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Abstract

In this study, we report the results of the content analysis of preservice middle school science
teachers’ own written science storybooks and middle school female students’ reflections of
five of the books. The participants of this study were 50 preservice middle school science
teachers taking a history and nature of science course and 13 sixth-grade female students in
a school in Turkey. We report representations of nature of science (NOS) aspects included
in the preservice teachers’ own written storybooks. Observation and inference was the most
commonly included aspect among the NOS aspects, followed by the tentative NOS. We
used a qualitative analysis of transcribed classroom discussions around five storybooks used
by five preservice teachers in their field experiences. We found that the teachers facilitated
explicit reflections about NOS aspects and science content covered in the books. Our findings
build on research showing that appropriately designed children’s science books can be used
as classroom tools for supporting NOS instruction. We found that writing their storybooks
and refining their NOS ideas through discussions provides a powerful tool for developing
preservice teachers’ knowledge about NOS. Preservice teachers facilitated discussions
promoting explicit student reflections about NOS aspects and science content using these
books.

1 Introduction

An appropriate understanding of the nature of science (NOS) has been recommended for
all as a component of scientific literacy (DeBoer, 1991; Hodson, 2009). As Bell (2009)
points out, conceptualizing NOS is a component of scientific literacy. Scientific literacy is
not an additional component; rather it is a fundamental practice in science education.

If we desire our students to acquire the ability to understand scientific reasoning, we
should provide them opportunities to read, write, and communicate science (Osborne,
2002). Writing and presenting scientific information are musts for students to support
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claims in science, express their existing knowledge in science, and transfer their thoughts,
imaginations, and experiences into their writings and presentations (NGSS Lead States,
2013). Also, reading, writing, and verbal communication are essential literacy practices
for participating in a global society (Krajcik & Sutherland, 2010; Pearson et al., 2010).
Whether or not students choose a science-related career, they will always need to read and
understand science-related resources throughout their entire lives (Krajcik & Sutherland,
2010).

Comprehending scientific knowledge and proficiency in literacy skills are intercon-
nected, and one would not understand scientific information with limited literacy proficien-
cies (Casteel & Isom, 1994). Therefore, young children need reading and discussing stories
along with science investigations to build scientific literacy (Hapgood & Pallincsar, 2006).
The benefits for science knowledge identified from reading such books include deepen-
ing understanding, connecting ideas with children’s understanding, increasing vocabulary,
changing opinions, and increasing achievement in both science and literacy (Casteel &
Isom, 1994; Emmons et al., 2018; Hapgood & Pallincsar, 2006; Janke & Norton, 1983;
Monhardt & Monhardt, 2000; Mutonyi, 2016; Pringle & Lamme, 2005; Robbins & Ehri,
1994; Royce & Wiley, 1996).

Books that have explicit portrayals of science and scientists could be used to illuminate
how science works and how scientists carry out investigations that are otherwise not easily
comprehensible to many children (Ford, 2006). Trade and storybooks can be a great source
to teach NOS when selected and used watchfully, although they cannot solely characterize
the complexities of science (Brunner & Abd-El-Khalick, 2020; Ford, 2006). As Lederman
and Lederman (2014) point out, understanding of NOS is not solely adequate to produce
scientifically literate citizens. Scientifically literate individuals should have practical under-
standings of content knowledge, understand how scientific knowledge was developed (to be
able to do and know about practices), and have the ability to make informed results about
scientifically based personal and public issues along with understanding of NOS (Leder-
man & Lederman, 2014). Also, these books can support explicit-reflective NOS instruction
(Akerson, Avsar Erumit, Elcan Kaynak, 2019). An explicit reflective approach has been
previously found to be a practical NOS instructional approach for young children and older
children (Akerson et al., 2014; Khishfe & Abd-El-Khalick, 2002; Khishfe, 2012a, 2012b;
Khishfe & Lederman, 2007). Considering this fact, we used such instruction to prepare
preservice middle school science teachers to create their own NOS storybooks and develop
lesson plans to use these books to teach their students.

To develop such books and associated lesson plans, the preservice teachers needed to
(1) understand NOS and (2) find ways to embed their NOS understandings into science
storybooks. Making their own books and finding ways to convey their NOS knowledge
through storybooks can help preservice teachers improve their understandings of NOS
aspects (Akerson, Elcan Kaynak, & Avsar Erumit, 2019). What teachers know shapes what
and how they teach and what students learn (Gess-Newsome, 2015). From this point of
view, we believed that preservice teachers’ understanding of NOS might, in turn, shape
how preservice teachers prepare to teach sources for teaching NOS, how they enact teach-
ing, and what students learn.

Regarding their understandings of NOS, we specifically used the seven aspects deter-
mined to be non-controversial and attainable by K-12 students as shared by Lederman and
colleagues (see Lederman, 2007; Lederman et al., 2002; Lederman & Lederman, 2014).
These aspects include the following: science is tentative and empirically based; scien-
tists use their creativity and imagination in their scientific work; scientists have subjec-
tive views; science is influenced by the social and cultural environment in which it is
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embedded; inferences are important in creating scientific knowledge, and there is a relation
and difference between observation and inference; there is a difference between theory and
law, and one does not become another.

This study aimed to explore preservice middle school science teachers’ knowledge
of NOS portrayed in their own written science storybooks and examine their enactment
of reading these storybooks in their field experience. In particular, we aimed to find out
explicit and accurate representations of NOS aspects in preservice science teachers’ own
written NOS storybooks. Also, we aimed to examine middle school students’ reflection of
NOS aspects addressed in the books when five of these preservice teachers used their writ-
ten books in the science field experience. The research questions of this study were.

1. How are preservice middle school science teachers portraying NOS aspects in their writ-
ten books? Which aspects of NOS do these books explicitly and accurately represent?
2. How do sixth-grade students reflect on NOS ideas discussed in such books?

1.1 Literature Review

Science teaching today must go beyond teaching science as a body of knowledge that
includes definitions, facts, concepts, theories, laws, etc., and focus more on scientific pro-
cesses and NOS instruction (Bell, 2009). Many reform documents such as next-generation
science standards emphasize the importance of teaching NOS to students as a critical com-
ponent of scientific literacy (NGSS Lead States, 2013). Below we review prior research on
improving teachers’ conceptions of NOS and their teaching practices.

1.1.1 NOS Instruction

Science educators have various justifications for teaching NOS, perhaps the most funda-
mental reasons for teaching NOS are having students develop understandings of the kinds
of knowledge scientists develop, what types of questions science could or could not answer,
how science is similar to or different from other disciplines, and the types of limitations
and strengths it might have (Bell, 2009). Nature of science, in general terms, refers to the
epistemology of science or science as a way of knowing or values and views natural to
scientific knowledge and its development (Lederman, 1992, 2007; Lederman & Lederman,
2014). In other words, science is composed of several practices and a historical collection
of knowledge (NGSS Lead States, 2013).

NOS teaching should begin as early as when science teaching begins. Connecting
NOS to science instruction from early grades will support students to continue develop-
ing their NOS conceptions over time and help them to improve their NOS understandings
to informed levels at higher grades. Previous research suggests focusing on more acces-
sible aspects when teaching NOS to young children, such as observation and inference and
empirical evidence, and continue with less accessible aspects later, such as subjectivity,
social—cultural NOS, and the distinction between theories and laws (Akerson et al., 2014).

