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ABSTRACT

EXPLORING HIGH SCHOOL TEACHERS’ AND STUDENTS’ EXPERIENCES
IN THE DEVELOPMENT OF INTERACTIVE EXHIBITS ON
NANOTECHNOLOGY APPLICATIONS INTEGRATING RESPONSIBLE
RESEARCH AND INNOVATION:

PRACTICAL APPROACHES, CHALLENGES AND BENEFITS

The present study was designed to explore the knowledge and experiences of a group
of high school teachers and students about exhibitions, interactive and science exhibitions
before and after the development and exhibiting of interactive science exhibit on
nanotechnology applications integrating Responsible Research and Innovation (RRI), their
practical approaches in the process, challenges they faced in the process, and benefits they
obtained from the process. The data from 3 high school chemistry teachers and 13 high
school students were collected through the pre and post interviews, video recordings of the
school club periods and meetings held by the teachers, weekly logs filled by the participants,
field notes and the exhibits developed by the students. First, the results of the content analysis
indicated that there was a remarkable improvement in the participants’ understandings of
exhibition, interactive exhibitions and science exhibitions especially in terms of roles of
exhibition, the types and benefits of interaction and methods used. Secondly, the researcher
identified many common and different practical approaches taken by the participants during
the process and classified them under themes depending on different phases of the process
like Practical Approaches in Planning of Exhibit, and into sub-themes basing on a certain
aspect or task such as Practical Approaches in Making Exhibits Interactive. Thirdly, the
analysis revealed some challenges the participants confronted with in the process, which
were categorized under 6 themes building on challenges in different stages of the process
like Challenges in the Stage of Production of Exhibits, and into 11 sub-themes referring
challenges in specific task or facet of the process such as Challenges in Integration of RRI.
Finally, the benefits identified were sorted into 5 themes such as Increase in Awareness and
Motivation, and into 19 sub-themes like Doing Self-reflection and Self-evaluation. Different
as well as common challenges and benefits identified for the participants are explained,

discussed and exemplified under different sections regarding the teachers and students.



OZET

LiSE OGRETMEN VE OGRENCILERININ NANOTEKNOLOJI
UYGULAMALARINA SORUMLU ARASTIRMA VE iNOVASYONU ENTEGRE
EDEN ETKILESIMLI SERGI URUNU GELISTIRME SURECLERINDEKI
DENEYIMLERININ INCELENMESI:

UYGULAMA YAKLASIMLARI, ZORLUKLAR VE KAZANIMLAR

Bu arastirma bir grup lise kimya Ogretmeni ve O&grencisinin nanoteknoloji
uygulamalarina Sorumlu Arastirma ve Inovasyon temasini entegre ederek etkilesimli sergi
tirtinii gelistirme ve sergileme siireci dncesi ve sonrasinda sergi, etkilesimli sergi ve bilim
sergisi hakkinda bilgilerini, siire¢ igerisindeki uygulama yaklagimlarimi, karsilastiklar
zorluklar1 ve bu siiregteki deneyimlerinden elde ettikleri faydalar1 arastirmak {izere
tasarlanmistir. Bu amagcla, 3 lise kimya Ogretmeni ve 13 lise 6grencisinden ilk ve son
goriismeler, okul kuliip saatlerinin ve 6gretmenlerle yapilan siire¢ i¢i toplantilarin video
kayitlar1, katilimcilar tarafindan doldurulan giinliikkler, alan notlar1 ve &grencilerin
gelistirmis olduklar1 sergi iiriinleri ile veri toplanmistir. Veri analizi sonuglari, katilimcilarin
sergi, etkilesimli sergi ve bilim sergisi konusundaki bilgilerinde 6zellikle serginin rolii,
etkilesim tiirleri, avantajlar1 ve kullanilan yontemler agisindan onemli Ol¢lide gelisme
oldugunu gostermektedir. Ikinci olarak, arastirmaci katilimeilarin siireg igerisinde gostermis
olduklar1 bircok uygulama yaklasimini belirlemis ve bunlar1 Sergi Uriinii Planlamasindaki
Uygulama Yaklasimlar: gibi siirecin farkli asamalarina bagli olan temalar altinda ve Sergi
Uriiniiniin Etkilesimli Yapimasindaki Uygulama Yaklasimlar: gibi siiregteki belirli bir
goreve dayanan alt-temalar altinda smiflandirmistir. Ugiincii olarak, katilimeilarin siireg
icerisinde karsilastiklar1 bir takim zorluklar tespit edilerek Sergi Uriinlerinin Yapim
Asamasindaki Zorluklar gibi siirecin farkli agsamalarindaki zorluklar tizerine yapilandirilan
6 tema altinda ve SA7 Entegrasyonundaki Zorluklar seklinde siirecin belirli bir yoniinde ya
da stiregteki belirli bir gérevdeki zorluklara dayanan 11 alt-tema altinda siniflandirmastir.
Son olarak, katilimcilarin elde ettikleri faydalar Farkindalik ve Motivasyonda Artis gibi bes
temada ve Oz-yansitma ve Oz-degerlendirme Yapmak gibi 19 alt-tema altinda toplanmustir.
Siireg icerisindeki ortak zorluklar ve faydalarin yani sira tespit edilen farkliliklar 6gretmen

ve 0grencilere iligskin caligmanin ayr1 boliimlerinde agiklanmas, tartisiimis ve 6rneklenmistir.
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1. INTRODUCTION

The exhibitions created by students are more common on art or history whereas the
ones focusing on science are less frequent (Kampschulte & Parchman, 2015).Yet, science
fairs have begun to gain more attention all around the world and are getting popular day by
day (McComas, 2011). On the other side, although Nanoscience and Nanotechnology (NST)
are among rapidly developing areas, and gain public and media attention recently, projects
or educational programs encouraging students to develop exhibits on NST are limited
(Kampschulte, 2015; Laherto, 2011; Tirre et al., 2015; Yeh et al., 2011). Furthermore, when
it comes to science, it brings socio-scientific issues (SSI) together. In this manner, since
2010, Science in Society Action Plan, managed by European Union, has focused on
developing the framework of “Responsible Research and Innovation” (RRI), which brings
a broader perspective to SSI by referring a research and innovation process at which all
societal actors work together and are mutually responsive to each other from the beginning
to the end in order to align better both the process and its outcomes regarding values, needs
and expectations of the society as well as great challenges and problems of our time
(European Union, 2012; Sutcliffe, 2011; von Schomberg, 2013). Recent emphasis on RRI
promoted its integration in education through numerous projects funded by the European
Union. The Project IRRESISTIBLE, which is one of these projects, aims to raise awareness
on RRI by increasing students’ content knowledge on cutting-edge science topics and by
encouraging discussion among students on introduced topics within a RRI perspective

(European Union, 2017a).

The present study, which is conducted under the Project IRRESISTIBLE, is structured
around qualitative method with the approach of phenomenological research. This study was
designed to explore the knowledge and experiences of a group of high school chemistry
teachers and students about exhibitions, interactive exhibitions and science exhibitions
before and after the development and exhibiting of interactive science exhibits on
nanotechnology applications integrating RRI, their practical approaches in the process,
challenges they faced along the process, and benefits they obtained from their experiences

in the process.



This study has a potential to contribute to the literature through exploration of high
school students’ and teachers’ knowledge on exhibitions and their experiences in interactive
science exhibit development and in a science fair because as Sahin (2012) pointed out most
of the research studies on science fairs involve elementary school students. Besides, this
study contributes the literature also through inclusion of Nanoscience and Nanotechnology
(NST) in its scope because as it was remarked in the beginning studies involving teachers
and students, who develop exhibits on NST are very limited (Kampschulte, 2015; Tirre et
al., 2015; Yeh et al., 2011). Finally, this study contributes in the literature through
examination of students’ experiences in integration of Responsible Research and Innovation
(RRI) in their exhibits. Consequently, this research introduces some innovative elements,
such as RRI integration, interactive exhibit and cutting-edge science theme, to the literature

on science fairs.



2. LITERATURE REVIEW

This section of the study is intended to provide a summary about the related literature,
which consists of an overview on exhibitions, student-created exhibitions, science fairs,
views and experiences of teachers on science fairs, views and experiences of students on
science fairs, student-created exhibitions on NST, integration of socio-scientific issues (SSI)
in science education, RRI, views and experience of teachers on teaching about RRI, and

challenges students face when learning about RRI respectively.

2.1. Exhibitions

Exhibitions have been defined as comprehensive grouping of exhibits and displays of
industrial or commercial products or artifacts with the purpose of presentation of collections
and information for public use (Dean, 1999; Dean, 2002; Khoon and Ramaiah, 2008).
Dudley (1990) regards exhibitions, in general, as platforms of promotional events providing
curators and target audience to establish a dialog. However, the motivation behind curating
exhibition may vary based on content and context. While a commercial exhibition has a goal
of financial gain, a public-service exhibition has mission of changing attitudes and behaviors
by informing the public (Dean, 2002). On the other hand, visitors attend exhibitions for
catching up with recent developments, seeing new products and technologies, gathering

ideas and information or just for social reasons (Khoon and Ramaiah, 2008).

2.1.1. Types of Exhibitions

Exhibitions have been mainly classified in terms of the field they are in the scope of.
Exhibitions can be developed on any topic or area of interest, but art, history, natural history
and science are the most common fields that exhibitions are created on (Falk and Dierking,
2000). Although exhibitions on these disciplines have many common aspects, each has
idiosyncratic characteristics as well. For instance, visual discovery of surprising and
unexpected works of art is an aspect of visiting an art exhibition (Schwartz, 2006). Art
exhibitions are usually in attempt to reveal an emotional reaction (Burton, 2006). In contrast

to other types of exhibitions, engagement with ambiguity of meaning-making is another



central feature of an art exhibition (Siegel, 2006). Exhibitions on history, more than
exhibitions on science and art, engage with content that is “familiar, personal and
fundamentally human” (Filene, 2006, p.21). Besides exploring class, genome and species,
exhibitions on history has the power of “changing the public understanding of not only of
historical events but of how history is written” (Siegel, 2006, p.19). Science exhibitions,
however, are organizations where the visitors have the role of explorers of scientific
instruments, experiments, equipment, laboratory reagents, industrial devices or recent
scientific developments (Science Exhibition, 1946). They gain insight about the nature of
science through their experience. Each element and certain practices in a science exhibition
belong to ‘the proper realm of science’ and as opposite to art exhibitions, lack of clarity in a
science exhibition is considered as a failure (Macdonald, 1998, p.2; Siegel, 2006). Although
“science fairs” and “science research competitions” are used interchangeably with “science
exhibition” (McComas, 2014), they have different specifications and therefore should be
regarded as some other forms of science exhibition instead. In science fairs, exhibits are
mostly models and demonstrations of actual experiments and participants are usually
evaluated on the work they had done and communicating findings both verbally and visually,
however in science research competitions participants are asked to bring a solution to a
problem on specific subject or theme (Blenis, 2000; McComas, 2014; Yasar and Baker,
2013). Science museums, science centers, botanical gardens, aquariums and zoos are a kind
of permanent science exhibitions, besides they sometimes host temporary science

exhibitions as well (Falk and Dierking, 2000).

2.1.2. Interactive Exhibitions

2.1.2.1. Engagement of Visitors in Exhibits. Classification of exhibitions also bases on the

level of engagement they provide for visitors besides scope of the subject area. In a
traditional exhibition environment, displays can mostly be “described as hands-off” (Rhee
and Kim, 2013), however there is a need for transformation of exhibitions from “curator-
driven processes” to more interactive one because of struggle they face in meeting highly
“participatory culture’s” anticipations (McLean, 2011, p.1). In the past, designers were
mostly focusing on creating three-dimensional design to present them to visitors’ taste,

however visitors now are expecting to explore things on their own as they walk around in an



exhibition (Simpson et al., 2006). Fortunately, there are new forms of exhibits offering

visitors active engagement and participation (Rhee and Kim, 2013).

Bitgood (1991) classifies exhibits in three according to type of response engagement.
simple hands-on, participatory and interactive. Simple hands-on exhibit includes physical
involvement and produces sensory learning by prompting the visitor to touch, climb etc.
Participatory exhibit, however, includes visitor’s response and aims to teach similarities and
differences between objects or phenomena by allowing visitors to make comparisons
between their response and some standards. It goes further than simple hands-on exhibits in
ensuring active response engagement. Tasting several types of wine and grouping them
based on characteristics such as sweetness, acidity and fruit might be an example. On the
other hand, participatory exhibition has been used in different meanings as well. McLean
(2011) and Simon (2010), for instance, describe experience of participatory museum
exhibition as the ones connecting different stakeholders (i.e. creators, distributors and
consumers) and visitors by engaging them in conversations to ensure information flow
between institutions and users. In addition, Blankenberg (2014) defines participatory
exhibitions as where the public participates in creating or delivering and acts as curator in

the process through collaboration with museum staff.

The last type of exhibits that Bitgood (1991) defines is interactive exhibit. Interactive
exhibit includes a cause-effect relation between visitor’s response and adjust in exhibit
coming after. In other words, visitor’s control over exhibit causes a relevant change in it.
Interactive computer applications allowing self-testing might be an example for Bitgood’s
definition. McLean (1993), on the other hand, defines interactive exhibition as “those in
which visitors can conduct activities, gather evidence, select opinions, form conclusion, test
skills, provide input, and actually alter a situation based on input” (p.93). Visitor’s input is
a central aspect of interactive exhibits, however, “reciprocity of action”, which implies the
reaction of exhibit in some way regarding visitor’s input, establishes extensive interaction
(Allen and Gutwill, 2004, p.199; Bitgood, 1991; McLean, 1993). McLean’s (1993)
definition involves “mental interaction” besides the “physical interaction” (Bitgood, 1991,

p-4) and therefore is adopted in this study.



2.1.2.2. Examples of Interactive Exhibitions. Interactive exhibits are mostly seen in science

centers, but their integration in art and history exhibitions as well as in cultural activities is
a rising trend (Allen and Gutwill, 2004, Heath and Lhen, 2009). The following examples of
interactive exhibitions indicate varying ways of making exhibits interactive. Some examples
showed that creating interactive exhibits was also possible with the integration of technology
(i.e. Web 2.0 tools and tablet or cell phone applications) in the exhibits in such a way that
engaging visitors. For instance, “SNSE (Science Now, Science Everywhere) Overview
Panels” established in Liberty Science Center in 2005 permit visitors to retrieve extra content
and improve the learning experience by using their mobile phones such that visitors were
able to interact with the exhibit through their mobile phones both in and outside of the
museum (Labar et al., 2006). In addition, Jeff Kennedy Associates designed an Astronomy
gallery, which allows visitors create their own planetarium mini-shows that they can play
immediately, in Science Center of lowa in 2005 (Simpson et al., 2006). Another example of
technology integrated interactive exhibit is the “Gallery One”, which was developed in 2013,
in the Cleveland Museum of Art. “Gallery One” is an art-space letting visitors to examine
the permanent collection of the museum through hands-on activities and ArtLense free ipad
application (Dawkins, 2014). Finally, in 2015, Modiki Brand and Advertising Agency
developed “Sons of Gallipoli”, which offers visitors with a multi-layered interactive
exhibition through a digital experience with the purpose of sharing memories from the

tragedy of Gallipoli during World War I (Kale Group, 2016).

Developing interactive exhibits is also possible with using concrete tools and
materials. For instance, in 2013, Miller and Neyer developed “Color Me =~ ”, which
they called as a collaborative exhibit and it is a touring exhibition, at which visitors paint
illustrations on walls with giant crayons (Miller, 2013). In addition, “Waste Container”
encouraging visitors to design new products from waste material, and “Design Atelier”
allowing visitors to develop prototypes of their design projects by regarding mathematical
and physical facts are two examples of interactive exhibits, which promote use of concrete
materials, in Konya Science Center (KBM, 2017). Finally, in Kid’s Research Laboratory of
Ars Electronica Center, “Analog 3-D Printer” exhibit, which is a model built from wood

panels, hose, metal wires and silicone, allow youngsters to simulate the working principle

of 3-D printers (AEC, 2017).



Various examples of exhibitions show that making an exhibit interactive is possible
through many ways including from integration of Web 2.0 tools to use of basic materials
such as crayons and an empty wall. The materials and tools to be used are restricted with the

imagination and creativity of the exhibit developer.

2.1.2.3. Benefits of Interactive Exhibits. Studies on interactive exhibitions revealed some

advantages of interactive experiences for visitors, developers and curators. Firstly, providing
visitors with an interactive experience they increase the chance of capturing visitors’ interest
and engagement (Heath and Lhen, 2009; Hein, 2002; McLean, 2011). Bequette and
colleagues (2011), who examine the impacts of exhibits about nanoscale science on museum
visitors, suggested that the engagement of visitors, especially kids, with an exhibit on a new
topic like nanoscience was highly related with the interactive elements of the exhibit.
Secondly, involvement in an interactive exhibit helps visitors associate new experience and
information with their existing knowledge and conceptual structures (Allen and Gutwill,
2004), and therefore, they find it more relevant (Bequette et al., 2011; Hein, 2002). Thirdly,
interactive exhibits promote and improve learning by keeping attention of visitors,
facilitating meaning making and allowing them to take ownership of their learning process
(Allen and Gutwill, 2004; Bitgood 1991; Heath and Lhen, 2009; Labar et al., 2006; McLean,
2011). On the other side, developing an exhibit encouraging visitors to spend time on
meaning making is a fruitful experience for designers because it “must present a powerful
meaning making” process for them as well (D’Acquisto and Scatena, 2006, p.39; Gilbert
and Stocklymayer, 2001). Furthermore, curating an interactive exhibition gives curators an
opportunity for presenting a unique experience for each visitor because exhibits are adjusted
according to visitor’s response and control (Simpson et al, 2006). Finally, with an integration
of an interactive digital tool, curators can collect data about number of visitors engaged in
and time that visitors spent for each exhibit (Labar et al, 2006). Evaluation of this data
collected through interactive means can enhance the improvement of the exhibitions’ quality

regarding public interests and needs.

2.1.3. Exhibitions as Informal Learning Environments

Mission of museums has broadened since they established in the 17" century for the

first time and their educational aspects has arisen. Early on, museums were the place of



preserved knowledge and collection of objects, with the aim of classification and
conservation of them (Kampschulte and Parchmann, 2015). However, with the realization
of their substantial impact on individuals’ learning and engagement, exhibitions in museums
and in general have taken their place in education since middle of the 20™ century.
Educational role of institutions such as museums and galleries was introduced in the sixties
through the share of knowledge in collections with visitors and through field trips (Khoon
and Ramaiah, 2008). Thereafter, the interest of formal education institutions towards
museums as learning environments has decreased. Intense attempt to meet academic
standards and do well on national exams resulted in schools sacrificing meaningful learning
for test preparation (D’Acquisto and Scatena, 2006). However, students need learning
opportunities that let them have active and experiential role both in and out of the school
environment firstly because the primary sources of satisfaction and realization are the
extracurricular activities and secondly significant amount of an individual’s knowledge
come from nonacademic sources (D’Acquisto and Scatena, 2006; Falk and Dierking, 2000;
Sherburne and Patton, 1971). This is a concomitant outcome of the fact that people spend
substantial portion of their time in informal environments from infancy to adulthood (Banks

etal.,2007).

What is intended with an informal environment and informal learning? There is no
clear-cut definition of informal learning that is built on consensus (Hofstein and Rosenfeld,
1996; Tirkmen, 2010). Some descriptions of informal learning based on its comparison with
formal learning (Stocklymayer and Rennie, 2017). According to such definitions, formal
learning takes place in school settings and is compulsory, structured, curriculum-based and
assessed; while informal learning occurs at out of school environments such as museums,
science centers and zoos, and is voluntary, unstructured, not curriculum-based and
unassessed (Sahin and Celikkanli, 2014). Hofstein and Rosenfeld (1996) point out such
approach as “overly simplistic” (p.89) and give a museum visit as an example as it could be
either structured and compulsory or unstructured and voluntary. On the other side, there are
definitions showing a “hybrid approach” (Hofstein and Rosenfeld, 1996, p. 90), which
signifies “the intersections of formal and informal” learning environment (Avraamidou and
Roth, 2016, p.xxii; Tiirkmen, 2010). In such definitions, informal learning regarded as
learning from activities that are not developed primarily for school use and are not part of

school curriculum, but can support formal learning, may be structured or unstructured,



involves voluntary participation, are student-centered and come up with many unplanned
learning outcomes (Crane ef al., 1994; Hofstein and Rosenfeld, 1996; Yildirim and Sensoy,

2016).

Hofstein and Rosenfeld (1996) introduces five “learning modes” in the context of
informal learning: (i) school-based field trips, (i1) student projects, (iil) community-based
science youth programs; (iv) casual visits to museums and zoos; and (V) the press and
electronic media (p.93). Exhibitions as informal learning environments are given place
under the mode of “Casual visits to museums and zoos” (Hofstein and Rosenfeld, 1996).
Informal environments such as museums, galleries, zoos, science exhibitions and art
exhibitions have a great potential for contributing in informal learnings of pupils and adult
citizens (Dean; 1999; Heath and Lhen, 2009; Hofstein and Rosenfeld, 1996; Lord, 2014;
Molineux, 2014; Padovani et al., 2013; Sahin and Celikkanli, 2014). Providing visitors with
an informal and comfortable atmosphere help them easily to adapt their surroundings (Dean,
2002). When students enter in such environments, feeling of curiosity and desire for a
discovery arise in them (Bevan et al., 2010; Czor, 1990). Then, they involve in informal
conservations with personnel, peers, family members or teachers to learn about exhibits and
inquire them (Wolf and Tymitz, 1979; Yeh, 2017). Besides, answering visitors’ need of
“preferred mode of instruction” fitting their own learning styles, and situated, context-based
characters of such environments form a base for a meaning-making in informal fashion
(Heath and Lhen, 2009; Hofstein and Rosenfeld, 1996, p.88). In addition, examining exhibits
in informal environments provide students with the opportunity of relating theoretical
information with daily life. Bevan and colleagues (2013) state that collaboration between
“science-rich institutions” (p.11) and schools enhance students’ awareness on scientific
issues and their relevance with their own life. These characteristics of exhibitions all together

provide visitors with an informal learning environment.

The efficiency of exhibitions as informal learning environments might be improvable
with the inclusion of interactive elements. Studies on interactive and participatory exhibits
show that such exhibits improve the effectiveness of informal settings compared to non-
interactive ones because their motivational, engaging, stimulating and entertaining
characteristics broaden perceptual opportunities and lead students to spend more time with

exhibits (Hofstein and Rosenfeld, 1996; Koran et al., 1986; Macdonald, 1998; Molineux,
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2014). These aspects of interactive exhibitions show how integration of engaging

components in an exhibit make difference in the quality of transfer of exhibits’ messages.

2.2. Student-Created Exhibitions

Besides to students’ investigation of exhibits and displays created by others, student-
created exhibits and projects are getting more popular day by day. In the following two sub-
sections, firstly in detail-descriptions about stages of developing an exhibit are given and

then, the benefits of student-created exhibitions are explained.

2.2.1. How to Develop an Exhibit?

In the literature, there are some studies explaining the phases of exhibit development
in detail (Burton, 2006; Dean; 1999; Hatcher, 2009). For instance, Burton (2006)
summarizes the development process of art exhibitions, “whether presented in schools by
students or in galleries and museums by professional curators” (p.2), in 5 steps: theme
development, design, installation, publicity and event/assessment. First, students specify a
theme that forms a conceptual base for the exhibition such that rest of the steps of exhibit
development are built on; then, students make their design plans regarding their intentions
to reach audience and at the installation phase, students create their artworks and the
exhibition space (Burton, 2006). After that, exhibition is announced to public through press
and digital media such as newspapers, newsletters or brochures, and at the final stage
exhibition takes place. Hatcher (2009) consider this process as an opportunity for teachers
to assess students’ knowledge. Dean (1999) describes a similar outline for developing
museum exhibitions. Exhibition project model, as he calls it, is composed of four main
phases: conceptual phase, developmental phase, functional phase and assessment phase.
The most remarkable difference of these two approaches is the suggestion of an evaluation
report based on developers’ self-assessment and suggestions on “improvements of the

product and the process” (Dean, 1999, p. 194).

D’ Acquisto (2006) examined the whole process of exhibition development in three
parts: pre-production, production, post-production (D’ Acquisto, 2006). Pre-production is

the beginning research step, which involves clarifying research questions and gathering,
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summarizing, analyzing and synthesizing information; Production is the phase where
students share tasks and build their exhibit; and Post-production is the stage that students get
feedback from visitors to assess their weaknesses as well as strengths (Reis and Marques,
2016). In the research step, students focus on their areas of interest to specify the topic they
work on; use diverse resources such as books, magazines, the internet and people having
first-hand experience and knowledge on topic to gather ideas and information; then they
come together to share their findings and brainstorm on the topic. (D’ Acquisto and Scatena,
2006). This process enhances students’ information literacy (Marsee and Wilson, 2014).
After their research ends, students start to design their exhibits. Before starting to design,
D’ Acquisto and Scatena (2006) advice a museum trip, if it is possible, in order for students’
examination on exhibits in terms of their display techniques, effectiveness, engagement
capacity and characteristics increasing their quality. In the design stage, D’ Acquisto (2006)
suggests students to ask themselves what they will use to give their message, how they will
make their exhibit relevant and engaging, how their end-product will look like and whether
the completed exhibit serve their goals (Reis and Marques, 2016). In the production phase,
students make construction plan including task sharing and due dates, then they should check
their progress in accordance with their plan and make adjustments if necessary (D’ Acquisto,
2006). In planning stage as well as during the production of exhibit, students need to
stimulate their creativity, be persistent and patient (Sherburne and Patton, 1971) and to work
in collaboration as a whole body. All students are expected to contribute in some way for
the development of the whole project (Lefler, 1956). Although the exhibit should be the
original works of students, constant mentorship and feedback of any staff, who can improve
the exhibit, is suggested at the production stage (Rogers, 1956). Students may consult with
personnel in school like art teacher or with an expert out of school like scientists, engineers
and technicians (Rogers, 1956). During the exhibition event, students interact with visitors
by asking and answering questions, involving them in a discussion or activity, and guiding
them in interpretation of the exhibit (D’Acquisto and Scatena, 2006). Meanwhile, students
can assess the effectiveness of their exhibit and their performance through observation, exit

survey or questionnaire (D’Acquisto, 2006).
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2.2.2. Benefits of Exhibit Development for Students

“Student projects” are one of the “learning modes” as Hofstein and Rosenfeld (1996)
reported. Development and preparation of an exhibit or a project is regarded as a powerful
vehicle for learning because it is a complex and comprehensive process that demands
progress in multiple phases from finding an idea to communicating the theme of end product
(D’Acquisto and Scatena, 2006; Dean, 2002; Kampschulte and Parchmann, 2015). Besides,
students get a chance of expressing their ideas to the public (Livingood, 1955) and teaching
others is one of the efficient way in learning about a subject (Padovani ef al., 2013). When
the exhibition organization is at international level, students also get chance of meeting

students from other nations and learn about their exhibits (Galen, 1993).

Students, who develop exhibits, involve in a real problem-solving, research, designing,
writing, interpreting activities as well as teamwork, management and communicating within
the procedure (D’Acquisto and Scatena, 2006; Dean, 2002; Hofstein and Rosenfeld, 1996;
Livingood 1955; Reis and Marques, 2016). In this sense, developing an exhibit is an
opportunity for students to use their knowledge in a meaningful real-life context, which
creates a space for independence, imagination and initiative (D’ Acquisto and Scatena, 2006;
Sherburne and Patton, 1971). In addition, from the beginning to the end, activities students
involved in the process of exhibition development allow students to engage in different
learning styles (Marsee and Wilson, 2014; Reis and Marques, 2016). These characteristics
of developing an exhibit are absent or very limited in traditional formal education students

meet at schools (D’ Acquisto and Scatena, 2006; Sherburne and Patton, 1971; Ulusoy, 2016).

The overall process of student-created exhibition is a fruitful experience for students
from the point of its contribution in their cognitive and affective development. First of all,
providing students with a platform, at which they can share their knowledge and creations,
and lead others, gives them the feeling that their voices and ideas are valued and matter, and
so improves their confidence (Livingood, 1955; Marsee and Wilson, 2014; Sahin and
Celikkanli, 2014). In addition, students’ involvement in exhibition development improve
their skills in finding resources such as budget, time, material and staff; their intrapersonal
skills like self-management, taking responsibility and problem-solving; their interpersonal

skills such as team working, leading, communicating and negotiating; and their information
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processing skills like gathering, organizing, analyzing, interpreting and evaluating data
(Marsee and Wilson, 2014). In this sense, involving in such activities prepare students for
professional life because these are “the competencies coveted by employers” (Marsee and

Wilson, 2014, p. 83).

2.3. Science Fairs

This section of the literature review presents an overview on history of science fairs,

benefits of science fairs and some criticism on science fairs in the following sections.

2.3.1. History of Science Fairs

Student-created exhibitions on art and history are more common whereas ones with
science theme are less frequent (Kampschulte & Parchman, 2015). However, science fairs,
which started in the early 20" century, have begun to gain more attention all around the
world and are getting popular day by day (McComas, 2011). The roots of science fairs date
back to 1920s and was in the form of “science club movement”, which arose in the United
States (US) (Bowen and Bencze, 2015, p.896). Students having interest in science were
encouraged to prepare and display their projects in schools for their classmates and other
students (Livingood, 1955). The first science fair in the US was organized at the American
Museum of Natural History in 1928 with the purpose of giving students the opportunity to
encounter with nature and to learn some scientific facts to gain their appreciation of science
(McComas, 2011; Schank, 2015; Yasar and Baker, 2003). The first National Science Fair,
which based on students’ works, was held in 1950 in US (Blenis, 2000; Bowen and Bencze,

2015; Wartinger, 1999).

With the growing competition between America and Russia in advancing technology
and space research, the need of professionals working in the field of science and technology
increased (Levaren, 2009; Wartinger, 1999). This was the rationale behind the attempt in
making science attractive and popular for youngsters. In 1965, National Science Fair
transformed into International Science and Engineering Fair in US with the participation of
nine foreign countries (Blenis, 2000). In the early 1960s, national science fair in Canada
started and European Union Contest for Young Scientists begun in the late 1960s, when

Belgium, France, Germany, Italy, Luxembourg and Netherlands were the members of
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European Union (EU) by then (Bowen and Bencze, 2015; European Union, 2017b). On the
other hand, in 1964, the first science fair at high school level was organized by Spanish
Ministry of Education in Spain, which was not a member of EU by the time (Science Fair in

Spain, 1964).

Educational reforms had taken place in science education of the Western world
countries in 1950s impacted national education of Turkey as well and gave rise to
establishment of collaborations with leading institutions and organizations like UNESCO,
OECD, European Council and Ford Foundation (Yilmaz and Morgil, 1992). Most of the
improvements arising with these collaborations focused around formal education such as
foundation of Science High Schools and developing science curriculum or educational
materials. In 1963, The Scientific and Technological Research Council of Turkey
(TUBITAK) was found with the aim of supporting junior scientists (TUBITAK, 2013b). It
started to fund and support educational projects in 1967 with attempt to improve science
curriculum (Y1lmaz and Morgil, 1992). Science fairs in the form of science project contests
were another top-list projects of TUBITAK and the first science contest it organized was the
National Secondary School Research Projects Contest in the fields of physics and biology
in 1968 (TUBITAK, 2013b). Today, the scope of the contest expanded and the number of
fields reached to ten including mathematics and social sciences, at high school level
(TUBITAK, 2015a). Another project contest organized by TUBITAK at high school level
1s Secondary School Students Entrepreneurship and Innovativeness Competition, which was
held in 2013 for the first time (Ering, 2014; Ulusoy, 2016). TUBITAK organizes project
contests for elementary school students as well in cooperation with Ministry of National
Education in Turkey (Tortop, 2014). In 2006, TUBITAK held the first National Middle
School Research Projects Contest in the field of science and mathematics for grade 5-8
students (TUBITAK, 2016) and in 2015, it coordinated the Robotics Science Fair for the 5-
7 graders for the first time (TUBITAK, 2105b). In addition, in 2013 TUBITAK began to
organize project competitions for undergraduate students under three categories: University
Entrepreneurship and Innovativeness Competition, Undergraduate Students’ Software
Projects Competition and Industry-Oriented Graduation Projects Competition (TUBITAK,
2014a). TUBITAK also supports students in participating international organizations. In
1978, Turkey, for the first time, participated in International Science Olympiads in the fields

of mathematics, physics and chemistry. In recent years, students from Turkey have begun to
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involve in Intel International Science and Engineering Fair (TUBITAK, 2014b). Besides
science project contests, since 2013, TUBITAK has begun to fund schools to organize
science fairs through the call 4006 Science Fairs under “TUBITAK Science Fairs Support
Program” with the purpose of disseminating science culture in Turkey through establishing
environments, where 5"-12" grade students can learn from their researches about the topics
they have determined in the frame of curriculum and their interests (Colakoglu, 2018;
TUBITAK, 2013c). The participation in TUBITAK 4006 Science Fairs is increasing such
that 4006 Science Fairs were held in 880 schools in 2014, in 3201 schools in 2015, in 5980
schools in 2016 and in more than 10000 schools in 2017 (Colakoglu, 2018). These science
fairs, where the participant teachers and students were awarded with certificate of
participation, got over two million visitors and contributed in dissemination of science
culture (Colakoglu, 2018). Another example of organization held by TUBITAK is Annual
National Sky Observation Festival, which has been arranged since 1998 (TUBITAK, 2015c).
Such festivals play an important role in bringing professionals in the field of science and

technology, and public together.

Project contests, olympiads, science expositions, sky observation festivals and many
others are organized at national and international level in many countries all around the
world. Then, what is in the scope of science fair or is there any clear agreement on what
science fair is? In the literature, there are different definitions of science fair, which can be
fit under three main categories. The first approach regards science fairs as an environment
for competitions of projects based on students’ independent research studies including a
hypothesis testing in pure or applied sciences (Galen, 1993; Tortop, 2013a; Yildirirm and
Sensoy, 2016). The exhibits of science fairs under this category are students’ poster
presentations reporting their research studies (Bowen and Bencze, 2015). Such organizations
usually take place out-of-school institutions with the participation of students from different
schools and can be local, national or international. The second point of view, consider
science fair as an exhibition where students display their works such as scientific
experiments, models, computer programs, engineering designs, games and tests or their
demonstration of a scientific apparatus and collections of scientific items on the area of
science and interrelated areas like engineering, computer science and mathematics (Bowen
and Bencze, 2015; Fredericks and Asimov, 2001; Levaren, 2009). Science project exhibition

taking place simply in schools may fall into this category (Davis, 1955). The third
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perspective define science fair as any programs and projects that provide individuals with
an “authentic and personal experiences in doing science” (McBurney, 1978; McComas,
2011, p.35). Olympiads, science exhibitions, science festivals and expositions are in the

scope of science fair under this category.

The main purpose of science fairs is developing students’ interest in science and
fulfilling the shortage of science staff (Jones, 1953; Moore, 1958; Rogers, 1956, Wartinger,
1999). Such an approach may have a point because many scientists state that their primary
motive for a scientific career arose after they carried out their own project (Moore, 1958;
White et al., 1963). In this sense, science fairs are medium to identify scientific talents by
giving them the opportunity of showing their works (Jones, 1953; Rogers, 1956). There are
also other varying views on aims of science fairs in the literature. For instance, Abenarty
and Vineyard (2001) think that main goal of science fairs is complementing curriculum by
promoting learning of scientific method through designing and doing experiments. On the
other hand, McBurney (1978) considers primary goal of science fairs to be simply a learning
experience for students, who get professional assessment, and opposes any other objectives
that are not centered around students’ learning. Similarly, Fredericks and Asimov (2001)
and Levaren (2009) put students’ gain on focus, and thinks that the purpose of science fairs
is stimulating students’ curiosity about the world by helping students to discover more about
science topics that interest them. Literature shows that although ideas about the purposes of

science fairs vary, many statements is centered around students’ learning about science.

2.3.2. Benefits of Science Fairs

Studies on science fairs report many advantages of them. Firstly, involving in a science
fair can promote obtaining “science-specific” skills and knowledge in addition to
interpersonal and intrapersonal competencies acquired in exhibition development (Bowen
and Bencze, 2015). Firstly, students developing a project for a science fair involve in a
research process in the pre-production and production phase and meanwhile benefit from
many resources like books and magazines in press or online (Colakoglu, 2018; D’ Acquisto,
2006). Therefore, science fairs may enhance students’ scientific literacy (Bowen and
Bencze, 2015; Tortop, 2013b). Secondly, students, who are in the phase of finding an idea

for a science fair, are recommended to visit other science events like fairs, exhibitions,
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museums and expositions to examine the exhibits in there and get inspired (D’ Acquisto and
Scatena, 2006; DeClue et al., 2000). Visiting such events and examining the exhibits from
an analytical perspective may contribute students evaluative and observational skills (Sahin

and Celikkanli, 2014).

