT2, PT3, PT5,
PT6, PT10, PT11,
PT13, PT21

8

PT1, PT4,
PT8, PT9,
PT15, PT16,
PT17, PT18,
PT19, PT20

10

According to Table 2, prospective teachers’ context-based problems were
analyzed in terms of criteria explained in the rubric. In the study, however
prospective teachers were taught that selecting appropriate context was the most
important part of writing context-based problems, they were mostly found ‘partially
adequate’ and ‘not adequate’. Only 4 prospective teachers could have selected an
appropriate context and adequately formed a daily life context for the problems. As
seen in Table 2, prospective teachers were not good at selecting appropriate daily
life context. Most of them selected Chernobyl disaster and its negative effects on
people. An example is given in Figure 2.

Figure 2. An example context of PT18 which is under ‘not adequate’ category
It shows that prospective teachers were mostly affected from TV or magazine
news about the Chernobyl disaster and they reflected this negative impression to
their papers. But it is important to note that most of prospective teachers mentioned
Chernobyl disaster in an informing text about radioactive accidents. Not only
prospective teachers had a negative viewpoint on radioactivity but also almost all
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people had such a view, because of this, when they heard radioactivity, they
imagined radioactive accidents, namely Chernobyl or Nagasaki or Fukushima
disasters. The reason of this may arise from the negative effects of Chernobyl,
Nagasaki and Hiroshima on people (Cohen, 1998; Dönmez Usta, 2011; Max, 1993).
Contrarily, it can be taught that radioactivity is used to diagnose important diseases
and it can be seen as environmentally friendly if necessary precautions are taken
(Morgil et al., 2004). In this way, the negative image of radioactivity can be turned
into positive.
According to Table 2, in the second criterion, almost all prospective teachers
were found ‘adequate’ in making feel that radioactivity and related concepts were
related to daily life. Because prospective teachers mostly focused on Chernobyl
disaster and its negative effects on people, in context-based problems it is obvious
to see the relations between radioactivity and its related concepts with daily life.
Additionally, as Andersson (1986) stated in his study, ultraviolet, gas state of
radiation and radioactive rocks examples may have been used in a daily life context
in teaching radioactivity. Some parts of an example context-based problem which is
found ‘adequate’ through all criteria is given in Figure 3.

Figure 3. An example of PT1 which is under ‘adequate’ category in all criteria
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As seen in Table 2, in the third criterion, most of prospective teachers were
found ‘not adequate’ about that each context-based problem should have contained
a scenario, an event or a story. Prospective teachers firstly wrote a story or an
explanatory text about radioactive accidents or disasters and then they wrote the
problems in a traditional style, not in a context-based style. Only 6 of them used the
story in a relation with the problems. If the topic was taught in a context-based
approach, then the assessment should have been prepared in a context-based style
(Akpınar, 2012). In addition, although there is little support that claiming contextbased problems improved students’ achievement in the literature (Rennie & Parker,
1996; Taasoobshirazi & Carr, 2008), Georghiades (2006) found that in case the
context, which the lesson was taught with, was used in the problems, and then
achievement increased. If teachers had created a relevant and interesting scenario,
event or story for students, then the text and the context-based problems drew more
attention of students (Tekbıyık & Akdeniz, 2010) because context-based approach
tended to positively change the students’ attitudes and motivation towards
science/chemistry (e.g. Bennett & Lubben, 2006; Demircioğlu et al., 2009; Graber
et al., 2002).
In the fourth criterion in Table 2, prospective teachers were expected to write
context-based problems that can be faced with a case that they may have solved or
proposed a solution. Most of prospective teachers could have written problems in
‘partially adequate’ category. An example is given in Figure 4.
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Figure 4. An example of PT11 which is under ‘partially adequate’ category in
fourth criteria
Because most of them formed their problems in a traditional style, their
problems needed to be solved without so much thinking and lacking proposing
solution ways. Only 5 prospective teachers formed problems that needed some
creative thinking and interesting cases that needed to be proposed solution ways.
The reason of this case can be explained that prospective teachers could not have
written problems in a context-based style. It is claimed that traditional textbook
problems appear to encourage students to focus on forming and manipulating
equations rather than considering the conceptual knowledge needed to solve the
problems, leading to poor problem solving (Heller & Hollabaugh, 1992). However,
context-based problems should have been formed at least at comprehension level in
Bloom’s taxonomy in order to improve students’ thinking abilities (Tekbıyık &
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Akdeniz, 2010). Because of this, it is important to have the ability of writing
context-based problems for teachers.
In the fifth criterion, most of prospective teachers were found partially
adequate at creating problems that can have been encountered in real life. Only one
prospective teacher was found ‘not adequate’ in this criterion. The reason of this
situation can be that prospective teachers may have perceived context-based
problem as a simple case that can have been encountered in daily life (Kurnaz,
2013). The same misunderstanding can be seen in the sixth criterion. Except three
prospective teachers, the rest of prospective teachers used all objects from real life.
In a context-based problem, all objects should be taken from real life and problems
should make the reader feel that the case can be faced in real life (Tekbıyık &
Akdeniz, 2010). As Kurnaz (2013) stated in his study, teachers thought that if they
used real life objects in their problems, then these problems can have been counted
as context-based. But all these objects and problem cases should be covered in a
selected context. The most important part of the context-based problems is to select
the right/appropriate context that can be attractive and interesting for students.
Using all the objects from real life in a question does not make the question contextbased unless a specific context is chosen.
Conclusion and Recommendations
All things considered, it is seen that prospective teachers were found ‘not
adequate’ at selecting the daily life context. Most of them related radioactivity
concept with radioactive disasters. So, they chose radioactive accidents as a context.
Although they were found ‘adequate’ at relating radioactivity and related concepts
with daily life, they were not so successful at creating problematic cases that can be
needed to be thought on or can be improved students’ thinking abilities. It is seen
that prospective teachers perceived context-based problems simply as a daily life
case (Ayvacı, 2010; Ayvacı, Ültay & Mert, 2013) because they had firstly faced
context-based problems. Therefore, it is proposed that in-service courses may
provide prospective teachers more experience before being a teacher. If this case
was not taken into account, it shows us that context-based courses are carried out
arbitrarily in Turkey. In undergraduate programs, current teaching approaches,
methods and assessment techniques should have been given more attention and they
should be given in a separate course because new measurement tools are aiming to
assess understanding conceptual phenomena, applying the concepts to real life
(Akpınar & Tan, 2011). Also, in this context, for prospective teachers elective
courses can be added to the teaching programs. Elective courses can be updated
when the teaching approaches change in the country. Additionally, according to
Taasoobshirazi and Carr (2008) there is no sufficient study evidence that supporting
the recommendation that teachers should use context-based problems in their
classrooms. Therefore, it is recommended that there is a need for more and better
designed researches.
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