Although many teachers have various or even no intentions for teaching NOS, the meth-
ods used in science courses and teachers’ use of language transfers an image of NOS to
students (Abd-El-Khalick, 2012; Clough, 2006). Thus, how to teach about NOS has always
been an issue for teachers (Shi, 2021). Some teachers consider NOS teaching different
from regular science teaching practices (Leden et al., 2015). Textbooks that address the
final products of science instead of giving details about the process of science or use of
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cookbook-style laboratory activities are a few examples of how students develop mis/con-
ceptions about NOS (Clough, 2006). Considering that, science educators have sought ways
to explain the focal points of NOS, how it should be addressed in science instruction, and
suggest some approaches for effective and engaging NOS instruction.

1.1.2 Approaches for Teaching NOS

“The consensus view” or in other words “shared-wisdom view” is one of the most widely
adopted views to explain NOS. This view is initially suggested by Lederman and col-
leagues and based on seven aspects that various disciplines of science commonly possess
(Lederman, 2007, 2019; Lederman & Lederman, 2014; Lederman et al., 2002). Other
alternative approaches to shared-wisdom view were developed to address different aspects
of NOS (e.g., Allchin, 2011; Erduran & Dagher, 2014; Erduran et al., 2019; Irzik and Nola,
2011; Kaya & Erduran, 2016). The family resemblance approach is a commonly adopted
view that considers variations within science disciplines while recognizing common fea-
tures or family resemblance among disciplines. This approach is based upon the work of
Irzik and Nola (2011) and was developed by Erduran and colleagues (Erduran & Dagher,
2014; Erduran et al., 2019).

While several approaches have been used to provide effective NOS teaching, stud-
ies continue to show that learners have a limited understanding of NOS on some aspects
of science (see Lederman & Lederman, 2014). Even students from science majors can
express NOS aspects only to some extent (Akgun & Kaya, 2020). Although interventions
can enhance students’ views of NOS in the short term, retaining such understanding in the
long term is questionable (Yacoubian, 2021). Emerging research, therefore, needs to reflect
on what to teach about NOS and seek more strategies for effective NOS instruction. Using
literacy for teaching NOS, for example, has been one strategy used in emergent studies.
For example, within literacy and NOS studies, Khishfe (2012a) discussed using argumen-
tation for enhancing learners’ NOS understandings. Brunner and Abd-El-Khalick (2020)
discussed using trade books in improving teachers’ views on some NOS aspects. Akerson,
Avsar Erumit, and Elcan Kaynak (2019) explored using children’s books to enhance pre-
service early childhood teachers’ NOS conceptions. With this in mind, we asked preservice
middle school science teachers participating in history and nature of science classroom to
use a literacy-based contextualized explicit-reflective NOS instructional approach and use
children’s literacy by developing science storybooks. More specifically, we used preservice
teachers’ own written NOS storybooks as assessment tools by focusing on preservice mid-
dle school science teachers’ conceptions of NOS as represented in their storybooks. After-
ward, we examined middle school students’ reflections on NOS aspects when five preser-
vice teachers used storybooks in their science field experience.

2 Theoretical Framework

The present study utilized a literacy-based contextualized explicit-reflective NOS instruc-
tional approach as the theoretical framework. Three elements ground the study; the first is
consensus view or in other words shared-wisdom view for teaching NOS (Abd-el-Khalick,
2012; Lederman, 2007; Lederman & Lederman, 2014; Lederman et al., 2002); the second
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is explicit-reflective NOS teaching that is contextualized in a science content, and the third
is integrating children’s literacy, namely, storybooks in NOS teaching.

2.1 Shared Wisdom View for Teaching NOS

Although there is not an agreed-upon single definition of NOS, there are shared wisdom
about the key aspects of NOS that are accepted by scientists, historians, and philosophers
and considered as most practical in school settings, non-controversial, and useful in devel-
oping scientific literacy (Abd-el-Khalick, 2012; Bell, 2009; Brunner & Abd-el-Khalick,
2017; Lederman, 2007; Lederman et al., 2002; Lederman & Lederman, 2014). The aspects
emphasized in shared wisdom view include the following: science is tentative and open to
revision in light of new evidence; science is a product of human creativity and imagination;
science is based on empirical evidence that is derived from observations and experiments;
science is a human endeavor (subjective) and scientists are guided by their backgrounds,
mindsets, expectations, views, and values; science is socially and culturally embedded, and
scientific knowledge and its practitioners are influenced from various elements of a culture
in which scientific knowledge is created and practiced; there is a distinction and relation
between observations and inferences in that observations are statements about natural phe-
nomena that are accessible to our five senses while inferences involve interpretation and
making sense of observations, often informed by prior knowledge and experiences. There
is a distinction and relation between theories and laws that is similar to the connection and
difference between observations and inferences whereby laws are descriptive statements of
observable phenomena, often expressed mathematically as a relationship, while theories
are inferred explanations of observable phenomena (Abd-El-Khalick, 2001, 2012; Leder-
man, 1992; Lederman, 2007; Lederman et al., 2002, 2013).

2.2 Contextualized Explicit-Reflective Approach for Teaching NOS

The explicit and reflective method for teaching NOS was utilized in this study. This method
is based on teaching NOS in a purposive manner, drawing students’ attention to certain
NOS aspects and being explicit in emphasizing these key concepts through discussions,
and providing students opportunities to reflect on their understandings of the NOS by mak-
ing connections between different topics and activities (Khishfe & Abd-El-Khalick, 2002;
Lederman, 2007).

The contextualized explicit-reflective approach was utilized in this study (Clough,
2006). Educators can use different contexts to embed NOS instruction (Mulvey & Bell,
2017). Context used for NOS instruction include historical and contemporary science
examples (e.g., Abd-El-Khalick & Lederman, 2000; Garcia-Carmona & Acevedo-Diaz,
2017), inquiry-based activities (e.g., Erumit, Fouad, & Akerson, 2019; Khishfe & Abd-
El-Khalick, 2002; Burgin & Sadler, 2016; Ozgelen et al., 2013), and socioscientific issues
and/or other science content (Eastwood et al., 2012; Khishfe, 2012b). Our research required
preservice teachers to use “science content” and/or historical and contemporary science
examples as context when developing NOS storybooks.

While decontextualized-explicit reflective NOS instruction can draw students’ attention
to certain science aspects, teaching NOS integrated into science content helps students rec-
ognize NOS as part of science content instead of seeing it as an addition to science lessons
(Akerson et al., 2011). Whether contextualized in a science topic or not, science education
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researchers discuss the importance of making NOS explicit (Bell et al. 2016; Mulvey &
Bell, 2017). To date, the findings of empirical research that compared the decontextualized
approach to contextualized approach in NOS instruction has not found a notable difference
(e.g., Bell et al., 2011, 2016; Khishfe & Lederman, 2006). With this in mind, we used from
decontextualized to minimally, moderately, and highly contextualized NOS activities in our
coursework (Mulvey & Bell, 2017). We offered preservice teachers to use either of the two
approaches to develop storybooks while preferring contextualized approach.