Thirdly, students perform a multistage research and series of problem-solving tasks,
which do not have “prescribed responses or preset solutions” (Kuhlthau et al., 1997, p.711;
Watson, 2003). Such process asks more than a plane paper and pencil work, and from a
pedagogical perspective, involving in a such inquiry help students to understand what real
researchers and scientists do and scientific method better (Colakoglu, 2018; Fredericks and
Asimov, 2001; Jaworski, 2013; Wartinger, 1999; Watson, 2003; Yildirirm and Sensoy,
2016). Fourthly, science fairs provide students to get recognition and professional evaluation
for their scientific endeavors (Fredericks and Asimov, 2001; Jones, 1953; Livingood, 1955;
McBurney, 1978; Moore, 1958) and regarded as a forum to discuss their findings (Wartinger
1999).

In addition, extra-curricular science activities, which provide students with hands-on
experiences increase the possibility of female students’ engagement in science by improving
their confidence and interest in science (TUBITAK, 2013a; Wartinger, 1999). Prof. Yiicel
Altunbasak, who was the president of TUBITAK in 2013, reported that the amount of
applications had increased by about 10% each year, but it increased by 35% in 2013
(TUBITAK, 2013a). He also pointed out a remarkable change in the amount of female
applicants in recent years. Prof. Altunbasak reported that the amount of female participants
increased by 36% between 2010-2013 and reached to number of males (TUBITAK, 2013a).
Abernathy and Vineyard (2001) also point out a similar trend in participation of female
students in the science fair and Science Olympiad in their study. They regard this situation
as “a positive sign that efforts directed at encouraging girls in science may be paying off”
(Abernathy and Vineyard, 2001. p.275). Besides, the findings of Colakoglu’s (2018) study,
which involves 77% of middle school students and 23% of high school students involving
in TUBITAK 4006 Science Fairs, show that their science fair experiences have a positive
impact on their interest towards Science, Technology, Engineering and Mathematics
(STEM) areas. Furthermore, studies show that overall process of involving in a science fair

encourages students to be more active in science lessons and develops students’ academic
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success in science (Padovani et al., 2013; Sahin, 2012; Yildirim and Sensoy, 2016). Finally,
science fairs bridge formal and informal education and encourage to build collaboration
between institutions such as schools, universities, science centers, organizations and

corporations (Colakoglu, 2018; Yasar and Baker, 2003).

Besides many opportunities that science fairs provide students with; they also have
potential to impact public opinion on scientific issues. Citizens, who attend science fairs,
engage with science topics, become more aware about current developments in science and
gain some insight of the way scientists works (Lefler, 1956). Scientists in a society having
understanding and appreciation of science may work more efficiently (Lefler, 1956). This
situation also might create more job opportunities for ones who want to follow a scientific

career, which is parallel to goals of science fairs.

2.3.3. Criticism on Science Fairs

Although their numerous contributions in education and positive impacts on students,
there are studies examining science fairs with a critical approach and pointing out some
possible adverse aspects of them. Firstly, the most common characteristic of a science fair
that is criticized is competition (White et al., 1963). Competitive nature of science fairs may
discourage students, who are not competitive, to participate in such activities from the
beginning (Yasar and Baker, 2003). In addition, talented students with high skills, interest
and with previous experience are more likely to survive and win in a competitive
atmosphere, while other students may disappoint when their works do not win award and as
a result “they can develop negative attitudes about science” (Blenis, 2000; Bowen and
Bencze, 2015, p.897; White et al., 1963). Besides, science fairs centered around the
atmosphere of competition may underestimate the value of personal motivation for challenge
of going through an investigation and problem solving (Bencze and Bowen, 2009), and
stressing about competition may result in performance anxiety among some students (Reis
et al., 2014). Opponents of these approaches consider that competition strengthens students
and prepares them for future life and teaches them winning and losing (Blenis, 2000; Moore,
1958). In addition, participants of a science fair, who compete for a predetermined standard
set of criteria, benefit more from the process compared to students compete against each

other (Blenis, 2000).
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Secondly, another aspect of science fairs criticized by researchers is the issue of
unequal conditions of students. For instance, students involving in a science fair do not have
same opportunity to reach resources and to get family support in funding and guiding
(Craven and Hogan, 2008; Reis et al., 2014; Yasar and Baker, 2003). These are among the
primary factors that affect the quality of students’ projects.

Thirdly, judgement process is another contradictive aspect of science fairs. Judging
should be valid and reliable, but this is not always the case (McComas, 2011). Any bias in
judgement diminishes the effectiveness of evaluation, and lead students to think that they
did not get a fair, adequate assessment and to feel frustrated (Bencze and Bowen, 2009;
Grote, 1995; McBurney, 1978; Strauss, 2001;). McBurney (1978) suggests that judges
should not only have comprehensive knowledge on content area, but also should have
pedagogical background about education of students. Some kind of training for science fair
judges about how to evaluate a science project properly might help to increase the quality of

judging process (McComas, 2011).

Another crucial element of science fairs is voluntary involvement (White et al., 1963).
Students should never feel an academic pressure because of their unwillingness to participate
in a science fair (McBurney, 1978; Yasar and Baker, 2003). In addition, making students’
participation in a science fair mandatory may lead some students to feel that they are not
capable of doing science, especially when they don’t have background and prior experience
on developing a science project (McComas, 2011). On the other side, White and colleagues
(1963) point out that some students are so involved to develop their project such that they
neglect their ongoing school works and pass their exams with the extra credits given by their

teachers, even they don’t comprehend the exam topics at all.

Individuals claiming that a science fair project should base on students’ independent
scientific research studies believe the necessity of distinction between a creative science
project and a display (White ef al.,, 1963). While the first is harder and involve the steps,
which students state a problem, formulate a hypothesis, test it, draw a conclusion and report
it; the latter is easier and is mostly a collection of scientific items or simulation and

illustration of a scientific phenomenon or law (White et al.,, 1963). Formulating categories
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or subcategories for awards such as Best Research Study, Most Interactive or Most Creative

may help to develop a fair judging process.

Finally, there is a criticism on the fact that the amount of parent or mentor involvement
in the development of students’ science fair project sometimes might be excessive such that
the creator of the final product is more parents’ or instructors’ than students’ (Craven and
Hogan, 2008; Schank, 2015; Strauss, 2001; Tortop, 2013a; White et al., 1963). Pushkin
(1987) recommends students to avoid choosing a project that is too complex in design and
principle, and to keep it simple and relevant without limiting creativity so that not only the
owner of the work, but also other students “learn from what is presented” (p.962). However,
McBurney (1978) thinks that “we cannot justify conducting a science fair unless it is first
and foremost a learning experience for the student - not for the community, nor for other
students, nor for parent” (p.420). Miller (1964) suggests that if a project requires more than
teachers’ guidance along the process, then students should not undertake it. On the other
hand, such approach might be regarded as restrictive by the proponents of collaboration
between different stakeholders such as school, university, science center, related

organizations and institutions.

2.4. Views and Experiences of Teachers on Science Fairs

Science teachers have an important role in guiding students along the development of
a science fair project or science exhibit. It is a demanding process transforming teachers into
“research directors” who advise students through their investigations and coordinate the
process from the beginning to the end (Lefler, 1956, p.308). They do not need to know all
the answers, but should be able to counsel students in the journey and therefore should have
access to related resources that they can benefit from when they need (Lefler, 1956). Their
approach in the whole process is a very deterministic factor for both their and students’

experience to be fruitful or not (Blenis, 2000; Tortop, 2013a).

On the other hand, teachers mostly have a very tightly scheduled programs for
covering curriculum, which are barely or not flexible, meaning that setting time for extra-
curricular activities might be quite challenging (Padovani et al., 2013). Besides, organizing

a science fair brings extra responsibilities together such as planning the science fair,
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supervising developers of each project and in some cases creating a judge, especially if the
fair is not held by an organization or an institution (Demirel et al., 2013; Livingood, 1955;
Menicucci, 1994). Each responsibility requires some specific skills and knowledge like how
to organize an effective science fair, what the properties of a good project are, who the judges
should be and what the judging criteria for a science fair should be (Menicucci, 1994). Lack
of time and overloaded responsibilities may cause teachers to feel insufficient to conduct a
science fair and so, may discourage teachers in involving science fairs (Menicucci, 1994).
With all the advantages and disadvantages, experiencing a science fair may impact teachers’
views on science fairs and enthusiasm for participating in science fairs differently. Learning
about their views and experiences in this process may help to improve the quality of future

science fairs (Tortop, 2013a).

2.4.1. Teachers’ Motivations and Gains in a Science Fair

Some studies in the literature reveal teachers’ motivations for involving in a science
fair and their gains from this experience. In her study with middle school teachers, Watson
(2003) reported that teachers’ primary goal in involving in a science fair is helping students
to learn about the step by step procedure and process of doing a science fair project rather
than learning a new content in detail. On the other hand, sometimes teachers feel external
pressure for involving such activities rather than their intrinsic motivations. For instance,
Tortop (2013a) in his study with two middle school teachers, found that primary motives of
teachers in attending a science fair are pressure of school administration, students’ desire to
participate and advertising school. Besides, teachers perceive their role in the science project
development as mentor who guides, motivates, helps students and solves problems if
necessary rather than an authority making decisions and giving directions (Demirel et al.,
2013; Tortop, 2013a). Galen (1993), as a teacher author, considers the whole process as an
opportunity to know about students more and set a closer relationship with them. Teachers
also get chance to come together with their colleagues (Colakoglu, 2018), see other students’
works in the science fair and to evaluate their own students’ projects (Rogers, 1956). They
also got opportunity to meet with college scientists and involve in an interaction, which

might be a reference for future collaborations (Rogers, 1956).
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2.4.2. Teachers’ Views About Students’ Experiences and Gains in a Science Fair

Exploring teachers’ opinions about students’ experiences and gains in participating in
a science fair may give science educators and science education researchers a fruitful insight
about science fairs. First of all, most teachers believe science fairs promote interest and
desire to pursue science as a career (Galen, 1993; Grote, 1995; Jaworski, 2013; Livingood,
1955). Secondly, some teachers think that science fairs are one of the best efficient way that
helps students to get the habit of working independently on projects they decided and
students developing an independent science project gain skills and knowledge, which cannot
be duplicated in school instruction and be useful in the rest of their lives even if they don’t
get a career in science (Galen, 1993; Grote, 1995; Moore, 1958). Some teachers resemble
the whole process of developing a science project with doing a scientific research (Watson,
2003) and therefore believe that science fair experience develop students’ comprehension of
scientific inquiry, science process skills and problem solving skills (Galen, 1993; Jaworski,
2013; Tortop, 2013b). Besides, teachers regard science fairs as an environment providing
students with the opportunity to communicate with others having interest in science, learn
from others’ projects (Grote, 1995; Tortop 2013a) and to understand “not only what other
people have discovered, but also whatever still hidden in the limitless reaches of what

nobody knows” (Moore, 1958, p.283).

Although views of many teachers are about positive experiences and gains of students
in science fairs, expressions of some teachers also reveal their negative thoughts about these
two aspects. For instance, some teachers think that science fair they involved do not
contribute science education at all although they demonstrated their positive impacts on
students (Tortop, 2013a). In addition, teachers’ opinions are divided on controversial aspects
such as judging process in science fairs and their impacts on students (Grote, 1995).
Teachers, having negative thoughts about judging process, concern about a poor quality
judgement and the fact that it may get ahead of the actual value of students’ scientific

endeavors (Grote, 1995; Tortop, 2013a).

Research studies on science fairs show that majority of teachers have positive
impressions about the experiences and gains of students, while minority state negative

opinions and their concerns in the process.
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2.4.3. Challenges Teachers Face in a Science Fair and Some Suggestions for

Improvement

Some studies reveal the difficulties teachers encounter at guiding students along doing
a science fair project. Most common problem faced in this process is the lack of time and
space (Demirel et al., 2013; Tortop, 2013a). These two factors lead some teachers to think
that activities like science fairs “disrupt ongoing lessons” (Demirel et al., 2013, p.1309).
Lack of funding and administrative support are other challenging aspects dissuade teachers
from involving in a science fair (Demirel et al., 2013). Another concern for teachers is
motivating and convincing students, who will enter the national exams, to pay attention to
their science fair projects (Demirel et al., 2013). Because these exams play a crucial role in
students’ academic life, they do not make enough effort in the phase of production even they

have interest in the beginning (Tortop, 2013a).

Finding an idea is the most difficult phase of the all process according to teachers in
the study of Tortop (2013b). In attempt to help students to get an idea, teachers showed them
daily-life problems and let them examine the previous projects to get inspiration (DeClue et
al. 2000; Tortop, 2013b). Teachers having inadequate access to resources like materials,
tools or internet have difficulty in the production phase (Demirel et al., 2013). DeClue et al.
(2000) suggests that contacting with a university or an industrial company is a best way to
get financial support or project idea. Writing the project report is another stage that teachers
had difficulty in guiding students because of lack of experience and knowledge about how
to report conclusions they draw and results in a proper way. (Demirel et al., 2013, Tortop,

2013b).

Furthermore, Teachers’ opinions differ in their self-efficacy in guiding and
coordinating the process (Grote, 1995; Tortop, 2013b). Majority of teachers feel inefficient
in their mentorship and need professional help (Grote, 1995; Tortop, 2013b). Some teachers
emphasize the necessity of a scientist advisor because some thinks that teachers do not have
adequate expertise in specific science topics (Grote, 1995). Most high school teachers, in the
study of Demirel and colleauges (2013), emphasized “the lack of cooperation with
universities” (p.1309). Studies show that teachers collaborating with universities, industrial

institutions, organizations or science center are more likely to be successful at guiding
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through science fairs and be pleasant about the efficiency of the process (DeClue et al. 2000;
Tortop; 2013b).

Many teachers do not get any instruction for developing exhibits (Jones, 1953). Because
participating in a science fair demands certain knowledge and skills, some middle and high
school teachers suggest “preservice training” on how to conduct an independent research
projects with students at all levels (Demirel et al., 2013; Grote, 1995; Tortop, 2013a). In his
study, Tortop (2013a) asked teachers for their suggestions upon promoting the students’
involvement in science fairs. Teachers recommended giving students extra credits or points
in national exams, doing financial support, and objective and professional judging in science
fairs to encourage participation (Tortop, 2013a). Some teachers believe that if Ministry of
National Education supports teachers and students more, the problems faced in science fairs
can be solved (Demirel ef al., 2013). Teachers also suggest organizers, teachers and students
to understand better the purpose of science project contests for improving the quality of

science fairs (Tortop, 2013a).

2.5. Views and Experiences of Students on Science Fairs

Likewise, varying experiences of science teachers, students as chief actors in the science
fairs get diverging experiences and perceptions in the whole process. In this section,
students’ experiences in science fairs are covered regarding their motivations and gains in
participating in science fairs, and difficulties they faced in such experience by referring

examples from the literature.

2.5.1.Students’ Motivations and Gains in Participating in a Science Fair

Students’ rationales for participation base on both intrinsic and external motives.
Grote’s study (1995) shows that winning a prize is the major motivating factor in doing a
science project for students. Most common rewards stated by high school students are
preparing for future, meeting students from other schools, sharing ideas with others, pleasing
teachers or parents, and learning the scientific process (Abernathy and Vineyard, 2001). On

the other hand, the Kecgeci’s (2017) study, including middle school and high school students,
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points out some additional aims of students for involving in science fairs such as acquiring

new information and applying the knowledge they acquire in everyday life.

Some studies in the literature give idea about how students feel and how their attitudes
toward science change after they participate in a science fair. Majority of students reported
that they had fun in the whole process from doing a project to share it in a fair (Abernathy
and Vineyard, 2001; Kececi, 2017; Sahin and Celikkanli, 2014). Many students also stated
that they were curious and excited along the process (Sahin and Celikkanli, 2014). Some
students liked the teamwork most, while others’ favorite part was developing the exhibit
(Padovani et al., 2013). Students also stated they felt important when they were presenting
their projects to visitors (Sahin and Celikkanli, 2014). In addition, some students stated they
felt motivated to visit exhibitions more because they experienced and now know about how
to create an exhibit (Padovani et al., 2013). Yildirim and Sensoy (2016), in their study with
middle school students, found that students, who involved in a science fair, got higher mean
score of attitude toward science. Besides, some students thought that winning a prize in a

science fair urged their desire to follow a scientific career (Moore, 1958).

On the other hand, some students felt worried because of the competitive nature of the
science fair (Reis et al.,, 2014), and some students got negative feelings because of
compulsory participation in science fairs (Sahin and Celikkanli, 2014). In the study of Blenis
(2000), students in the “mandatory/competitive” group got lower scores for attitudes after
participating in a science fair; however, students in the “mandatory/noncompetitive” group
developed more positive attitudes and interests toward science. However, between two
mandatory groups, the mean of project scores of the competitive group was higher compared

to noncompetitive groups’ (Blenis, 2000).

Gaining knowledge in their experience of science fairs has been also important for
students. For instance, high school students reported that they learned about a new science
topic, as well as remembering old ones and learned how to apply knowledge (Padovani et
al., 2013; Kegeci, 2017; Sahin and Celikkanli, 2014). Majority of students, in the study of
Padovani et al. (2013), stated knowledge obtained in the overall process was useful in the
following years of the school. Students also remarked that they acquired communicative

skills. Many students in the study of Moore (1958) pointed out that involving in a science
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fair contributed their skills in communicating scientific facts. Students also stated that the
whole process had positive impact on their communication with friends, visitors, parents and
their teachers (Sahin and Celikkanli, 2014). Besides, students got some idea about how to
make an exhibit more “user-friendly” for visitors at different ages (Padovani et al., 2013,
p.5). Furthermore, many students reported that their organizational skills were improved
(Padovani et al., 2013). In addition, students pointed out that engaging in a science fair raised
their awareness on their responsibilities, skills and deficiencies (Sahin and Celikkanli, 2014).
On the other hand, some students remarked that they learned to control their excitement

(Sahin and Celikkanli, 2014).

2.5.2. Challenges Students Face in a Science Fair and Suggestions for Improvement

Some studies, conducted with middle school and high school students, revealed
difficulties students came across with in engaging in a science fair. Abernathy and Vineyard
(2001) found that participation from junior high school was higher compared to high school
and think that requirement of more content knowledge and effort is a possible explanation
for decreasing amount of involvement. Some high school students report that the subject
they worked on was over their level of understanding and so they memorized some facts and

recited them in the science fair (Sahin and Celikkanli, 2014).

In the production of their projects, students often face with the problem of finding
required tools and apparatus to develop or experiment their projects (Tortop, 2013a; Reis et
al., 2014; White et al., 1963). This situation might be overwhelming and sometimes cause
loss of interest (White et al., 1963). Another factor that creates difficulty for students in the
production phase is lack of their knowledge in doing a project (Tortop, 2013a). Another
challenging factor of developing phase pointed out by students is collaboration among
students. Some students reported that group members, who had not discharged their
responsibilities, caused increasing burden for the rest of the team (Sahin and Celikkanli,

2014).

Some students faced with difficulties during the science fair organization. Students
reported that lack of coordination and disruptions in physical conditions caused their

enthusiasm to go down (Sahin and Celikkanli, 2014). “Uncertainty around the public’s
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perception of the project” is another factor of anxiety for students (Reis ef al., 2014, p.45).
Some students revealed that sometimes they came across visitors making negative comments
or looking uninterested (Sahin and Celikkanli, 2014). In addition, the approach of judges

was another concern of students in science fairs (Tortop, 2013a).

These difficulties faced in the process sometimes lead performance anxieties to show
up among students (Reis et al., 2014). For students who lack in knowledge about developing
a project, offering courses like “Science Project Seminars” and “Independent Study” helps
them in learning research methods (Galen, 1993, p.464). Students who struggle in any phase
of involving in a science fair, most of the time, consult their teachers to overcome the
challenges they face and consider their teachers as a main source of help (Abernathy and
Vineyard, 2001; Tortop, 2013a). Students describe their teachers’ roles as guider, motivator,
supporter, skill developer and helper (Tortop, 2013a). Students, especially in lower grades,
also sometimes get help from their parents to cope with the difficulties or to get an idea

(Abernathy and Vineyard, 2001).

2.6. Student-Created Exhibitions on Nanoscience and Nanotechnology (NST)

Although Nanoscience and Nanotechnology (NST) are among rapidly developing
areas, and gain public and media attention day by day awareness and knowledge of the public
on NST are low (Laherto, 2011). Developing instructional modules about nanotechnology
has been given importance and worked on in recent years (Yeh et al., 2011), however
projects encouraging students to develop exhibits on NST are limited (Kampschulte, 2015;
Tirre et al., 2015; Yeh et al., 2011). Today many industries from electronics to cosmetics
and textile, to the medicine benefit from NST to improve the quality of their products or to
feature them. This situation arises two concerns: need for raising experts in the field of NST
(Yeh et al., 2011) and raising awareness of future citizens that will have to make decisions
on NST-related issues (Laherto, 2011). As it aforementioned, developing exhibit can be used

as a learning tool as well as communicating science (Kampschulte and Parchmann, 2015).

It is possible to come across with few examples of student-created exhibits on NST at
the local news or school websites (Bilim Senligi, 2009; Bodrum Haber, 2016; Cunha, 2013;
OCR, 2009; PCS, 2015). Most of these projects address environmental issues or health
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problems and are on similar topics such as “Cancer Treatment” and “Cleaning Up Oil Spills
with Nanotechnology” (OCR, 2009; PCS, 2015; The Catholic Voice, 2015). Students’
projects on NST have also started to appear in national and international science fairs in
recent years. For instance, in 2016, a group of students won scholarship for their project
about nanoscience applications in a medical field in The Siemens Competition in
Mathematics, Science and Technology (Iselin, 2016). Their projects were a high-level
academic research and therefore they were mentored by two experts from a university in the
Department of Materials Science and Chemical Engineering throughout their project

development (Iselin, 2016).

In Turkey, projects on NST have started to show up in National Secondary School
Research Projects Contest organized by TUBITAK since 2005. Figure 2.1. visualize the
increasing trend in number of students participating the contest with a NST-related project
in the field of physics, chemistry or biology (TUBITAK, 2017). The project “Treatment of
Wastewater in Textile Industry by Using Catalyzers in Nano Structure through Catalytic
Wet Air Oxidation Method” in chemistry, the project “Responses of Bacteria to Nanowave
Signals and DNA Resonance” in biology and the project “Pressure of Photon Gas at Nano
Size” in physics are some examples of high school students’ NST projects in the contest
hold by TUBITAK (TUBITAK, 2017). These are also higher level projects that require
mentorship of an expert from the field and additional facilities like well-equipped research

laboratory to conduct their research studies.

Another example of high-level projects about NST developed by high school students
also base on university-high school collaboration. The Renewable Energy Laboratory in
Temple University conducted Nano Outreach Program in collaboration with the coordinator
of the Science Department of Central Bucks High School — West with the purpose of
facilitating science fair projects in nanotechnology for gifted high school students between
2011-2014 (Temple University, 2014). Within the four years, members of the laboratory
hosted seven high school students, who want to pursue careers in science and engineering,
and mentored them in doing their research projects, which each won a prize in regional or

state science fair (Temple University, 2014).
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Figure 2.1. Number of students' NST projects' in National Secondary School Research
Projects Contest organized by TUBITAK.

Students’ NST projects like the ones developed for The Siemens Competition in
Mathematics, Science and Technology or TUBITAK’s National Secondary School Research
Projects Contest are quite sophisticated and students’ cooperation with academic people is
applaudable. On the other hand, most of these students have high interest in science and
science process skills, which arouse their curiosity to learn more about science and therefore,
they have prerequisite background to make higher level research studies. However, this is
not the case for all students and besides most students do not have opportunity to work in
out-of-school facilities in collaboration with experts in the field. Therefore, there is a need
for an inclusive approach that encourages engagement of all students in developing projects

and exhibits on NST topics.

In the study of Yeh and colleagues (2011), secondary school science teachers designed
and developed teaching activities on nanotechnology to arise students’ interest in NST
hands-on works. Students learned about fundamental NST concepts and how to develop
“creative hands-on works” with the guidance of their teachers (Yeh et al, 2011, p.481).
Then, teachers and students were asked for developing an exhibit on NST by benefiting from
resources in the library for searching the related information for their study, and their works
were exhibited in the library of National Tsing Hua University for a month (Yeh ez al., 2011).
Students developed models, posters and some multimedia exhibits on NST. Researchers

found that the whole process improved both students’ and teachers’ interest and knowledge

! Graph in Figure 2.1. is created by the researcher based on TUBITAK (2017) reports.
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in NST, and the discussion among students and teachers in the process contributed on

students’ problem solving and communicative skills (Yeh ez al., 2011).

Collaborative Research Center SFB 677, having interdisciplinary approach on their
research area “Function by Switching” in Kiel University, and the Leibniz Institute for
Science and Mathematics Education collaborated in EXPOneer project with the purpose of
developing a technical frame that encourages student-curated exhibitions, which can be built
on budget and reach different target groups from pupils to public, and then they developed
the prototype “Nano Research in Kiel” using IKEA shelves (EXPOneer, 2011; Kampschulte
and Parchman, 2015). 11" grade students in a high school in Germany used this frame to
develop an exhibit on NST, after learning about NST in “science-profile course” in their
school and visiting Nanotechnology Student Lab “Klick”, which was developed by
Collaborative Research Center SFB 677 (Kampschulte, 2015; Tirre, 2015). Students divided
each shelf of the unit thematically into four: What nanotechnology is, Nanotechnology in
everyday life, Where to find nano in nature, and The opportunities and risks of
nanotechnology (Kampschulte, 2015). Students used printed posters, concrete materials,
nano products as well as natural objects (i.e. leaf, stone, sand) to display in shelves
(Kampschulte, 2015). Then, these nano shelf units were presented in students’ school by

including few demonstrations of students (Kampschulte, 2015).

Another example of students developing an exhibit on NST base on students’ end-
product in a science camp about NST. Tirre and colleagues (2015), in their study, designed
aweek-long science camp called “Science and Science communication” offering high school
students to learn about NST through improving relevance with the topic by bringing about
socio-scientific issues and discussing opportunities and risks, and also to present their own
“communication concept” (i.e. poster, model, website) reflecting their “self-directed
research projects” (Tirre et al., 2015, p.179). Students also attended literature and art courses
simultaneously in one-week duration. In the beginning, Nature of Science (NOS) is
addressed in the context of NST and scientific content is presented based on findings of NST
research, then students are introduced with scientific method through “5 stations” and are
asked to propose their own NST-related research questions that can independently
investigate in groups of 2-3, and at the end students attended a workshop on science

communication and prepared their presentation to convey their research findings (Tirre et
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al., 2015). “Which cosmetic products have hydrophobic properties and keep what the
advertising promises?” and “Which metal surfaces can be measured under the scanning force
microscope?” are two examples of student-generated research problems (Tirre et al., 2015,
p-185). Students from the departments of natural science and pure science coached high
school students while they formulating their research questions. While exhibiting their
findings students used materials that they easily accessed and prepared different formats of
communication: blogs, webpages, newspaper articles and a sculpture (Tirre et al., 2015).
During the “feedback sessions”, students reported positive attitude toward the camp.
Researchers also pointed out few gains for students: understanding the nature of scientific
research method, self-assessment on their own research studies, collaboration with students
from varying grades as well as undergraduate students, and understanding the importance of

science communication (Tirre et al., 2015).

2.7. Integration of Socio-Scientific Issues (SSI) in Science Education

This section of the study addresses integration of socio-scientific issues (SSI) in science
education through introduction of brief history of SSI in education, importance of SSI in
science education, challenges faced in SSI education, Responsible Research and Innovation

(RRI), how RRI relates with SSI, and integration of RRI in science education.

2.7.1. History of Socio-Scientific Issues in Education

Rapid developments in science and technology, coming after industrial revolution,
have brought environmental concerns, growing attention to equity issues, and complex
ethical, political problems together, and therefore have led to arise of some controversial
issues (Jenkins, 2015). Levinson (2006) describes three characteristics of controversial
issues based on definitions in the literature: (i) people have different beliefs, values,
understandings and conflicting explanations or solutions on it, (ii) it involves varying
number of people or groups, and (iii) “when the issue is not capable of being settled by
appeal to evidence” (p.1204). Childhood vaccinations, genetically modified foods,
protection of species diversity and energy conversation, global warming, cloning, disposal
of waste water are few examples of issues creating debate and dilemma (Levinson, 2006;

Sadler, 2002). Because social and scientific elements play a key role in such issues, they
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have been called as Socio-Scientific Issues (SSI) (Sadler, 2002). SSI comprise the
characteristics of controversial issues and also have two main properties: (i) science-related
content and (ii) social importance (Eastwood et al., 2012). SSI require individuals to do a
risk assessment, a data interpretation and an overall process evaluation regarding multiple
scientific and nonscientific perspectives that include ethical, political, economic,
sociocultural and epistemological aspects, which are also built upon controversial structure
(Lee, 2015; Levinson, 2006). This situation arose the need of integrating SSI in education in

order to raise generations that are capable of thinking critically on such issues (Lee, 2015).

Introduction of controversial issues in education in United Kingdom have firstly begun
in 1970s with inclusion of topics in the scope of humanity and citizenship such as relations
between races, relations between genders and law and order (Levinson, 2006). Beginning in
1970s, infuse of controversial issues in education gained importance with the rise of debates
in anti-racism and multicultural education (Levinson, 2006). Controversial issues in science
context began to draw substantial attention in the 1970s together with the Science
Technology and Society (STS) Movement (Jenkins, 2015; Levinson, 2006; Ratcliffe, 2001).
Integration of SSI in education has initiated in Europe (Bybee and Mclnerney, 1995). “The
first large-scale STS education project started in Holland in the mid-70s as a result of a
government decision to hold a referendum on nuclear power and an eight-year programme
of public education to support it (Ratcliffe, 2001, p.84). Science in Society and Science in
a Social Context projects in United Kingdom, and Projekt Leerpakket Ontwikkeling
Natuurkunde (Physics Curriculum Development Project) in the Netherlands are initial

national programs integrating STS (Levinson, 2006; Ratcliffe, 2001; Yager, 1996).

In the United States, from the late 1970s to the early 1990s, many projects and reports
involving STS formed a basis for the 1990 Science Curriculum Reform (Bybee and
Mclnerney, 1995; Yager, 1996). Norris Harm’s Project Synthesis in 1977 is considered as
one of the kick-off projects raising concern about STS in education (Yager, 1996). In 1980,
the National Science Teachers Association (NSTA) reported that it took a stand in favor of
a science education centered around STS (Yager, 1996). National Science Foundation (NSF)
funded project Science through STS in 1985 led to foundation of National Association for
Science, Technology and Society (NASTS) (Yager, 1996). “American Association for the
Advancement of Science (AAAS) 1989 report Science for All Americans, NSTA 1989
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project Scope, Sequence and Coordination, The National Center for Improving Science
Education (NCISE) reports on middle school and secondary school education” are some
other examples of actions taken in attempt to integrate STS in science education (Bybee and
Mclnerney, 1995, p.13). In 1997, the Councils of Ministers of Education of Canada
developed the first national program, establishing a Science, Technology, Society and
Environment (STSE) approach, called as the Common Framework of Science Learning

Outcomes (Aikenhead, 2000).

In Turkey, SSI were included in science education for the first time with the science
curriculum introduced by Ministry of National Education in 2013 (Kostur, 2017; Topgu et
al., 2014). Before the 2013 science curriculum, there is no use of the terminology “socio-
scientific issue”, but the emphasis is rather put on the relations among science, technology,
society and environment both in elementary school and high school science curricula (MEB,
2005; MEB, 2006; MEB, 2011a; MEB, 2011b; MEB, 2011c). In the 2013 Elementary
School Science Curriculum of Turkey, four learning areas are determined as Knowledge,
Skills, Affective Learning and Science-Technology-Society-Environment; and SSI are given
place under “Science-Technology-Society-Environment”, however it does not include any
subject-specific suggestion or description on integration of SSI in-class practice (MEB,
2013a). On the other hand, integration of SSI in the 2013 high school science education
programs of Turkey differs based on disciplines. In the 2013 Secondary School Physics
Curriculum, the importance of SSI is described in “Science-Technology-Society-
Environment” section under the title “Fundamental Skills™, but it is addressed directly only
in one of the 9™ grade chapter “Energy” with the suggestion of discussion upon alternative
energy sources by regarding SSI (MEB, 2013b). In the 2013 Secondary School Biology
Curriculum, the importance of developments of students’ understandings about the relation
between science, technology and society is given place under the section “Science-
Technology-Society Relations” without referring “SSI”, and it is addressed directly in just
one of the 11" grade chapter “Human Physiology” with the recommendation of discussion
upon importance of vaccination by considering SSI (MEB, 2013c). In the 2013 Secondary
School Chemistry Curriculum, the importance of improving students’ understandings on
technological, economic, environmental and social impacts of chemistry is pointed out under
the section “Science-Technology-Society-Environment and Economy” without direct

inclusion of the term “socio-scientific issues”, and there is no any topic-specific suggestion
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on how to integrate such issues in chemistry topics as well (MEB, 2013d). General overview
on 2013 science curricula in Turkey at elementary and high school school levels shows that
although there is emphasis on SSI directly or indirectly, there is a lack of description or
topic-specific suggestion on practical integration of these kind of issues in science lessons.
On the other side, the topic-specific integration of SSI is given place in the 2017 Secondary
School Chemistry Curriculum through covering the impacts of current developments in
nanotechnology on science, society, technology, environment and economy among the grade

12 topics (MEB, 2018).

2.7.2. Importance of Socio-Scientific Issues in Science Education

Inclusion of controversial issues in education has begun with the aim of coping with
such issues in high school schools (Levinson, 2006). With the integration of SSI in science

education through STS, goals have expanded. These goals are:

* Raising individuals that are scientifically literate, able to apply scientific knowledge
and have habits of mind (Kolste, 2001; Kumar and Chubin, 2000; MEB, 2013a; Sadler,
2002; Topgu, 2015; Yager, 1996;)

* Showing the applicability of science in daily life and improving the understanding of
its relevance to students’ lives (Harms and Yager, 1980; Ratcliffe, 2001; Sadler et al.,
2006; Yager, 1996)

* Developing students’ understanding about interrelations of science-technology-
society-environment and their impacts on each other (Harms and Yager, 1980; MEB,
2013a; Lee, 2015)

* Giving students the opportunity of addressing socio-scientific issues at local level as
well as global level (Yager, 1996)

* Improving students’ skills of solving problems on socio-scientific issues by regarding
risk-benefit evaluation and impacts on varying stakeholders (Harms and Yager, 1980;
Lee, 2015; Sadler et al., 2006)

* Empowering and preparing students as responsible citizens that make knowledge-
based decisions on issues meeting science, technology and society at a common
ground (Harms and Yager, 1980; Hassard and Dias, 2013; Kolstg, 2001; Kumar and
Chubin, 2000; Levinson, 2006; Sadler, 2002; Sadler et al., 2006).
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STS education has further potentials besides to acquisition of competencies and
knowledge specified in these goals. Students, who experience STS education, are
empowered to develop strategies in studying and learning on their own (Yager, 1996). Topgu
and colleagues (2014), referring numerous studies, point out that learning science in STS
context “improve students’ conceptual understanding, attract their interest, provide
additional motivation for learning, and improve their epistemological development and

attitudes towards science” (p.2341).

2.7.3. Challenges Faced in SSI Education

Studies on SSI in education show that science teachers and students face with some
difficulties when SSI are put in practice (Kolstg, 2001; Mansour, 2007). Based on his study,
Mansour (2007) categorizes sources of these difficulties that teachers encounter into two: (i)
external constraints and (i1) internal constraints. External constraints are outside of teachers’
control. For instance, teachers report that they feel pressure of giving priority to cover subject
matter because of national examination systems (Mansour, 2007; Sadler et al., 2006).
Absence of SSI in curriculum standards is also regarded as a constraint by teachers (Sadler
et al., 2006). Besides, they regard lack of time (Sadler et al., 2006) and crowded classrooms
as obstacles to involve students in discussions on STS issues (Mansour, 2007). Some
teachers also feel insecure in discussing value-based ethical and political issues in school
environment because of their job security concern (Sadler ef al., 2006). Being controversial,
science-related and socially significant, some value-laden and political issues such as
abortion, organ donation, euthanasia or deforestation for construction, are examples of SSI
that teachers might have difficulty to manage discussion and therefore hesitate to bring about

in classroom environment.