2.3 Using Children’s Literature to Teach NOS

Integrating children’s literature into science teaching has become a more common teach-
ing method, and many middle schools integrate science trade books as part of their science
programs (Royce & Wiley, 1996). Ford (2006) examined 44 trade books for their represen-
tations of science. He found out that most books covered informational texts and covered
only certain aspects of science while misrepresenting many aspects of science. Abd-El-
Khalick et al. (2017) analyzed high school biology, chemistry, and physics textbooks. They
found out that only less than 2.5% of those textbooks strove to represent NOS aspects and
did not consistently change across content areas. Similarly, Kelly (2018) analyzed award-
winning children’s science trade books and found that most books lacked explicitly por-
traying ideas about NOS. These studies indicate a need for explicit representations of NOS
in such books.

In a recent study, Brunner and Abd-El-Khalick (2020) selected some science trade
books and modified these books to include explicit representations of three targeted NOS
aspects (empirical, creative, and the relationship between observation and inference) and
developed a teacher’s guide to support elementary teachers’ teaching of NOS and their
views of targeted NOS aspects. The findings of this study showed that teachers’ views
and practices of teaching NOS improved after they used the trade books and the teacher’s
guide. In addition, students’ views of NOS were also improved, although not at the same
level as the teachers’.

Teachers should recognize the accuracy of the content and wisely choose trade books
(Janke & Norton, 1983; Royce & Wiley, 1996; Sackes et al., 2009). Those books should
involve accurate and up-to-date information, the writing style should be clear, and the
organization should explain the content (Janke & Norton, 1983). Some trade books do
not include a teacher’s guide to help teachers be prepared for teaching NOS effectively
(Abd-El-Khalick et al., 2017). Sackes et al. (2009) reviewed children’s science books and
found many misconceptions and inaccurate illustrations.

Hansson et al. (2020) explored the use of book talks to teach preschool students about
NOS through children’s books. The researchers used the term “book talk” to explain how
students and the teacher summarized the book and NOS ideas they covered through dis-
cussion. Teachers were able to focus on empirical data, scientific knowledge being able to
change, characteristics of scientific knowledge, and scientific knowledge has human ele-
ments. Researchers found that even preschool students were able to engage in conversa-
tions about NOS through children’s literature.

Akerson, Avsar Erumit, and Elcan Kaynak (2019) explored incorporating children’s lit-
erature into a science methods course for early childhood teachers through which the pre-
service teachers developed their own children’s books to teach NOS. Results showed that
the preservice teachers refined their conceptions of NOS, and were able to plan, deliver,
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and reflect on their teaching of NOS; they could design children’s books that incorporated
NOS aspects accurately and in ways accessible to young children.

Science stories are not only attractive for young learners but also older learners. Kirch-
hoff (2008), who used stories with her 10th-grade biology students, stated that incorporat-
ing stories into science classrooms could turn students from passive learners into active
learners who engage in discussions about the content of the stories. She included reading
activities that addressed NOS and scientific inquiry through stories about scientists and
their discoveries. She also used reading activities as assessment tools and assessed stu-
dents’ understanding of NOS before and after reading stories.

3 Methodology

In this study, we used a basic descriptive qualitative research approach to describe pre-
service science teachers’ knowledge of NOS included in their science storybooks and
their enactment of reading these storybooks in their field experience. Merriam and Tis-
dell (2015) mentioned basic qualitative studies as how people describe, interpret, and make
sense of the world. To illustrate how preservice teachers portray their NOS understanding
in their storybooks and how students reflect on the NOS storybooks, we conducted an in-
depth research study to provide further insight into the use of storybooks in NOS teaching
and understanding.

We used qualitative content analysis (Krippendorff, 2018) to analyze the qualitative data
of storybooks by identifying accurate and explicit representations of NOS. We also used
qualitative analysis of transcribed classroom discussions about five storybooks read by five
of the preservice teachers in their field experiences. We provide more detail in the sections
below. The following section describes the context and participants in the study, followed
by the methods we used to answer our research questions.

3.1 Context and Participants

We collected data from a public university and a public middle school located in the north-
east region of Turkey. The participants of this study were 50 middle school science preser-
vice teachers taking nature and the history of science course, and 13 sixth-grade female
students who shared in book discussions carried out by these preservice teachers. Preser-
vice teachers were in their third year of a 4-year teacher education program. Of these pre-
service teachers, 13 were male and 37 were female. All preservice teachers were in their
early twenties except one female student pursuing her second undergraduate degree and
was in her early thirties.

In the nature and the history of science course, we introduced the history of science
from ancient times to the present to deepen preservice teachers’ understanding of major
scientific inventions and philosophical movements that contributed to the development
of scientific knowledge. Along with our discussions about historical and contemporary
movements and debates in the history of science, we also supported the lessons with
several decontextualized or contextualized NOS activities such as tricky track, draw a
scientist and a model (adopted from Chambers (1983) and revised with some additions),
a fossil completion activity, a black box activity, young and old lady, the aging presi-
dent, and cubes activities (Lederman & Abd-El-Khalick, 1998). Each activity focused
on at least one aspect of the NOS and varying levels of science content. When we used
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the young and old lady and aging president activities, for example, we did not discuss
any science content. Still, we just discussed the aspect of subjectivity by emphasizing
how a person’s viewpoints may be different than other people’s. Similarly, when we
used cubes activity, we did not discuss any science content but focused on NOS aspects
such as empirical evidence, observation and inference, and subjectivity. When we used
the tricky track activity (Lederman & Abd-El-Khalick, 1998), there was a minimal con-
textualization of science content, which was the predator and prey relationship, animal
tracking, and footprints. The NOS aspects emphasized in the activity were tentativeness,
observation and inference, and subjectivity.

The intent of the draw a scientist was to determine the images preservice teachers held
about scientists and discuss why many people have stereotypical images about scientists
and their lives (Chambers, 1983). We modified this activity and tried to make it more
entertaining and mysterious by adding a scenario. This activity involved a scenario that
says a scientist and a model were married; one wants to have a child while the other says
no. The scenario does not give who is who. This activity asks to draw both the scientist
and the model and explain who does not want to have a child with reasons. This activity
showed that preservice teachers had stereotypical images of different jobs. Almost all of
them drew that the scientist was the man, who was ugly, hardworking, and spent almost his
life in the laboratory while the model was the woman, who was beautiful, and cared very
much about her appearance. Nearly all of them stated that the model was the one who did
not want to have a child because she thought she would not leave time for her beauty after
having a child.

Along with such activities, we also used NOS activities that had a high level of science-
content contextualization. We embedded NOS aspects of empirical evidence and tenta-
tive NOS in an activity about plate tectonics and earthquakes. In addition, we gave some
research homework such as selecting a scientist and researching their life and their con-
tribution to science. We had preservice teachers share their findings and then discussed
about scientists in terms of their contributions to the development of science, the type of
socio-cultural environment in which they lived, and the challenges (if any) they confronted
in their lives. In addition to the classroom activities, we examined the national Turkish sci-
ence education curriculum regarding its NOS inclusion. See Table 1 for the detailed struc-
ture and content of the course.