Internal constraints, on the other hand, are related to teachers themselves (Mansour,
2007, p.10). For example, teachers have problems in finding appropriate topics that improve
students’ skills in “interpreting science-related statements” (Kolste, 2001, p. 293). Another
aspect that challenges teachers in guiding discussions on SSI is narrowing down values,
limits, risks and benefits that should be addressed (Kolste, 2001). Assessment of learning
objectives based on SSI is also challenging for teachers (Kolsta, 2001; Topcu, 2015). Some

studies point out that teachers need to be trained well both at pre-service and in-service
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education to teach these kind of controversial issues, and they need to a guideline including
specific descriptions and instructions (Kolste, 2001; Mansour, 2007; Sadler ef al., 2006). On
the other side, several teachers, in the study of Sadler and colleagues (2006), do not consider
teaching SSI as a priority in their science class and suggest social studies teachers to discuss

such controversial issues with students.

Teachers also report some difficulties stemming from “students’ backgrounds about
STS issues, lack of co-operation, varying learning habits, interests, attitudes, and
motivations” (Mansour, 2007, p.20). Most students have difficulty in understanding
relevance of some science-related topics for their daily lives (Kolstg, 2001; Levinson, 2006;
Mansour, 2007). Students also have difficulty in discussing on STS issues because they are
not aware of current STS problems at local and international level because they do not follow
these kind of news (Mansour, 2007). In addition, although decision-making on SSI mostly
based on values, students sometimes hesitate to express their opinions because they think

their scientific knowledge are insufficient for developing strong arguments (Kolste, 2001).

2.7.4. Responsible Research and Innovation (RRI)

Since 2010, Science in Society Action Plan has focused on developing the framework
of “Responsible Research and Innovation” (RRI) (European Union, 2012). RRI defined as
aresearch and innovation process at which all societal actors work together and are mutually
responsive to each other from the beginning to the end in order to align better both the
process and its outcomes regarding values, needs and expectations of society as well as great
challenges and problems of our time (European Union, 2012; Sutcliffe, 2011; von
Schomberg, 2013). Science and technology based research and innovations are at the center
of RRI, however, it does also cover ICT, system or service innovations, sustainable
development, financial resources, consumers and human rights (Sutcliffe, 2011, p.3). RRI
also puts emphasis on limitations of current political strategies in “managing ethically-

problematic areas of science and technology” (Owen et al., 2012, p.751).

RRI framework consists of six key aspects: engagement, gender equality, science
education, open access, ethics and governance (European Union, 2012). Engagement

implies the involvement of all societal actors including industry, corporations,
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nongovernmental organizations (NGOs), policy makers, researchers and society for joint
practices and solutions within the process of research and innovation (European Union,
2012). Gender equality points out the integration of gender dimension in the research and
innovation process for giving both women and men the equal opportunity of contribution
(European Union, 2012). Science education aspect puts emphasis on equipping students with
necessary knowledge, skills and tools to encourage their full participation in the research
and innovation process as future researchers, societal actors and responsible citizens
(European Union, 2012). Science education, in the scope of RRI, also have the goal of
transmitting similar approach for public education to promote “informed-decisions”
(Sutcliffe, 2011) and appreciation of scientific knowledge in a wider range (Ratinen, 2015).
RRI framework aims to achieve this through governmental encouragement in
interdisciplinary cooperation of different stakeholders to contribute science education
(Sutcliffe, 2011). Open access aspect of RRI signifies the importance of free access to the
results of a research and innovation both for the transparency of the process and for
increasing the use of scientific information by all stakeholders (European Union, 2012).
Ethics aspect implies that research and innovation should regard fundamental rights and
ethical standards to ensure their relevance and acceptability for societal actors (European
Union, 2012). Governance is the comprising aspect that points out the responsibility of
policymakers in preventing any harmful or unethical developments in research and
innovation by developing harmonious models for Responsible Research and Innovation that
integrate public engagement, gender equality, science education, open access and ethics

(European Union, 2012).

The six key aspects of RRI, altogether, reflect three remarkable features of the frame:
(1) science for society, (i1) science with society and (iii) reframed mutual responsibility
(Owen et al., 2012). Science for society feature shows the existence of “a deliberative
democracy” aligning target of research and innovation with societal challenges through an
ethical and inclusive approach (Owen et al., 2012, p.757). Science with society feature
indicates integration of a responsive mechanism engaging public and other stakeholders in
a dialogue and debate as decision-makers (Owen et al, 2012). Reframed mutual
responsibility feature shows the existence of extended responsibility of research funding
agencies, policy-makers, universities and industry in creating capacity for RRI through

educational programs (Owen et al., 2012).



38

2.7.5.How does RRI Relate with SSI?

Responsible Research and Innovation (RRI) is clearly built upon the fundamentals of
Socio-scienific Issues (SSI), which gained importance substantially with the Science-
Technology-Society (STS) Movement, and therefore they have a lot in common in their
approaches, however, with its specific aspects, RRI takes more in-depth positions while
generating missions in some facets (Blonder et al., 2016). Blonder and colleagues (2016)
made an analysis on how RRI and SSI relate and differ, whereas Laherto and colleagues

(2018) made connections between RRI and socio-institutional aspects of Nature of Science.

Engagement, ethics and open access dimensions of RRI highly overlap with SSI
approach such that both give importance to involvement of different stakeholders in
decision-making, address ethical aspects, and point out the necessity of an information
transfer between scientists and public so that they can access necessary information, which
their reasoning base on (Blonder et al., 2016). Besides, Blonder et al. (2016) think that the
RRI dimension of Gender equality is not directly related with SSI approach although SSI is
known to be motivating for female students and affect their self-efficacy perceptions
positively. On the other hand, Levinson (2006) points out that the introduction of SSI in
education begun with early discussions on social issues, such as relations between races,
relations between genders and right of equality, showing a common understanding with RRI.
Laherto and colleagues (2018), on the other side, make connections between these four
dimensions of RRI and Nature of Science through soico-institutional aspects of Nature of
Science, namely scientific ethos, social certification and dissemination, professional
attitudes, social values, social organizations and interactions, financial systems and political

power structures.

Science education and governance are two dimensions bringing new perspectives and
widen the scope of SSI (Blonder ef al., 2016). For instance, science education factor of RRI
goes further than SSI’s understanding of the construction of scientific knowledge by giving
experts (i.e. scientists) from different organization and institutions the responsibility of
enhancing science education (Blonder et al., 2016). Governance dimension of RRI addresses
questions like “Who will supervise the work?”, “What stages of research and development

do need to involve supervision?”, “What should be the source of authority for this
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supervision?”, “Do scientists and technologists have an obligation to report their
work?”, and “What specifically should be involved in the process of supervision?”” (Blonder
et al., 2016, p.1148). According to Blonder and colleagues (2016), these are addressed very
limited in SSI. Overall comparison between RRI and SSI showed that RRI forms a
systematic framework to guide the implementation of SSI in science education (Blonder e?
al., 2016). On the other hand, Laherto and colleagues (2018) found the governance
dimension of RRI highly related with the aforementioned socio-institutional aspects of
Nature of Sciene except the social values, however, they reached the conclusion that the
science education dimension of RRI does not overlap with any elements of Nature of Science

mentioned before.

2.7.6. Integration of Responsible Research and Innovation in Science Education

Recent emphasis on Responsible Research and Innovation (RRI) bring its integration
in education together. European Union made call for projects being in the scope of the
Framework Programme for Research and Innovation, and funded over 25000 projects under
7th Framework Programme for Research and Technological Development (FP7) between
the years 2007-2013 (CORDIS, 2015). 184 of these projects were funded under the FP7
Science in Society (SiS) Action Plan (CORDIS, 2015), and 4 of these projects are supported
by FP7-SiS.2013.2.2.1-1 - Raising youth awareness to Responsible Research and Innovation
through Inquiry Based Science Education Program: Irresistible, Engage, Parrise and Ark of
Inquiry (CORDIS, 2014). These projects base on the idea of involving youngsters in RRI
related topics through inquiry based activities (CORDIS, 2014).

The Project IRRESISTIBLE was supported by EU between the years 2013-2016
(European Union, 2016). IRRESISTIBLE was a project on teacher training with the goal of
fostering the involvement of students and the public in the process of Responsible Research
and Innovation (RRI) by bridging formal and informal learning (European Union, 2016).
The project was aiming to raise awareness on RRI in two ways: by increasing students’
content knowledge on cutting-edge science topics and by encouraging discussion among
students on introduced topics within a RRI perspective (European Union, 2017a). For these
purposes, in the first phase of the project each partner formed a Community of Learners

(CoL) involving in-service science teachers, informal education experts from science centers
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or museums, science education experts and research scientist from universities (European
Union, 2017a). Each CoL developed and tested a teaching module on a specific cutting-edge
science topic: (i) Healthy aging, (i1)) Genomics and oceanography, (iii) Oceanography and
climate change, (iv) Climate change, (v) Renewable energy sustainability, (vi)
Nanomaterials, (vii) Nanoscience, (viii) Nanoscience application, (ix) Nanoscience and
Nanotechnology and (x) Nanotechnology (Nanocrystals and nanoporous materials)
(European Union, 2017a). After implementation of the modules with group of students,
students designed and developed an exhibit centered around the module topic and addressing
RRI (European Union, 2017a). Student-created exhibitions were held in schools as well as
universities, institutions, science centers and museums, and served to introduce the theme of
RRI and to bridge science and public (European Union, 2017a). In the second phase of the
project, CoL was expanded with the participation of additional science teachers and teachers
from the first phase coached new starters (European Union, 2017a). Similar to first phase,
teachers implemented modules with group of students and then, students displayed the

exhibits they had develop.

In IRRESISTIBLE Report Summary, characteristics of teaching modules are
described (European Union, 2017a). According to the Report, each IRRESISTIBLE

teaching module

"1. Introduces an everyday situation/ subject (in order to make the topic contextualized and
relevant to students),

2. uses an Inquiry-based Science Education (IBSE) approach, advances to the observing,
classifying, experimenting and explaining the phenomena and the properties that are
relevant to the chosen application,

3. addresses the broader issues related to the application in question: societal and
environmental implications, ethical issues, and other RRI aspects,

4. includes instructions for teachers on how to use the module and utilize the platform (e.g.
exemplary schedule for the course, suggestions for lesson plans...),

5. provides additional reading material on the topic in question, to be included in the textbook-
like information source for teachers and students,

6. let students design exhibit that

a. presents the chosen subject (the same one as in the teaching module),
b. highlights the phenomena and properties relevant to that application,
c. addresses the societal and environmental implications and related ethical issues”

(p. 2).

Many researchers from the Project IRRESISTIBLE did studies examining the
effectiveness of teaching modules, and the experiences of both teachers and students in the

process (Adadan and Akaygun, 2016; Akaygun et al., 2015; Akaygun and Adadan, 2016;
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Alexopoulos et al., 2015; Apotheker et al., 2016; Blonder et al., 2016; de Vocht et al., 2015;
de Vocht et al., 2016; Kampschulte et al, 2016; Kampschulte and Parchmann, 2015;
Maciejowska and Apotheker, 2015; Marques et al., 2016; Ratinen et al., 2015; Venturi et
al., 2015). Some of these studies are addressed in the next section of the literature review to
examine the gains of teachers in teaching about RRI, gains of students in learning about RRI
and difficulties they face in the process; based on first-hand experience of some teachers and

students in the Project IRRESISTIBLE.

2.8. Views and Experience of Teachers on Teaching About RRI

This section of the literature review comprises of collection of studies addressing
teachers’ opinions and experiences on benefits and challenges of RRI education. The
benefits and challenges of RRI education for teachers and students are reported in different

sections following.

2.8.1. Teachers’ Gains in Teaching About RRI

First of all, teachers, implementing RRI aspects in their science lessons, at which they
teach about 4.5-hour “The Story of Lead”, report that they personally have started to analyze
the world around them through RRI approach such that when they confront with any SSI
issue they examine it by using the six dimensions of RRI (Blonder et al., 2016). They also
report that they shared their RRI insight with their close environments and begun to discuss
it with them (i.e. family and colleagues) (Blonder et al., 2016). Besides, they state that once
they thought about RRI within Project IRRESISTIBLE modules, they transferred this
approach in their regular school lessons (Blonder ef al., 2016). In addition, Venturi and
colleagues (2015) found that teaching science with RRI perspective facilitates teachers to
relate content knowledge with everyday life for their students. Finally, RRI seems to give
teachers a new perspective about their students because RRI gives teachers the opportunity
to learn more about varying personal ideas of students (Venturi et al., 2015). These examples

show that teaching about RRI improves teachers’ personal and professional development.
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2.8.2. Teachers’ Views on Students’ Gains in Learning About RRI

Besides reporting their experience in teaching about RRI, teachers also shared their
thoughts about the impacts of learning about RRI on students and their experience in the
process. Firstly, teachers believe that RRI brought a new perspective, which establishes a
link between scientific content and students’ daily life, and stimulates students’ interest
toward science (Venturi et al., 2015). This situation creates an engaging and motivating in-
class atmosphere, which encourages also low-performing students to ask questions, share
their ideas and discuss on social effects of scientific research and innovations (Blonder et al.

2016; Venturi et al., 2015).

Teachers think students realized that social implications are inherent in any research
and innovation, and they internalized the importance of discussing about these issues after
learning about RRI within a cutting-edge science topic in the Project IRRESISTIBLE
(Venturi et al., 2015). Teachers also reported that students were able to transfer their RRI
knowledge to different socio-scientific contexts and evaluate the new situation by using six

key factors of RRI (Blonder et al. 2016; Venturi ef al., 2015).

2.8.3. Challenges Teachers Face when Teaching About RRI

Studies of show that teaching about RRI was a fruitful process for both teachers and
students, however, it was not easy for them and teachers faced with some challenges
(Blonder et al., 2016; Ratinen et al., 2015; Venturi et al., 2015). In the beginning teacher
concerned about whether students will like talking on SSI in a science lesson because they
have never experienced something similar (Blonder et al., 2016). In addition, some teachers
report that they worried about being inadequate in teaching about RRI and needed training
that helps them to develop strategies in order to introduce RRI to students (Venturi et al.,

2015).

An effective teaching about RRI is possible with activities and lesson plans, which are
planned well for this purpose (Venturi et al., 2015). This requires teachers to have an
interdisciplinary approach so that they can cover a scientific content by addressing different

cases and actors (i.e. institutions, scientists, NGOs). However, the study of Ratinen and
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colleagues (2015) showed that this is challenging for teachers. After examining RRI
integrated plans of student-teachers, Ratinen et al. (2015) found that governance, gender
equality and engagement dimensions of RRI are not included in the lesson plans, while open
access and ethics are addressed. Researchers think that this is the case because these two
dimensions of RRI are the ones they can associate most with their daily lives (Ratinen et al.,
2015). Teachers also had difficulty in identifying “suitable spots” for bringing up RRI,
proposing an appropriate path to introduce RRI in a science lesson, relating the RRI aspects
with the science curriculum objectives and developing an assessment method for RRI topics

(Ratinen et al.,, 2015, p.130; Venturi et al., 2015).

Some teachers experienced difficulty in discussing RRI with students, especially with
the middle school students because terms like ethics, gender equality, open access and
governance sounded unfamiliar to them and were hard to comprehend (Venturi et al., 2015).
At this stage integration of informal elements in formal education helped teachers to

establish relevance of RRI for their students (Venturi et al., 2015).

Venturi and colleagues (2015) summarized the factors affecting teachers’ attitude

toward RRI introduction as,

(i) “effects on students’ motivation,

(i) effects on the quality of teaching contents,

(iii) updating of teaching contents,

(iv) level of integration in the ordinary curriculum,

(v) relation to other disciplines and

(vi) opportunity of collaboration with institutions outside the school” (p.1184).

Findings of Ratinen ef al. (2015) and Blonder ef al. (2016) support the items in the list.
These findings also show the difficulty of integrating RRI in science lesson (Ratinen ef al.,
2015). Researchers recommend a workshop that allows teachers to experience RRI-
integrated scientific inquiry as learners in the first place, before they implement it with their
students (Blonder et al, 2016; Ratinen et al., 2015). Ratinen and colleagues (2015) also
recommend pre-service and in-service education, at which RRI aspects, integration of them
in lesson plans and strategies on how to engage students in RRI discussion are explicitly

addressed.
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2.9. Challenges Students Face when Learning About RRI

Responsible Research and Innovation (RRI) approach is a new for students and most
of them have never related scientific content with a society in their school lessons before,
which makes discussing on RRI is challenging for most students, even for the high-
performing students (Blonder ef al., 2016). For instance, Akaygun et al.’s study (2015) with
group of 21 including middle school and high school students showed that although the
overall RRI understanding of students improved after involving in the Nanotechnology
Applications in Health Sciences module (new name of the module is Nano and Health), only
the understanding of two aspects of RRI, namely “gender equality” and “open access”,
reached to significantly higher level (Akaygun et al, 2015). Another RRI aspect that
students have difficulty to understand is “ethics” (Adadan and Akaygun, 2016). These

studies point out important role of familiarity of a RRI concept in comprehension of it.

Besides to its unfamiliarity for students, value-based nature of RRI approach makes it
difficult to discuss on such that there are many aspects to think on and there is no one right
answer (Blonder et al., 2016). Younger students (i.e. 13-14 year olds) have more difficulty
in producing an idea and talking about RRI because some dimensions of RRI, specifically
ethics, gender equality, open access and governance, are incomprehensible to them (Venturi

etal.,2015).

Limited studies in the literature shows that difficulties students face when learning
about RRI are needed to be studied more in order to improve the quality of RRI teaching in

science education.
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3. SIGNIFICANCE OF THE STUDY

Science fairs, starting at 1920s in US and at 1960s in Turkey, has begun to get more
attention gradually and the number of participants are increasing each passing year
(McComas, 2011; TUBITAK, 2013a; TUBITAK, 2013b). Despite the world-wide trend in
rising interest and the number of participants in science fairs, studies on science fairs are
limited (Dionne et al., 2012; Paul et al., 2016; Yasar and Baker, 2003). There are very few
studies about science fairs in Turkey as well (Tortop, 2013a; Sahin and Celikkanl, 2014;
Yildirim and Sensoy, 2016). Most of the research studies, examining the impacts of science
fairs on students’ attitudes, involve elementary school students (Sahin, 2012). Therefore,
there is a need to examine high school students’ and teachers’ experiences in science fairs
more. Besides, studies involving teachers and students, who develop exhibits on
Nanoscience and Nanotechnology (NST) are very limited (Kampschulte, 2015; Tirre et al.,
2015; Yeh et al., 2011). In addition, the literature review shows that there is no study about

students’ integration of socio-scientific issues (SSI) in their exhibits.

Learning about views and experiences of Turkish teachers and students, who

participate in science fairs, may contribute to science education in Turkey in many ways:

* It helps understanding the nature of a science fair (Watson, 2003) as a multistage
process starting with brainstorming to find an idea and ends with evaluation and
reflection on the process,

* [t facilitates finding out problems faced in science fairs (Tortop, 2013a) and helps
developing strategies to clear off the sources of problems,

* [t gives an insight about the place of science fairs in Turkey compared to science fairs
in developed countries (Tortop, 2013a),

* It promotes adjustments in educational philosophy and principles, educational
programs, and educational objectives to improve the overall quality of science fairs

(Sherburne and Patton, 1971).

In this study, high school science teachers guided their students along the development

of Responsible Research and Innovation (RRI) integrated interactive science exhibits on
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NST, and then they participated a science fair exhibition in a science center (see Section 5.3.
for full description of the settings of the study). Therefore, learning about specifically these
teachers’ and students’ opinions and experiences in the process, may make contribution to

science education in many aspects additional to ones listed above:

* It reveals teachers’ and students’ strategies to make a science exhibit interactive for
engaging visitors

* [t gives some ideas about how to develop an exhibit on NST

* [t reveals difficulties teachers and students faced in developing a science exhibit on
NST

* [t gives an insight about teachers and students’ strategies to integrate RRI in a science
exhibit

* It reveals challenges teachers and students faced in integration of RRI in a science
exhibit

* Itmay constitute a framework for infusion of socio-scientific issues in science lessons.

* It may inspire other science teachers to develop an exhibit on a cutting-edge science

topic

In addition, involving in this study provides the participants with doing a self-

reflection about

* what they gain from the process,
* how their knowledge improved,
* what kind of process they went through,

* quality of their exhibit.

Consequently, this study focuses around the views and experiences of teachers as
mentors and of students as chief actors in the process of RRI integrated interactive science
exhibition development. Therefore, this research introduces some innovative elements, such
as RRI integration, interactivity and cutting-edge science theme, to the literature on science

fairs.
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4. THE PURPOSE OF THE STUDY

The present study was designed to explore knowledge of teachers and students about
exhibitions, interactive exhibitions and science exhibitions before and after the development
and exhibiting of interactive science exhibit on nanotechnology applications integrating
Responsible Research and Innovation (RRI), their practical approaches in the process,
benefits they obtain from their experiences in the process and challenges they face along the

Process.

The following research questions guided this study:

1. How do teachers describe exhibition, interactive exhibition and science exhibition
before and after guiding students along developing and exhibiting RRI integrated
interactive science exhibits on nanotechnology applications?

2. What are the teachers’ practical approaches in guiding students along developing and
exhibiting RRI integrated interactive science exhibits on nanotechnology applications?

3. What are the challenges and benefits of guiding students along developing and
exhibiting RRI integrated interactive science exhibits on nanotechnology applications?
a. What are the challenges of guiding students along developing and exhibiting RRI

integrated interactive science exhibits on nanotechnology applications?
b. What are the benefits of guiding students along developing and exhibiting RRI
integrated interactive science exhibits on nanotechnology applications?

4. How do students describe exhibition, interactive exhibition and science exhibition
before and after developing and exhibiting RRI integrated interactive science exhibits
on nanotechnology applications?

5. What are the students’ practical approaches in developing and exhibiting RRI
integrated interactive science exhibits on nanotechnology applications?

6. What are the challenges and benefits of developing and exhibiting RRI integrated
interactive science exhibits on nanotechnology applications?

a. What are the challenges of developing and exhibiting RRI integrated interactive

science exhibits on nanotechnology applications?
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b. What are the benefits of developing and exhibiting RRI integrated interactive

science exhibits on nanotechnology applications?

Some terminology used in the research questions require operational definitions.
Firstly, exhibition refers to comprehensive grouping of exhibits and displays of industrial or
commercial products or artifacts with the purpose of presentation of collections and
information for public use (Dean, 1999; Dean, 2002; Khoon and Ramaiah, 2008). Secondly,
interactive exhibition refers to “those in which visitors can conduct activities, gather
evidence, select opinions, form conclusion, test skills, provide input, and actually alter a
situation based on input” (McLean, 1993, p.93). Thirdly, science exhibitions are
organizations giving the visitors an opportunity to have the role of explorers of scientific
concepts, phenomena or tools, as well as giving them insight about the nature of science
through their experience in an environment that includes elements and practices belong to
‘the proper realm of science’ (Science Exhibition, 1946; Macdonald, 1998, p.2). Finally, the
concept of practical approach refers to individuals’ practical applications, which are based
on their existing experiences, ideas and theoretical knowledge, in managing, handling or

guiding a situation.

Each specific research question, in this study, is addressed with the abbreviation “RQ”
and the number of question coming after it for simplification. For example, the third research

question is referred as RQ3.
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5. METHODOLOGY

The methodology section of the study comprises of research design, participants of the
study, setting of the study, data collection, data analysis, and credibility and reliability, which

are described in the following sub-sections.

5.1. Research Design

Research studies are classified into four categories in terms of intention of the
researcher: exploratory, descriptive, explanatory or policy- oriented (ISites Harvard, 2017).
This study is centered around exploratory and descriptive purposes with the research
questions starting with “what” and “how” instead of “why” (Kowalczyk, 2014). Having an
exploratory purpose, this study aims to develop an understanding of a new phenomenon by
identifying key issues, key concepts and key variables, and most often provides “new angles
and new ways of looking at” a phenomenon (ISites Harvard, 2017; Kowalczyk, 2014). On
the other side, having a descriptive purpose, this research offers to describe the course of

events occurring within a specific context in detail (ISites Harvard, 2017; Kothari, 2004).

Research studies are categorized under three fundamental designs in terms of their
methods: quantitative design, qualitative design and mixed method design (Creswell, 2014).
This study is structured around qualitative design such that the objective is generating
meanings and concepts hidden in the data, concepts are presented in the form of themes,
settings are specific to study and hard to replicate, and the data is coming from interviews
transcripts, observations and field notes (ISites Harvard, 2017). Creswell (2013) categorizes
qualitative design into five approaches: narrative research, phenomenological research,
grounded theory research, ethnographic research and case study research. Among five
approaches Creswell (2013) described, the present study is a phenomenological research
seeking for meanings from participants’ lived experiences on a common phenomenon, which
is developing and exhibiting RRI integrated interactive science exhibit about NST in this
case. It is important that the participants experience the phenomenon consciously or on
purpose (Creswell, 2013). After determining the phenomenon, researchers conducting a

phenomenological research, explore the phenomenon with a heterogeneous group of 5 to 25
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through various sources of data such as interviews (mostly multiple interviews with the same
participants), observations and documents (Creswell, 2013). Then, the researcher describes
“the essence of ‘what’ the individuals have experienced and ‘how’ they experienced it”
(Creswell, 2013, p.79). Creswell (2013) also defines two types of the phenomenological
research: hermeneutical phenomenology and transcendental phenomenology. While the
researcher’s interpretation is dominant in hermeneutical phenomenology, in transcendental
phenomenology the focus is more on participants’ descriptions of their experiences
(Creswell, 2013). In this sense, current study corresponds to the transcendental
phenomenology because the researcher tries to explore what the participants lived, how did
it happen and what they feel about it by putting their’ statements about their experiences and

feelings in a center.

Creswell (2013) defines four philosophical assumptions made when researchers
conduct a qualitative study: ontological, epistemological, axiological and methodological.
Ontological assumption is about “the nature of reality and its characteristics” and implies
“the idea of multiple realities” (Creswell, 2013, p.20). This study is built on the ontological
assumption because it presents multiple forms of data collection, and reports ideas and
experiences of different individuals. Epistemological assumption is about “how knowledge
is known” and implies that knowledge base on participants’ individual experiences, and
therefore the distance between researcher and participants or what is explored should be
minimized (Creswell, 2013, p.20). This study was also based on the epistemological
assumption because the researcher was present in the field, which were school laboratories
and science fair exhibition area in this case, when participants were working or presenting
their works. Axiological assumption, on the other hand, is about the role of researchers’ and
participants’ values in the study and “researchers acknowledges that research is value-laden
and that biases are present” (Creswell, 2013, p.20). This study also involved axiological
assumption first because data coming from interviews were based on subjects’ own
perceptions and experiences in the process, second because field notes taken by the
researcher, and the conclusions drawn from data partially depends on researchers’
interpretations as well as participants’ expressions. Finally, methodological assumption is
about how procedures of a qualitative study is formed and it signifies that it is an “inductive

and emerging” process, which is “shaped by researchers’ experience in collecting and
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analyzing the data” (Creswell, 2013, p.22). Although the fundamental outline of this study

was determined at the beginning, it evolved and was elaborated in the process.

Creswell (2013) categorizes several “interpretive frameworks” that guide a qualitative
research together with the four philosophical assumptions: postpositivism, social
constructivism, transformative frameworks, postmodern perspective, pragmatism, feminist
theories, critical theory and critical race theory, queer theory, and disability theories (p.23).
Social constructivism, also known as interpretivism, aims to make meaning from nature of
individuals’ experiences, which are “usually formed through interaction with others” or
through a context in which individuals have specific tasks, missions or goals (Creswell,
2013, p.25). Researcher generates some kind of “patterns of meaning” from the data instead
of “starting with a theory” (Creswell, 2013, p.25). Ideas are emerged through researchers’
induction on the data gathered with “methods like interviewing, observing and analysis of
texts” (Creswell, 2013, p.36). With all of these characteristics, this study adapted the social

constructivist framework.

5.2. Participants of the Study

When the nature of qualitative research is considered, purposeful sampling is
recommended (Creswell, 2013). More specifically, in a phenomenological research,
participants are “individuals, who have all experienced the phenomenon being explored and
articulate their lived experiences” (Creswell, 2013, p.150). In this sense, the target group is
determined through criterion sampling at the beginning in phenomenological research

(Creswell, 2013). In this study, the set of criteria for participants are listed below:

For teachers

* Being a high school chemistry teacher in Turkey

* Inthe 2015-2016 academic year, implementing the module Nano and Health as extra-
curricular activity, teaching about Responsible Research and Innovation (RRI), and
interactive exhibition through the module “Nano and Health”, which was developed
by the Turkish team under the Project IRRESISTIBLE (See Table 5.3 for short

description of module chapters)
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* Guiding students along developing and exhibiting RRI integrated interactive science

exhibit about NST after completing first eight chapter of the module

For students

* Being a high school student in Turkey

* In the 2015-2016 academic year, learning about the module Nano and Health as an
extra-curricular activity, RRI and interactive exhibition through the module “Nano and
Health”, which was developed by the Turkish team under the Project IRRESISTIBLE

* Who are expected to develop a science exhibit about NST integrating interactive
elements and RRI after completing the first eight chapter of the module

* Exhibiting the science exhibit in the science fair exhibition organized in ITU Science

Center by Turkish team under the Project IRRESISTIBLE.

In the Project IRRESISTIBLE, there were 16 chemistry teachers, some of whom
worked in pairs, and 102 students, from 11 schools, meeting these sets of criteria. Among
11 schools, 3 schools were chosen through stratified purposeful sampling. This type of
sampling illustrates the commonalities as well as variations among particular units or
subgroups, which are referred as strata (Creswell, 2013; Patton, 1990). In the present
research, the key dimension forming strata is “the school culture” of participants. The school
culture refers to complex components of a school including values, beliefs, traditions, rituals,
ceremonies, language, vision and mission that shapes behaviour and relationships within the
school atmosphere (Peterson and Deal, 2011). Among other schools ensuring different
school cultures in the project, these 3 schools were chosen regarding the accessibility of

teachers and students.

The first school (SH1), in the scope of this study, is one of the well-established
educational institutions founded as private school for high school students in 1950s in
Turkey (Kalmun, 2017). Today, it is a public Anatolian high school, whose students are in
0.42% among the students entering the national exam (Pembe and Sekmenli, 2014). The
student population of school is around 1200 involving 300 boarding students (Kalmun,
2017). The school has 92 teachers (KAL, 2017a). The school is rich in facilities such that it

has about 50 classrooms, 6 laboratories, 2 music classrooms, 2 art classrooms, 1 computer
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classroom, a library, a conference room, a sport hall, a dormitory, a dining hall, a medical
room, and a psychological counselling and guidance unit (KAL, 2017a). The school gives
S-year education involving a 1 prep year in English and use national curriculum developed
by the Ministry of National Education in Turkey (Kalmun, 2017). The School has various
traditions such as hosting music festivals, chest tournament, alumni day, conferences, guest
speakers and award ceremonies, and having school clubs, sport teams and a student council
(Kalmun, 2017). The school also makes collaborations, and conducts joint projects and
exchange programs with schools in abroad (KAL, 2017a). Finally, this school also holds and
participates in science-related activities such as national and international science fairs. For

example, the school hosts the TUBITAK 4006 Science Fair in 2017 (KAL, 2017b)

The second school (SH2) is a private school, whose roots dates back to 1880s, and was
established by a foundation founded by a group of businessman (TVO, 2017a). The school
functions in its current campus since 1994-1995 academic year and offers education from
preschool level to high school level including a regular high school and a science high school
(TVO, 2017a). The student population of the regular high school is around 700 and of the
science high school is around 100 (TVO, 2017a). The regular high school has 110 teachers
and the science high school has 45 teachers, and both high school includes Turkish teachers
as well as teachers from other nations (TVO, 2017b). This school is also rich in facilities
such that it has about 40 classrooms, a gene laboratory as well as typical science laboratories,
few computer classrooms, studios for music, art and photography, a cultural center, an
indoor swimming pool, 2 gyms, a dining hall, a study hall, 2 medical rooms, and a
psychological counselling and guidance service (TVO, 2017c). The school gives 5-year
education involving a 1 prep year in English. The school adapts national curriculum
developed by the Ministry of National Education in Turkey with integrating additional
educational programs such as German, Spanish and French language, robotics, various art
classes, various sports branches, and various design programs according to students’
interests and skills (TVO, 2017c¢). It also offers International Baccalaureate Diploma
Programme for students. Students having knowledge gap have the opportunity to get support
from teachers after school hours (TVO, 2017c). Similar to the first school, this school has
many traditions such as hosting several festivals in the field of art and science, history days,
chest tournament, conferences, guest speakers, graduation ceremonies, and having school

clubs, sport teams and a student council (TVO, 2017c). The school also organizes
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conferences for parents and teachers. Like the first school, this school makes collaborations,
and conducts joint projects with schools in abroad (TVO, 2017c). Finally, this school also
holds and participates in science-related activities. For instance, two high school students
participating in 11™ International Robotic Science Fair Contest organized with the
collaboration of Turkish Ministry of Education (MEB) and TUBITAK in 2017 (TVO,
2017d).

The third school (SH3), in the scope of this study, is a public high school, which was
established in 2004 as a teachers’ high school, and was transformed into an Anatolian high
school in 2014 (MKAOL, 2017a). The student population of the school is about 600,
whereas the number of teachers is 43 (MKAOL, 2017a). This school is a typical public high
school in terms of the range of facilities including about 20 classrooms, 3 laboratories, a
music classroom, an art classroom, a computer classroom, a small library, a sports hall, a
dining hall, a conference room, a medical room, and a psychological counselling and
guidance unit (MKAOL, 2017a). The school gives 4-year education without a prep year and
use national curriculum developed by the Ministry of National Education in Turkey
(MKAOL, 2017a). The school hosts seminars and graduation ceremony; participates in
contests in the field of music and sports, and recently has formed a student council (MKAOL,
2017b). For example, the school hosted a seminar about jobs of the future and vocational
preference in collaboration with a private university (MKAOL, 2014). This school also
participates and conducts projects at national and international level, but not as often as the
first two schools. For instance, the school conducted a Comenius Project in collaboration
with Germany, Poland and Finland about intercultural communication in 2015 (MKAOL,

2015).

In the current study 3 science teachers and 13 students, in total, are interviewed. One
science teacher out of 2, and 5 students out of 21 from the first school; the science teacher
and 2 students out of 8 from the second school; and the science teacher and 6 students out
of 7 from the third school are chosen to interview with through convenience sampling such
that available and volunteer individuals participated in the current study (Creswell, 2013).
The demographic information of the teacher-participants is presented in Table 5.1 and of the

student-participants is presented in Table 5.2.
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Years of

Code Gender School Level Field Experience School Type
SHIT1 F High School Chemistry 25 Public School
SH2T1 M High School Chemistry 20 Private School
SH3T1 F High School Chemistry 25 Public School

Table 5.2. The demographics of the student-participants.

Code Gender School Level Grade Level School Type
SHI1S1 M High School 10 Public School
SH1S2 F High School 10 Public School
SH1S3 F High School 10 Public School
SH1S4 M High School 10 Public School
SH1S5 F High School 11 Public School
SH2S1 M High School 11 Private School
SH2S2 M High School 11 Private School
SH3S1 M High School 10 Public School
SH3S2 M High School 10 Public School
SH3S3 F High School 10 Public School
SH3S4 F High School 10 Public School
SH3S5 M High School 10 Public School
SH3S6 M High School 10 Public School

5.3. Setting of the Study

The setting of the study is presented under different sections referring the process
participants went through in the project before and during developing and exhibiting

interactive science exhibits on nanotechnology applications integrating RRI.