The preservice teachers were not teaching in a field experience class that particular
semester; however, we still wanted them to develop lesson plans to use these storybooks.
Five of the 50 preservice teachers were the first author’s students in the field experience
classroom in the following semester. As a follow-up to our primary data, we asked them
to read aloud the stories to a middle school science classroom in their field experience
at students’ weekly book reading lesson. The public middle school was an Islamic Imam
Hatip school (Islamic vocational school) where girls and boys were educated in different
classrooms. We did not purposely select that school but these preservice teachers were
assigned to that particular school for their science field experience. As such, we observed
the preservice teachers using their books with students. The school varied in their students’
socioeconomic status and academic achievement. Like many vocational schools, the class-
rooms in that particular school were also separated into boy and girl classes. Because our
preservice teachers taught in girls’ classrooms, they read their storybooks to a sixth-grade
class which consisted of 13 female students. Each preservice teacher read one book each
week for 5 weeks.

Nature of science is not a big component in Turkey’s national middle school sci-
ence curriculum (MoNe 2018). There are a few exceptions where we see NOS aspects

@ Springer



Using Children’s Literature in the Middle School Science Class... 721

Table 1 Timeline of the course content

Week Content

1 Introduction of scientific knowledge, NOS, scientific literacy

2 Science in ancient times—Mesopotamian science—ancient Egypt and India

3 Science in ancient times—ancient Greek and China, the philosophical movements in science
4

Scientific developments in the modern ages. Comparing roles of scientists in traditional and con-
temporary understandings. Draw a model and a scientist activity

5 Model use in science—features of scientific models, nature of technology

6 Approaches for teaching NOS-decontextualized NOS activities, cubes activity, young and old
woman activity, tricky track activity

7 Approaches for teaching NOS-contextualized NOS activities—teaching NOS in a multidisciplinary
approach—black box activity, earth science and NOS activity

8 Mid-Term

Adding literacy into account: contextualized NOS teaching—teaching NOS through science story-

books—sharing examples of science storybooks written by preservice science teachers—intro-
duction of final homework

10 Where is NOS in the national science curriculum?: examining science standards and NOS traces in
the curriculum. Examining a science lesson plan that emphasizes science content, NOS aspects,
and literacy connections

11 Students’ presentations—book sharing

12 Students’ presentations—book sharing

13 Students’ presentations—book sharing

14 Finals week

explicitly addressed in the standards. For example, one standard in the seventh-grade cell
unit emphasized how scientific knowledge can change over time. Similarly, one standard in
the seventh-grade atom unit also emphasizes tentativeness as it states how theories about
atoms have changed over time.

Because NOS is not much addressed in the national science education curriculum
that teachers compulsorily follow, teachers rarely attempt to teach NOS in their class-
rooms. The middle school classroom teacher whom our preservice teachers worked for
their field experience also stated that he did not explicitly teach NOS in his classroom.
In short, the middle school students whom our preservice teachers read their books
to never explicitly learned about NOS. In addition, our preservice teachers could not
teach NOS to these students during their field experience as they also followed the
standards that the classroom teacher sent weekly. Therefore, they only read the books
during a lesson called “book reading hour,” a separate lesson from science lessons.
Because teachers were not forced to follow the national curriculum or use a standard-
ized plan in these book hour lessons, our preservice teachers read the NOS storybooks
in these book reading hours and focused on the science content, and the NOS aspects
emphasized in the books.

Nevertheless, we picked the storybooks for them to share that were in line with
the sixth-grade topics given in the national curricula. Three preservice teachers read
their own stories as the science topics addressed in these three books were in line with
the sixth-grade topics. However, two preservice teachers’ books were too high in writ-
ten level for sixth-grade students; therefore, we replaced these two books with books
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written by two other preservice teachers who provided permission. The science topics
of these five books were the shape of the earth, solar system and planets, matter and
mixtures, human body, and body systems.

3.2 Data Collection

Data sources included 50 preservice teachers’ own written NOS storybooks, and audio
recordings of classroom discussions about five of these storybooks read by preservice
teachers during their science field experience. Before the study, we gave informed consent
forms to preservice teachers and asked for their voluntary participation. Because all preser-
vice teachers volunteered in the study, we did not exclude any storybooks from the analy-
sis. The first author, the instructor of the nature and history of science course, collected
data. The class met twice a week for 4 h weekly. See Table 2 above for detailed informa-
tion about the course content. As their final assignment, each preservice teacher created a
science story book to teach about NOS. They also developed a lesson plan in which they
integrated their own storybooks as part of the lesson.

We did not provide formal training about how to write a storybook. We wanted pre-
service teachers to create their own unique books from their creative backgrounds but
required them to include NOS. However, the first author translated and shared some sam-
ple storybooks written by preservice early childhood teachers who created their book in a
science method course (see Akerson, Avsar Erumit, & Elcan Kaynak 2019). Using these
books as guidance, the author discussed how to develop a NOS story book that is appro-
priate for middle schools’ age levels. She also discussed what they should not include in
the books (e.g., slang, inappropriate image, inaccurate information, etc.). Furthermore, the
first author offered guidance to ensure that preservice teachers were on track in developing
quality science storybooks. For this purpose, preservice teachers came to the instructor’s
office hours when they needed and asked for suggestions during the development process
of the books.

The criteria for the books were (1) explicitly include at least two NOS aspects; (2) use
NOS aspects contextualized in science content (preferable) or use them decontextualized in
a fashion to teach the aspects specifically on their own; (3) use characters (popular or cre-
ated); (5) use illustrations that are in line with the text, the characters, and the age level of
students; (6) use technology to design the books; (7) use in-text citation if you use informa-
tion from outside sources and include references at the end of the book; and (8) share the
book in the classroom on the designated date and explain science concepts and the NOS
aspects covered in the book. We encouraged them to develop electronic books because
storing electronic books was more convenient for the course instructor and the preservice

Table 2 The frequency of

accurate representations of NOS NOS aspects Frequency and percentage

aspects Observation and Inference 30 books (60%)
Tentativeness 24 books (48%)
Subjectivity 20 books (40%)
Creativity and Imagination 16 books (32%)
Empirical Evidence 16 books (32%)
Empirical Evidence 16 books (32%)
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teachers. We informed preservice teachers about the story book assignment at the begin-
ning of the semester and designated a particular date for each preservice teacher to share
their books.

The preservice teachers were not teaching in a field experience that semester; however,
we still wanted them to develop lesson plans to use these storybooks in the future. The
criteria for the lesson plans were as follows: (1) choose a science concept that is the same
or aligns with the topic covered in the story book; (2) design a lesson plan using the SE
instructional model (Bybee, 1997; Bybee et al., 2006); (3) use activities to explicitly teach
NOS aspects (the same aspects covered in the story book); (4) integrate the story book in
the lesson plan (reading and discussing the ideas and NOS aspects covered in the book);
(5) include related science standards and NOS objectives. We chose the SE instructional
model for lesson planning as it provides structure for teaching and also allows for explicit-
reflective instruction for NOS and science content. The elaboration phase, which allows
learners to apply their understanding in a new situation (Bybee et al., 2006), may be an
excellent phase to embed NOS if not embedded in previous steps. Also, preservice teachers
were familiar with that approach from their previous coursework.