5.3.1. The Process Participants Went Through in Project IRRESISTIBLE Before
Developing and Exhibiting Their Science Exhibits

The participants of this study involved in the second phase of the Project
IRRESISTIBLE in Istanbul, Turkey. Teachers participated in a two-day “Nanotechnology
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Applications in Health Sciences Workshop”, which was held at Bogazi¢i University Faculty
of Education in June, 2015. In the workshop, the Project IRRESISTIBLE was introduced
and then the project coordinator and two researchers from Bogazi¢i University implemented
the first eight chapter of the module “Nano and Health™, which was developed in the first
phase of the project by the first Community of Learners (CoL) involving in-service science
teachers from various public and private schools in Istanbul, a science center expert, and two
science education experts, a research scientist, and the project assistant from Bogazici
University. Teachers in the workshop had the role of learners and were coached by science
teachers, which had involved in the first phase of the project. The participation of new

teachers expanded the CoL, which will be referred as the second CoL in the current study.

Teachers set up a Nanoscience Club in their schools and volunteer students joined in
the club. Teachers and students were supplied with the module booklet, worksheets and any
other materials needed for the module by the Project IRRESISTIBLE such as videos,
chemicals, documents and additional sources they can benefit from. Then, teachers
implemented the module “Nano and Health” with the club students as an extra-curricular
activity in the 2015-2016 academic year. Three science teachers, in the scope of this study,

implemented the module in the chemistry laboratory of their school.

The module “Nano and Health” consists of 9 chapters. The first eight chapter of the
module includes some big ideas of nanoscale science and engineering (i.e. size and scale,
size dependent properties) (Stevens et al., 2009), and Responsible Research and Innovation
(RRI) in the context of nanotechnology applications in health science. In the last chapter,
students develop an RRI integrated interactive science exhibit about NST. The detailed
description of the module “Nano and Health” are given in the Table 5.3. The second CoL
came together once every 3 weeks at meetings held at the university to share their
experiences in their implementation of the module, give feedback to each other, get support

from academics and science center staff, and to get materials they need.

Teachers and students made 2 field trips at different stages within the Project
IRRESISTIBLE. Firstly, they visited the Nanochemistry Laboratory and the Medicinal
Chemistry Laboratory at Bogazi¢i University after completing the first four chapters of the

module, “Nano and Health”. They were guided by graduate students working in these
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laboratories during their visit. Graduate students introduced instruments and tools they use
in the laboratories such as Scanning Electron Microscope (SEM) and glove box, and told
about the research studies they were conducting such as synthesizing medicine via
nanotechnology for curing cancer. Secondly, teachers and students visited the Istanbul
Technical University (ITU) Science Center after completing the first eight chapters of the
module, just before starting to develop a science exhibit. Their visit was guided by science
center staff. During teachers’ and students’ visit, science center staff introduced the exhibits,
and they experienced many interactive exhibits about optical illusion, mechanics, electricity,

astronomy, mathematics, fluid dynamics, sound and vibration.

Table 5.3. “Nano and Health” module. (Akaygun ef al., 2016)

Ch. No Chapter Name and Short Description

Hospital-Acquired Infections (2 x 40 min.):

Students watch a news video about cross infections in hospitals and discuss on sources of it. Based on a
scenario, brochure taken from a hospital's public relations department, includes a group of researchers’
suggestions on using nanosilver products for prevention of cross infections. A committee is established to
decide whether the suggestions should be put in practice or not. Students discuss who should take part in

the committee and discuss on risks and benefits of these suggestions.

Size and Scale (3 x 40 min.):

Students examine the concepts of size and scale through various activities. They make some predictions
2 about change in interactions with the environment, when their size becomes thousand times bigger and
thousand times smaller. They watch scenes from movies illustrating these two cases and play card sorting

games on size and scale.

Modelling Drug Release or Absorption (2 x 40 min.):

3 Students examine size-dependent properties. They design and conduct an experiment to explore whether

the size of the medical tablets affect its absorption and release time.

Imaging Bacteria (2 x 40 min.):

Students learn about instruments used in NST. They investigate the images of the bacteria on agar cubes

4
with different tools such as optic microscope, magnifying glass, and Scanning Electron Microscope
(SEM). Then, they involve in two different activities modelling Atomic Force Microscoby (AFM).
Synthesizing AgNP and Testing Its Antibacterial Effect (2 x 40 min.):

5 Students synthesize silver nanoparticles, and design and perform an experiment to explore whether silver
nanoparticles have antibacterial effect or not.

6 Antibacterial Nanoproduct (2 x 40 min.):

Students test the durability of the antibacterial effect of a nano-product textile against washing.
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Table 5.3. “Nano and Health” module. (Akaygun ef al., 2016) (cont.)

Ch. No Chapter Name and Short Description

Other Nanoparticles (2 x 40 min.):

Students search for the uses, advantages and risks of other nanoparticles such as gold, silica, and iron
7 nanoparticles. They read scientific articles about these nanoparticles, and they view some videos about
such particles. Then, they prepare a presentation about the use, advantages and risks of the nanoparticle

they choose and share their ideas as a group.

Responsible Research and Innovation (2 x 40 min.):

Based on the scenario in the first lesson, students evaluate a report on risks and benefits of silver
8 nanoparticles submitted to hospital’s administration, and they decide if the hospital should accept or
decline using silver nanoparticles through discussion by developing valid arguments. Then, they discuss

on six key aspects of RRI.

Developing an Interactive Exhibit (8 x 40 min.):

9 Students develop and exhibit an RRI integrated interactive science exhibit on NST. They display their

exhibits first in their schools, then in a science center/museum.

5.3.2. The Process of Developing and Exhibiting RRI Integrated Interactive Science
Exhibit on NST

Before starting to guide their students along exhibit development, teachers attended in
a workshop on exhibition, which was specifically developed for teachers in Project
IRRESISTIBLE. It was held at Bogazici University by the project team including the project
coordinator, two researchers and project assistant from Bogazi¢i University as well as the
director of ITU Science Center. In the workshop, types of exhibits (i.e. models, posters,
experiments and digital apps), interactive exhibitions and integration of Responsible
Research and Innovation (RRI) were addressed, and then few examples of students’ exhibits
from the first phase of the project were presented. The examples shared with teachers were
kept limited on purpose of not to affect teachers’ ideas and encourage originality. Teachers
asked their questions and got support from the project team. Five weeks and eight weeks
after the workshop (including a two-week semester break), two CoLL meetings were held,

where teachers discussed on their progress in the exhibit development process.
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Students knew they would develop a science exhibit and present it at a science center
from the beginning. Teachers mentioned about this aspect of the Project IRRESISTIBLE,
while they were introducing the Nanoscience Club to students. After completing the first
eight chapters of the module “Nano and Health”, and attending to the workshop on
exhibitions, science teachers made an introductory speech to their students about what kind
of procedure they would follow roughly, what were the criteria they needed to meet in their
exhibit and how much time they spent to develop exhibits. Students were encouraged to
work in groups, however, they were also free to develop their own individual exhibits.
Teachers informed students about the costs of the materials they wanted to use in exhibits
would be funded by the Project IRRESISTIBLE. The exhibit development process was
guided through “the Chapter 9. Developing an Interactive Exhibit” in the Nano and Health
module booklet. Students were given worksheets including questions that provide students
with 4-week planning (See Appendix A, Akaygun et al., 2016). After students developed
their exhibits, the project team visited the schools to give feedback to students to improve
their exhibits before displaying them in the science fair exhibition that would be held at ITU
Science Center. At this stage, the researcher as a project assistant also gave verbal feedback
to students about how they can improve the quality of their exhibits and integrate RRI more

effectively.

Finally, students and teachers participated in the exhibition, named “Responsible
Research and Innovation in the Context of Nanotechnology Applications Exhibition”, which
was organized under the Project IRRESISTIBLE at ITU Science Center and consists of
exhibits of the Nanoscience Club students participated in the project. The science fair
exhibition lasted for 2 days on April 1-2, 2016. Twenty-four science teachers together with
153 high school and middle school students from 17 private and public schools in total
participated in Responsible Research and Innovation in Nanotechnology Applications
Exhibition. Sixty-four science exhibits about NST applications in many fields from medicine
to textile were displayed at the exhibition. In two days, about 200 visitors involving middle
school and high school students from other schools, undergraduate students, parents, science
center experts, and academics visited the exhibition. Visitors are introduced to the concept
of NST and their applications as well as interactive exhibit and RRI. Students and teachers
participating in the Responsible Research and Innovation in Nanotechnology Applications

Exhibition, science center experts and visitors evaluated the exhibits via an evaluation form
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asking the exhibits reflecting the nanotechnology applications best, reflecting the RRI best,
integrating the RRI into nanotechnology applications best, reflecting the interactivity best,
that is the most interesting, that they liked most, and also asking their suggestions. After the
exhibition, the final ranking of the exhibits was made by the project team regarding the
evaluation of students, teachers, and visitors. These were the common stages that the

participants went through, however there were also few differences in the process.

5.3.3. The School-Specific Process of Developing and Exhibiting RRI Integrated

Interactive Science Exhibit on Nanotechnology Applications

The process of developing and exhibiting exhibits varied depending on the school
culture including many components such as the school settings, facilities, student and teacher
profile and level of support coming from school administration (See Section 5.2. for detailed

description of each school culture).

In the first school (SH1), the chemistry teacher collaborating with a biology teacher
guided 21 students (15 females, 6 males) in the Nanoscience Club. These teachers could not
attend the workshop on exhibition, but they watched the video recording of the workshop,
and asked their questions to the researcher later. Biology teacher did not involve in the club
hours regularly. In the exhibit development process, technician in the school and the
Engineering Club students gave support in some technical issues such as suggesting
alternative materials and methods if students confront with a problem (See Section 5.2. for
more information about the school). The Nanoscience Club students, in this school, were
from various grade levels (Grade 10-12). During the exhibit development, the club activities
were held once a week for 2 x 50 minutes in the chemistry laboratory after formal school
hours. At the beginning of the exhibit development process, there were 6 groups including
3-5 students and students themselves established the groups; but while trying to decide the
exhibit theme, two groups, who wanted to work on the same idea, merged into a group of 6.
Then, a group of 3 left this combined group to develop their own exhibit idea at a very late
stage of exhibit development process. Students developed their exhibits in the Nanoscience
Club hours as well as during their free time (i.e., lunch break) within 6 weeks. They came
together at out of school environment for getting their materials. In addition, in this school,

groups collaborated with each other such that they gave feedback to each other’s ideas, they
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bought materials for each other if somebody have an easy access to the shop and they helped
each other in construction of the exhibit. After finishing their projects, the project team came
to visit in the school and gave feedback on exhibits a week before the science fair exhibition.
In the overall process, the groups spent about 15 hours to develop their exhibits. During the
exhibition, 20 students out of 21 participated the Responsible Research and Innovation in
Nanotechnology Applications Exhibition for two days, but a 12" grade student in a group of
4 could attend the exhibit for one day because of being prepared for the university entrance

examination.

In the second school (SH2), the chemistry teacher guided 8 students (4 females, 4
males) in the Nanoscience Club. Students were from various grade levels (Grade 9-11), and
there were students from both regular high school and science high school of this private
school (See Section 5.2. for more information about the school). The Science Project
Coordinator, and Technology and Design Teacher of the school involved in the exhibit
development process as consultants to give technical and technological support. During the
exhibit development, the club activities were held once a week for 50 minutes in the
chemistry laboratory after formal school hours with two-weeks exceptions at which they met
twice (2"-3" meetings and 5"-6" meetings). Students worked together to develop few
exhibits instead of working in groups upon their desire to contribute each exhibit. Students
developed their exhibits in the Nanoscience Club hours as well as at their free time (i.e. after
school) within 6 weeks. The teacher bought the materials needed and students did not come
together at out of school to work on their exhibits. After finishing their projects, the project
coordinator came to visit in the school and gave feedback on exhibits 2 days before the
science fair exhibition. In the overall process, the groups spent about 15 hours to develop
their exhibits. During the exhibition, 8 students participated in the Responsible Research and
Innovation in Nanotechnology Applications Exhibition alternately such that 2 students
represented the whole group in the first day of the science fair exhibition, while 6 students

attended in the second day of the exhibition.

In the third school (SH3), the chemistry teacher guided 7 students (3 females, 4 males).
Students were from the 10™ grade (See Section 5.2. for more information about the school).
The teacher did not get support from any other teacher or technical personnel in the school.

During the exhibit development, the club activities were held once a week for 40 minutes in
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the chemistry laboratory during a lunch break time within the formal school hours. At the
beginning of the exhibit development process, there were 6 students working in groups of 2
and a student working alone, but later 2 more students decided to work individually and 4
students worked in groups of two and 3 students worked individually. Students worked in
groups or alone and developed their exhibits mostly at their free times (i.e. weekend) as well
as in the Nanoscience Club hours during 7 weeks. Students bought or ordered their materials
that they used in their exhibits. In addition, in this school, the groups gave feedback to each
other’s ideas before the construction of exhibits. After finishing their projects, the project
team form the university, including two science educators and a science researcher, visited
their school and gave feedback on exhibits 4 days before the science fair exhibition. In the
overall process, the groups spent about 15 hours to develop their exhibits. During the
exhibition, all 7 students attended the Responsible Research and Innovation in

Nanotechnology Applications Exhibition for both two days of the exhibition.

The Table 5.4 shows the number of students, the number of groups, the number of the
club hours in a week, where the students worked, whether they got any support other than
their club teachers, and how much time they spent in total during the exhibit development

Process.

Table 5.4. Basic information about the exhibit development process in the schools.

Number of Club Where When Total
Support
School Students and | Hours in a Students Students Time
Students Took
Groups Week Worked Worked Spent
- 21 students 2x 50 Chemistry | - Their science - During the 15
- 5 groups minutes Laboratory | teachers club hours hours
- Engineering - Free times
SH1
Club
- Technical staff
in the school
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Table 5.4. Basic information about the exhibit development process in the schools. (cont.)

Number of Club Where When Total
Support
School Students and | Hours in a Students Students Time
Students Took
Groups Week Worked Worked Spent
- 8 students 1x50 Chemistry | - Their science - During the 15
- All worked minutes Laboratory | teacher club hours hours
together - The Science - Free times
SH2 Project
Coordinator
- Technology and
Design Teacher
- 7 students 1 x40 - Home - Their science - During the 15
SH3 - 2 groups minutes - Chemistry teacher club hours hours
- 3 individual Laboratory - Free times
workers

5.3.4. Role of the Researcher

In qualitative studies, researchers can never be totally neutral even though they try to
avoid bias and keep their values away (Ormston et al., 2013). Therefore, researchers need to
reflect on their role in the study, how they interact with the participants, and how their
backgrounds and past experiences may impact the study (Creswell, 2013). The researcher
studied in “Integrated MS and BS Program in Chemistry Teaching” at Bogazici University
and after graduation she started to “Secondary School Science and Math Education” master
program in the same university. With her interest in in-service science teacher education,
the researcher took place as an instructor in a foundation’s few workshops for chemistry in-
service teachers and began to attend the Community of Learners (CoL) meetings of Project
IRRESISTIBLE. Then, the researcher started to work as project assistant in the project
IRRESISTIBLE and actively involved in the first and the second phase of the project.

In the first phase of the project, the researcher attended to the project meetings of CoL
and contributed to the development of the “Nano and Health” module. As a project assistant,
the researcher involved in preparation of materials and development of documents for the
module activities, developed digital designs (i.e. certificates, posters, banners, roll-ups,

video, brochures, newsletter) for events and dissemination of the project, collaborated with
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CoL members, and took place in data collection, data analysis, reporting and presenting
processes. The researcher participated in the exhibition involving exhibits of students in the
project and made interviews with some students. The researcher also attended to one Project
IRRESISTIBLE meeting hosted by a different partner of the project (See Section 2.7.6. for
learning more about the Project IRRESISTIBLE).

In the second phase of the Project IRRESISTIBLE, the CoL expanded with the
participation of 20 new science teachers. In this phase of the project, the researcher actively
involved in the organization of workshops, and attended to the workshops and CoLL meetings
as well. Similar to the first phase of the project, the researcher, as a project assistant, involved
in preparation of materials and development of documents for the module activities,
developed digital designs (i.e. certificates, posters, banners, roll-ups, video, brochures,
newsletter) for events and dissemination of the project, collaborated with CoL members, and
took place in data collection, data analysis, reporting and presenting processes. The
researcher participated in the exhibitions involving exhibits of students in the project and
made interviews with some students and teachers. The researcher also attended to one

Project IRRESISTIBLE meeting hosted by one of the partners of the project.

The experience that the researcher went through in the first phase of the project gave
her an insight about what kind of exhibits students can develop, how they make exhibits
interactive, how they integrate RRI, what kind of difficulties students and teachers face in
the process, and what are their attitudes about developing and exhibiting an RRI integrated
interactive science exhibit on NST. Then, the researcher decided to investigate the impact of
developing and exhibiting RRI integrated interactive science exhibits about NST on
teachers’ and students’ knowledge about exhibitions and their experiences in the process

(See Section 4. for the purpose of the study).

The researcher had a constant communication with the teachers in the project in order
to ensure the implementation of the modules and gave necessary technical support such as
answering their questions about preparation of some chemicals, growing bacteria in a petri
dish, use of Web 2.0 tools in the module or dealing with official proceedings, and she also
gave pedagogical support such as answering their questions on how to implement a specific

activity in the module or guiding them in their Nanoscience Club settings in implementation
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of a module chapter. Before the workshop on exhibitions, the researcher asked permission
of 3 science teachers, who implemented the “Nano and Health” module, to observe their
Nanoscience Club periods during the development of science exhibits, and made a pre-
interview with these teachers. Then, the researcher conducted pre-interviews with some
students, who were volunteer and available before starting to develop an exhibit. The
researcher met with student-participants for the first time at an hour-lasting field trip made
to the Nanochemistry Laboratory and the Medicinal Chemistry Laboratory at Bogazigi

University.

The researcher had also developed some exhibits while she was 5" grader in
elementary school and 6™, 7™ and 8" grader in middle school. These exhibits were mostly
artistic such as paintings and sculptures, and the ones in science were models of a natural
phenomenon or an object such as model of the Moon’s craters. These exhibits were displayed
in her schools while she was attending In addition, when the researcher was doing internship
in undergraduate program, she took place in a juree and judged students’ projects at a science
fair, which was organized by a private school and was involving science projects of students

from different schools.

Finally, while analyzing the data, the researcher tried to avoid any biases by focusing
mostly on participants’ statements on their lived experiences. On the other hand, her
experiences about exhibit development of students and teachers in the first phase of the
Project IRRESISTIBLE might have been affected her interpretation and conclusion-drawing
in the data analysis. In addition, the researcher regarded some ethical considerations coming
from the nature of the studies with qualitative designs and more specifically with the

phenomenological approach (See Section 5.7. for full description of ethical considerations).

5.4. Data Collection

In a qualitative study with a phenomenological approach, the main source of data is
interviews with individuals who experiences a common phenomenon (Creswell, 2013).
Creswell (2013) suggests multiple interviews with the same participants. In this study the
researcher made pre-interviews and post-interviews with 3 teachers and 13 students

developing and exhibiting Responsible Research and Innovation (RRI) integrated interactive
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science exhibit about Nanoscience and Nanotechnology (NST). Semi-structured, one-on-
one interviews including open-ended questions were done with the participants (Creswell,
2013). The pre-interviews with the teachers were conducted at the Bogazi¢i University
Faculty of Education before the workshop on exhibition. Interviews with students and post-
interviews with the teachers were conducted in their schools’ chemistry laboratories within
formal school hours. Different interview protocols were established for teachers and students
as well as for pre-interviews and post-interviews, which also have some common questions.
The pre-interview protocol for teachers is presented in Appendix B, the post-interview
protocol for teachers is presented in Appendix C, the pre-interview protocol for students is
presented in Appendix D, the post-interview protocol for students is presented in Appendix
E. The average time of interviews with teachers and students varied. While the pre-
interviews with each student took about 13 minutes on average, the pre-interviews with each
teacher took about 21 minutes on average. Also, the post-interviews with each student took
about 30 minutes on average, whereas the post-interviews with each teacher took about 85
minutes on average. The total and average time periods spent for interviews are given in

Table 5.5 below.

Table 5.5. The total and average time periods spent for interviews.

Interview Total Time Average Time per Individual
Pre-interviews with 13 students 2h 41’ 13’
Pre-interviews with 3 teachers 1h2' 30
Post-interviews with 13 students 6h 36’ 21
Post-interviews with 3 teachers 4h 11’ 1h 25’

Another form of collecting data in a qualitative study is observations (Creswell, 2013).
Creswell (2013) defines four types of observations in terms of researchers’ roles: complete
participant, participant as observer, nonparticipant/observer as participant and complete
observer. In this study, most of the time, the researcher was “observer as participant”, who
was “outsider of the group under study, watching and taking field notes from a distance”
during observing the Nanoscience Club periods (Creswell, 2013, p.167). At a few times, the
researcher had conversations with teachers and students when she wanted to understand what
they were doing in more detail. However, these conversations never interrupted the natural

flow or the atmosphere of the Nanoscience Club periods. In addition to school club hours,
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the researcher was present and had chance to make observation in the project team’s visits
to school for giving feedback to students’ exhibits before the exhibition. The number and
time period of observations for each school are presented in the Table 5.6. The amount of
observations done during the project team’s school visits are presented as plus one and
corresponding amount of time. The time periods presented in decimal points stem from the

extra time used for exhibit development other than the school club periods.

Table 5.6. Basic information about the observations of Nanoscience Club periods and the

project team’s school visits.

School Number of Weeks Number of Visits for Number of Observation
Observations Hours
4 7.5 x 50 minutes
+ +
SH1 4
1 115 minutes
(8h 10")
7.5 x 50 minutes
+ +
SH2 6
1 25 minutes
(6h 35")
4.5 x 40 minutes
+ +
SH3 6
1 53 minutes
(3h 53"

Field notes are a typical form of data coming from the observations (Creswell, 2013).
In this study, the researcher took field notes through the guide of the research questions while
observing teachers and students developing science exhibits. The field notes include
descriptions of what happened such as interactions among teachers and students, and some
specific conversations or instants of activity. The field notes also comprise of reflections of
the researcher on some situations. The timeline of the field notes taken in each school is

presented in Appendix F.

Another source of data, coming from the observations, is the video-recordings of the
Nanoscience School Club periods and the project teams’ visits to schools. Most of the videos
recorded by putting the camera at an angle, which can view all the students or a certain

group. At few circumstances, the researcher zoomed in and recorded specific instants to view
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students’ works in more detail. These video recordings never destroyed the ongoing flow or

the atmosphere of the school club periods.

Besides, students and teachers filled weekly log for three weeks after the week the
teachers made introductory speech about the exhibit development. The weekly log
comprised of 3 questions aiming to follow students’ or groups’ progress in the process and
teachers’ planning. Students and teachers filled printed logs presented in the Table 5.7. First
two logs were filled by each student, while the last log were filled as a group if students

worked in groups and filled by a student if s/he worked individually.

Table 5.7. Weekly log.

Name: Date:

Question Answer

What were you planning to do about exhibit
development until the club activity today? Could

you make it?

What did you do in the club activity today? Was it

efficient?

What are you planning to do until the next club

activity?

Final source of data collected for this study is the video recordings of the workshop on
exhibition organized for teachers, and two CoL meetings were held within the process of
exhibit development. These sources of data were included to gain more insight about
teachers’ concerns if any and their reflections on their guiding experiences in the ongoing
process such as their practical approaches or difficulties they faced. The timeline of the

workshop and meetings are presented in Appendix G.

5.5. Data Analysis

Among the qualitative data collection methods, whether it is interviews, field notes or
video recordings, in all cases, content analysis is carried out by focusing on “words” or
images transferred into verbal descriptions (Miles ef al, 2014; Saldafia, 2011). Content

analysis is “systematic examination of texts, visuals or media” to produce “manifest and
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latent meanings” (Saldana, 2011, p.10). The manifest meanings are obvious ones, which
refers to direct semantics in the data, while the latent meanings are obscure ones, which lie
in the data and depend on indirect inferences of the researchers (Saldana, 2011). In the

current study, the data analysis mostly bases on the manifest meanings.

Creswell (2013) summarizes three core steps of data analysis in a qualitative research.
The first step is generating codes from the data through the reduction to “meaningful

segments”. Saldafia (2013) call this stage as First Cycle Coding and defines codes as

113

.. research-generated constructs that symbolizes and thus attributes interpreted meaning to
each individual datum for later purposes of pattern detection, categorization, theory building,
and other analytic processes (p.4).”

The second step of qualitative data analysis is grouping identified codes under a
broader category called as theme (Creswell, 2013). Saldafia (2013) call this stage as Second
Cycle Coding at which the researchers make pattern coding. Coding and forming themes are
cyclic processes, at which the researchers go back and forth while analyzing the data
(Creswell, 2013; Saldana, 2013). Finally, the third step of qualitative data analysis that
Creswell (2013) points out is visualizing and comparing the data through “graphs, tables and
charts” (p.180). Miles and Huberman (1994) state that in some cases transforming a
qualitative data into quantities provided with the qualitative descriptions. In this study, the

frequencies of identified codes are presented in graphs.

The first source of the data in the current research is interviews with the participants.
The researcher acquired some initial analytical insights and thoughts through the interviews
(Braun and Clarke, 2006). For the analysis, the interviews, which took about 14h 30’ in total,
were transcribed verbatim in 224 pages. This was the phase, where the researcher began to
familiarized herself with the data and took some notes for further analysis (Braun and Clarke,
2006). Then, from each transcript, important statements corresponding to the research
questions were obtained and organized in a table. Subsequently, codes were identified and
combined into the themes, which defined shortly, and number of frequencies of codes were
presented in column graphs. Quotations referring particular themes were organized in tables.
In the First Cycle coding, elemental methods and affective methods are used. Saldana (2013)

defines elemental methods as “foundation approaches to code qualitative texts” (p.67).
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Based on Saldana’s (2013) descriptions, Miles et al. (2014) defines three approaches of the
elemental method: (1) Descriptive coding, (i1) In Vivo coding and (ii1) Process coding (p.74).
Descriptive codes are used to summarize passages with one or two words, In Vivo codes
originates from the participants’ own expressions and are in the form of phrases, and Process
codes are used to imply actions through “—ing words”. On the other hand, affective methods
aim to investigate participants’ subjective qualities such as emotions and values (Saldafia,
2013). Miles et al. (2014) also defines three approaches of the affective method: Emotion
coding, Values coding and Evaluation coding. Emotion codes are used to describe
participants’ emotions based on their expressions or inference of the researcher. Values
codes imply the participants’ values, attitudes and beliefs, and Evaluation codes are based
on participants’ evaluations on phenomena and includes subcodes specifying the various
judgements on the same phenomenon (i.e., science fair: informative, science fair:

interactive).

The second source of the data is the field notes taken in the observations of the
Nanoscience Club periods. The field notes were transformed into “write-ups”, which include
additional content that are missing in the field notes as Miles, Huberman and Saldana (2014)
suggested (p.71). Then, some memos were noted. Memos are the researcher’s short
reflections and thoughts on the data regarding the research questions (Creswell, 2013; Miles
et al., 2014; Saldafia, 2013). The field notes, which were converted into write-ups including
memos, were analyzed through First Cycle and Second Cycle coding with approaches
similar to the analysis of the data coming from interviews. The themes identified with the

analysis of field notes are organized in tables.

The video-recordings of the Nanoscience Club periods and the project team’s visits to
schools are the third source of the data in the current research. For the analysis of data
coming from the video-recordings, Miles, Huberman and Saldafia (2014) suggest to transfer
them into textual summaries. The video-recordings of observations in schools, which lasted
18h 38’ in total, were transcribed into clear textual summaries of the core ideas in totally 88
pages including few images. Then, content analysis was performed regarding the research
questions. The themes obtained with the analysis of data coming from video-recordings are

organized in tables.
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The weekly logs that filled by the students and teachers were used as additional data
source for RQ2 and RQS5, which are about practical approaches of students and teachers in
the exhibit development process. They were also used to contribute to data analysis done for
RQ3 and RQ6, which aims to explore the benefits and difficulties of exhibit development
for students and for teachers, who guided the process. The codes determined in the analysis
of weekly logs were classified under the themes, which are identified in the content analysis
of other data sources used for investigation of RQ2, RQ3, RQS5 and RQ6. The themes

addressed in weekly logs are presented in tables.

Finally, the video-recordings of the workshop on exhibition and two CoL meetings in
the exhibit development process were analyzed for further investigation of any instants or
ideas addressing RQ2, RQ3, RQ5 and RQ6. These video recordings, which took 6h 40’, were
textually summarized totally in 17 pages and content analysis was conducted. The codes and

themes originated in this final source of data are introduced in tables.

The researcher benefitted from color coding for the analysis of all data sources. Three
colors are used to highlight the identified quotations with respect to the research questions.
The green color covers the benefits of the exhibit development process and the exhibition
for students and teachers, while the red color highlights the difficulties they faced in these
stages, and the yellow color, on the other hand, signs the practical approaches of students

and teachers in these phases.

5.6. Credibility and Reliability

The nature of validation in qualitative research differs from the validation in
quantitative research and therefore alternative terms such as trustworthiness, credibility and
authenticity are used instead of validity (Creswell, 2013). In this research, the term
“credibility” is used to refer the validity. Creswell (2013) considers credibility as “an attempt
to assess the accuracy of the findings, as best described by the researcher and the

participants” (p.249) and he describes several strategies to establish credibility.

The first strategy is “prolonged engagement and persistent observation” implying a

long-term and close presence within the field, and learning about the ongoing process by
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earning trust of participants (Creswell, 2013, p.251). In this study, the researcher gained the
trust of participants through introducing herself, explaining the purpose of the study,
ensuring confidentiality, anonymity and volunteer participation, and made observations in

the field for 5-6 weeks and recorded field notes relevant to the purpose of the study.

The second strategy is “triangulation”, which refers to use of various sources and
methods of collecting data, and presenting “evidence to a code or theme in different sources”
(Creswell, 2013, p.251). In the current study, the sources of data are the interviews, the field
notes, video-recordings and weekly logs, and varying data sources are addressed for

particular codes and themes.

The third strategy is “negative case analysis”, which implies that the researcher should
include negative evidence if any as well as positive ones (Creswell, 2013, p.251). In this
research, the researcher presents commonalities in the data as well as some specific

exceptions by referring them through quotations.

Another strategy used to establish credibility in the current study is “rich, tick
description” of the participants, settings and cases so that readers can decide about
transferability of the findings in their cases (Creswell, 2013, p.252). Participants of the study,
school cultures of the participants and settings of the study were described in detail in this
research (See Section 5.2. and 5.3. for full descriptions about the participants and settings of

the study).

Another strategy used to ensure credibility is “clarifying researcher bias” (Creswell,

2013, p.251). In the current study, the researcher

* introduced herself and her background (See Section 5.3.2.)

* discussed how her background may affect the study (See Section 5.3.2.)

* described her role in the particular stages of the study (See Section 5.3.2., Section 5.4.
and Section 5.5.)
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In addition, after developing the interview protocols, the researcher sent these
protocols to the two science education experts from the Project IRRESISTIBLE team in
Turkey, for revision and modified the protocols through the feedback of the experts.

On the other hand, “member checking”, which implies the participants’ judgement on
the credibility of the data, data analysis, and conclusions drawn, was not performed and
might be a threat to the credibility of this research because member checking is a technique

that improves the accuracy of their response.

Creswell (2013) defines the reliability in a qualitative study as “the stability of
responses to multiple coders of data sets” (p.253). Reliability of a qualitative research is
reinforced when the field notes are detailed, voice-recordings or audio-recordings are good
quality and transcribed or reflected on (Creswell, 2013). However, the main indicator of a
qualitative study’s reliability is “intercoder agreement” which refers to analysis of the
transcribed data through multiple coders (i.e. computer programs or multiple individuals)
(Creswell, 2013, p.253). Creswell (2013) suggests to comparison of the text parts that the
coders assign codes rather than exact lines or phrases. Minimum 80% agreement shows the
reliability of the study. In this study, intercoder agreement is performed by a graduate of
Secondary School Science and Mathematics Education Master Program of Bogazigi
University with a Mathematics Education and Science, Technology, Engineering, and
Mathematics (STEM) Education background. Transcriptions of interviews with one of the
teacher-participants and one of the student-participants were chosen randomly and then
analyzed with respect to research questions of the study by regarding the themes and sub-

themes identified by the researcher. As a result, above 90% agreement is established.
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6. ETHICAL CONSIDERATIONS

While conducting a qualitative research, there are many ethical aspects that should be
addressed (Creswell, 2013; Mile et al., 2014). In this study, before the data collection the
purpose of the study is explained to the participants. Then, the researcher asked permissions

of the participants for interviewing with them and regarded the voluntariness of participants.

At the beginning of the data collection, participants were informed about the
confidentiality and anonymity such that the data sources would be kept in encrypted file and
only the researcher could identify the responses of each participants. Another ethical concern
that should be considered from the beginning is the reciprocity of the study implying the
mutual gain of the participants as well as the researcher from the study (Creswell, 2013;
Miles et al., 2014). Participating in this study provides the participants with doing a self-
reflection about what they gain from the process, how their knowledge improved, what kind

of process they went through and quality of their exhibit.

During the data collection, the researcher asked permissions of the participants for
audio-recording the interviews, and the interview protocols were shared with the participants
before making interviews to let them know what kind of questions they will answer. In a
phenomenological study, the researcher should not share any personal experience with the
participants in order to avoid affecting their responses (Creswell, 2013). In this study, the
researcher did not mention about any experiences that might destroy the originality of
participants’ answers while collecting data. The researcher also asked permissions of
teachers and students for observing the Nanoscience Club periods while they were
developing and designing science exhibits. In the observations, the researcher did not insert
any participant’ name and avoided an attitude that may lead a participant to think the
researcher is recording something about him/her while taking the field notes. Videos
recordings of the Nanoscience Club periods were avoided to focus specifically on any

participant’s face.
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7. RESULTS AND CONCLUSIONS

In this study, the in-detail report of results and conclusions starts with describing
previous experiences of participants about exhibitions to give reader an insight about
participants’ background and to support the researcher’s conclusions addressing the
participants’ past experiences. Subsequently, the exhibits developed by students are
described including quotations from the interviews that reflects the students’ own
perspectives on their works. Finally, the results and conclusions, based on the researcher’s

analysis of varying data sources with respect to the research questions, are presented.

7.1. Previous Experiences of Participants About Exhibitions

In a study with a qualitative approach, it might be efficient to mention about the
participants’ backgrounds that may have an impact on their current experiences under
investigation. From this point of view, the researcher finds it meaningful to make a brief
summary on the participants’ previous experiences about exhibition including how often the
participants visit an exhibition, if they have experience about interactive exhibitions, science
exhibitions or student-created exhibitions. Besides, students’ history of developing an
exhibit and teachers’ history of guiding students along developing an exhibiting an exhibit

are clarified.

The pre-interview with teachers reveal that they visit exhibitions in their daily life,
they at least heard about interactive exhibition, they visited a sort of science exhibition before
and they all visited student-created exhibition. In addition, they all have experience in
guiding students along exhibit development at different levels, i.e., local level, national level

and international level as seen in Table 7.1.

On the other side, the pre-interview with students shows that only four of them visit
exhibition time to time, while the other four visits exhibitions rarely. The rest of the students
has never been in an exhibition or has visited once. Secondly, most of them have not heard

about interactive exhibition and have visited a sort of science exhibition. Besides, most of
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them have experience in developing and exhibiting their exhibits. The Table 7.2. shortly

summarizes each students’ experiences about exhibitions and exhibit developing.

Table 7.1. Previous experiences of teachers about exhibitions.

SHIT1 SH2T1 SH3T1
Visiting exhibitions in daily life | Sometimes Often Often
Experience of interactive Heard before and
Heard before Heard before
exhibition visited

Experience of science exhibition

Visited a science

center and a science

Visited science
museum, science

center, science fairs

Visited science

center and science

exhibitions

fair and science project exhibition
contests
Experience of student-created o o o
Visited Visited Visited

Experience of guiding students

along developing an exhibit

Guiding students:

- Developing science
projects several time
- Making poster
presentation in an
international science

exposition

Guiding students:

- Developing science
projects several time
- Participating in
science fairs

- Participating in
science project

contests

Guiding students:

- Developing science
projects for one time
- Exhibiting them in

school exhibition




Table 7.2. Previous experiences of students about exhibitions.

SH1S1 SH1S2 SH1S3 SH1S4 SH1S5 SH2S1 SH2S2 SH3S1 SH3S2 SH3S3 SH3S4 SH3S5 SH3S6
Visiting
exhibitions . . .
in daily Rarely Often Sometimes | Rarely Rarely Sometimes | Often Never Once Rarely Sometimes | Never Once
life
Experience Heard
of before and Not heard | Heard Heard Not heard | Not heard | Not heard | Not heard | Not heard | Not heard | Not heard | Not heard | Not heard
interactive visited before before before before before before before before before before before before
exhibition
.. Visited ..
Visited a .. Visited a
science Visited a Visited Visited a space science
Experience . Visited a science camp Visited a Visited a Visited a Visited a
. museum science . space s . . . Not museum Not .
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7.2. The Exhibits of Students

This section aims to introduce the exhibits developed in each school under
investigation in this study. The exhibits are described in terms of the theme of exhibits, the
purpose of exhibits, the interactive elements used in the exhibits and the integration of RRI
in exhibits. The given group names are determined accordingly with the student-participants’
codes for the ease of the reader. For instance, while the group involving SH1S1 is called as
SH1G1 (School 1 Group 1), the group SH1S5 participated is named as SH1GS. If a group
includes more than one participant of this study, the group is named after the student, whom
code is coming first. For example, the group, which includes both SH1S2 and SH1S3, is
presented as SH1G2. On the other hand, the exhibit names are given in order of presentation
in this study by including schools’ codes such that the first exhibit addressed in this research
is referred as SH1E1 (School 1 Exhibit 1), while the second exhibit is given as SH1E2. The
exhibits’ names start from the number 1 again, when the school under investigation changes.
For instance, the first exhibits of the SH2 and SH3 are called as SH2E1 and SH3El

respectively.

The first exhibit of SH1 (SH1E1) belongs to the group SH1G1, which is group of 5
including the participant SHI1S1. The Nanoscience and Nanotechnology (NST) theme of
SHIE1 is “The use of Nanotechnology in water treatment process”. SH1G1 modelled a
water treatment process involving filtration of nanoparticles by using a group of beads and
filters with pores in different sizes as seen in Figure 7.1. The smallest beads represent
nanoparticles and the filter with the smallest pores represents “nano-filters” that can filter
nanoparticles. The turning mechanism ensures to reset the exhibit by reversing the filtration.

SHI1SI1 explains their purpose in developing this exhibit as the following:

“We tried to keep it simple because we wanted to introduce nanoscience and Responsible
Research and Innovation (RRI) to every segment of the society and people of all ages from
children to adults. Our exhibit idea came out of the size and scale concept, which is the basic and
an unknown property of nanoscience. We wanted to integrate this concept in our exhibit, and
thought about nanoparticles and how we can show them. Then, we came up with the idea of
water treatment process” (SH1S1-Post).
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Figure 7.1. SH1E1.

SH1S1 describes two aspects of the exhibit SH1E1 making it interactive:

“Visitors touched the exhibit and turned the tube upside down. Besides, they filled a
questionnaire and placed it in a box. In the second day of the exhibition, we reported visitors the
results of questionnaire answered a day before” (SH1S1-Post).

SH1GI integrated RRI in their exhibit with items of the survey. They prepared questions for
each RRI dimensions (See the Section 2.7.4.) such as “Do nanoparticles damage the
environment?”, “Should our country use the nano-filters in the water treatment process?”

and “Who should decide to use of nano-filters?”.

The group SH1G1 also developed the second exhibit SH1E2. The NST theme of this
exhibit is “Atomic Force Microscope (AFM) and Scanning Electron Microscope (SEM)”.
This exhibit comprises of two sections as seen in Figure 7.2. Bottom section models the
AFM and has three sub-sections including beads with different sizes in each, while the top
section represents the SEM. The surface images in AFM model is built by visitors relatively
after they scan the three sub-sections with a stick with a very thin tip. On the other hand, the
surface image in SEM model is given on a cell phone screen. In addition, SH1G1 prepared
an image sorting game, in which some images of living and non-living entities are matched
with the three types of microscope the images taken: optic microscope, AFM and SEM.
SH1S1’s explanation for aim of SHIGI in developing the exhibit SH1E2 is very similar to
their purpose in making the first exhibit SH1E1. What SH1S1 says additionally is as follows:

“We aimed to give visitors an insight about nanoparticles in the simplest way. It was an
exhibit that they can easily interact with and that can stick in their mind” (SH1S1-Post).
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Figure 7.2. SHI1E2.

The exhibit SH1E2 provides visitors with various interactive components such as scanning
the surfaces with a stick, drawing surface images on a paper and sorting image cards
according to the types of microscopes. SH1S1 summarizes the interactive elements of their

exhibit SH1E2 as the following:

“Visitors touched and examined the microscopes. We also had a game about it” (SH1S1-Post).

Similar to the integration of RRI in their first exhibit, the group SH1G1 integrated RRI in
SH1E2 with a questionnaire including ten yes/no questions, in which the visitors remarked

their opinions by signing the options “yes” or “no”.

The third exhibit SH1E3 was developed by the group SH1G2, which is a group of 6,
involving the participants SH1S2, SH1S3 and SH1S4. The NST theme of this exhibit is “The
use of NST in cancer treatment”. SH1G2 modelled the use of polymerized medicine
produced for drug-delivery in cancer treatment. SH1S2 describes their exhibit seen in Figure

7.3. as follows:
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“The chemotherapy drugs are widely used in cancer treatment. The chemotherapy drugs
can reach healthy cells as well as cancer cells and therefore have side effects such as color change
in skin, hair fall or weakening of the immune system. The space between cancer cells are larger
than the space between healthy cells. In our exhibit we modelled the polymer attached
chemotherapy drugs, which can only reach in cancer cells and keep healthy cells safe. We
represented veins with tubes. We used small iron beads to represent usual chemotherapy drugs
and used larger ones to represent polymerized chemotherapy drugs. There is an electric circuit
behind the exhibit and iron beads complete the circuit. Firstly, we put the small iron beads in
tubes and so, all lights turn on after circuits are completed, which means all the cells are damaged.
Then, we empty the tubes and send the larger iron beads, which turn the lights on in the upper
section meaning destruction of only the cancer cells” (SH1S2-Post).

The group SH1G2 also prepared a knowledge test, which comprises of 10 questions about

NST and RRI, and gives feedback right after any incorrect answers.

Figure 7.3. SH1E3.

SH1S3 explains the purpose of group SH1G2 in developing the exhibit SHIE3 as the

following:

“The purpose of computer-based knowledge test was to be informative and instructive.
There was no scoring. Visitors would learn from their mistakes if there were any. On the other
side, we aimed to inform visitors about the use of nanoparticles in cancer treatment with our
model. This is a research currently in progress and we inform visitors about it” (SH1S3-Post).

While identifying the interactive features of their exhibit, SH1S2, SH1S3 and SH1S4, firstly,
point out placing iron beads in tubes. SH1S3 also draws attention to visitors’ freedom in
asking questions to learn more about the exhibit. Besides, SH1S4 mentions about the
visitors’ self-testing of their knowledge while answering the questions in the knowledge test.
On the other hand, while explaining the integration of RRI in the exhibit SHIE3, all of the
participants, contributing the development of it, agree on it was ensured with some of the

questions in the knowledge contest such as “Which RRI dimension does support having
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mutual role of both male and female researchers in the development of a project?” and
“Which RRI dimension does support the sharing and presentation of research results in

accessible media?”. SH1S4 explains the role of knowledge test as follows:

“RRI was integrated directly within the questions of the knowledge test. In this sense, the

model and knowledge test completed each other” (SH1S4-Post).

The last exhibit of the school SHI1 (SH1E4) in the scope of this study belongs to the
group SH1GS, which is group of 4, including the participant SH1S5. The theme of the
exhibit SH1E4 is “The color change in gold nanoparticles depending on size”. SH1G5
modelled how color of gold colloids change as the size of gold nanoparticles increase. They
also verbally explained how gold nanoparticles are used for cancer detection and treatment.
Besides, the exhibit consists of two different card matching games as seen in Figure 7.4. The
first one includes questions and answers about the exhibit theme such as “What are the
applications of color change in gold nanoparticles depending on size?”” and “Which size of
gold nanoparticles does make their solution red in color?”. The second card matching game

is about RRI.

Figure 7.4. SH1E4.

SHI1SS5 explains what was their aim in developing the exhibit SH1E4:

“We wanted to develop a colorful and dimensional model, which is catchy and not very
didactic. We thought it would be nice to make an exhibit that is understandable for all visitors
and direct them to think by keeping information minimum. Besides, we use gold nanoparticles
in daily life a lot such as in DNA tests or pregnancy tests. We wanted to show it people and
wanted people to say like “Oh! See? It is also used in these areas™” (SH1S5-Post).
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SH1S5 describes few interactive characteristics of their exhibits:

“We prepared card matching game, which includes some questions and answers cards.
We asked them to match the questions and answers by thinking what they learned from our
exhibit and reading the cards. Similarly, we prepared card matching game for RRI” (SH1S5-
Post).

For the integration of RRI, the group SH1S5 prepared card matching game. They prepared
one concept card and one statement card for each RRI aspect. For instance, the
corresponding statement for “engagement” dimension of RRI is “Joint participation of

researchers, industry and civil society in the research and innovation process”.

The exhibit SH2E1 is the first exhibit developed by all 8 students in the school club,
which is SH2G1, including the participants SH2S1 and SH2S2. SH2E1 is an exhibit in form
of knowledge test including statements or facts about NST and RRI such as “The nanometer
is the unit of length that is the one billionth of the meter” and “Nanoscience examines the
properties and dynamics of the matters that can be seen with naked eye”. Visitors state their
opinions as true or false for the statements by positioning the switch to the true or false side.
LED lights turn on after visitors specified their opinions for all the statements. Lights turn
on in green or red color depending on the correctness of the answer as seen in Figure 7.5.
SH2G1 developed two sets of quiz board so that visitors can compete with each other

simultaneously. SH2S2 explains their purpose while developing a knowledge test as follows:

“We tried not to include very specific statements, but rather general statements that all
can have an opinion or thought about it” (SH2S2-Post).
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Figure 7.5. SH2E1.
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While defining the interactive aspects of the exhibit both SH2S1 and SH2S2 agree that
making the knowledge test ensures the interaction of visitors with the exhibit. Furthermore,
RRI is integrated within the statements of the exhibit SH2E1. Similar to the items about
NST, visitors state their opinions about RRI statements in the exhibit. SH2S1 and SH2S2

point out how they integrated RRI in their exhibit and gives an example as follow:

“We integrated RRI within the scope of NST. For example, we included an item as
Nanoscience research politics and applications should be determined only by the scientists”
(SH2S2-Post).

“We related RRI with the nanotechnology. For instance, there was a statement like Silver
nanoparticles are harmful for human beings and the nature” (SH2S1-Post).

Similar to the exhibit SH2E1, the second exhibit of SH2 (SH2E2) was developed by
the contribution of all 8 students. The theme of this exhibit is “The antibacterial effect of
silver nanoparticles”. The group SH2G1 modelled this phenomenon by producing a mobile
three dimensional printed bacteria, in which some electric components attached, and two
static model of silver nanoparticle as seen in Figure 7.6. The fimbriae of bacteria are
represented with pins attached to the model. In this way, the bacteria can burst the balloons,
which represents the cells. The LED lights on the bacteria shows whether it is alive or dead.
When, the bacteria contacts with the silver nanoparticles they attach each other and it dies.
So, the LED lights on the bacteria turn off. SH2S1 explains their purpose in developing a
model like the exhibit SH2E?2 as follows:

“We wanted to develop an exhibit that can draw visitors’ attention from a distance and
arise curiosity to visit our exhibit. It actually did. Many visitors came and asked about our
exhibit” (SH2S1-Post).

Figure 7.6. SH2E2.
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SH2G1 prepared a matching game for integration of RRI. SH2S1 explains how they
integrated RRI in the exhibit as follows:

“We tried to integrate RRI in our exhibit for introducing it to visitors. We prepared
statements that can present RRI. Visitors were matching the RRI dimensions with (the items on)
balloons representing cells” (SH2S1-Post).

SH1G1 wrote a statement for each RRI aspect. For example, for the “governance” dimension
of RRI, the corresponding statement is “The responsibility of policy makers to develop

harmonious models for RRI”.

The first exhibit in SH3 (SH2E1) was developed individually by the participant
SH3S1. The theme of the exhibit is “Biosensor applications of gold nanoparticles”. The
participant SH3S1’s exhibit is a model, in a game format, modelling the use of gold
nanoparticles for drug-delivery in a body. The five different spots in the labyrinth board seen
in the Figure 7.7. represent different organs or parts of a body. The ball represents the gold
nanoparticles carrying drugs. Besides, the participant SH3S1 prepared a question for each
spot.

Figure 7.7. SH3E1.

SH3S1 expresses the interactive aspects of the exhibit SH3E1 as the following:

“My exhibit drew visitors’ interest because they were manipulating the labyrinth
themselves. Besides, they were thinking on the questions (I ask). I think it could interact with

visitors” (SH3S1-Post).
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The integration of RRI was provided with preparing some questions about it. When the ball
is reached to a certain spot in the labyrinth, a question is asked to visitor. SH3S1 summarizes

the RRI integration in the exhibit SH3E1:

“I integrated RRI in the exhibit with some questions. There were 5 questions in total and
3 of them were about RRI. I was posing visitor a question and keeping record of the answer in a
table” (SH3S1-Post).

The exhibit SH3E2 was developed by the group SH3G2, which is a group of 2,
involving SH3S2 and SH3S5. The NST theme of the exhibit is “The use of gold
nanoparticles in cancer treatment”. SH3G2 modelled the applications of biosensor and
photo-thermal property of gold nanoparticles in cancer treatment. The model consists of a
main vein opens to an ill-shaped cancer cell and six capillary vessels open to healthy cells
as seen in Figure 7.8. A toy ball, which opens up in magnetic field, is used to represent the
cancer detection. SH3G2 verbally explains how photo-thermal effect of gold nanoparticles

is used to destroy cancer cells.

Figure 7.8. SH3E2.
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SH3S2 and SH3S5 explain why they came up with such an exhibit idea:

“We covered the cancer cells in the Biology lessons one or two week ago starting to
develop an exhibit. Both me and my group friend are planning to study genetic engineering in
the future for mainly our interest in cancer. Therefore, we discussed and decided to develop this
exhibit idea” (SH3S2-Post).

“I was impressed from the article we read about gold nanoparticles in one of the chapters
we covered (in the nano school club). I imagined this in my mind and then decided to do it (as
an exhibit)” (SH3S5-Post).

When describing the interactive characteristics of the exhibit SH3E2, both of the participants
SH3S2 and SH3S5 agree that the interaction of visitors with the exhibit was provided with
visitors’ throwing the ping pong balls through capillary vessels while playing the matching
game prepared for RRI. SH3S5 describes how they integrated RRI in their exhibit as follows:

“We prepared capillary vessels and ping pong balls, which one of the RRI dimensions is
written on. There was a text related with each RRI aspect (on the healthy cells that capillary
vessels open to). We were giving a ball at a time and asking visitors to send the ball through the
vessel they think matches correctly (with the dimension written on the ball)” (SH3S5-Post).

The third exhibit in SH3 (SH3E3) belongs to the group SH3G3, including the
participants SH3E3 and SH3E4. The theme of the exhibit is “The impact of cosmetics
including nanoparticles on environment”. SH3G3 modelled how the silver nanoparticles
used in cosmetics is decreasing in the product in time and mixing in waste waters after each
washing. The combs with droppers represent a product with silver nanoparticles that can
heal the dandruff health problem in hair. Food coloring is used to represent the silver
nanoparticles. Three sets of beaker and comb with dropper, seen in the Figure 7.9., are used
to compare the increasing amount of contamination with the raising number of washing.
Besides, the group SH3G3 prepared a survey of three questions about RRI and a brochure
informing about silver nanoparticles. SH3S3 and SH3S4 explain their aim in developing the

exhibit SH3E3 as following:

“We wanted to enrich the visitors and be able to create questions about nanotechnology
in their minds after they visit our exhibit such as “Where does nanotechnology is used?”, “Are
there any risks besides the benefits?”. We wanted to make visitors think about such aspects”
(SH3S3-Post).

“We wanted to reflect the damaging potential of nanoparticles in our exhibit and thought
on products that requires contact with human body” (SH3S4-Post).
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Figure 7.9. SH3E3.

While identifying the elements of their exhibit that make it interactive, both SH3S3 and
SH3S4 agree that visitors’ use of droppers on the combs and answering the survey questions
are the ways how visitors interact with the exhibit SH3E3. Besides, SH3S4 remarks two

more factors that making their exhibit interactive:

“We thought that just informing the visitors may be boring and instead we wanted to be
in conversation with them. We integrated the interaction within our conversation” (SH3S4-Post).

“They (visitors) were seeing (the results) by doing themselves” (SH3S4-Post).

For integration of the RRI, SH3G3 prepared a survey including three questions: “Do you
think both female and male researchers should work in laboratories?”, “Do you think people,
who directly contacts with nanoparticles, are at risk?” and “Do you think science education
in schools includes nanotechnology?”. SH3G3 also included popsicle sticks in three different
colors, which visitors pick and place in a jar for stating their opinions. SH3S3 explains how

they integrated RRI in the exhibit SH3E3 as follows:

“We wrote three questions. One of them was about gender equality, another of them was
about ethics and the last one was about science education. Each one has three options as Yes, No
and 7 don’t know” (SH3S3-Post).

SH3S4 adds two more aspects for integration of RRI in their exhibit:

“We acted ethically when presenting our exhibit by mentioning about risks as well as
benefits (of silver nanoparticles). Besides, we prepared brochures including references and
explained that we developed this exhibit within the scope of these information. So, we integrated
open access as well” (SH3S4-Post).
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The final exhibit (SH3E4) within the scope of this study is the individual work of the
participant SH3S6. The theme of this exhibit is “The use of gold nanoparticles in drug-
delivery”. This exhibit consists of two sections: a mobile round plate with a triangular slit,
which SH3S6 calls it as “wheel”, and a bottom part including six RRI dimensions as seen in

Figure 7.10. The upper section has information about gold nanoparticles on it.

Figure 7.10. SH3E4.

SH3S6 explains why he came up with this exhibit idea as the following:

“We read an article about gold nanoparticles. When we talked with SH3S1 (about exhibit
idea), we thought the most applicable and feasible property of gold nanoparticles is its use for
drug-delivery. Therefore, we addressed this property” (SH3S6-Post).

SH3S6 points out the interactive characteristics of the exhibit SH3E4 as follows:

“I asked visitors to pick an RRI dimension. After they chose one of the RRI aspects, they
were turning the wheel. These were the interactions” (SH3S6-Post).

SH3S6 describes how the RRI is integrated in the exhibit SH3E4:

“The bottom part (of the exhibit) includes 6 RRI dimensions. First, visitors were reading
the information on the wheel. Then, I was asking them to choose a card, which a RRI dimension
is written on and saying them to regard it as cancer cell. Then, the wheel’s slit was spotting that
card after turning. In this way, I was also describing the use (of gold nanoparticles) in drug-
delivery” (SH3S6-Post).
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Table 7.3. The basic information about the exhibits.

Group/
The Participant(s) | Format of the The Theme of the
Individual
Exhibit Involved Exhibit Exhibit
Work
The use of
SHIE1 Group of 5 SHI1SI Model-Survey | nanotechnology in water
treatment process
Atomic Force Microscope
(AFM) and Scanning
SH1E2 Group of 5 SHI1SI Model-Game
Electron Microscope
(SEM)”.
SH1S2 Model-
The use of NST in cancer
SHI1E3 Group of 6 SHI1S3 Knowledge
treatment
SH1S4 Test
The color change in gold
SH1E4 Group of 4 SHI1S5 Model-Game | nanoparticles depending
on size
SH2S1 Knowledge
SH2E1 Group of 8 Facts about NST
SH2S2 Test
SH2S1 The antibacterial effect of
SH2E2 Group of 8 Model-Game
SH2S2 silver nanoparticles
Biosensor applications of
SH3El1 Individual SH3S1 Model-Survey
gold nanoparticles
The use of gold
SH3S2
SH3E2 Group of 2 Model-Game | nanoparticles in cancer
SH3S5
treatment
The impact of cosmetics
SH3S3 . . )
SH3E3 Group of 2 SH3S4 Model-Survey | including nanoparticles on
environment
The use of gold
SH3E4 Individual SH3S6 Model nanoparticles in drug-

delivery
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7.3. Teachers’ Descriptions of Exhibition, Interactive Exhibition and Science

Exhibition

The purpose of the first research question (RQ1) of this study is examining how do
teachers describe exhibition, interactive exhibition and science exhibitions before and after
guiding students along developing and exhibiting RRI integrated interactive science exhibits
on nanotechnology applications. For the analysis of RQI1, the pre-interviews and post-
interviews with teachers were used. The analysis of each description, i.e., descriptions of
exhibition, interactive exhibition and science exhibition, are presented in different sections

following.

7.3.1. Exhibition Descriptions of Teachers

First of all, the analysis of exhibition descriptions of teachers was performed. From
the 6 verbatim transcripts, 32 important statements were determined and clustered into 3
themes and 2 sub-themes, which are presented, explained and exemplified with quotations
in Table 7.4. The Exhibit and Theme of Exhibition are first two themes identified, which
covers any types or example of exhibits and specified theme of exhibition respectively. The
last theme is Role of Exhibition including two sub-themes: (i) Role of Exhibition for
Exhibitor, which comprises of any descriptions of exhibitions’ role in regard of exhibitors
as developers of exhibits in exhibitions or as a curator of an exhibition, and (ii) Role of
Exhibition for Visitor, which covers statements about role of exhibition in regard of visitors
coming to exhibitions. The categories corresponding for each description of the teachers
SHIT1, SH2T1 and SH3T1 are reported in Table 7.5. Any categories addressed by teachers

in their descriptions are remarked in grey color.

The first remarkable change from the pre-descriptions to the post-descriptions is that
some codes under the themes of Exhibit and The Theme of Exhibit disappeared, while new
codes were identified under the sub-themes of Role of Exhibition for Exhibitors and Role of
Exhibition for Visitors such as “Evaluation” and “Drawing attention”. The Figure 7. 11.
shows the changing number of teachers, who addressed the themes, in their former and latter

exhibition descriptions.
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Table 7.4. Themes identified for exhibition descriptions of teachers.

Theme and Sub-theme

Explanation

Example

1. Exhibit

Description of exhibition
consists of types of exhibit
or some specific examples
of exhibits.

It is advertising a work with
visuals or demonstrations
(SH3T1-Pre).

The word “exhibition” may come
after many things and many sort
of products such as artefacts or
handicrafts

(SH2T1-Post).

2. Theme of Exhibition

Description of exhibition
includes an exhibition
theme.

It can be an art exhibition but my
current perception is science
exhibitions about Physics,
Chemistry or Science in general
(SH2T1-Pre).

3. Role of Exhibition

3a. Role of Exhibition for Exhibitors

3b. Role of Exhibition for Visitors

Description of exhibition
involves role of exhibitions
specifically for the
exhibitors or the exhibit
OWners.

Description of exhibition
involves role of exhibitions
specifically for the visitors.

It is a display of models designed
for a purpose to put emphasis on
it (SH3T1-Post)

It is a temporary activity
providing visitors’ learning by
involvement (SH2T1-Pre).

It is a display of exhibits in
somewhere for other people to
see (SHIT1-Pre).

(Addresses both 3a and 3b)




Table 7.5. Corresponding themes and codes for exhibition descriptions of teachers.

Theme

Sub-theme

Code

SHI1T1

SH2T1
SH3T1

PRE-DESCRIPTIONS

1. EXHIBIT

Designed/made exhibits

Demonstrations

Experiments

2. THE THEME OF EXHIBITION

Art

Science

3. ROLE OF EXHIBITION

3a. Role of Exhibition for Exhibitors

Public display of exhibits

3b. Role of Exhibition for Visitors

Public involvement

Public learning

Theme

Sub-theme

Code

SHI1T1

SH2T1
SH3T1

POST-DESCRIPTIONS

1. EXHIBIT

Designed/made exhibits

2. THE THEME OF EXHIBITION

Art

3. ROLE OF EXHIBITION

3a. Role of Exhibition for Exhibitors

Public display of exhibits

Drawing attention

Getting evaluation and self-evaluation

3b. Role of Exhibition for Visitors

Public involvement

Public learning

Making evaluation and self-evaluation
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Figure 7.11. The number of teachers addressing the themes and sub-themes identified

under their exhibition descriptions.

The reason behind the disappearance of codes under the first two themes in the later
descriptions is that the teacher-participants, in their post-interviews, described exhibition in
a broader sense in terms of exhibits and the theme of exhibitions. The descriptions of the

teacher SH2T1 at pre and post-interviews can be given as an example:

“It can be an art exhibition including paintings of an artist, but my current perception is
science exhibitions about Physics, Chemistry or Science in general which includes interactive
experiments. On the other hand, we can describe exhibition as temporary activities with narrow-
scope or at a certain theme providing visitors’ learning by involvement” (SH2T1-Pre).

“Exhibition is a platform at which things, in an extensive meaning, are shared with
visitors. The word “exhibition” may come after many things and many sort of products such as
artefacts or handicrafts. There are exhibits drawing attention and people having interest of. You
display and share your exhibits with target population, which can be large or small as well”
(SH2T1-Post)

After guiding students along exhibit developing and exhibiting processes, there was a
considerable increase in describing the exhibition with regard to role of exhibitions,
especially the role of exhibitions for exhibitors. Besides, a new significant role of exhibition
was pointed out, which is about evaluative aspect of exhibitions. The pre and post-

descriptions of the teacher SH2T1 can be given as an example:

“It is a display of exhibits in somewhere for other people to see” (SHI1T1-Pre).

“Exhibition is informing visitors about exhibit developed or about a certain topic. It
provides you with public display of your exhibit and getting comment about it. It makes you to
understand whether you did a good job or not while you explain your exhibit to a visitor.
Therefore, keeping it (your exhibit) to yourself doesn’t reflect what you know or not” (SHI1T1-
Post)
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The first-hand experience of being a part of an exhibition, which includes their students’

exhibits, might be lead teachers to gain more insight about the role of exhibition.

7.3.2. Interactive Exhibition Descriptions of Teachers

Secondly, the analysis of interactive exhibition descriptions of the teachers was carried
out. From the analysis of 6 interview transcriptions, 39 significant statements were obtained
and categorized into 5 themes and 5 sub-themes, which are presented, explained and
exemplified with quotations in Table 7.6. The Figure 7.12 shows the changing number of
teachers, who addressed the themes, in their former and latter descriptions of interactive
exhibition. The themes and sub-themes with corresponding codes are given in Table 7.7, and

the ones addressed in each description of teachers are remarked in grey color.

Table 7.6. Themes identified for interactive exhibition descriptions of teachers.

Theme and Sub-theme Explanation Example
1. Type of Interaction
Description of interactive ...letting them to touch or work
la. Physical Interaction exhibition addresses physical on the exhibit...(SHIT1-Post)

interaction with an exhibit such as | (Addresses both 1a and 2a)
pushing a button.

1b. Verbal Interaction Description of interactive ...We can think it as dialogs
exhibition addresses interaction between participants or forming
with an exhibit or exhibitor interactions with exhibitors
through words such as besides interacting with parts of
establishing a dialog. exhibits...(SH2T1-Post)

(Addresses both 1b and 2b)

1c. Mental Interaction Description of interactive ...It can be in the form of
exhibition addresses interactions question-answer done with the
promoting visitors’ intellectual exhibitor... (SH2T1-Pre)
activity such as answering a (Addresses both 1b, 1c and 2b)

question or making inferences.

2. Direction of Interaction ...It is an exhibition where
2a. Visitor-Exhibit Interaction Description of interactive exhibits on display can be
exhibition involves interaction of | involved in and resulting
visitor with exhibit. change can be observed...

(SH3T1-Post)
(Addresses both 2a and 1c¢)

2b. Visitor-Exhibitor Interaction | Description of interactive ...We can think it as dialogs
exhibition involves interaction of | between participants or forming
visitor with exhibitor. interactions with exhibitors

besides interacting with parts of
exhibits...(SH2T1-Post)
(Addresses both 2b and 1b)
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Table 7.6. Themes identified for interactive exhibition descriptions of teachers. (cont.)

Theme and Sub-theme Explanation Example

... For example, let’s say,

Description of interactive you’ll prepare an exhibit about

3. Example of Interaction exhibition inclsludes s.peciﬁc so.lu.tion of salt in water. You
examples of interactive elements (visitor) observe the solution of
of an exhibit salt by doing yourself...

(SHIT1-Pre)

...It is more efficient. At least

4. Benefits of Interactive Description of interactive L ,
Exhibition exhibition refers a benefit of it visitors don 't get
’ bored...(SH2T1-Post)
...Besides, sometimes huge and
Description of interactive interesting demonstrations are

5. Alternative Conceptions of

Interactive Exhibition exhibition includes any done for big population of

alternative ideas about it. audiences in
exhibitions...(SH2T1-Pre)

The analysis of pre-descriptions of teachers shows that teachers had an idea about what
interactive exhibition is before the process of guiding students in developing an interactive
exhibit. In the pre-interviews, the teachers SH1T1 and SH3TI1 state that they heard of
interactive exhibition before but did not visit any, while SH2T1 states he had experience. On
the other hand, some alternative conceptions about interactive exhibition are identified in
descriptions of SHIT1 and SH2T1 such as “introducing a phenomenon with an animation”,
“an exhibit being visually attractive” or “making big demonstrations”. A part from
description of SHIT1 can be given as example. The alternative conception is presented

in italic form:

... For example, let’s say, you’ll prepare an exhibit about solution of salt in water. You

(visitor) observe the solution of salt by doing yourself or you watch an animation showing it...”
(SHIT1-Pre)

First important difference in the latter descriptions of teachers is the elimination of
“alternative conceptions of interactive exhibition (IE)” determined in the pre-descriptions as

seen in Figure 7. 12. The post-description of SHIT1 can be given as an example:

“l had an idea what an interactive exhibition is more or less before, but I had no
experience. Now, I got experience in developing one. It is providing visitors with learning about
the subject you want by letting them to touch or work on the exhibit you developed and so raising
their curiosity (about it)” (SH1T1-Post).
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Figure 7.12. The number of teachers addressing the themes and sub-themes

identified under their interactive exhibition descriptions.

Another considerable change from the pre-descriptions to post-descriptions of teachers
is the increase in the “types of interaction” addressed. In the first descriptions of interactive
exhibition, two teachers covered only physical interaction and a teacher covered other two
types, i.e., verbal interaction and mental interaction. On the other hand, in the post-
descriptions, two teachers included three different types of interaction and a teacher
addressed two types of interaction as seen in Table 7.7. The pre and post-descriptions of

teacher SH3T1 can be given as example:

“I heard it before but I didn’t attend. You are involving in exhibits in an exhibition. You
contribute in a part of application (in/of an exhibit)” (SH3T1-Pre).

“I think I have learned more about it during this project. It is an exhibition where exhibits
on display can be involved in and resulting change can be observed. It is a kind of communicating
with exhibit or talking with exhibit in a form of question and answer. Affecting it... I mean
touching and make a change in exhibit by involving in it physically” (SH3T1-Post).



Table 7.7. Corresponding themes and codes for interactive exhibition descriptions of teachers.

Theme

Sub-theme

Example Codes

SHI1T1

SH2T1

SH3T1

1. TYPE OF INTERACTION

la. Physical Interaction

Touching, making, trying exhibit

1b. Verbal Interaction

Dialogue

% 1c. Mental Interaction Answering a question
8 2a. Visitor-Exhibit Visitor's involvement in exhibit
E 2. DIRECTION OF INTERACTION Interaction Reciprocity of action
Lm) 2b. Visitor Exhibitor
g Interaction Visitors’ interaction with exhibitor
EI 3. EXAMPLE OF INTERACTION Making experiments
& | 4. BENEFITS OF INTERACTIVE EXHIBITIONS Interesting
5. ALTERNATIVE CONCEPTIONS OF INTERACTIVE Introducing a phenomenon with an animation
EXHIBITIONS . . o . .
Visually attractive exhibits, big demonstration
la. Physical Interaction Touching, making, trying exhibit
% 1. TYPE OF INTERACTION 1b. Verbal Interaction Dialogue
o Learning by doing, exchange of ideas, answering a
= . .
E 1c. Mental Interaction question
6 2a. Visitor-Exhibit Visitor's involvement in exhibit
wn i . . .
2 | 2. DIRECTION OF INTERACTION Interaction Reciprocity of action
) 2b. Visitor Exhibitor
8 Interaction Visitors’ interaction with exhibitor
& | 3. EXAMPLE OF INTERACTION

Simulation, computer game

4. BENEFITS OF INTERACTIVE EXHIBITIONS

More efficient, visitors don’t get bored
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The reason behind in raising number of “types of interaction” referred in the post-
descriptions might be the fact that teacher got first-hand experience in developing an
interactive exhibit and participating in an interactive exhibition as the teachers SH1T1 and
SH3T1 mentioned in their post-descriptions. Seeing numerous interactive exhibits
developed by other students in the exhibition might be enriched teachers’ perceptions of

interactive exhibitions.

7.3.3. Science Exhibition Descriptions of Teachers

The last analysis done for the RQ1 is the analysis of science exhibition descriptions of
teachers. From 6 transcripts, 38 important statements were obtained, and classified into
themes and sub-themes. Four themes and 8 sub-themes are identified under pre-descriptions,
while the same four themes with varying 8 sub-themes are determined under post-
descriptions, which are presented, explained and exemplified with quotations in Table 7.8.
The first two themes, namely Science-based Exhibits and Exhibition with a Scientific Theme,
cover two basic aspects of science exhibitions. The third theme identified is the Role of
Science Exhibitions, which brings the participants’ statements about roles of science
exhibition together. It consists of 7 sub-themes: 4 common sub-themes for pre and post-
descriptions and 3 separate sub-themes: (i) Informing, (ii) Presenting Empirical Evidence,
(i11) Raising Curiosity and Interest, (iv) Science Education, (v) Eliminating Prejudice
Against Science, (vi) Introducing Tentative Nature of Science, and (vii) Self-evaluation of
Knowledge. The last theme determined under descriptions of science-exhibition is Methods
Used in Science Exhibitions, which includes 3 sub-themes: (i) Letting visitors to experience,
(1) Scientific method and (iii) Modelling. The corresponding categories for each description
of the teachers are presented in Table 7.9. and remarked in grey color. Besides, The Figure
7.13 shows the changing number of teachers, who addressed the themes, in their former and

latter descriptions of science exhibition.

The analysis of teachers’ pre-descriptions of science exhibition reveals that teachers
had a pre-knowledge about science exhibition addressing its role and the methods used in it
besides the characteristics of exhibit and the theme of exhibition. Their backgrounds about
science exhibitions might be coming from their previous experiences because they all had

visited different sorts of science exhibitions, including science museums, science centers and
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science fairs, before their current experience as seen in Table 7.1. reporting previous
experiences of teachers about exhibitions. The first description of the teacher SH2T1 can be

given as example:

“Science exhibition might have a certain theme, but its aim is presenting scientific
evidence based on empirical methods. This is most basic difference of it (from other types of
exhibitions). You don’t expect evidence in everything, but in science, you expect a modelling or
a study building cause-effect relation. These modellings are more interesting and effective. A
poster as an exhibit, for instance, may be developed with endeavor, but it can attract visitors only
who have a special interest on it. Otherwise, it may not be interesting for a 5 years old child. As
I said, it is modelling and presenting cause-effect relations in science through empiric ways”
(SH2T1-Pre).

Interestingly, although the themes identified are the same in analysis of pre-
descriptions and post-descriptions, there is a decrease in the number of frequencies of themes
addressed in the latter descriptions. The reason behind such result might be the fact that
teachers, in their previous descriptions of science exhibitions, were making an explanation
about science exhibitions regarding different types of it, while they might be focusing around
science fairs in their post-descriptions after guiding students along development and
exhibiting of a science exhibit. The science exhibition descriptions of teacher SH3T1 can be

given as example:

“Of course, I think that it has a purpose and it seeks for changing perspective. I think it
may eliminate prejudices against science. It may break down the prejudice of science is
understandable for people with high-level (of knowledge). It may present empirical evidence
through simple ways rather than complex one or it may shed some light on our observation upon
findings” (SH3T1-Pre).

“Its aim is making visitors inquire, making them curious and leaving some room for the
fact that it (science) can be improvable...Besides, the exhibits like a painting is stable, but ours
(current exhibits developed) are not like that. In our case, it should be rather like “We could do
it (exhibit) like that” or “We could change it in this way”” (SH3T1-Post).



Table 7.8. Themes identified for science exhibition descriptions of teachers.

Theme and Sub-theme

Explanation

Example

1. Science-based Exhibits

Description of science exhibition
addresses science-related exhibits.