As mentioned before, five preservice teachers among 50 were the first author’s students
in the field experience classroom in the following semester, in a setting close enough to
collect data. As a follow-up to our primary data, we asked these five preservice teachers to
read aloud the stories to a middle school science classroom in their field experience at stu-
dents” weekly book reading hour. We audio-recorded these sessions in which each preser-
vice teacher read their books and held a discussion about each book, specifically focusing
on the NOS aspects covered in the book.

Each preservice teacher shared their storybooks in the science methods class. We dis-
cussed the minor issues (if any were found) related to the science content or the structure
after each presentation. Both the first author as the instructor of the course and peer preser-
vice teachers provided feedback and suggestions about the NOS inclusion and the content
for the improvement of the books. Preservice teachers submitted revised versions of the
books to a digital classroom platform that we used throughout the semester. All 50 books
were prepared using technology such as PowerPoint. One of the books included text and
audio with the preservice teacher’s voice recorded reading the book.

3.3 Data Analysis

We conducted a content analysis of the storybooks and recorded findings regarding explicit
and accurate portrayals of NOS aspects. More specifically, we used deductive content
analysis to search for specific episodes in the storybooks where seven NOS aspects were
explicitly mentioned (Graneheim et al., 2017; Kyngis et al., 2020). To increase reliability
and validity, the first author conducted the content analysis by revisiting the storybooks
multiple times and recording findings regarding explicit and accurate portrayals of NOS
aspects into a pre-structured analysis matrix. The first author translated pertinent portions
of the books into English and constructed the data table. When the first author completed
the coding, the second author cross-checked all the codes in the matrix (Creswell, 2014).
The content analysis categories included (1) the science content covered in the book, (2)
the science unit that the topic taught in the national curriculum, (3) the grade level, (4) the
book’s characters, (5) the scientist characters of the book, and (6) accuracy of representa-
tions of the NOS aspects. We utilized Lederman et al. (2002) and Lederman and Lederman
(2014) as primary sources to determine the accuracy of NOS aspects included within the
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books. Lederman and colleagues comprehensively explained aspects of NOS and presented
illustrative examples of students’ naive and informed views for each aspect. These exam-
ples provided insight into how students with naive or informed views thought about the
target NOS aspect.

The second round of analysis included the transcription of the classroom discussion
held with sixth-grade students about five of these storybooks and selecting dialogue related
to NOS aspects covered in the books. Themes within the discussions were sought to deter-
mine the types of conversations held in connection with the storybooks. When we tran-
scribed the dialogical data, we used condensed transcription and only transcribed the parts
related to NOS aspects while removing unnecessary words from our transcription (Evers,
2011). When sharing examples, we used the exchanges where students explicitly reflected
on NOS aspects.

4 Results

The 50 books cover various content areas that include various physical science, life sci-
ence, and earth science. Forty-seven preservice teachers had NOS aspects contextualized
into other science content. Three preservice teachers used decontextualized instruction and
solely focused on NOS aspects in their books without connecting to science content. Six
preservice teachers targeted either elementary or high school level while the others devel-
oped their books and the plans for middle school level (4-8). While 28 preservice teach-
ers preferred to use popular main characters such as worldwide famous movies, cartoons,
stories, and fairy tale characters or famous scientists, 22 preservice teachers created their
characters in their stories.

Fourteen preservice teachers used scientist characters in their books. Twelve of them
used worldwide known scientists, and two used scientist characters that they created in
their books. Five of those used scientists as one of the main characters; the rest mentioned
scientists and their work somewhere in their books. Famous scientist characters included
Charles-Augustin de Coulomb, Newton, Albert Einstein, Robert Hooke, Anton Van Leeu-
wenhoek, Robert Brown, Gregor Mendel, John Dalton, Joseph John Thompson, Ernest
Rutherford, Niels Bohr, and Thomas Alva Edison. One preservice teacher used Canan
Karatay, who is a nationwide known Turkish dietician as a scientist character, and one used
Al-Biruni (Persian scholar) in her story. Looking at the list of the scientist characters, we
see that almost all scientist characters are men and came from Western cultures. Only one
preservice teacher used a woman scientist, and another preservice teacher used a non-West-
ern scientist who was a Persian scholar.

In the following section, we report the content analysis of storybooks; explicit and accu-
rate representations of NOS. Representative quotes from the storybooks exemplify these
major categories. We also share representational dialogues from book discussion sessions
in which five preservice teachers and their students discussed NOS aspects. We picked the
dialogue exchange where students explicitly vocalize NOS aspects that are covered in the
book.
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4.1 Explicit and Accurate Representations of NOS Aspects

The content analysis of the storybooks found that all PSTs except one included at least
one NOS aspect explicitly in their books. The results showed that there were no inaccurate
representations of NOS. Some NOS aspects are cited more frequently than other aspects.
We have presented the frequency and the percentages of the representations of each NOS
aspect in Table 2 below. We have provided a representative sample from the books for each
aspect.

Observation and Inference Observation and inference was the most frequently cited
aspect among all seven aspects of NOS. Thirty books (60%) explicitly and accurately rep-
resented this aspect.

Example: Two children went to a pond with their grandfather where they saw tadpoles.
It was the first time they had seen tadpoles, and they made some observations of these
organisms. They thought tadpoles were baby fish. After closely observing a tadpole
with their magnifiers, they made some inferences about the tadpole and predicted what
type of fish it would be. One child said that it was a trout because its color was dark.
The other child said it was a carp because it was enormous. Then they took this tadpole
from the pond and put it into their water bottle with some pond water. They frequently
observed its growth and one day, they found out that it was a frog. The book’s characters
explained how their inferences evolved and changed as they gathered more evidence and
made more observations of the organism. The book represented NOS aspects, including
tentativeness, empirical evidence, and observation and inference. In the book, the pre-
service teacher also talked about metamorphosis and the life cycle of frogs (Storybook,
43).

Tentativeness Tentativeness was second in line in terms of the frequency of aspects used
in the storybooks. Twenty-four (48%) books accurately included the aspect of the tentative-
ness of scientific claims.

Example: An old couple sells their home-grown organic vegetables in a local farmers
market. At the beginning of the story, the old lady complained about decreased crop
yields. She did not want to use hormones and pesticides in their products. She did
not want to use genetically modified seeds, either, as she thought it could eventually
threaten its natural environment and human beings. Later in the story, the old couple
searched more about genetic engineering in agriculture and found out that there is more
research about genetic engineering that has found several benefits of genetically modi-
fied organisms. Then they start to grow their plants with genetic engineering techniques.
As time went on, more evidence became available about genetic engineering so that the
people [in the book] felt better about its use and safety (Storybook, 13).

Subjectivity Subjectivity was the next commonly used aspect, with 20 preservice teachers
(40%) including it explicitly and accurately in their books.