...Science exhibition is a kind of exhibition including experiments and exhibits
built on a scientific background and scientific method (SH2T1-Post).
(Addresses both 1 and 4b)

2. Exhibition with a Scientific Theme

Description of science exhibition
addresses scientific theme of
exhibition.

Science is a very broad topic. It (exhibition) has to reflect the theme very good.
For example, if it is about chemistry or nanotechnology, visitors who don’t have
pre-knowledge of it should be able to learn about it... (SH1T1-Post)

(Addresses both 2 and 3d)

3. Role of Science Exhibitions

(Common in Pre & Post-Descriptions)
3a. Informing

3b. Presenting Empirical Evidence

3c. Raising Curiosity and Interest

3d. Science Education

Description of science exhibition
addresses role of it.

Giving visitors information

Presentation of empirical evidence to
verify a scientific phenomenon

Raising curiosity and interest of visitors

towards science

Science learning of visitors from
varying ages

...It is more informative when it includes exhibits around a certain
theme...(SH1T1-Pre)

Science exhibition might have a certain theme, but its aim is presenting scientific
evidence based on empirical methods...(SH2T1-Pre) (Addresses both 3b and 4b)

...For example, if you want to search about environmental wastes or if there are
exhibits about it, you learn about them or become curious about it when you see
them (SH1T1-Pre) (Addresses 3c, 2 and 3d)

... For example, if it is about chemistry or nanotechnology, visitors who don’t
have pre-knowledge of it should be able to learn about it or the ones with pre-
knowledge should be able to improve their knowledge about it... (SHIT1-Post)
(Addresses both 3d and 2)




Table 7.8. Themes identified for science exhibition descriptions of teachers. (cont.)

Theme and Sub-theme

Explanation

Example

(Identified only in Pre-Descriptions)
3e. Eliminating Prejudice Against
Science

(Identified only in Post-Descriptions)

3e. Introducing Tentative Nature of
Science

3f. Self-evaluation of Knowledge

Breaking down the prejudices against
science

Introducing that scientific laws and
theories are not concrete and can be
modified or replaced

Visitors’ self-evaluation of their
knowledge

...I think it also seeks for changing perspective. I think it may eliminate prejudices
against science...(SH3T1-Pre)

...Its aim is making visitors inquire, making them curious and leaving some room
for the fact that it (science) can be improvable... (SH3T1-Post)
(Addresses 3e, 3¢ and 4b)

...It (makes you) not only seeing what you know, but also realizing what you
don’t know. (SH1T1-Post)

4. Methods Used in Science Exhibitions

(Common in Pre & Post-Descriptions)
4a. Self-experience

4b. Scientific Method

(Identified only in Pre-Descriptions)
4c. Modelling

Description addresses a method or
approach used in science exhibitions.

Letting visitors to experience a
scientific phenomenon by themselves.

Using and reflecting scientific method
in exhibits

Modelling scientific phenomena

It bases on a scientific background. It is an occasion, where someone else can
gather the same scientific evidence through testing and experiments...(SH2T1-
Post) (Addresses 4a, 4b and 3b)

...You don’t expect evidence in everything, but in science, you expect a
modelling or a study building cause-effect relation...(SH2T1-Pre)
(Addresses 4b, 4c and 3b)
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Figure 7.13. The number of teachers addressing the themes and sub-themes identified

under their science exhibition descriptions.

Another distinction determined in the teachers’ latter descriptions of science exhibition
is the inclusion of “Self-evaluation” under the theme of Role of Science Exhibition. Both of
the teachers SHIT1 and SH3T1 pointed out the self-evaluation of knowledge or performance

in science exhibitions as follows:

“...It (makes you) not only seeing what you know, but also realizing what you don’t
know” (SH1T1-Post).

“...Besides, the exhibits like a painting is stable, but ours (current exhibits developed) are
not like that. In our case, it should be rather like “We could do it (exhibit) like that” or “We could
change it in this way”” (SH3T1-Post).

On the other hand, the teacher SH2T1 didn’t touch to such aspect of science exhibition in

his description as given below:

“Science exhibition bases on a scientific background. It is an occasion, where someone
else can gather the same scientific evidence through testing and experiments. It is a kind of
exhibition including experiments and exhibits built on a scientific background and scientific
method” (SH2T1-Post).
The reason behind that the description of SH2T1 doesn’t include “self-evaluation”, while
the SH1T1’s and SH3T1’s do is might be the fact that one of the exhibits (SH2E2) developed
by students of SH2T1 has ranked first in the overall evaluation, and therefore, he is satisfied
with the exhibit and performance of his students. On the other hand, SH1T1 and SH3T]I

might be engaged in a more critical and reflective perspective regarding their students’
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exhibits and performance. The emphasis that SH1T1 put on evaluative role of exhibitions in

her post-description of exhibition may also support this interpretation:

“...It makes you to understand whether you did a good job or not while you explain your
exhibit to a visitor. Therefore, keeping it (your exhibit) to yourself doesn’t reflect what you know
or not” (SHIT1-Post).

The overall analysis of data with respect to RQ1 exploring teachers’ descriptions of
exhibition, interactive exhibition and science exhibition reveals that there is a remarkable
improvement in teachers’ conceptions of exhibition, especially in terms of roles of
exhibition. Likewise, there is an important transformation in teachers’ understandings of
interactive exhibition, especially regarding the type of interaction and elimination of
alternative conceptions about it. On the other side, there is a slight difference in their
descriptions of science exhibitions which might be based upon the existence of their previous
multi-experiences about science exhibitions and a minor shift in their descriptions towards

describing their current experience of science fair as discussed before.



Table 7.9. Corresponding themes and codes for science exhibition descriptions of teachers.

Theme

Sub-theme

Example Codes

SH1T1

SH2T1

SH3T1

. SCIENCE-BASED EXHIBIT

Scientific models, Scientific studies

. EXHIBITION WITH A SCIENTIFIC THEME

A certain discipline, Science in general

3a. Informing

Giving information, elaborating knowledge

3b. Presenting Empirical Evidence

. METHODS USED IN SCIENCE EXHIBITIONS

4a. Self-experience

© Experimental evidence, empirical evidence, testing
5 3c. Raising Curiosit d Int t Raising int t. i0si to |
g  ROLE OF SCIENCE EXHIBITIONS c. Raising Curiosity and Interes aising interest, curiosity, eager to learn more
9 . . Science for all
) 3d. Science Education
Q Science learning
LS 3e. Eliminating Prejudice Against Science Changing perspectives, breaking down prejudices
o) Letting visitors to experience a phenomenon by
E 4a. Self-experience themselves
Empirical base, testing
. METHODS USED IN SCIENCE EXHIBITIONS 4b. Scientific Method Observation
Building cause-effect relation
4c. Modelling Modelling scientific phenomena
1. SCIENCE-BASED EXHIBIT Experiments, scientific studies
. EXHIBITION WITH A SCIENTIFIC THEME A certain discipline, Science in general
n 3a. Informing Giving information, elaborating knowledge
% 3b. Presenting Empirical Evidence Experimental evidence, empirical evidence, testing
E 3c. Raising Curiosity and Interest Raising interest, curiosity, eager to learn more
g - ROLE OF SCIENCE EXHIBITIONS 3d. Science Education Science learning
2 3e. Introducing Tentative Nature of
A Science Scientific conclusion, theories can be modified or replaced
2 3f. Self-evaluation Making judgements about self-knowledge or performance
8 Letting visitors to experience a phenomenon by

themselves

4b. Scientific Method

Empirical base, testing

Making inquiry
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7.4. Students’ Descriptions of Exhibition, Interactive Exhibition and Science

Exhibition

This section of the study reports the data analysis done with respect to the RQ4 which
aims to explore how students describe exhibition, interactive exhibition and science
exhibition before and after developing and exhibiting RRI integrated interactive science
exhibits on nanotechnology applications. For the analysis of the RQ4, the pre-interviews and
post-interviews of student-participants were used. The analysis of each description, i.e.,
descriptions of exhibition, interactive exhibition and science exhibition, are presented in

different sections.

7.4.1. Exhibition Descriptions of Students

The first analysis performed for the RQ4 is the analysis of students’ descriptions of
exhibition. From the 26 verbatim transcripts, 105 significant statements were obtained and
clustered into 3 themes and 2 sub-themes under the pre-descriptions and the post-

descriptions, which are presented, explained and exemplified with quotations in Table 7.10.

The identified themes and sub-themes for the students’ descriptions of exhibition are
the same with the ones obtained from the teachers’ descriptions with a few changes in codes
such as the code “Bringing items together” under the sub-theme of Role of Exhibition for
Exhibitor and the code “Collection of objects” under the theme of Exhibit as seen in Table
7.11. The differences in codes may stem from variations in responses of higher number of
student-participants compared to number of teacher-participants. Besides, the categories
relating with the students’ descriptions of exhibition are shown in Table 7.11. Any categories

addressed by students are remarked in grey color.

The considerable change from the students’ pre-descriptions to the post-descriptions
is the increasing trend in inclusion of role of exhibition for visitors in the post-descriptions.
This transformation in students’ descriptions is presented in Table 7.11 and Figure 7.14.
which shows the changing frequencies of number of students addressing the themes and sub-

themes identified under their exhibition descriptions.



107

Table 7.10. Themes identified for the students’ descriptions of exhibition.

Theme and Sub-theme Explanation Example

It is a display of a group of exhibits
such as researches at a certain topic
or products based on research

Description of exhibition results (SH1S2-Pre).

consists of types of

1. Exhibit . .
exhibit or some specific .
examples of exhibits It is a place where a group of
’ projects or artefacts are brought
together and are displayed for other
people (SH2S1-Post).
Description of exhibition | It is display of developed exhibits
2. Theme of Exhibition includes an exhibition based on art or science (SH1S1-

theme. Pre).

3. Role of Exhibition

3a. Role of Exhibition for Exhibitors | Description of exhibition | It is a place, where we can display
involves role of our works throughout the year in an
exhibitions specifically organized way (SH1S5-Pre).

for the exhibitors or the

exhibit owners. It is a medium where people
introduce their works, and others
3b. Role of Exhibition for Visitors Description of exhibition | visit and get varying information
involves role of from them (SH3S1-Post)

exhibitions specifically (Addresses both 3a and 3b).
for the visitors.
It is a public display of a collection
of works for drawing attention,
giving information and taking
positive or negative criticism
(SH1S4-Post) (Addresses both 3a
and 3b).

The former and latter exhibition descriptions of the participants SH3S1, SHISS and
SH1S3 can be given as examples for how some students involved the role of exhibition for

visitors in their second descriptions:

“Exhibition is a place, where the various products developed are introduced and
presented” (SH3S1-Pre).

“It is a medium where people introduce their works, and others visit and get varying
information from them” (SH3S1-Post).

“It is a place, where we can display our works throughout the year in an organized way”
(SH1S5-Pre).

“Exhibition is a medium, where we can display our works throughout the year and share
them with other people. We can make visitors to think (on exhibits) by informing them” (SH1S5-
Post).
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“Exhibition is a place, where the exhibits developed at a certain theme are displayed”
(SH1S3-Pre).

“Exhibition is a place, where the exhibits developed at a certain theme are displayed and
public has access to it” (SH1S3-Pre).
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Figure 7.14. The number of students addressing the themes and sub-themes identified

under their exhibition descriptions.

The analysis of exhibition descriptions also showed that there is a slight decrease in
number of descriptions including specific types of exhibits. Besides, although the
frequencies of The Theme of Exhibition theme has no difference in pre and post-descriptions,
one of the codes under this theme disappeared in the analysis of post-descriptions as seen in
Table 7.11. Similar to the case in exhibition descriptions of teachers, the reason of this
decrease might be describing exhibition in a broader sense in terms of exhibits and the theme
of exhibitions. The exhibition descriptions of the participant SH1S1 can be given as

example:

“Exhibition is display of developed exhibits based on art or science” (SH1S1-Pre).

“Exhibition is display of a group of things for the public, for the visitors coming” (SH1S1-Post).

The last aspect of analysis of the students’ exhibition descriptions is a new category
identified under the sub-theme of Role of Exhibition for Exhibitor, which is “Changing
opinions”, in the post-descriptions. This category is worth including in the analysis although
it was addressed by a very limited number of participants, because it brings an important

role of exhibition forward.



Table 7.11. Corresponding themes and codes for exhibition descriptions of students.

Changing opinions
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Public learning
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7.4.2.Interactive Exhibition Descriptions of Students

The second analysis conducted for the RQ4 is the analysis of students’ interactive
exhibition descriptions. From the analysis of 26 verbatim transcriptions, 110 significant
statements were determined and classified into 5 themes and 5 sub-themes, which are
presented, explained and exemplified with quotations in Table 7.12. The Figure 7.15. shows
the changing number of students, who addressed the themes, in their former and latter
descriptions of interactive exhibition. Finally, the themes and sub-themes with

corresponding codes are given in Table 7.13.

The analysis of pre-interviews with students reveals that only two of them had heard
the concept of “interactive exhibition” and one of among them had visited such an exhibition
before. The rest of the students stated that they didn’t heard this concept before, but some of
among them made an estimation about what interactive exhibition can be, based on its name,

including some “alternative conceptions of interactive exhibition (IE)”.

Table 7.12. Themes identified for the students’ descriptions of interactive exhibition.

Theme and Sub-theme Explanation Example

1. Type of Interaction

la. Physical Interaction Description of interactive ...It might be a type of
exhibition addresses physical exhibition where visitors can
interaction with an exhibit such as | touch exhibits (SH3S5-Pre).
pushing a button.

1b. Verbal Interaction Description of interactive ... Visitor may push a button or
exhibition addresses interaction may answer a question.
with an exhibit or exhibitor (SH3S3-Post)

through words such as
establishing a dialog.

1c. Mental Interaction Description of interactive ...the interaction doesn’t have
exhibition addresses interactions to be physical. It can be in the
promoting visitors’ intellectual form of quiz... (SH2S1-Post)

activity such as answering a
question or making inferences.

2. Direction of Interaction

2a. Visitor-Exhibit Interaction Description of interactive ...It is a kind of exhibition,
exhibition involves interaction of | where visitors learn about
visitor with exhibit. exhibits more by doing

themselves... (SH1S5-Post)
(Addresses 1c and 2a)
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Table 7.12. Themes identified for the students’ descriptions of interactive exhibition. (cont.)

Theme and Sub-theme Explanation Example

L . . LI hibit
Description of interactive we (as an exhibitor) are

exhibition involves interaction of able to have a conversation
2b. Visitor-Exhibitor Interaction with visitor, it is also an

visitor with exhibitor. interactive exhibition...
(SH3S4-Post)

Description of interactive
exhibition includes specific
examples of interactive elements
of an exhibit

...There was an earthquake
room simulating earthquake...
(SH1S1-Pre)

3. Example of Interaction

...It is more instructive and

4. Benefits of Interactive Description of interactive inclusive compared to the
Exhibition exhibition refers a benefit of it. normal exhibitions... (SH1S3-
Post)
Description of interactive It is probably an organization,

5. Alternative Conceptions of

Interactive Exhibition exhibition includes any which includes more than one

alternative ideas about it. exhibiting-team...(SH1S2-Pre)

The first significant transformation took place in the post-descriptions of students
compared to their pre-descriptions is a major increase in “the types of interaction” addressed,
namely, Physical Interaction, Verbal Interaction and Mental Interaction. In addition,
students were able to give more examples of interactions in the latter descriptions. These

improvements are seen in Table 7.13 and Figure 7. 15.
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Figure 7.15. The number of students addressing the themes and sub-themes identified

under their interactive exhibition descriptions.
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The reason behind this trend, which is similar to change in teachers’ descriptions, might be
students’ experience in developing their own interactive exhibits as well as visiting other
interactive exhibits in the exhibition and examining them. The interactive exhibition
descriptions of participants SH1S4 and SH3S6 can be given as example for indicating how

students’ descriptions improved from pre to post-description:

“I haven’t heard it or visited such an exhibition before. But if [ would make a guess on it,
it might be including things (exhibits) that visitors can practice or test by themselves” (SH1S4-
Pre).

“I think interactive exhibition is a kind of exhibition, where visitors can interact with
exhibits and get first-hand experience. They do something on it (an exhibit) and see the
resulting change by themselves. They experience it without needing anybody to explain it for
them. When you develop an interactive exhibition, it appeals all the senses of visitors by letting
them touch, hear and involve in it. At the same time, it is applicable for visitors’ varying levels
of knowledge, it tests and contributes in them. The exhibits on display makes it easier to
understand by directing visitors to involve in them” (SH1S4-Post).

“I didn’t hear it before. But visitors might be getting in contact with exhibit” (SH3S6-
Pre).

“Interactive exhibition is a kind of exhibition, where visitors involve in exhibits. There must be
an interaction between visitors and the exhibit on display. The (ways of) interaction may vary.
For example, I went to a space exhibition, when I was a child. We were examining galaxies; the
ones we were choosing. It can be this kind of interaction. Besides, there can be different kinds
of interaction because it changes depending on the answers visitors give to questions” (SH3S6-
Post).

The second improvement the analysis of the students’ post-descriptions reveals is the
raising number of students, who addressed ‘“visitor-exhibit interaction” and “visitor-
exhibitor interaction” as seen in Table 7.13 and Figure 7.15. In the latter descriptions, almost
all students pointed out the visitor-exhibit interaction and half of them touched upon the
visitor-exhibitor interaction. Another difference between students’ former and latter
descriptions is the number of “benefits of interactive exhibition” mentioned. Some benefits

covered by students are as the following:

“...It appeals all the senses of visitors by letting them touch, hear and involve in it...”
(SH1S4-Post).

33

... The activations of exhibits provide a better comprehension of information...” (SH1S1-Pre).

33

...It is more instructive and inclusive compared to the normal exhibitions...” (SH1S3-Post).
“...It is more fun for visitors...” (SH1S5-Post).

33

...It provides you to present the theme of the exhibit a way better...” (SH3S1-Post).



Table 7.13. Corresponding themes and codes for interactive exhibition descriptions of students.

Theme

Sub-theme

Example Codes

SHIS1

SH1S2

SH1S3

SH1S4

SHIS5

SH2S1

SH2S2

SH3S1

SH3S2

SH3S3

SH3S4

SH3S5

SH3S6

1. TYPE OF INTERACTION

la. Physical Interaction

Touching, pushing

1b. Verbal Interaction

Dialogue

%)
Z
) 1c. Mental Interaction Testing, making inference
E 2a. Visitor-Exhibit Visitor's involvement in
6 2. DIRECTION OF INTERACTION | Interaction exhibit
% 2b. Visitor Exhibitor Visitors’ interaction with
A Interaction exhibitor
m .
g 3. EXAMPLE OF INTERACTION Earthquake simulator room
4. BENEFITS OF IE Better comprehension
5. ALTERNATIVE CONCEPTIONS
OF IE Animation, multi-exhibitor
la. Physical Interaction Touching, using
1. TYPE OF INTERACTION 1b. Verbal Interaction Dialogue
% 1c. Mental Interaction Testing, making inference
o Visitor's involvement in
E 2a. Visitor-Exhibit exhibit
= Int ti
& | 2. DIRECTION OF INTERACTION | o o1on Recioroci :
3 eciprocity of action
E 2b. Visitor Exhibitor Visitors’ interaction with
D Interaction exhibitor
S - -
© | 3. EXAMPLE OF INTERACTION ig:;‘;wmg a ball, matching

4. BENEFITS OF IE

Better understanding,
inclusive, fun

5. ALTERNATIVE CONCEPTIONS
OF IE

Presenting exhibit
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Final change from pre-descriptions to post-descriptions is the decrease in number of
students having “alternative conceptions of interactive exhibition”. In the first interviews,
four students included some alternative conceptions in their descriptions such as presenting
with an animation, inclusion of more than one exhibiting-team or presentation of an exhibit.
In the post-descriptions, only one student addressed an alternative conception, which is
presentation of exhibit by exhibitor. This conception is defined as alternative conception
instead of verbal interaction because it is a one-way explanation rather than a conversation.
The reason of building such a conception about interactive exhibition might be the fact that
in the exhibition, students sometimes explained their exhibits to visitors besides providing

them with a sort of interaction with the exhibit.

7.4.3. Science Exhibition Descriptions of Students

The last analysis done with respect to RQ4 is the analysis of science exhibition
descriptions of students. From the 26 interview transcripts, 107 important statements were
identified and categorized into 6 themes and 12 sub-themes, which are presented, explained
and exemplified with quotations in Table 7.14. The first theme determined is the Science-
Related Exhibit, which covers types of exhibits in different formats addressed in the
descriptions. The second theme, namely The Theme of Science Exhibition, which refers to
themes that are idiosyncratic to science exhibitions, has two sub-themes: (i) Science and (i1)
Mathematics. The third theme is Role of Science Exhibitions, which, as the name implies,
consists of any role of science exhibitions mentioned in participants’ descriptions. It has 5
sub-themes in total, varying under pre and post-descriptions: (i) Informing, (i1) Raising
Curiosity and Interest, (iii) Science Education, (iv) Presenting Scientific Evidence, and (v)
Changing Views and Opinions. Another theme is the Methods Used in Science Exhibitions,
which includes 5 sub-themes: (i) Letting Visitors to Experience, (ii) Scientific Method, (iii)
Guiding Visitors, (iv) Display of Exhibits in a Certain Arrangement, and (v) Modelling. The
fifth theme identified in the analysis is the Specific Examples, which comprises of specific
examples of science exhibition or exhibits, addressed by participants and has 2 sub-themes:
(1) Science Exhibition Example and (i1) Exhibit Example. The last theme is named after exact
responses of participants as No Idea/No Difference, which implies that a participant has no

idea or sees no difference of science exhibition compared to other types of exhibitions.
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The analysis of the first science exhibition descriptions of students revealed that most
of students had an idea about science exhibitions to some degree except two students, who
see no difference from other exhibitions or have no idea. These two students had no
experience about science exhibitions as they stated in their pre-interviews. On the other hand,
about half of the students addressed a role of science exhibitions or a method used in science

exhibitions in their descriptions.

The first remarkable transformation from the students’ former descriptions of science
exhibitions to their latter descriptions is the increase in the number of students, who address
the role of science exhibitions, and increase in the variety of roles described. This
transformation in descriptions has led to increase in the frequency of the theme Role of
Science Exhibition in post-descriptions. The Figure 7.16. also shows the increasing number
of students, who addressed the role of science exhibitions, in their latter descriptions of
science exhibition. The roles addressed in the former descriptions were classified under 3
sub-themes, which are Informing, Raising Curiosity and Interest, and Science Education. In
the analysis of post descriptions, on the other hand, two additional role of science exhibitions
were identified, namely Presenting Scientific Evidence, and Changing Views and Opinions,
but the majority of students addressed the other three sub-themes as seen in Table 7.15,
which presents the categories relating with the students’ descriptions of science exhibition.

The science exhibition descriptions of SHIS1, SH3S1 and SH1S5 can be given as example:

“It gives people information about what happened in the past and what can be in the
future. But it gives information with respect to science like how they formed or how they will be
in the future” (SH1S1-Pre).

“It tries to transfer information. I mean it tries to create awareness and enlighten people.
It has such purpose. It presents something more objective, but not subjective. Usually, there are
science-based evidences. Besides it is more open to interaction compared to other (types of)
exhibitions” (SH1S1-Post).

“I haven’t visited any science exhibition before. So, I may not realize any difference of it
from other types of exhibitions, but I think there is no difference” (SH3S1-Pre).

“Differently from other types of exhibitions, it mainly aims to give visitors information.
It gives visitors varying point of views” (SH3S1-Post).

“I have visited a science center long time ago. There was a big DNA model... Well... In
a science exhibition, we see more objectivity and more generally accepted particular things,
while in an art exhibition, people (the exhibitors) reflect their own world” (SH1S5-Pre).

“First of all, if I would compare science exhibitions with art exhibitions, we give
information (in science exhibitions). In art exhibitions, everybody can perceive different things
sentimentally or get a different meaning from the things they see. But in science exhibitions,
there is a certain accuracy and we have a teaching purpose” (SH1S5-Post).



Table 7.14. Themes identified for the students’ descriptions of science exhibition.

Theme and Sub-theme

Explanation

Example

1. Science-Related Exhibit

Description of science exhibition addresses science-
related exhibits.

I think the materials used in models reflect that it is a
science exhibition... (SH3S4-Post)

2. The Theme of Science Exhibition

2a. Science
2b. Mathematics

Description of science exhibition addresses possible
theme of science exhibitions.

...There were projects on Physics, Chemistry and
Biology. Projects on varying ideas. Some were
theoretical studies, which is on Mathematics...
(SH1S2-Pre) (Addresses 2a, 2b and 1)

3. Role of Science Exhibitions

(Common in Pre & Post-Descriptions)
3a. Informing
3b. Raising Curiosity and Interest
3c. Science Education

(Identified only in Post-Descriptions)

3d. Presenting Scientific Evidence

3e. Changing Views and Opinions

Description of science exhibition addresses role of it.

Giving visitors information

Raising curiosity and interest of visitors towards
science

Science learning of visitors

Presentation of empirical evidence to verify a

scientific phenomenon

Giving visitors a different point of view

It mainly aims to give visitors information... (SH3S1-
Post)

...The main objective of a science exhibition is
introducing science and make it fun for the public by
making interesting modules. (SH2S1-Post)

... There is a kind of teaching purpose, science
education. (SH1S3-Post)

...Usually, there are science-based evidences...
(SH1S1-Post)

...It gives visitors varying point of views... (SH3S1-
Post)

4. Methods Used in Science Exhibitions

(Common in Pre & Post-Descriptions)
4a. Self-experience

Description addresses a method or approach used in
science exhibitions.

Letting visitors to experience a scientific phenomenon
by themselves.

...There were simulators. We were able to simulate
flight (with space craft) as if we were in it. (SH1S4-
Pre) (Addresses 4a and 1)




Table 7.14. Themes identified for the students’ descriptions of science exhibition. (cont.)

Theme and Sub-theme

Explanation

Example

4b. Scientific Method

4c. Guiding Visitors
(Identified only in Pre-Descriptions)
4d. Display of Exhibits in a Certain Arrangement

(Identified only in Post-Descriptions)
4e. Modelling

Using and reflecting scientific method in exhibits

Providing visitors with a kind of guide to reinforce

their learning from exhibits

Display of exhibits in a specific arrangement

Modelling scientific phenomena

...In a science exhibition it is aimed to get
information such as from results of a chemical
reaction, cause-effect relations or (by thinking) why it
reacts. (SH1S4-Post)

...It was more fun in terms of display of exhibits.
There were a staff guiding us and giving historical
explanations... (SH1S4-Pre)

...In general, the exhibition is visited on a path and in
a chronological order... (SH2S1-Pre)

...We are modelling something scientific such as an
atomic model... (SH3S4-Post) (Addresses 4e, 5b, 1)

5. Specific Examples
5a. Science Exhibition Example

5b. Exhibit Example

Description includes a specific example of science
exhibition

Description includes a specific example of exhibit

I have gone to ITU Science Center a long time ago...
(SH1S5-Pre)

...I have watched (a program on) exhibition about
space crafts on television. The most participants (the
exhibitors) of the exhibition were people , who
developed their own rockets...(SH3S2-Pre)

6. No Idea/No Difference

Participant has no idea or sees no difference in
science exhibitions compared to other types of
exhibitions.

I have no idea. (SH3S5-Pre)

It is not different (than other exhibitions).
(SH3S1-Pre)
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Figure 7. 16. The number of students addressing the themes and sub-themes identified

under their science exhibition descriptions.

Another change identified within the analysis of students’ science exhibition
descriptions is the raising number of students, who mention about a method used in science
exhibitions such as letting visitors to experience a scientific phenomenon, doing modellings
and building cause-effect relations. This improvement is seen as an increase in number of
students addressing the related theme in Figure 7.22 and seen as growing number of students
referring the related theme and sub-themes in Table 7.15. The science descriptions of SH1S3

and SH3S4 can be given as example:

“I think I have gone to a science exhibition a few years ago. There were exhibits about
different subjects. It was for informing about new things and the things displayed there” (SH1S3-
Pre).

“First of all, science exhibition aims to give information about certain topics in science
and to share the studies done. There is a kind of teaching purpose, science education (purpose).
In terms of presentation...For example, in contrary to an art exhibition, which consists of
paintings, there must be a demonstration or explanation in a science exhibition. Because it is
usually about something new or an innovation, it needs to be informative in terms of what is
new, what it bases on, how it is developed and where it is used in our lives” (SH1S3-Post).



Table 7.15. Corresponding themes and codes for science exhibition descriptions of students.

from other exhibitions

Theme Sub-theme Example Codes nlala|ld| B | alalalala|ld|lala
— — — — — o o on on on on on on
|G| B 5G| 5|5 5|65 5|55
. SCIENCE-RELATED Theoretical Studies,
EXHIBIT Space Crafts
Physics, Chemistry,
- THE THEME OF SCIENCE 2a. Science Biology, Space Science
EXHIBITION
2b. Mathematics Mathematics
Informing about current
3a. Informing developments
. ROLE OF SCIENCE 3b. Raising Curiosity | Amazement, raising
EXHIBITIONS and Interest interest
3c. Science
0 Education Learning science
% Letting visitors to
E 4a. Self-experience examine
~ L
2 4b. Scientific Method Objectivity
E . METHODS USED IN Observation
E SCIENCE EXHIBITIONS Audio guide, Explanatory
A 4c¢. Guiding Visitors | board
4d. Display of
Exhibits in a Certain | Chronological ordering,
Arrangement labyrinth form
NASA Space Craft
Sa. Science Exhibition, TUBITAK
- SPECIFIC EXAMPLES Exhibition Example Science Project Contest
5b. Exhibit Example | DNA model, rocket
. NO IDEA/ NO DIFFERENCE No idea, no difference




Table 7.15. Corresponding themes and codes for science exhibition descriptions of students. (cont.)

Theme

Sub-theme

Example Codes

SH1S1

SH1S2

SH1S3

SH1S4

SH1S5

SH2S1

SH2S2

SH3S1

SH3S2

SH3S3

SH3S4

SH3S5

SH3S6

POST-DESCRIPTIONS

1. SCIENCE-RELATED
EXHIBIT

Models, scientific
equipment

2. THE THEME OF SCIENCE
EXHIBITION

Science, Chemistry,
Physics, Space Science

3. ROLE OF SCIENCE
EXHIBITIONS

3a. Informing

Informing about a
scientific study

3b. Raising Curiosity
and Interest

Interesting modules,
raising curiosity

3c. Science
Education

Learning science

3d. Presenting
Scientific Evidence

Evidence-based things

3e. Changing Views
and Opinions

Giving a point of view

4. METHODS USED IN
SCIENCE EXHIBITIONS

4a. Self-experience

Letting visitors to observe

4b. Scientific Method

Objectivity

Observation

Making Inquiry

Making inferences

Building cause-effect
relation

4c¢. Guiding Visitors

Audio guide, Explanatory
board

4d. Modelling

Modelling a scientific
phenomenon

5. SPECIFIC EXAMPLES

Exhibit Example
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“In most of the science exhibitions, at least in the ones I saw on television, the exhibition
area was organized in the form of labyrinth. If the exhibition is about art and includes visuals,
they are just hanged on wall. It (science exhibition) is different in terms of arrangement (of
exhibition area)” (SH3S4-Pre)

“I think the materials used in models reflect that it is a science exhibition. For example,
we may see test tubes or atomic models because we are modelling and line up with something
scientific. It (the exhibit) visually points out science exhibition. When someone visits the
exhibition we created, s/he can tell that it is a science exhibition. We build understanding through
examining and observing” (SH3S4-Post)

The reason behind the improvements in science exhibition descriptions of students
after they exhibited the exhibits they developed in a science exhibition may be the fact that
they obtained first-hand experience in a science exhibition not only as exhibitors of their
exhibits, but also as visitors of other exhibits developed by students from other schools.
Having both roles in a science exhibition may have deepened the students’ understandings
of science exhibition with respect to its role and the methods used in it. Besides, with the
experience they acquired, both of the students, who were not able to describe science
exhibition in the pre-interviews, now are capable of explaining it regarding varying aspects

of it.

On the other hand, the analysis reveals that there is a decrease in the frequencies of
two themes in the post-descriptions, namely Science-Related Exhibit and Specific Examples
covering exhibit examples and science exhibition examples. The cause of such trend in
descriptions might be the fact that after gaining more insight about science exhibitions
through self-experience, students had a chance to internalize roles of it and ways used for
realizing them. Because of this reason, the latter science exhibition descriptions of students
might be focusing mainly around roles and methods rather than exhibits and the theme of

exhibitions.

The overall analysis of data regarding RQ4, which explores students’ descriptions of
exhibition, interactive exhibition and science exhibition reveals that there is a remarkable
improvement in students’ understandings of exhibition, interactive exhibition and science
exhibition. Students, in their latter descriptions of exhibition, addresses more about role of
it, especially roles of exhibition for visitor. Likewise, there is a considerable transformation
in students’ conceptions of interactive exhibition, especially regarding the types of

interaction, direction of interaction, benefits of interactive exhibition and elimination of
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alternative conceptions about it. Finally, although most students had a background about
science exhibition based on their self-experiences, there is a remarkable difference in their
post-description of science exhibition with respect to its role and methods used in science

exhibitions.

7.5. Practical Approaches of Teachers in Guiding Students Along the Exhibit

Development and Exhibition Processes

Apart from examining any improvement in the knowledge of participants about
exhibitions, another purpose of this study is to explore the participants’ practical approaches
in the exhibit development and exhibition processes, which was defined as “practical
applications, which base on their existing experiences, ideas and theoretical knowledge, in
managing, handling or guiding a situation” before. This section of the study reports the
analysis of data with respect to RQ2, which is about the practical approaches of the teacher-
participants in guiding students along developing a RRI integrated interactive science exhibit
on NST, and exhibiting them. For identifying teachers’ practical approaches in the process,
different data sources were analyzed including the interviews, video recordings of school
observations, weekly logs, field notes and video recordings of CoL meetings in the exhibit

development process.

The practical approaches of teachers were classified under four categories regarding
the stages in the exhibit development and exhibition processes: (i) Practical Approaches in
Pre-Production Stage, (ii) Practical Approaches in Production Stage, (iii) Practical
Approaches in Managing the Overall Process, and (iv) Practical Approaches in Exhibition
Stage. These four stages comprise of 6 themes and 9 sub-themes, which are named after
practical approaches at a certain phase of exhibit development or at a certain task, as

presented, explained and exemplified with quotations in Table 7.16.

The first category, namely “Practical Approaches in Pre-Production Stage”, consists
of three themes and two sub-themes: 1. Practical Approaches in Preparing for Exhibit
Development Process, 2. Practical Approaches in Finding an Exhibit Idea, 3. Practical
Approaches in Planning of Exhibits with the sub-themes 3a. Practical Approaches in
Planning of Exhibit Designs and 3b. Practical Approaches in Planning of Materials.
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Secondly, the category of “Practical Approaches in Production Stage” includes the fourth
theme Practical Approaches in Production of Exhibits and four relating sub-themes: 4a.
Practical Approaches in Making of Exhibits, 4b. Practical Approaches in Integration of RRI,
4c. Practical Approaches in Making Exhibits Interactive, and 4d. Getting Support in
Production of Exhibits. The third category, which is “Practical Approaches in the Overall
Process”, comprises of the fifth theme Practical Approaches in Managing the Overall
Process and three corresponding sub-themes: 5a. Practical Approaches for Motivating
Students, 5b. Role of Teacher, and 5c. Organizational Approaches. Final category is about
exhibition stage and it involves the sixth theme, namely Practical Approaches in The

Exhibition.

The practical approaches under each theme and sub-theme are reported in the
following sections examined under each of the four categories. Different practical
approaches of teachers are identified as well as their common practical approaches through

the analysis of varying data sources aforementioned.



Table 7.16. Themes and sub-themes identified for the practical approaches of teachers.

Themes and Sub-themes

Explanation

Example

PRACTICAL APPROACHES IN
PRE-PRODUCTION STAGE

. Practical Approaches in Preparing for Exhibit

Development Process

Practical approaches of teachers in
making students ready for exhibit
development process.

Giving students extra materials about exhibitions
on NST (SH2T1)

. Practical Approaches in Finding an Exhibit Idea

Practical approaches of teachers in
guiding students along gathering an
exhibit idea.

Revising what is learned in the field trip to
university laboratories (SH1T1, SH2T1, SH3T1)

Inviting another school in the project to discuss
all together (SH3T1)

. Practical Approaches in Planning of Exhibits

3a. Practical Approaches in Planning of Exhibit Designs

3b. Practical Approaches in Planning of Materials

Practical approaches of teachers in
exhibit planning.