Example: Nasreddin Hodja—a cultural and humorous icon of Turkey—fell in the
middle of a discussion among villagers about the Earth’s shape. That is how he
decided to invent a time machine and traveled into the past and the future to collect
evidence about the shape of the Earth. In the book, Hodja went to different countries

@ Springer



726 B. Avsar Erumit, V. L. Akerson

and met with scientists and talked with them about the Earth’s shape. At the end of
the book, he was convinced that the Earth was not flat with more empirical evidence.
In a part of the book, it said how different scientists could have different subjective
views about the same phenomenon based on their experiences, background knowl-
edge, views, and culture from where they came (Storybook, 1).

Creativity and Imagination Sixteen preservice teachers (32%) accurately and explicitly
included the role of imagination and creativity in their stories. Below is an example of
accurate usage of that aspect.

Example: Keloglan (bald boy)—a fictional character from Turkish culture—walks
with two scientists in a forest where they find a fossil fragment. Two scientists start
a discussion about what kind of species the fossil fragment could belong to. They
draw the organism that they think it could be on their notebooks, and both have dif-
ferent results. The bald guy asks, “how did you guys come up with different draw-
ings by observing a very tiny fossil?” They explained that they used their back-
ground knowledge as well as their creativity and imagination. Here, the bald guy
announced that he realized how scientific knowledge is a product of human infer-
ence, imagination, and creativity. This part of the book is also similar to a fossil
activity we did in the classroom. That shows how this preservice teacher accurately
conveyed his understanding and used additions in his own written book (Storybook,
8).

Empirical Evidence Sixteen pre service teachers (32%) used empirical evidence explicitly
and accurately in their books.

Example: Two friends were playing in a park where they observed different plants
and animals. They then questioned whether plant and animal cells were different or
the same. In their school laboratory, they looked at an onion cell and a human cheek
cell under a microscope with the help of their classroom teacher. They drew the
cells in their science books and wrote down the features of both cells. At this part
of the book, they explained how they made observations of the cells and collected
empirical data to answer their scientific question just as all scientists need to collect
evidence to develop a scientific knowledge (Storybook, 22).

Social and Cultural Influence The social and cultural aspect of science was included by
ten preservice teachers (20%).

Example: The book’s main character is Gregor Mendel’s granddaughter who was
knowledgeable about his life and scientific work on genetics. In part of the story-
book, the PST mentioned how Mendel’s work was not appreciated during his life
because of various social-cultural factors that included lack of readership of his
published work and lack of statistical foundation in the field at that time (Story-
book, 23).

Theory and Law Theory and law and the distinction between the two knowledge were the
least commonly cited NOS aspect among all aspects. Although we were searching for accu-
rate representations of NOS aspects, we found that only two preservice teachers included
the scientific knowledge of theory and/or law in their books; however, these books did not
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explicitly mention the distinction between these two scientific knowledge and were not
examples of accurate representations.

Example: Inside Out movie characters (with their given Turkish names) sit in the
dark to watch a movie. One of the characters removed his woolen sweater, where
they saw many tiny sparks. In the book, the preservice teacher talked about static
electricity and Coulomb’s law. However, she did not describe the difference between
law and theory (Storybook, 44).

4.2 Book Discussions

Although the national science curriculum of Turkey does not include NOS activities
and students did not explicitly learn about NOS in their science classes, they were inter-
ested in the NOS books. They were highly engaged in the book discussions. The results
of book readings and follow-up discussions showed that middle-school students were
explicit and reflective on NOS aspects each of the 5 weeks. Below we share two dialogi-
cal exchanges between students and preservice teachers who read the storybook on that
particular week. We picked these two dialogical exchanges as exemplary in which stu-
dents made explicit reflections about NOS aspects.

In our first example, the book read by a preservice teacher was about the solar sys-
tem and planets (see Appendix for the transcription of the storybook). The preservice
teacher personified the planets in the book, and she named each planet as a person in
the family. Pluto was the youngest person of the family in the book. Later in the books,
the scientists found out in light of new evidence that Pluto was not a planet but a dwarf
planet. The book addressed the NOS aspects of tentativeness and observation and infer-
ence. After reading the book, the preservice teacher asked what the students understood
from the book. Below is the dialogue between her and the students;

Preservice teacher 1: What did you understand from the book?

Student 1: We saw that scientists’ explanations of things could change over time.
Preservice teacher: How did you understand this?

Student 1: Pluto was in the family first, and then, it was found out with some test-
ing that it was not a planet but a dwarf planet. It means that the explanation of sci-
ence has been changed.

Preservice teacher 1: Anything else?

Student 2: I agree! We have seen that Pluto is not a planet any longer, it is a dwarf
planet. The explanation of its planetary status has been changed.

Student 3: What do you mean by dwarf planet?

Preservice teacher 1: Some features differentiate planets from dwarf planets. Pluto
is not meeting all these requirements to be considered as a planet.

Preservice teacher 1: The explanation of scientific phenomena can change in light
of new evidence. We call it tentativeness. How did you like the book?

The students: We love it! We always want to listen to science topics from story-
books. Can you please read another book next week?

The dialogue above shows us that students mentioned the tentative NOS based on
Pluto’s planetary status humorously mentioned in the book. These reflections show their
quick understanding of the aspect. The last part of the dialogue also shows us students
enjoyed listening to a science storybook. They asked the preservice teacher whether or
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not she would read another book in the upcoming week. Before the preservice teacher
read the book, these students did not discuss the NOS aspects with their classroom
teacher.

The second week, another preservice teacher read a book about the Earth’s shape to
the same students (see Appendix for the transcription of the storybook). In the book, the
main character, Nasreddin Hodja, found himself in a discussion about the Earth’s shape.
Some of his neighbors thought the Earth was flat, while others thought it was spherical.
Then, he invented a time machine and went to different countries in different times in
the past and listened to people share ideas about the Earth’s shape. In the book, the pre-
service teacher mentioned how other people, as well as different scientists, had subjec-
tive views about the Earth’s shape. An exchange from the follow-up discussion is below:

Preservice teacher 2: What can you tell me about the book?

Student: We have seen that some people used to think that the Earth’s shape was
like a tray. Other people used to believe that the shape of the Earth was like a box.
Nasreddin Hodja went to different lands and talked to different people, and eventu-
ally, he was convinced with that the Earth’s shape was not flat.

Preservice teacher 2: How did his view change?

Student 2: The explanations on scientific things changed in time. We see in the story
that different people explained the shape of the Earth differently.

Preservice teacher 2: That is true! We call it subjectivity. What else can you tell me?
Student 2: We saw that they collected evidence about the sky when they were observ-
ing the sky with a telescope.

As seen in the dialogue above, students reflected on the scientists’ subjective interpre-
tations of data and mentioned that scientists interpreted scientific knowledge differently.
Also, they shared ideas about the empirical evidence aspect as they mentioned how scien-
tists collected data after they started to use telescopes.

The third preservice teacher read her story about homogenous and heterogeneous mix-
tures. In the story, Chef Smurf was making ayran (a traditional salty yogurt drink) by mix-
ing water, yogurt, and salt. Then, the Grouchy Smurf said “Why are you shaking ayran? I
hate people who shake ayran”. Then, Chef Smurf explained that the mixture is not homog-
enous everywhere, although he shook it for a long time. Then Brainy Smurf made some
observations and inferred that some mixtures are heterogeneous while others were homog-
enous. The dialogue below is taken from a follow-up discussion between the preservice
teacher and the students;

Preservice teacher 3: Can you tell me what you learned from the story?