Practical approaches of teachers in
guiding students along planning of their
exhibit designs.

Practical approaches of teachers in
guiding students along planning materials
of their exhibits.

Directing students to do modelling (SH3T1)
Showing an old student project as an example for
exhibit design (SH1T1)

Suggesting students to consult their acquaintances
about materials (SHIT1, SH3T1)

Benefitting from the materials in the laboratory
(SHITI, SH2T1)

PRACTICAL APPROACHES IN
PRODUCTION STAGE

. Practical Approaches in Production of Exhibits

4a. Practical Approaches in Making of Exhibits

4b. Practical Approaches in Integration of RRI

4c. Practical Approaches in Making Exhibits Interactive

Practical approaches of teachers in
production stage.

Practical approaches of teachers in
guiding students along exhibit making.

Practical approaches of teachers in
guiding students along integrating RRI in
their exhibits.

Practical approaches of teachers in
guiding students along making their
exhibit interactive.

Asking students to give feedback each other’s
exhibit in progress (SH1T1)

Asking students to discuss about missing parts of
each exhibit (SH3T1)

Reminding the meaning of each RRI dimension
(SHIT1)

Giving students examples of thinking RRI with
respect to NST (SH2T1)

Reminding students interactive exhibits in the
science center (SH1T1)




Table 7.16. Themes identified for the practical approaches of teachers. (cont.)

Themes and Sub-themes

Explanation

Example

4d. Getting Support in Production of Exhibits

Practical approaches of teachers for
getting support in guiding students along
the production of exhibits.

Consulting the Science Project Coordinator
(SH2T1)

Inviting volunteer students, who are not from the
nanoscience school club, for taking support in
exhibit development (SH2T1)

Getting support from the engineering club of the
school (SHIT1)

PRACTICAL APPROACHES IN

THE OVERALL PROCESS

5. Practical Approaches in Managing the Overall Process of

Exhibit Development:

Sa. Practical Approaches for Motivating Students

5b. Role of Teacher

5c. Organizational Approaches

Practical approaches of teachers in
overall process management.

Practical approaches of teachers for
motivating students in exhibit
development process.

Practical approaches reflecting the role of
teacher in guiding students along the
exhibit development.

Organizational approaches of teachers in
the exhibit development process.

Encouraging students to develop all of the exhibit
ideas they came up with (SH1T1)

Complimenting about strong sides of an exhibit to
encourage improvement of weak sides (SH3T1)

Directing students by asking them questions
(SHIT1, SH2T1, SH3T1)

Providing source and creating opportunities
(SHIT1, SH2T1)

Letting students to decide about forming group
dynamics (SH1T1)

Suggesting students to work on exhibit
development in laboratory at lunch breaks
(SHIT1, SH2T1)

PRACTICAL
APPROACHES IN

EXHIBITION STAGE

6. Practical Approaches in The Exhibition

Practical approaches of teachers in the
exhibition event.

Encouraging students to evaluate their own
exhibits (SHIT1)

Contributing the students’ presentation of their
exhibits in the first day of exhibition (SH3T1)
Interacting with colleagues (SHI1T1)




126

7.5.1. Practical Approaches of Teachers in Pre-Production Stage

7.5.1.1. Preparing for Exhibit Development Process. The first theme in the pre-production

stage category covers teachers’ practical approaches to orient students through exhibit
development process and make them ready for it. The common practical approaches shown
with this purpose are informing students briefly about the exhibit development and
exhibition processes, putting emphasis on learning of module topics well to eliminate lack
of information, asking students to brainstorm on exhibit idea at semester holiday and asking
students to make an internet search for the exhibit ideas before the exhibit development
process starts as seen in Table 7.17. Statements of SH3T1 and SHIT1 given below are

examples of practical approaches under the first theme:

“I had an expectation from students, which I put emphasis on it: Which information do
we have? We should know them very well so that we don’t lack in information. We have
“nanotechnology” and we shouldn’t leave our knowledge on it incomplete” (SH3T1-Post).

“I suppose that you have made search on what kind of exhibit you may develop because
we don’t have Internet access in here. I had asked you to do it before” (SHIT1 in SH1O1_Textual
Sum.).

Most of the practical approaches identified are common among teachers, but SH2T1
took different approaches as well. The teacher SH2T1 had two additional approaches for
preparing students for the exhibit development. The first one is reminding students that they
will go through an exhibit development process, time to time while teaching the module.
The second practical approach, which was taken before a very short period of time to the
beginning of exhibit development, is giving students extra materials about exhibitions on
NST to familiarize students with nano-themed exhibits and exhibitions. Statement in the

below can be given as example of a practical approach of SH2T1 under the first theme:

“Teacher asked students whether they examined the reading he gave them before. It is
about a web site including ideas for nano-exhibitions” (SH2T1 in SH201_Textual Sum.)

7.5.1.2. Practical Approaches in Finding an Exhibit Idea. The second theme in the pre-

production stage consists of teachers’ practical approaches in guiding students along finding
an exhibit idea. Most of the practical approaches identified are common among teachers, but
each teacher has different approaches, either. The common practical approaches of teachers

in finding an exhibit idea are revising what is learned in the field trip to university
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laboratories, revising what is learned in the module and module materials,
directing students to make a search on the Internet, evaluating practicability of students'
exhibit ideas, brainstorming and discussing with students on their exhibit ideas, directing
students to pick a nanoparticle and its specific property, reminding students that developing
an exhibit individually is an option to increase the number of exhibits, asking each group to
give feedback for exhibit ideas of other groups, and directing students about exhibit ideas by
asking questions. The statements below can be given as examples of practical approaches

under the second theme:

“While we were searching about what can be done (as exhibit) we learned about exhibits
(about NST) developed before and usage area of different nanoparticles regarding how it is used
and where it is used” (SH1T1-Post).

“I am planning to evaluate the practicability of exhibit ideas” (SH1T1-WeeklyLog#1)

“They all revise the topics learned in the module while trying to find an exhibit idea”
(SH201 _FieldNotes).

“I asked students to pick a nanoparticle and decide which property of it they want to
model. We spent too much time for it” (SH3T1-Post).

Differently from other two teachers, SH1T1 had two practical approaches in the phase
of gathering an exhibit idea. The first one is directing students to discuss exhibit idea first in
groups, then all together through a feedback mechanism. The following statements can be

given as examples of SH1T1’s practical approaches under the second theme:

“They got each other’s opinions while discussing on their exhibit ideas. It seems like an
exhibit is developed by 3-5 students, but actually all 21 of them have contribution in it” (SH1T1-
Post).

“Teacher asked students to listen each groups' ideas and think on each group's exhibit
idea(s) all together to contribute them by regarding how the idea can be improved and how they
can help each other” (SHIT1 in SH101_Textual Sum.).

Other practical approach of SHITI1 is regarding the originality of exhibit ideas. The
statement of SH1S5 is addressing this approach:

“Teacher told us this idea is not original and done before. So we changed it and now we
think on new idea” (SH1S5 in SH1O3 Textual Sum.).

The practical approaches of SH2T1, which are different from others, are consulting

the Science Project Coordinator in the school, giving students examples of nano-products,
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regarding limited time, and discussing all together for finding an exhibit idea. The following

statements can be given as example of SH2T1’s approaches under the second theme:

“Teacher told students that they can find products like hydrophobic fabrics and gave few
examples of nano-products” (SH2T1-SH101_FieldNotes)

“We have a “Science Project Coordinatorship” in school. The head of this department is
an expert about electronics, robotics. We will consult him and get support on next Monday. He
designs robots with sensors. Students will consult him about if their ideas about robotics are
applicable or not” (SH2T1 in CoL_Meeting#2).

Similar to other two teachers, SH3T1 also had some varying practical approaches in
process of exhibit idea gathering. These approaches are inviting another school in the project
to discuss all together, asking students to think on an exhibit idea individually to increase
the variety of exhibit ideas, suggesting students to read extra materials, and discussing the
exhibit ideas of groups or individuals all together. The following statements can be given as

example of SH3T1’s practical approaches under the second theme:

“I asked students to think exhibits individually because they were not present in club
hours all together at the same time. I thought, they will be more brave (about ideas) in this way”
(SH3T1-Post).

“Teacher had invited neighbor school, which is also in the project, for benefit of all of

them. Students of SH3 have chance to learn about other students’ ideas of exhibits. This can be
inspirational for them and enlarge their visions” (SH301-Textual Sum.)

7.5.1.3. Practical Approaches in Planning of Exhibits. The third theme in the pre-production

stage involves teachers’ practical approaches in guiding students along planning of exhibit
designs and materials. Practical approaches taken with these intentions were analyzed and
classified under two sub-themes including planning of exhibit designs and planning
materials phases. Most of the practical approaches identified under this theme are common

among teachers, but each teacher has different approaches as well.

The practical approaches shown by all three teachers in planning of exhibit designs are
asking students to draw their exhibit design plans, reminding students to regard integration
of RRI and interactivity of exhibits, suggesting students to think on sustainability of the
exhibit mechanism, directing students to revise their exhibit design after the project team's
feedbacks, and discussing all together about exhibit designs (Please see Table 7.17 for full

list of practical approaches).



Table 7. 17. The practical approaches of teachers in the pre-production stage of exhibit development process.

Theme tlsngll:l-e Type of Data Source Participants Practical Approaches
Informing students briefly about the exhibit development and exhibition processes (SH1T1, SH2T1, SH3T1)
E4 Asking students to brainstorm on exhibit idea at semester holiday (SH1T1, SH2T1, SH3T1)
e 8 Common Putting emphasis on learning of module topics well (SH1T1,SH3T1)
E a " Asking students to make an internet search for the exhibit ideas before the exhibit development process starts
2 & o | & B g | @ (SHI1T1, SH3T1)
og sl 2|2 5|3
=6 e | |2 5|2
oS 38 8 | % % SHIT1
Z & S8 2|E|2 -
% é = SHTI Reminding students the exhibit development process time to time while teaching the module
& 5 Giving students extra materials about exhibitions on NST
=4
@]
= SH3T1
Revising what is learned in the field trip to university laboratories (SH1T1, SH2T1, SH3T1)
Revising what is learned in the module and module materials (SH1T1, SH2T1, SH3T1)
Directing students to make a search on the Internet (SH1T1, SH2T1, SH3T1)
Evaluating practicability of students' exhibit ideas (SH1T1, SH2T1, SH3T1)
Z < Common Brainstorming and discussing with students on their exhibit ideas (SH1T1, SH2T1, SH3T1)
v |1 Directing students about exhibit ideas by asking questions (SH1T1, SH2T1, SH3T1)
LE] =) Directing students to pick a NP and its property (SH1T1, SH3T1)
% E " " - Reminding students developing an exhibit individually is an option to increase the number of exhibits (SH1T1, SH3T1)
8 = 2 § E‘) é %D Asking each group to give feedback for exhibit ideas of other groups (SH1T1, SH3T1)
o 9| & 3
% ; E E % é = SHITI Regarding originality of exhibit ideas
é < g é g ﬁ g Directing students to discuss exhibit idea first in groups, then all together through feedbacks
© % Consulting the Science Project Coordinator in the school
(E % SHTI giving .stud_ent's examples of nano-products
~ = egarding limited time
A Discussing all together for finding an exhibit idea
Inviting another school in the project to discuss all together
SH3TI Asking students to think on an exhibit idea individually to increase the variety of exhibit ideas
Suggesting students to read extra materials
Discussing the exhibit ideas of groups or individuals all together




Table 7.17. The practical approaches of teachers in the pre-production stage of exhibit development process. (cont.)

Theme

Sub-
theme

Type of Data Source

Participants

Practical Approaches

PRACTICAL APPROACHES IN PLANNING OF EXHIBITS

PRACTICAL APPROACHES IN
PLANNING OF EXHIBIT DESIGNS

Interviews

Observations

Weekly Logs

Field Notes

CoL Meetings

Common

Asking students to draw their exhibit design plans (SH1T1, SH2T1, SH3T1)

Reminding students to regard integration of RRI (SH1T1, SH2T1, SH3T1)

Reminding students to regard interactivity of exhibits (SH1T1, SH2T1, SH3T1)

Suggesting students to think on sustainability of the exhibit mechanism (SH1T1, SH2T1, SH3T1)

Directing students to revise their exhibit design after the project team's feedbacks (SH1T1, SH2T1, SH3T1)
Discussing all together about exhibit designs (SH1T1, SH2T1, SH3T1)

Asking students to pay attention to reflect the NST theme of exhibit good (SH2T1, SH3T1)

Asking students to pay attention to plan exhibit designs that are coherent with their purposes. (SH2T1, SH3T1)
Suggesting students to develop a prototype of their exhibit designs to see if it works (SH1T1, SH2T1)
Deciding ultimate exhibit design plans through trial and error (SH1T1, SH2T1)

Asking students to give feedback each group's exhibit design plans (SH1T1, SH3T1)

Asking students to regard visuality of their exhibits (SH1T1, SH3T1)

Asking students to regard visitor's understanding and learning (SH2T1, SH3T1)

Asking students to regard scientific correctness while deciding on exhibit design plans (SH1T1, SH3T1)
Consulting colleagues, technical staff or science project coordinator (SH1T1, SH2T1)

SHIT1

Asking students to develop exhibits that is independent of the exhibit owner
Revising the interactive exhibits they see in the field trip to science center
Making suggestions about possible exhibit formats

Showing an old student project as an example for exhibit design

SH2T1

Directing students to avoid complex exhibit designs
Regarding visitors' excitement

SH3T1

Directing students to do modelling
Inviting a volunteer student for taking suggestions in multi-media based exhibits

PRACTICAL APPROACHES IN
PLANNING OF MATERIALS

Interviews

Observations

Weekly Logs

Field Notes

CoL Meetings

Common

Asking students to consider alternative materials and test them (SH1T1, SH2T1, SH3T1)
Suggesting students some materials (SH1T1, SH2T1, SH3T1)

Benefitting from the materials in the laboratory (SH1T1, SH2T1, SH3T1)

Suggesting students to consult their acquaintances about materials (SH1T1, SH3T1)
Consulting colleagues, technical staff or science project coordinator (SH1T1, SH2T1)
Asking each group to give suggestions of materials for other groups (SH1T1, SH3T1)
Suggesting students some stores for materials (SH1T1, SH3T1)

Learning about different materials (SH1T1, SH2T1)

Suggesting students to benefit from durable materials (SH2T1, SH3T1)

Directing students to gather the materials they need by themselves (SH1T1, SH3T1)

SHIT1

Suggesting students to search materials on the Internet

SH2T1

Supplying materials for students

SH3T1

Suggesting students to benefit from materials used in daily life
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The practical approaches taken by at least two teachers in the phase of students’
planning of exhibit designs are asking students to pay attention to reflect the NST theme of
exhibit good and plan exhibit designs that are coherent with their purposes, asking students
to regard scientific correctness of their exhibits as well as its visuality, asking students to
regard visitor's understanding and learning, asking students to give feedback each group's
exhibit design plans, suggesting students to develop a prototype of their exhibit designs to
see if it works, consulting someone (colleagues, technical staff or science project
coordinator) for students’ exhibit designs and deciding ultimate exhibit design through trial
and error. The statements below can be given as example for teachers’ practical approaches

under this category:

“SH1S4 tries to change his design in a way that he can use acid-base solutions and
indicators to show any change and difference between healthy cells and cancer cells. SHI1T1
suggests to test the idea before using it in the exhibit” (SH102-Textual Sum.).

“I asked students to pay attention whether the exhibits are able to give our message clearly
or if it is perceivable easily by visitors” (SH2T1-Post).

“Students realized that their models didn’t constitute an answer for some questions after
we started to ask questions to each other. Then, they tried to transform their models in that way”
(SH3T1-Post).

“Teacher wants group SHI1G2 to listen SH1G5’s exhibit design idea and to give feedback
them before leaving the nano school club” (SH103_Textual Sum.).

Apart from the common practical approaches, SH1T1 took some different approaches
in guiding students along exhibit design planning. The first one is asking students to develop
exhibits that is independent of the exhibit owner, which was challenging for students as it is
discussed in Section 7.8.1. Other practical approaches of SHIT1 are revising the interactive
exhibits they see in the field trip to science center, making suggestions about possible exhibit
formats and showing an old student project as an example for exhibit design. The suggestion
of SHIT1 for a group can be given as example for practical approaches of SHIT1 in planning

of exhibit designs:

“Design your exhibits in a way that visitors can infer that the one with nanotechnology
has dirt-proof property. You may not stand next your exhibit all the time. For instance, although
there wasn’t any presenter for each exhibit in the ITU Science Center, we were able to figure it
out by ourselves” (SHIT1 in SH1O1-Textual Sum.).

“Teacher brought the blood circulation model in the laboratory. It is developed by a
student as a term project” (SH1O3-Post).
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Differently from other two teachers, the practical approaches shown by SH2T1 are
directing students to avoid complex exhibit designs because of limited time and suggesting
students to regard visitors' excitement. The statement of SH2T1 can be given as example for

his practical approaches in planning of exhibit designs:

“We tried to avoid any exhibits that may challenge us heavily and consist of too much
details” (SH2T1-Post).

Finally, the SH3T1’s practical approaches, which are different from others, are
directing students to do modelling specifically because students had seemed lost in deciding
what kind of exhibits they can develop, and inviting a volunteer student, who are not from
the nanoscience school club, for taking suggestions if a student or group want to make a
multi-media based exhibit. The statement of SH3T1 can be given as example for the first

approach she took:

“Firstly, students thought that they need to invent something new. So, I told them that we
will do an exhibit, we will do modelling” (SH3T1-Post).

Another category of teachers’ practical approaches under the phase of planning
exhibits is guiding students through planning of materials. Likewise, in the planning of
exhibit designs, most of the practical approaches in this stage are common, and only one
different approach was identified for each teacher as seen in Table 7.17. The common
practical approaches, which are taken by all three teachers, are asking students to consider
alternative materials and test them, suggesting students some materials and benefitting from
the materials in the laboratory. The practical approaches taken by at least two teachers in the
phase of material planning are suggesting students to consult their acquaintances about
materials; consulting colleagues, technical staff or science project coordinator; asking each
group to give suggestions of materials for other groups, suggesting students some stores for
materials, learning about different materials, suggesting students to benefit from durable
materials and directing students to gather the materials they need by themselves. The
statement below can be given as example for teachers’ practical approaches in material

planning:

“Students had difficulty in deciding and finding the right materials for their exhibits. We
asked suggestions of acquaintances and staff (in stores). They consulted their families. We shared
our opinions with colleagues and asked theirs” (SH1T1-Post).
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“...Besides, we used the 3-d printer in the school (Technology and Design Laboratory).
Sometimes, we benefitted from the facilities of our laboratory (Chemistry Lab.)” (SH2T1-Post).

“Teacher. asks science project coordinator. about type of magnets that can attach to inner
walls of robot shells” (SH206_Textual Sum).

“Can’t you make it with toy blocks so that you can plug and unplug it easily. There may
be magnets in laboratory. You may borrow magnet for weekend. There were different types of
magnets in the Physics Laboratory” (SH3T1 in SH302-Textual Sum.)

The different practical approach of SHITI in planning of materials is suggesting
students to search materials on the Internet. Differently from others, SH3T1 suggested
students to benefit from materials used in daily life. She explains her approach as the

following:

“Sometimes, students wanted to buy ready-products. But, I said that we can use the
materials we have. Then, they started to observe their environment more carefully” (SH3T1-
Post).

“I asked students to use the materials they possess. I mean (materials like) pen cases, pen,
domestic wastes or something from recycle bins in their home” (SH3T1-Post)

On the other hand, unlike the other two teachers, SH2T1 bought materials from a store to
supply materials readily for students. The statements below might be examples for teachers’

different practical approaches in this manner:

“I tried to direct students to buy materials after they decided completely” (SHIT1-Post).
“Materials were bought by students, who reside close to the stores” (SH1T1-Post).

“...Besides, (we used) the materials I bought from the market such as LED lights, magnets...”

(SH2T1-Post).

The overall analysis of teachers’ practical approaches in the pre-production stage,
which were categorized under three themes, namely Practical Approaches in Preparing for
Exhibit Development Process, Practical Approaches in Finding an Exhibit ldea and
Practical Approaches in Planning of Exhibits, reveal that teachers took mostly common
practical approaches as well as different ones. One of the reasons behind the commonalities
in approaches might be the fact that teachers were guided along the exhibit development
process starting with a workshop and continuing with in-process CoL meetings. The
statements from a CoL meeting and a common practical approach of two teachers can be

given as example:
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“Choosing a theme is important like choosing a specific NP or a nanotechnology theme
such as AFM” (Project Coordinator in Col._Meeting#2).

“I asked students to pick a nanoparticle and decide which property of it they want to
model. We spent too much time for it” (SH3T1-Post).

“After SHISS explains her exhibit idea. SH1T1: It may be; but does it give any idea about
nanoparticles to visitors?” (SH1T1 in SH10O1-Textual Sum.)

On the other side, the differences in practical approaches in the pre-production stage might
stem from the changing experiences of teachers in guiding students through exhibit
development. For instance, SHIT1 and SH2T1, who have several experiences in exhibit
development with students, seem to collaborate more with colleagues or technical staff to
consult them in the exhibit planning phase compared to the teacher SH3T1, who had an only
experience, as seen in Table 7.17. Another reason of teachers’ varying practical approaches
in the pre-production stage might be changing facilities and opportunities of the school they
work. For instance, SH2T1, who works in a private school, has Technology and Design
Laboratory or Science Project Coordinator in their school; while the teachers SHIT1 and

SH3T1, who works in public school, don’t have such opportunities.

7.5.2. Practical Approaches of Teachers in Production Stage

7.5.2.1. Practical Approaches in Making of Exhibits. The first sub-theme in the production

stage consists of teachers’ practical approaches in building of exhibits by students based on
their exhibit design plans. The common practical approaches of teachers taken in this
direction are answering students' questions about making their exhibits, letting students to
decide for what to do by trial and error, revising the finished parts of the exhibits all together,
discussing with students on missing parts of their exhibits, not having hand work
contribution in exhibit making, but rather guiding students through asking questions and
giving feedback for exhibits on progress as seen in Table 7.18. The statements below can be

given as example for common approaches of teachers in making of exhibits:

“While students were developing their exhibits, I didn’t reveal my ideas too much. I
wanted them to have their own ideas. I mean, I didn’t interrupt. After they made their exhibits, I
asked them questions like “Could it be like this?”, “Could it be better in this way?”” (SHIT1-
Post).

“SH2T1: Will you put a separate brain (electrical component) in circuit? SH2S1: We
don’t need a separate brain (electrical component). I can do it by using only cables and keys”
(SH204 Textual Sum.).



Table 7.18. The practical approaches of teachers in the production stage of exhibit development process.

Theme

Sub-
theme

Type of Data Source

Participants

Practical Approaches

PRACTICAL APPROACHES IN PRODUCTION OF EXHIBITS

PRACTICAL APPROACHES
IN MAKING OF EXHIBITS

Interviews
Observations
Weekly Logs

Field Notes
CoL Meetings

Common

Answering students' questions about making their exhibits (SH1T1, SH2T1, SH3T1)
Letting students to decide for what to do by trial and error (SH1T1, SH2T1, SH3T1)
Revising the finished parts of the exhibits all together (SH1T1, SH2T1, SH3T1)
Discussing with students on missing parts of their exhibits (SH1T1, SH2T1, SH3T1)
Not having hand work contribution in exhibit making (SH1T1, SH2T1, SH3T1)
Guiding students in making exhibits through asking questions (SH1T1, SH2T1, SH3T1)
Giving feedback on exhibits on progress (SH1T1, SH2T1 SH3T1)

Directing students to develop a prototype of their exhibits (SHIT1, SH2T1)
Directing students to give feedback for each other's exhibits (SHI1T1, SH3T1)
Regarding each student for having role in production of exhibits (SH1T1, SH2T1)
Regarding safety while students work on exhibits (SH1T1, SH2T1)

SHIT1

Encouraging students to collaborate and help students in other groups

SH2T1

SH3T1

Suggesting students to be careful about the trustworthiness of the information on the Internet
Directing students to ask questions each other about exhibits to see their deficiencies
Asking students to record a video including the presentation of completed exhibits and share it with others

PRACTICAL APPROACHES IN
INTEGRATION OF RRI

Interviews
Observations
Weekly Logs

Field Notes
CoL Meetings

Common

Trying to motivate students for integration of RRI (SH1T1, SH2T1, SH3T1)

Trying to make students understand and internalize the RRI dimensions by explaining each dimension (SH1T1, SH2T1,
SH3T1)

Giving students some format idea about integration of RRI (SH1T1, SH2T1, SH3T1)

Giving students specific examples for integration of RRI (SH1T1, SH2T1, SH3T1)

Giving students question examples relating RRI and NST (SH1T1, SH2T1, SH3T1)

Discussing on possible ways of integrating RRI in each exhibits (SH1T1, SH2T1, SH3T1)

Taking suggestions from the project team for possible ways of RRI integration in exhibits (SH1T1, SH2T1, SH3T1)
Concentrating more on RRI after completing exhibit's design (SH1T1, SH2T1, SH3T1)

Discussing on RRI issues (SH1T1, SH3T1)

Suggesting students to make search about RRI on the web (SH1T1, SH3T1)

Asking students to regard RRI dimensions themselves while developing an exhibit (SH1T1, SH3T1)

Asking students to listen other groups' ideas to get idea about integration of RRI (SH1T1, SH3T1)

Providing students with extra reading materials about RRI (SH2T1, SH3T1)

Suggesting students to use their own words while integrating RRI (SH2T1, SH3T1)

SHIT1

Asking students to integrate some of the RRI dimensions instead of integrating all of them
Asking students find an integration way that directs visitors to make inferences about RRI dimensions by themselves




Table 7.18. The practical approaches of teachers in the production stage of exhibit development process. (cont.)

Theme tlsl:::;e Type of Data Source Participants Practical Approaches
&
@ SHTI Giving students brochures of the module to examine
5 § Opening some documents on board that can help students to write questions
53} ©n @A
B g 'f;: § | & bt Providing students with a reading material relating RRI and NST, and reading and discussing on it
» j < g 9 fd % E Suggesting students to revise the module activities to relate the RRI and NT
& 5 % = 8 = = S SH3TI Relating some RRI dimensions with the nano club periods
/M = E Asking students to print the materials they benefit from for "open access" and emphasizing the importance of showing
T @) fi
5 & references
S| & Asking students to share the sources they found with others so that they can benefit from them
=
o
Z - Playing the video, which includes examples of interactive exhibits, addressed in the module (SH1T1, SH2T1, SH3T1)
E = Common Informing students about what interactive exhibition is (SH1T1, SH2T1, SH3T1)
(:_)) 2w Taking suggestions from the project team about ways of making exhibits interactive (SH1T1, SH2T1, SH3T1)
O
a zmg v | @ &
8 8 T E Z .g :o;) 8 %0 Reminding students interactive exhibits in the science center
~ & e 2 % § o ;2 3 SHIT1 Asking students to share their experiences about interactive exhibit
Z j % 2l 8 3 % % E Asking students the advantages and disadvantages of the interactive exhibits
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ﬁ o SH3T1 Giving tips for making exhibits interactive
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= »n Taking support in technical aspects of exhibits (SH1T1, SH2T1)
< = Common . . . .
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(‘-g 8 Taking support from two students out of the nanoscience school club
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“SH3T1: You may attach capillary vessels to main vessel and put some questions on them
to get visitors making inquiry on this topic. Do you know what happens if NPs reaches to healthy
cells instead of cancer cells?” (SH303 Textual Sum.).

“Teacher asked SH3S6 what the missing part of his exhibit is. SH3S6 answered as “The
upper part of the wheel. I completed this part. Now I need to write information (on wheel).
Teacher asked whether he decided what to write. SH3S6 answered as “Information about
navigation property of gold nanoparticles”” (SH305_ Textual Sum.)

The practical approaches shown by at least two of the teachers in guiding students
along exhibit making are regarding each student for having role in production of exhibits,
directing students to develop a prototype of their exhibits, regarding safety while students
work on exhibits and directing students to give feedback for each other's exhibits. The

statement below can be given as examples:

“Teacher wants SH2S1 to connect motors to robot shell (bacteria model) and he suggests
him to try and see the motion” (SH204_Textual Sum.).

“First of all, I asked them not to harm themselves or others while making their exhibits”
(SHIT1-Post).

“They listened each other and made comments about the deficiencies of the exhibits”
(SH3T1-Post)
Besides the common approaches, teachers SHIT1 and SH3T1 had different practical
approaches in making of exhibits. For example, SHIT1 were encouraging students to
collaborate with other groups, especially when there is a need for technical support. The

statement below can be given as example for SH1T1’s such approach:

“Everybody searched on his/her task and then, did it. Meanwhile, they helped another
groups if they needed.” (SH1T1-Post).

On the other hand, the practical approaches of SH3T1, which are different from other two,
are suggesting students to be careful about the trustworthiness of the information on the
Internet, directing students to ask questions each other about exhibits to see their
deficiencies, and asking students to record a video including the presentation of completed

exhibits and share it with others. The statements in the below can be given as examples:

“Teacher asks at which website a student have searched from and emphasized the
importance of open access and trustworthiness of the information written in a website”
(SH303_Textual Sum.).

“I had told them to record a video about their exhibits and send it to me” (SH3T1-Post).
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“We will record a video after we make our exhibits” (SH3S3-WeeklyLog#2).

7.5.2.2. Practical Approaches in Integration of RRI. Integration of Responsible Research and

Innovation (RRI) in exhibits is another aspect of the exhibit development process in this
study. While guiding students through RRI integration, teachers took many common
practical approaches as well as the different ones. First of all, although teachers had
suggested students to regard RRI in their exhibits and made few discussions on it in the
phase of finding idea, they actually started to focus on it after students finished the making
of their exhibits. The statement of SHIT1 in a CoL meeting can be given as example of

teachers’ this practical approach:

“Students may integrate RRI more easily, after the models (exhibits) are developed. They
might think on it better after they touch it” (SHIT1 in CoL_Meeting#3).

The common practical approaches of teachers after concentrating on RRI integration are
trying to motivate students for integration of RRI, trying to make students understand and
internalize the RRI dimensions by explaining each dimension, giving students some format
idea about integration of RRI, giving students specific examples for integration of RRI,
giving students question examples relating RRI and NST, discussing on possible ways of
integrating RRI in each exhibits, and taking suggestions from the project team for possible
ways of RRI integration in exhibits. The statement below can be given as example for the

tips given by the project team for integration of RRI:

“For instance, the antibacterial effect of Ag NP. Integration of RRI is possible with
questions like “How to know about it, which addresses science education”, “Should it be shared
with public or not, which refers to open access”, “Should we use these products or not, which is
about engagement” or “who should decide this (its use), which points out governance™” (A
Science Education Expert in Col._Meeting#2).

The practical approaches shown by at least two teachers are discussing on RRI issues,
suggesting students to make search about RRI on the web, asking students to regard RRI
dimensions themselves while developing an exhibit, asking students to listen other groups'
ideas to get idea about integration of RRI, providing students with extra reading materials
about RRI, and suggesting students to use their own words while integrating RRI. The
statements below taken from varying data sources can be given as example of teachers’
common practical approaches in guiding students along the integration of RRI in their

exhibits:
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“Sometimes, students dwelled on RRI integration and said “We will integrate RRI, but
how? Is it really meaningful?” I tried to encourage them by telling that they can do it if they
really think on it and tried to support them by telling the idea came in to my mind” (SH1T1-Post)

“RRI came to the fore more at the final lesson (of the module). What did we do for it in
the following process? First, we tried to internalize it and then, we looked through its integration
in our models” (SH2T1-Post)

“I tried to make them think on RRI from the beginning. We discussed on it. I tried to carry
out them (making exhibit and RRI integration) together” (SH3T1-Post)

“I told students that they can regard the RRI themselves, while they develop their exhibits.
I asked them to be responsible” (SH3T1-Post)

“You seem so tired and actually seem like don’t have too much idea about RRI. Let’s
leave this part to next week; but please make an Internet search on it” (SH1O1_Textual Sum.)

“Teacher gave importance of politicians’ involvement in the process of doing science as
an example. She also exemplified the importance of public involvement in this process as a future
user of the products” (SH1IO1_Textual Sum.).

“Let’s let each group to explain their ideas. It was very beneficial for each group last
week. You can get idea about integration of RRI dimensions from the ideas coming from each
group” (SHITI in SH1IO2 Textual Sum.).

“Teacher asks: “Whether is the exhibit you develop beneficial for human being or not?
Are there any disadvantages of this exhibit in the long term?”” (SHIT1 in SH102_Textual Sum.)

“Teacher gave an example of True-False question: Do nano-products have impact on
environmental pollution? Teacher gave another example: “In what degree does it lead to
environmental pollution? For instance, presence of heavy metals in waste water”™”
(SH201_Textual Sum.).

“Teacher said “If you integrate the aspects we discussed on into your exhibits, visitors
may also see not only its one side, right?” Students shook their head to confirm”
(SH301_Textual Sum.).

“Teacher gave an example: “There was a product of a known brand, carpet/rug washing
machine. It was written on the box that the machine is powered with nanoparticles, but we
couldn’t see any explanation about it in the user manual. So, we may say there is no “open
access” in it” (SH301_Textual Sum.).

After reading a text about RRI, teacher said “You can decide what to write (on informing
cards) after reading such articles. You don’t need to write the same things but rather you need to
write sentences with your own words. It doesn’t have to be a sentence, actually. It can be a
slogan. It depends on your creativity” (SH3T1 in SH305 Textual Sum.).

“We brainstormed on RRI with students. We realized that we need to understand it more.
We planned to separate more time on Internet search about it” (SHIT1-WeeklyLog#1).

“We will try to integrate RRI dimensions as mini messages” (SH3T1 in CoL_Meeting#2).

Differently from the common practical approaches, SHIT1 had two separate
approaches while guiding students in RRI integration. For example, to familiarize the
students with RRI more, SHIT1 asked students find an integration way that directs visitors

to make inferences about RRI dimensions by themselves rather than explaining them
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directly. The statement below can be given as example of SHIT1’s practical approach in

this direction:

“A student from SH1GS5 thinks that they can explain RRI dimensions in a poster. Teacher
suggested that they can find an integration way that directs visitors to reach to conclusion
themselves and make them think on RRI dimensions” (SH102_FieldNote).

Besides, SH1T1 suggested students to integrate few of the RRI dimensions instead of all of
them after students struggled in integration of each RRI dimension in their exhibits. SHIT1

explains her approach as the following:

“Students had concerns about what if they can’t (integrate RRI). They were saying “We
are expected to integrate all RRI dimensions. We can show one or two; but how can we integrate
all?” I encouraged them for trying to integrate at least three of them” (SHI1T1-Post).

The difference in practical approaches of SH2T1 in RRI integration arouse in how he
provided students with reading materials about RRI, which is actually among the common
approaches. For helping students to write questions relating RRI and NST, SH2T1 gave
students brochures of the module and opened some documents on board. The statement from

textual summary of one of the school observations reflects SH2T1’s this approach:

Teacher opened some documents on smart board and asked SH2S2 to examine them to
form questions for nano quiz. Then, teacher said “We are expected to integrate RRI dimensions
in our questions to give messages to visitors” (SH2T1 in SH206 Textual Sum.).

On the other side, teacher SH3T1 used a different strategy while providing students
with extra reading materials. A section from textual summary of one of the school

observation shows how her approach differs from SH2T1’s:

“Teacher said that she found when she searched on the Internet about RRI and she printed
it to show it as an example. They started to reading it. Each part was read by a different student.
The text includes the ethical aspects of some possible disadvantages of using nanoparticles in
health sector, references for multiple sources, which teacher relates with “open access”
dimension of RRI, the date this text was updated, possible ecological effects of nanoparticles
and their impact on human health, and current regulations about use of nanoparticles. Teacher
related last two of them with “engagement” and “governance” dimensions of RRI. Text also
mentions about some applications of nanotechnology in medicine. Teacher relates these
applications with themes of students’ exhibits” (SH30O5 Textual Sum.).

Other original practical approaches of SH3T1 in RRI integration are suggesting students to

revise the module activities to relate the RRI and NST, relating some RRI dimensions with
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the nano school club periods, asking students to print the materials they benefit from for
"open access" and emphasizing the importance of showing references, and asking students

to share the sources they found with others so that they can benefit from them.