Student 1: Scientists make observations and then explain what happens. For exam-
ple, the Smurfs just shook ayran, made observations, and explained that ayran is not
the same throughout the mixture. They just found out that ayran was a heterogeneous
mixture.

The fourth book was about the kinds of nutrients in food. The book’s main character
was a child and wanted to learn what kinds of nutrients different foods had. In the story,
the child did experiments with the help of his grandpa to find answers to his scientific ques-
tion. They used foods and different kinds of chemical food indicators (such as Lugol iodine
solution) to understand the properties of these foods.

Preservice teacher 4: What happened in the story?
Student 1: Emir [the child] did some experiments and made some observations.
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Preservice teacher 4: What did he find?

Student 2: He dropped a chemical (Lugol or something) on foods and observed that
some turned bluish purple while others did not change colors. Then he explained that
foods that had carbohydrates altered the color. Then, he used the same method in dif-
ferent foods to see if other foods turned out to be the same color. Finally, he used his
findings as evidence to explain the properties of the foods. The foods that turned to a
bluish purple color had carbohydrates.

Student 2: What is a Lugol solution?

Preservice teacher: Lugol iodine solution is a chemical and used in laboratories as a
food indicator.

Students reflected that scientists made some observations and experiments and collected
evidence to explain the properties of foods. They mentioned the aspects of empirical evi-
dence and observation and inference.

The fifth book was about the history of microscopes and cell biology. In the story, the
preservice teacher mentioned how models of cells had been changed in light of new evi-
dence after the invention of more advanced microscopes. Although the follow-up discus-
sion did not last as long as previous weeks, students still made reflections on the aspect of
tentativeness.

Preservice teacher 5: What happened in the story?

Student: We see the tentativeness—same as previous weeks—I mean the Pluto book.
Preservice teacher 4: What do you mean by tentativeness?

Student: The explanation of scientific things can change in time, including the
description of cells.

Preservice teacher 4: That is true. The explanation of scientific phenomena can
change over time. That is called tentativeness. Anything else?...

The above dialogue showed us that students could transfer their understanding of some
aspects that they learned from previous stories when reflecting on a new storybook. For
example, one student said, “we see tentativeness in that story just like we have seen that
aspect in the Pluto book™.

4.3 Discussion

Current science education reform efforts focus on scientific literacy as one central princi-
ple of science education and consider an understanding of NOS and an understanding of
science content as critical for developing scientific literacy (such as NGSS 2013). In this
study, we examined Turkish preservice middle-school science teachers’ own written sci-
ence storybooks in terms of their NOS coverage as well as middle-school students’ reflec-
tions of five of the books.

Looking at the NOS aspects represented in the storybooks, the frequencies among the
different aspects within the books are uneven. Observation and inference and tentativeness
were the most commonly used two aspects among all seven aspects of NOS in the story-
books. Other aspects of NOS were included less frequently in the storybooks. For example,
the social and cultural aspect of NOS is included in only ten storybooks. This result is in
line with the findings of previous research. Akerson et al. (2011) also found that students
could more readily comprehend some aspects of the NOS, such as observation and infer-
ence, tentativeness, empirical evidence, and creativity, while some aspects of science were
less accessible and less comprehensible, including the social and cultural NOS aspect. This
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result is similar across different age groups, and even preservice and in-service teachers
can find learning and teaching some aspects of NOS more complex than other aspects. One
teacher from the study of Leden et al. (2015) stated that she was not good at teaching social
and cultural aspects because that particular teacher considers this aspect as more challeng-
ing to teach.

Looking back to the scientist characters used in the storybooks, we see that all except
one scientist character are men, and all except two scientist characters chosen for the books
came from western culture. This result is similar to previous studies that analyzed science
trade books in terms of characteristics of their scientist characters or the text describing
the scientist character (Ford, 2006). We tried to tear away stereotypical scientist images
from preservice teachers’ minds throughout the semester with our discussions and activi-
ties. Yet they continued using western culture male scientists more often. These engrained
images cannot be completely removed in one semester. As described in the methodology
section, we used the modified version of the draw-a-scientist activity (Chambers, 1983) at
the beginning of the semester.

Although we could not assess middle school students’ long-term understandings of
NOS and science concepts covered in the storybooks, we can still infer that storybooks can
support students’ understandings of complex science topics and NOS aspects when read
and discussed interactively. As Lederman and Lederman (2004) discussed, almost any sci-
ence topic can be restructured to address NOS aspects without wandering away from the
subject matter that is intended to be taught. Our findings showed that preservice teachers
successfully embedded NOS aspects into a wide range of science content. For example,
students in our study mentioned how Pluto lost its planetary status and became a dwarf
planet during the discussion session of the storybook (see Appendix for the transcription
of the storybook). This finding is in line with the results of Emmons et al. (2018), as the
scholars found using narrative picture storybooks effective in developing young children’s
comprehension of adaptation. This finding suggests that repeated use of similar materials
across different science topics may deepen students’ understanding of NOS.

Science storybooks can be used as media to encourage students to reflect on their NOS
understandings and support explicit-reflective NOS instruction. Previous studies showed
that explicit and reflective approach was practical for improving students’ conceptions of
NOS (Akerson, Elcan Kaynak, & Avsar Erumit, 2019; Bell et al., 2016; Eymur, 2019;
Khishfe, 2008, 2012a; Khishfe & Abd-El-Khalick, 2002; Khishfe & Lederman, 2007).
Akerson, Elcan Kaynak, and Avsar Erumit (2019) provide research-based suggestions on
how to use explicit-reflective NOS instruction in science classrooms. Embedding NOS into
existing science curricula by addressing NOS within science content and children’s literacy
were two effective strategies addressed in that study.

Designing and using children’s books can be a tool to provide explicit reflective NOS
instruction. Using storybooks improves students’ understanding of NOS and can improve
teachers’ views of these NOS aspects. Our findings suggest that developing storybooks
and sharing them in the classroom reinforced preservice teachers’ understanding of NOS
aspects. They accurately and explicitly portrayed aspects of NOS in their storybooks. In a
recent study, Brunner and Abd-El-Khalick (2020) found that teachers improved their views
of particular NOS aspects after using these aspects in trade books as part of their science
instruction.
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4.4 Limitations

Although this study had promising results, we are still aware of its limitations. First, we
were able to use only five of the books with middle school students. As a result, we could
not gather information about the long-term effect of storybooks’ on the development of
students” NOS understandings. Further research in this area would benefit from a design
in which the classroom teacher can use storybooks to support NOS instruction for a more
extended period.

The second limitation of the study was that the preservice teachers read books to middle
school students isolated from their regular science teaching. Because there were particular
standards that the preservice teachers needed to cover weekly and the topics addressed in
storybooks were not prepared as in line with the standards, the preservice teachers read the
books in a separate book reading classroom. Students would benefit more from the books if
the storybooks were read as part of the science lesson.

The third limitation of the study was that the first author of the paper taught the course
and analyzed the course data. Because data collected were in Turkish, the first author trans-
lated related data parts into English and shared them with the second author for crosscheck-
ing. Each of the 50 books was about 5-20 pages long; it was hard to translate all details in
the books into English. Therefore, the first author translated the parts that included state-
ments about NOS for the crosschecking done by the second author. So while the second
author was not able to read the entire books, she was able to crosscheck and validate the
analysis.

4.5 Concluding Remarks and Implications for Future Research

The findings of this study have meaningful implications for future research. This study
shows how supporting materials can be developed that target multiple science domains
simultaneously and can be used across different content areas. Even such minor interven-
tions can increase students’ interest in learning science, promote their understanding of
NOS, and raise their awareness of how scientists practice science. Further longitudinal
research in this area would be beneficial in examining the effect of such interventions on
students’ understanding of NOS over time.

This study will contribute to the literature about literacy and science and using chil-
dren’s books for the NOS instruction and calls for further long-term studies about whether
or not using these books helps children develop their NOS conceptions. This study shows
that middle school students can hold explicit reflective conversations about NOS facilitated
through a children’s book focused on NOS. Also, preservice teachers can facilitate NOS
discussion with middle-school students using children’s books, even when it is not much
included in the science curriculum. For example, in a science method course, the professor
can implement an assignment where preservice teachers develop a resource to teach their
future students about NOS. Preservice teachers can implement that resource to facilitate
their students’ discussions about NOS aspects.

This study took place in Turkey, where NOS instruction does not explicitly involve in
the national curriculum. Therefore, practical suggestions provided in this study are mean-
ingful for science teachers on how to include NOS in their instruction. However, teachers
can incorporate more NOS and supporting NOS instructional materials into their teaching
if the curriculum explicitly included NOS standards. Science educators, therefore, should
watchfully consider how to include NOS in science curricula (Cheung, 2020). It is essential
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to have NOS standards in the curriculum along with content standards in Turkey, where
teachers compulsorily follow the national science curriculum.

Appendix
Story 1
Hapless Pluto

Once upon a time, there were many planets in space, and some of these planets were leg-
endary for their strong family ties. One of them was the solar system that consisted of
the Sun, which was the mother of nine planets. Each of the children of mother Sun had
distinctive features. For example, Jupiter was the largest among the siblings, while Saturn
has been known with its beautiful ringlets, and Uranus has been known with its icy materi-
als that contained methane. Neptune was the most antisocial and the coldest child of the
Sun and therefore it was the most distant to its mother. Mars was blushing with anger and
therefore its color was red. Uranus was the mischievous child and was always rotating on
its sides. Mercury, who loved his mother the most, was always in close proximity to his
mother, so his temperature was high. The most intelligent and resourceful of them was
planet Earth. The smallest and the quietest was Pluto. One day everybody was bored and
decided to play a game. However, the game ended with an unfortunate accident... Pluto
was injured from the accident. The mother Sun took his son, Pluto to the doctor. The doc-
tor made some testing including a DNA testing. The results of the DNA test showed that
Pluto was not the child of the Sun. The Sun and other planets were shocked with the results
and read the doctor’s report. The report presented some empirical evidence and said Pluto
was a dwarf planet... Pluto lost his planetary status and became a dwarf planet. That shows
us our explanation of scientific knowledge can change in light of new evidence and inter-
pretation of findings from further observations.

Story 2
Time Machine of Nasreddin Hodja

Once upon a time, Nasreddin Hodja was going to the wheat mill with his Donkey, named
Karakacan. He met with two villagers on the way. One of the men was digging a hole while
the other was filling the opened hole with a shovel. Nasreddin Hodja observed them for a
while but he could not understand what they were doing. He burst into laughter and said,
what are you guys doing here? Then Sir Hasan said, “Hodja! God sent us you. You came
here to find an answer to our question”. Sir Ahmet said, “Hodja, you are the one who can
find a Nasreddin Hodja,” “hey you guys, just tell me what the problem is”.

Sir Ahmet, “Hodja, Hasan claims that ‘if the world is a sphere, then I would go to the
other side of the world using a tunnel that is dug from one side to the other side of the
World’”.

Nasreddin Hodja, “I think it is a spectacular idea. Then, why are you mad with that?
Why are you filling the opened hole?”.
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Hasan, “Come on, Hodja! How do we know that the Earth is spherical? What if the
world is flat? If it is flat, then we all fall into the hole and can’t come back. If it were spheri-
cal, wouldn’t those who were below the earth fall upside down?”.

Nasreddin Hodja was confused. Things that both Hasan and Ahmet said all made sense
to him. He could not decide which one was right.

The Hodja could not think of an answer and took Karakacan and continued on his way.
The men shouted! “Hodja! Where are you going? You have not found an answer, yet!”.

The Hodja shouted back, “Masters, let’s meet at the same place two days from now. I
need to catch prayer time” [Nasreddin Hodja never says he does not know the answer].

He started off on his way with many questions in his mind. He started to talk to his
donkey, ‘“Karakacan, what shape do you think the Earth is? How would we find an answer
to this question”. Suddenly, he had an idea. He thought he would invent a time machine
and travel in time to meet people and listen to what they thought about it. Nasreddin Hodja
worked hard and finally he invented a time machine and was ready for the journey. Will
Hodja ever go without Karakacan? No way! He took the donkey and pressed the button on
the machine.

First they went to ancient Egypt. Nasreddin Hodja and Karakacan started wandering
around Egypt. When they saw a man, Hodja could not resist and asked, “Do you know that
the Earth is spherical?” The Egyptian man was mad and he said, “What are you talking
about, man, the Earth is like a box and the sky is like a lid of the box”. Other people around
them were looking at confusedly. A man [Nasreddin Hodja] in a big turban cap on a don-
key! Does such thing ever happen in the middle of the desert? Hodja was scared of people
and said, “Karakacan, run, run, press that button”. Once again, they started traveling in
time... Then, they went to ancient India and talked to people they met. Each of them said
a different thing about the shape of the Earth. The widely accepted view was that the earth
was carried on an elephant which had turtles under its feet and turtles swam in an endless
sea.

Nasreddin Hodja was completely mixed up. They pressed the button and went a little
further in time. This time, Hodja and Karakacan met with Christopher Columbus [Italian
explorer], who was preparing to sail with three ships. Hodja asked, “Where are you head-
ing to?” Columbus said, “If the Earth is spherical, we would return to where we start our
trip”... Nasreddin Hodja decided to travel to the future when technology would be more
advanced and scientific studies are carried out about earth and space. The he pressed the
button and went to NASA where they met with scientists and saw lots of picture of Earth
taken from space. These pictures showed that the Earth was spherical.

Then, they pressed the button and came back in time when they lived. Nasreddin Hodja
made it to meet the two men on time. Sir Hasan and Sir Ahmet waited for the response.

Nasreddin Hoca: Masters, evidence is needed to explain a scientific phenomenon. The
shape of the Earth thought to be flat or disk in the past. The explanation of this scientific
phenomenon changed over time with the advancement of technology and in light of new
evidence. We know that the Earth is spherical based on the current evidence we have.
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