The analysis of teachers’ practical approaches through students’ integration of RRI in
their exhibits reveals many common approaches besides the peculiar ones. Nevertheless,
there is no common practical approach shown only by SHIT1 and SH2T1, who have
multiple experience in exhibit development with students. Interestingly, SH3T1, who had
only one experience in guiding students along exhibit development, took the higher number
of different practical approaches in RRI integration compared to two others. This situation
might stem from the fact that guiding students about RRI was a brand new experience for
all of the teachers and therefore, their experience in exhibit development with students didn’t
make a difference at all. In addition, some reasons for SH3T1 to have more varying number
of practical approaches in RRI integration might be her particular interest in such topics or
the fact that struggle her students have in integrating RRI in their exhibits, which is discussed

in Section 7.8.1, might be led her to take more action in this sense.

7.5.2.3. Practical Approaches in Making Exhibits Interactive. Another facet of guiding

students along the exhibit development process in this study is that directing them through
making of their exhibits interactive. The analysis of varying data sources reveals that
practical approaches of teachers with this purpose vary depending on how much they
followed the “Week-1" section of the module worksheet (See Appendix A). For example,
the first common practical approach is playing the video, which includes examples of
interactive exhibits, addressed in the module. The statement of SH2T1 can be given as

example for this approach:

“Our exhibits will not be as professional as the ones in the video we watched; but we will
make an interactive modelling” (SH2T1 in CoL._Meeting#2).

Another common practical approach in guiding students about interactive exhibits is taking
suggestions from the project team about ways of making exhibits interactive. The tips given

below by the project coordinator in a CoL meeting can be given as example:
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“If the presentation of student be shorter, it could be better. Not keeping the students’
telling long is better. Visitor should be in interaction. If somebody tells about the poster, the
amount of interaction decreases. It could be in the form of treasure hunt game. Visitors may
examine or search for something in the poster; then, s/he may answer questions” (The Project
Coordinator in CoL._Meeting#2).

The last common approach is informing students about what interactive exhibition is.
However, teachers’ way of informing varies. For instance, the teachers SH2T1 and SH3T1
informed students by describing what interactive exhibition is. In addition, SH3T1 gave
students some tips for making an exhibit interactive. The statement below is an example of

her practical approach in this manner:

“Visitors should be able to observe or interact with each step of work done in your exhibits
as you did while developing your exhibit. For example, visitors may push a button, turn the wheel
and see the card, s/he will have initiative to open the card or not. Interactive means visitors be
able to make it (the exhibits’ functioning) together with you. So your exhibits should be three
dimensional” (SH3T1 in SH301_Textual Sum.).

On the other hand, SHIT1 began with reminding students the exhibits they saw in the field
trip to the ITU Science Center. Then, she followed the module worksheet step by step and
asked students to share their experiences about interactive exhibit and asked them the
advantages and disadvantages of interactive exhibits. The following statements taken from

varying data sources can be given as example for SHI1T1’s different practical approaches:

“We got idea what an interactive exhibit is while we visited ITU Science Center and some
of you had visited an interactive exhibition before” (SH101_Textual Sum.).

“Students were talking about their experiences in interactive exhibitions. Then, they
shared their experiences with class” (SH1O1_FieldNote).

“SH1S4 says “I hadn’t gone to an interactive exhibition before our visit in ITU Science
Center”. Teacher asks “What were you expecting an interactive exhibit to be by just inferring
from its name?” SH1S4 answers as “While the owner of exhibit informs the visitor, somehow,
visitor can also involve in this process”” (SH1O1_Textual Sum.).

The analysis of practical approaches of teachers in making exhibits interactive shows
that the number of approaches are quite lower than the number of practical approaches
shown in RRI integration as seen in Table 7.18. The reason behind it might be the fact that
making exhibits interactive was an easier task for the participants compared to integrating

RRI in their exhibits, which is discussed in the Section 7.7.1 and the Section 7.8.1.
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7.5.2.4. Getting Support in Production of Exhibits. The final sub-theme identified under the

analysis of teachers’ practical approaches in the production of exhibits reveals why, how and
from who the teachers SH1T1 and SH2T1 got support in this phase. The first common
approach of these teachers are taking support in technical aspects of exhibits. While the
teacher SHIT1 consulted to the technician of the school, SH2T1 took support from the
Science Project Coordinator (SPC), and Technology and Design teacher in the school during
the development of exhibits. The statements below from varying data sources are some

examples for teachers’ getting support:

“Students assembled the materials, but then we realized that it leaks water and the
adhesive was dissolving in water. The technician of the school asked what we were doing. After
we explained him, he told us “There is an aquarium adhesive and we can use it” (SH1T1-Post).

“We consulted the SPC. He has expertise in robotics” (SH2T1-Post).

“We will consult SPC one more time. After he explains how to do the electric circuit and
shows us an example you can do it” (SH2T1 in SH204_Textual Sum).

“SPC checked students’ electric circuit connections” (SH206_Textual Sum.).

The second common practical approach of SH1T1 and SH2T1 in getting support is creating
opportunities for contribution of students out of the nanoscience club. The following

statements exemplify this approach of teachers:

“We took support from students, who are in the engineering club of the school, when we
needed to dig hole on a water pump and while doing the electric circuits” (SH1T1-Post)

“There was a student, who gave us support in the project when he was finding time after
his school club. He has a good background in electronics” (SH2T1-Post)

“There are two students, who the researcher has never seen in the nano school club periods
before. One of them asked SH2S1and another student if they need any help. Then, they all
worked on electric circuits” (SH205 Textual Sum.)

On the other side, the teacher SH3T1 didn’t get in-school support in guiding students
in the production of exhibits. The reason might be the fact that it was her first year in this
public school and therefore she may not know her colleagues or the other staff like
technicians working in the school very well. Besides, unlike the private schools like SH2T1
works in, the public schools don’t have staff, who are experts in science projects, robotics
or 3-d printers. The analysis shows that this is an important factor affecting teachers’

practical approaches while getting support.
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7.5.3. Some Practical Approaches of Teachers in The Overall Process of Exhibit

Development

7.5.3.1. Practical Approaches for Motivating Students. The first sub-theme identified under

the category of managing the overall process of exhibit development is about teachers’
practical approaches for motivating students through the process. The codes fit in this sub-
theme come from four different data sources as seen in Table 7.19. The common practical
approaches taken in this manner are mentioning about having a chance of participation in
final exhibition of the project, which is in another country, and suggesting students to
develop their exhibit as soon as possible so that they can see the missing parts and have time
to fix them before the exhibition. Besides, the practical approaches shown by at least two of
teachers are emphasizing students that the responsibility of developing an exhibit belongs to
them, pointing out the strong sides of the exhibits to encourage students to improve the weak
sides, underlying that the exhibit development is a team work for motiving students to fulfil
their in-group tasks on time, and directing student to work on the deficiencies of the exhibits
all together for encouraging inter-groups collaboration. The statements below can be given

as example for teachers’ common practical approaches for motivating students:

“I told students that the exhibits belong them, not me and said “You can develop your
exhibits as you want or model whatever you wish”. (SH1T1-Post)

“Please start to develop your exhibit as soon as possible so that you can see the parts not
working. It doesn’t need to be perfect. Later you can improve it” (SH3T1 in SH302 Textaul
Sum.)

“Students want to develop exhibits that can be chosen for the final exhibition” (SHIT1 in
CoL_Meeting#2).

Differently from other two teachers, the teacher SHITI taken some practical
approaches for motivating students against their initial concerns about ranking in the
exhibition. To motivate students having such apprehension, first, teacher told students that
it isn't an obligation and then, she reminded that their aim is sharing what they've learned
(about NST) with visitors and giving them an insight about NST. Apart from the common
approaches for motivating students through the production of exhibits, SHI1T1 used
informing students about the schools, which had finished their exhibit development as a
motive for students to work harder on their exhibits. The following statement can be given

as example for SHIT1’s peculiar motivational practical approaches:



Table 7.19. The practical approaches of teachers in the overall process of exhibit development.

Theme

Sub-
theme

Type of Data Source

Participants

Practical Approaches

PRACTICAL APPROACHES IN THE OVERALL PROCESS

PRACTICAL APPROACHES FOR MOTIVATING STUDENTS

Interviews

Observations

Weekly Logs

Field Notes

CoL Meetings

Common

Mentioning about having a chance of participation in final exhibition of the project (SH1T1, SH2T1, SH3T1)
Suggesting students to develop their exhibit as soon as possible so that they can see the missing parts and have time to
fix them before the exhibition (SH1T1, SH2T1, SH3T1)

Emphasizing students that the responsibility of developing an exhibit belongs to them (SH1T1, SH3T1)

Pointing out the strong sides of the exhibits to encourage students to improve the weak sides (SH1T1, SH3T1)
Underlying that the exhibit development is a team work for motiving students to fulfil their in-group tasks on time
(SHITI, SH3T1)

Directing student to work on the deficiencies of the exhibits all together for encouraging inter-groups collaboration
(SHITI1, SH3T1)

SHIT1

For motivating students against their concerns about ranking in the exhibition:

- Telling students that it isn't an obligation

- Reminding that their aim is sharing what they've learned (about NST) with visitors and giving them an insight about
NST

Informing students about the schools, which has finished their exhibit development to motive students to work harder on
their exhibits.

SH2T1

SH3T1

Encouraging students for exhibit development by emphasizing that they can improve their exhibits in time once they
start to develop it.

For motivating students, who don't want to involve in exhibit development process:

- Encouraging students to try to find an exhibit idea

- Asking other students to support them in finding an exhibit idea

- Suggesting to develop a poster

- Directing them to make an Internet search

- Telling that they can work on missing parts later on

Asking students to share their progress in exhibit development through the nano school club group in a messenger app
Encouraging students to ask questions each other for realizing the missing parts of their exhibits by reminding that
visitors in the exhibition may ask similar questions

Suggesting students to make a presentation in classes before the exhibition for encouraging them for the exhibition
Reminding students that sharing their exhibits is a kind of social responsibility to motive students for the exhibition




Table 7.19. The practical approaches of teachers in the overall process of exhibit development. (cont.)

Theme

Sub-
theme

Type of Data Source

Participants

Practical Approaches

PRACTICAL APPROACHES IN THE OVERALL PROCESS

ROLE OF THE TEACHER

Interviews
Observations
Weekly Logs

Field Notes
CoL Meetings

Common

GUIDING

Trying to make students to come up with their own ideas by directing them through questions and avoiding to state their
own opinions directly (SH1T1, SH2T1, SH3T1)

COORDINATING

Having coordinating/ organizing role in the process (SH1T1, SH2T1, SH3T1)

Creating sources and opportunities (SH1T1, SH2T1)

MOTIVATING

Motivating and encouraging (SH1T1, SH2T1, SH3T1)

SUPERVISING

Answering students' questions (SH1T1, SH2T1, SH3T1)

Supporting students in their struggles in the process (SH1T1, SH2T1, SH3T1)

Following and checking students' progress to try to prevent any inconvenience (SH1T1, SH2T1, SH3T1)

SHIT1

SH2T1

SH3T1

ACCOMPANYING

Having an accompanying role in the process (SH3T1)

GUIDING

Having a more passive role compared to traditional education (SH3T1)

ORGANIZATIONAL APPROACHES

Interviews
Field Notes

Observations
Weekly Logs
CoL Meetings

Common

GROUP FORMATION

Leaving the group formation to students (SH1T1, SH2T1)

Making directions about group formation in some cases (SH1T1, SH2T1)

TASK SHARING

Leaving task sharing to students (SH1T1, SH3T1)

TIME MANAGEMENT

Leaving to decide times for working on exhibits to students (SH1T1, SH3T1)

Working on exhibits at the nano school club period (SH1T1, SH2T1)

Suggesting students to work also at after school hours for exhibit development (SH1T1, SH2T1, SH3T1)
Suggesting students to work on exhibit development at lunch breaks (SH1T1, SH2T1)

Accompanying students, while they work on their exhibits in school after school hours (SH1T1, SH2T1)
Guiding students in overall time management (SH1T1, SH2T1, SH3T1)

WORKING PLACE

Creating opportunity for students to work for exhibit development in the science laboratory of the school (SH1T1,
SH2T1)

FORMAL PROCEDURES

Providing communication between school administration and students (SH1T1, SH2T1, SH3T1)
Providing communication between the project team and students (SH1T1, SH2T1, SH3T1)




Table 7.19. The practical approaches of teachers in the overall process of exhibit development. (cont.)

Theme tlsl:::;e Type of Data Source Participants Practical Approaches
SHITI TIME MANAGEMENT:
Taking students from some school courses to create extra time for working on exhibits (SH1T1)
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] Directing students not to form groups but instead working all together (SH2T1)
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“I tried to relieve students (of their concerns) about selection of their products. I told them
“It isn't an obligation. Our aim is sharing what we’ve learned (about NST) with visitors™”
(SHIT1-Post)

On the other side, some students of SH3T1 were worried about participating in the
exhibit development and therefore, she took some practical approaches for motivating
students for this process. Encouraging students to try to find an exhibit idea, asking other
students to support them in finding an exhibit idea, suggesting to develop a poster, which is
a simpler exhibit format compared to models, directing them to make an Internet search, and
emphasizing that they can improve their exhibits and work on missing parts in time once
they start to develop it are the practical approaches of SH3T1 taken with this purpose. SH3T1
also have other different approaches such as asking students to share their progress in exhibit
development through the nano school club group in a messenger app to make students see
each other’s work and got encouraged for exhibit making, encouraging students to ask
questions each other for realizing the missing parts of their exhibits by reminding that
visitors in the exhibition may ask similar questions, suggesting students to make a
presentation in classes before the exhibition for encouraging them for the exhibition and
reminding students that sharing their exhibits is a kind of social responsibility to motive
students for the exhibition. The following statement is an example for SH3T1’s different

motivational practical approaches:

“Teacher tries to motivate a student, who doesn’t want to involve in exhibit development
process, for making an exhibit. Teacher suggested her to pick a nanoparticle and a property of it
for finding an exhibit idea. Teacher asked all students to think an exhibit idea for her. Then,
teacher suggested her to prepare a poster” (SH302_ Textual Sum.).

7.5.3.2. Role of the Teacher. The second sub-theme defined under managing the overall

process of exhibit development is about role of teachers, which includes both teachers’ own
opinions about their roles and the researchers’ perspective depending on the school
observations. The common roles, which at least two teachers had in the process, are collected
under four categories, namely guiding, coordinating, motivating and supervising as seen in
Table 7.19. Teachers guided students by trying to make students to come up with their own
ideas by directing them through questions and avoiding to state their own opinions directly.
They also had a coordinating role, which is described in detail in the following section.
Besides, they also addressed their aforementioned motivating and encouraging role while

describing their roles in the process. Finally, teacher described their supervising role by



149

referring following and checking students' progress to try to prevent any inconvenience,
answering students' questions and supporting students in their struggles in the process. The
following statements can be given as examples for teachers’ role in exhibit development

Process:

“I tried to guide students in the process. When I saw a deficiency of an exhibit I asked
them questions like “Can you add something else about it?” or “How can you make it more
durable?” rather than giving directives like “This part is missing” or “Change this part™”
(SHIT1-Post)

“I was coordinator, material supplier and a supervisor. I was creating sources and
opportunities, and meeting them with sources. Otherwise, I didn’t mount any part of the exhibits”
(SH2T1-Post)

“Teacher is following students’ progress in exhibit development by asking each student
at which step s/he is” (SH301_Textaul Sum.).

Apart from the common approaches, the teacher SH3T1 described two other
aspects of her role in the exhibit development process. She explained these aspects as

the following:

“I tried to reach students as a partner” (SH3T1-Post).
“In my eyes, [ was trying to be an accompanist. I didn’t want to be a director” (SH3T1-Post).

7.5.3.3. Organizational Approaches. The last sub-theme identified under the category of

managing the overall process of exhibit development consists of teachers’ organizational
approaches in this procedure. The organizational approaches of teachers were classified
under five categories, which are group formation, task sharing, time management, working
place and formal procedures. Teachers have common organizational approaches as well as
different ones. Firstly, in group formation, the teacher SH2T1 directed students not to form
groups but instead working all together for each exhibit, however the teachers SHIT1 and
SH3T]1 left it to students and just interfere in some particular cases such as bringing students,
who have similar or complimentary exhibit ideas, together and separating too crowded
groups. Secondly, the teacher SH2T1 made task sharing by regarding students' background,
skills as well as their request, while the other teachers left task sharing to students. Thirdly,
teachers guided students in time management, especially for having control on the time
separated for varying phases of exhibit development. On the other hand, teachers’ guidance
in this manner differ from each other’s. For instance, the teacher SH2T1 determined the

times for working on exhibits by regarding students’ free times, while the other teachers left
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it to students. Besides, the teachers SH1T1 and SH2T1 directed students to develop their
exhibits mostly in the Nano school club periods, however, SH3T1 directed students to work
in their free times at the weekend mainly because the school had no particular time for school
club periods. In addition, for creating extra time for students’ making their exhibits, SHI1T1
and SH2T1 suggested students to work after school hours and at lunch breaks. In some cases,
the teacher SHIT1 took students from some school courses because of limited time.
Fourthly, the teachers SHIT1 and SH2T1 created opportunities for students to work for
exhibit development in the science laboratory of the school, while the SH3T1 suggested
students to work at their homes. Final facet of organizational approaches is the formal
procedures. Teachers provided the communication between school administration and
students and also the communication between the project team and students. Apart from
other two, the SH2T1 also provided the communication between the science project

coordinator, technology and design teacher, and students.

The overall analysis of teachers’ organizational approaches shows that the teacher
SH2T1 used more initiative in group formation, task sharing and time management, while
other two gave more responsibility to students in these manners. Furthermore, the analysis
also reveals that teachers’ organizational approaches vary depending on the facilities of the
school like in the case of SH3T1, who doesn’t have an official weekly school club period. It
led her to organize students out of the school for exhibit development, which was a challenge

for her as it is discussed in Section 7.7.1.

7.5.4. Practical Approaches of Teachers in The Exhibition

The final stage, in which the teachers’ practical approaches are addressed, is the
exhibition. The practical approaches in this phase base on teachers’ descriptions as well as
the researcher’s observation as seen in Table 7.20. The first common practical approach is
being available at their school’s section in the exhibition area for visitors as well as for their
students. The second practical approach taken by two teachers, is evaluating their own

students' exhibits after seeing other students' exhibits as they described it as the following:

“After we saw the other exhibits in the exhibition, we made comments like “We have
misunderstood this” or “We could do this part like this”” (SH1T1-Post)
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“After I visited other exhibits in the exhibition, I reflected on the exhibitions. I thought
like “We could do this part like this” or “This aspect of the exhibit is not very good. It could be
done in another way”” (SH3T1-Post)

Table 7.20. The practical approaches of teachers in the exhibition.

Theme Sub- Type of Data Source Participants Practical Approaches

theme

Evaluating their own students' exhibits after seeing
other students' exhibits (SH1T1, SH3T1)

Common Being available at their schools’ section in the
exhibition area for visitors as well as for their
students (SH1T1, SH2T1, SH3T1)

Listening other teachers' experiences in the process
and trying to benefit from them (SH1T1)
Encouraging students to evaluate their own exhibits
SHITI after seeing other exhibits (SH1T1)

- RRI integration

- Interactivity

- Covering the theme

SH2T1 -

Contributing to students' presentation of their
exhibits in the first day of the exhibition

SH3T1 Explaining the contribution for guiding students
Letting students to have full control in their
presentations in the second day of exhibition

Field Notes

Weekly Logs
CoL Meetings

Observations

PRACTICAL APPROACHES IN THE
EXHIBITION
Interviews

Apart from the common practical approaches in the exhibition, the teacher SH1T1 had
two different approaches. The first one is listening other teachers' experiences in the process

and trying to benefit from them. The teacher SH1T1describes it as the following:

“Apart from that, it was also nice to be with other colleagues, to see their (students’)
products, to listen their experiences and to compare them with ours” (SH1T1-Post).

The other one is encouraging students to evaluate their own exhibits after seeing other

exhibits in terms of varying characteristics such as RRI integration and way of interaction.

Differently from the other two, the teacher SH3T1 had few additional practical
approaches in the exhibition. The first two were peculiar to the first day of the exhibition
and is about teacher’s involvement in students’ presentations, while the last one is about
letting students to have full control in their presentations in the next day. Teacher SH3T1

describes this transformation in her practical approaches as the following:

“For example, sometimes students delayed the interaction. In such cases, I interfered in
their presentation. They also learned from this. T explained them why I involved in their
presentation. It was the case in the first day (of the exhibition). I didn’t intervene in the second
day” (SH3T1-Post)
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7.6. Practical Approaches of Students in the Exhibit Development and Exhibition

Processes

Exploring the practical approaches of student participants in the exhibit development
and exhibition processes is another scope of this study, which is examined under RQS5. For
the RQS5, varying data sources were analyzed including, interviews, school observations,
weekly logs and field notes. As a result of this analysis, similar to the practical approaches
of teachers, students’ practical approaches were classified under four categories regarding
the stages in the exhibit development and exhibition processes: (i) Practical Approaches in
Pre-Production Stage, (ii) Practical Approaches in Production Stage, (iii) Practical
Approaches in Managing the Overall Process, and (iv) Practical Approaches in Exhibition
Stage. These four stages comprise of 5 themes and 10 sub-themes, which are named
accordingly with the practical approaches at a certain stage of exhibit development or at a

specific task, as presented, explained and exemplified with quotations in Table 7.21.

The first category, which is “Practical Approaches in Pre-Production Stage”, consists
of two themes and two sub-themes: 1. Practical Approaches in Finding an Exhibit Idea, 2.
Practical Approaches in Planning of Exhibits with the sub-themes 2a. Practical Approaches
in Planning of Exhibit Designs and 2b. Practical Approaches in Planning of Materials.
Second category is “Practical Approaches in Production Stage”, which includes the third
theme Practical Approaches in Production of Exhibits and four relating sub-themes: 3a.
Practical Approaches in Making of Exhibits, 3b. Practical Approaches in Integration of RRI,
3c. Practical Approaches in Making Exhibits Interactive, and 3d. Getting Support in
Production of Exhibits. The third category, which is “Practical Approaches in the Overall
Process”, comprises of the fourth theme, namely Practical Approaches in Managing the
Overall Process, and two sub-themes: 4a. Role of Students and 4b. Organizational
Approaches. Final category is about practical approaches in exhibition stage and it involves
the fifth theme, which is Exhibition-Related Practical Approaches, and two corresponding
sub-themes: 5a. Practical Approaches in Preparing for the Exhibition and 5b. Practical

Approaches in The Exhibition.

The practical approaches under each theme and sub-theme are reported in the

following sections examined under each of the four categories. Different practical



Table 7.21. Themes and sub-themes identified for the practical approaches of students.

Themes and Sub-themes

Explanation

Example

PRACTICAL APPROACHES IN

PRE-PRODUCTION STAGE

. Practical Approaches in Finding an Exhibit Idea

Practical approaches of students in
gathering an exhibit idea.

Trying to find an exhibit idea, which they can
reflect disadvantages as well as advantages of
NST (SH1, SH3)

Revising the exhibit ideas based on feedbacks
(SH1, SH2, SH3)

. Practical Approaches in Planning

2a. Practical Approaches in Planning of Exhibit Designs

2b. Practical Approaches in Planning of Materials

Practical approaches of students in
exhibit planning.

Practical approaches of students in
planning of their exhibit designs.

Practical approaches of students in

planning materials of their exhibits.

Avoiding to use ready products (SH1, SH3)

Making trial and error with alternative materials
(SH1, SH2, SH3)

PRACTICAL APPROACHES IN PRODUCTION

STAGE

. Practical Approaches in Production of Exhibits

3a. Practical Approaches in Making of Exhibits

3b. Practical Approaches in Integration of RRI

3c. Practical Approaches in Making Exhibits Interactive

Practical approaches of students in
production stage.

Practical approaches of students in
exhibit making.

Practical approaches of students in
integrating RRI in their exhibits.

Practical approaches of students in
making their exhibit interactive.

Developing a prototype of the exhibit (SH1, SH2)

Benefitting from what is learned in school science
lessons (SH1, SH3)

Trying to prepare questions integrating RRI with
respect to NST (SH1, SH2, SH3)

Revising the module materials for integrating RRI
(SH2, SH3)

Providing visitors an opportunity to make a
change on exhibit (SH1, SH3)

Providing visitors a feedback mechanism for
checking correctness of their answers (SH1, SH2)




Table 7.21. Themes and sub-themes identified for the practical approaches of students. (cont.)

Themes and Sub-themes

Explanation

Example

3d. Getting Support in Production of Exhibits

Practical approaches of students in
getting support for the production of
exhibits.

Getting support for technical issues (SH1, SH2,
SH3)

Consulting the project team (SH1,SH2, SH3)

PRACTICAL APPROACHES
IN MANAGING THE
OVERALL PROCESS

4.Practical Approaches in Managing the Overall Process of

Exhibit Development:

4a. Role of Student

4b. Organizational Approaches

Practical approaches of students in
overall process management.

Practical approaches reflecting the role of
students along the exhibit development.

Organizational approaches of students in
the exhibit development process.

Solving problems (SH1)

Having the same contribution with other group
members in all stages of the exhibit development
(SH3)

Working on exhibits at lunch breaks (SH1, SH2)

Doing task sharing all together in group (SHI,
SH3)

PRACTICAL APPROACHES IN
EXHIBITION STAGE

5. Exhibition-Related Practical Approaches

Sa. Practical Approaches in Preparing for the Exhibition

5b. Practical Approaches in the Exhibition

Practical approaches of students in
preparation for the exhibition event and
in the exhibition.

Practical approaches of students in
preparation for the exhibition
presentation.

Practical approaches of students in the
exhibition

Making rehearsal for presentation (SH1, SH2,
SH3)

Checking the correctness of presented
information about NST

Examining the other exhibits in the exhibition
(SH1, SH2, SH3)

Working on the deficiencies of the exhibit (SH1)
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approaches of students are identified as well as their common practical approaches through
the analysis of varying data sources aforementioned. The common and different approaches

are presented in school base.

7.6.1. Practical Approaches of Students in Pre-Production Stage

7.6.1.1. Practical Approaches in Finding an Exhibit Idea. The first theme in the pre-

production stage is about students’ practical approaches in finding an exhibit idea. Most of
the approaches are common among students, but there are also different practical approaches
as seen in Table 7.22. The common practical approaches of students taken with this purpose
start with revising what is learned in the field trip to the university laboratories, revising the
module topics and materials, picking a nanoparticle and its specific property as an exhibit
theme, thinking on simple exhibit ideas, improving the exhibit idea based on a simple idea,
thinking on exhibit idea individually, then making in-group ad inter-group brainstorming
and making an Internet search about nano-exhibits and different nanoparticles. After some
exhibit ideas have started to emerge, the common practical approaches shown by students
are making a list of exhibit ideas; choosing among them by regarding the difficulty level of
practicability, limited time, possible profile of visitors, originality of the exhibit idea and
visitors' learning; trying to find an exhibit idea, which they can integrate RRI and NST,
which they can reflect disadvantages as well as advantages of NST and which can direct
visitors to critical thinking; trying to find a catchy and interesting exhibit idea, which can
raise visitors' curiosity; and merging similar ideas. Finally, the common approaches after the
exhibit ideas were formed to a certain extend are consulting their teachers about the exhibit
idea, giving feedback to each other's exhibit idea and revising the exhibit ideas based on
feedbacks. The statements taken from varying data sources can be given as example for

common practical approaches in this stage of exhibit development:

“Two groups having similar exhibit idea have merged their ideas” (SH101 _ FieldNote).

“They revised what they learned from the module topics for finding an exhibit idea”
(SH201_FieldNote)

“They are examining the web site nisenet.org” (SH201_FieldNote)

“We realized the missing parts of our exhibit idea with the help of the teacher and other
club mates” (SH3S2-WeeklyLog#1)



Table 7.22. The practical approaches of students in the pre-production stage of exhibit development process.

Theme

Sub-
theme

Type of Data
Source

Participants

Practical Approaches

PRACTICAL APPROACHES IN FINDING EXHIBIT IDEA

Interviews

Observations
Weekly Logs

Field Notes

Common

IN THE BEGINNING OF EXHIBIT IDEA FINDING:

Revising what is learned in the field trip to the university laboratories (SH1, SH2, SH3)
Revising the module topics and materials (SH1, SH2, SH3)

Picking a nanoparticle and its specific property as an exhibit theme (SH1, SH2, SH3)
Starting with thinking on simple exhibit ideas (SH1, SH2, SH3)

Improving the exhibit idea based on a simple idea (SH1, SH2, SH3)

Starting to think on exhibit idea individually (SH1, SH3)

Making in-group brainstorming (SH1, SH2, SH3)

Making inter-group brainstorming (SH1, SH3)

Making an Internet search (SH1, SH2, SH3)

- Searching about nano-exhibits

- Searching about usage area of different nanoparticles

- Searching about the NST theme of the exhibit

AFTER SOME EXHIBIT IDEAS STARTED TO EMERGE:

Making a list of exhibit ideas (SH1, SH2)

Regarding the difficulty level of practicability (SH1, SH2, SH3)

Regarding limited time (SH1, SH2, SH3)

Regarding possible profile of visitors (SH1, SH2)

Regarding visitors' learning (SH1, SH2, SH3)

Regarding the originality of the exhibit idea (SH1, SH2)

Trying to find an exhibit idea, which they can integrate RRI and NST (SH1, SH3)
Trying to find an exhibit idea, which they can reflect disadvantages as well as advantages of NST (SH1, SH3)
Trying to find an exhibit idea, which can direct visitors to critical thinking (SH1, SH3)
Trying to find a catchy and interesting exhibit idea, which can raise visitors' curiosity (SH1, SH2, SH3)
Merging similar ideas (SH1, SH3)

AFTER THE EXHIBIT IDEAS WERE FORMED TO A CERTAIN EXTEND:

Consulting their teachers about the exhibit idea (SH1, SH2, SH3)

Giving feedback to each other's exhibit idea (SH1, SH3)

Revising the exhibit ideas based on feedbacks (SH1, SH2, SH3)

SH1

Revising the key features of NST
Revising current applications of NST
Consulting acquaintances about the exhibit idea

SH2

Relating what is seen on the website with the module activities and topics

SH3

Benefitting from what is learned in school science lessons

Trying to find an exhibit idea, which they can find a solution for a daily-life problem with NST
Listening other school students' exhibit ideas

Developing the idea given by teacher




Table 7.22. The practical approaches of students in the pre-production stage of exhibit development process. (cont.)

Theme

Sub-
theme

Type of Data
Source

Participants

Practical Approaches

PRACTICAL APPROACHES IN PLANNING OF EXHIBITS

PRACTICAL APPROACHES IN PLANNING EXHIBIT DESIGN

Interviews

Observations
Weekly Logs

Field Notes

Common

IN THE BEGINNING OF PLANNING EXHIBIT DESIGN:

Making in-group discussions (SH1, SH2, SH3)

Preferring simpler exhibit designs (SH1, SH2, SH3)

Focusing on modelling a phenomenon (SH1, SH2, SH3)

Regarding the practicability of the exhibit design plan (SH1, SH2, SH3)

Regarding the limited time (SH1, SH2, SH3)

Regarding the durability and sustainability of the exhibit's mechanism (SH1, SH2, SH3)

Regarding visual aesthetics of exhibit design to be interesting (SH1, SH2, SH3)

Regarding standards and scientific principles (SH1, SH2)

AFTER SOME EXHIBIT DESIGN PLANS STARTED TO EMERGE:

Planning a modular exhibit design (SH1, SH3)

Avoiding to use ready products (SH1, SH3)

Examining some examples of previous students' projects (SH1, SH2)

Making an Internet search to decide exhibit mechanism (SH1, SH3)

Preferring an exhibit format that they can integrate RRI (SH1, SH3)

Preferring an exhibit format that reinforce visitors' learning (SH1, SH2, SH3)

Including interactive elements in exhibits (SH1, SH2, SH3)

Paying attention to reflect the NST theme of exhibit good (SH1, SH3)

Trying to make exhibit independent of the exhibit owner and doesn't need control of him/her (SH1, SH2)
GIVING THE FINAL FORM OF THE EXHIBIT DESIGN PLAN:

Explaining the exhibit design ideas others by drawing it on board (SH1, SH2, SH3)

Consulting the teachers about the exhibit design plan (SH1, SH2, SH3)

Consulting the project team about the exhibit design plan (SH1, SH2, SH3)

Giving feedback for other's exhibit design plans and taking feedback from them for own design plan (SH1, SH3)
Revising the exhibit design plans based on feedbacks of other groups, teachers and the project team (SH1, SH2, SH3)
Revising the exhibit design plans based on materials available (SH1, SH3)

Developing prototypes for testing some parts of exhibit design (SH1, SH2)

Revising the exhibit design plan based on how prototype functions (SH1, SH2)

Determining the deficiencies of the exhibit design plans and revising it accordingly (SH1, SH2, SH3)

SH1

Revising the exhibits seen in the science center and regarding the exhibit design's suitability for a science center
Regarding the competencies and skills of group members and the cost of the exhibit design
Making multiple exhibit design plans for the same idea and then choosing one among them

SH2

Preferring to design models that can move itself
Consulting SPC, and Technology and Design teacher about exhibit design plan
Inspiring from the web 2.0 tools used in the module activities

SH3

Inspiring from a game seen in a TV show
Consulting acquaintances about the exhibit design plan




Table 7.22. The practical approaches of students in the pre-production stage of exhibit development process. (cont.)

Sub- Type of Data - .
Theme theme Source Participants Practical Approaches
Making in-group discussions (SH1, SH2, SH3)
Regarding the ease of accessibility to materials (SH1, SH2, SH3)
Determining materials under guidance of teachers (SH1, SH2, SH3)
Consulting technical staff or science project coordinator in school (SH1, SH2)
Z i Planning to benefit from electronic components such as LED lights and circuit components (SH1, SH2)
@ < Planning to use basic stationary materials such as glue, cardboard and scissors (SH1, SH2, SH3)
T % Common Planning to use laboratory materials such as magnets, beakers, iron beads and droppers (SH1, SH2, SH3)
5 = Planning to benefit from daily life materials such as ping pong ball and comb (SH1, SH3)
% <§C Making trial and error with alternative materials (SH1, SH2, SH3)
o &) Revising material list after testing alternative materials (SH1, SH2, SH3)
Z Z Supplying materials from varying stores (SH1, SH3)
% % Getting help from teacher for material supply (SH2, SH3)
< ﬂ " - Giving others suggestions for materials and taking material suggestions from them (SH1, SH3)
Z Z 2 15 > | Zz
©n 2 5l 5% | =
m [Sa] - @ ) -
T an) Sl =22 =
O @) o B
S |3
8 g SH1 Making an Internet search for alternative materials and their properties
% % Helping each other for material supply
. —
B
([j S Planning to benefit from 3d-printer
§ é SH2 Guiding other school club mates and teacher about electronic materials
~ A~ - Introducing materials
- Introducing functions of materials
SH3 Getting support from family members for material supply
Consulting a carpenter




159

“I thought this idea very fast. So, I really need your opinions to improve my idea” (SH1S4
in SH101).

“I listened the all groups’ exhibit idea and thought on what can be done to improve these
ideas” (SH1S2-WeeklyLog#1).

Differently from the common practical approaches, there are some approaches
identified only in the first school. These practical approaches are revising the key features
of NST and current applications of NST and consulting acquaintances about the exhibit idea.

The following statement can be given as example:

“The exhibit idea came from the size and scale concept, which is the basic and not very
well known feature of NST. We wanted to integrate it in our exhibits” (SH1S1-Post).

On the other side, the practical approach in gathering an exhibit idea determined as specific
to the second school is relating what is seen on the website with the module activities and

topics. The statement from a school observation can be given as example of this approach:

“They started to watch a video called “Nano Food. It demonstrates an activity about Size
and Scale concept (Increasing surface area). Students made connections with this and “The effect
of surface area on the absorption or release of medicine” activity in the module”
(SH201_ Textual Sum.)

Finally, the practical approaches of students identified only in the third school (SH3) in
finding an exhibit idea are benefitting from what is learned in school science lessons, trying
to find an exhibit idea, which they can find a solution for a daily-life problem with NST,
listening other school students' exhibit ideas and developing the idea given by teacher. The

following statements can be given as examples:

“We were covering the cancer cells in the biology lessons, while we began to exhibit
development process. Besides me and my group friend are planning to study genetic engineering
in the future” (SH3S2-Post).

“I had dandruff problem in my hair when I was in the middle school. Then, I thought that

there are shampoos for it, but can’t we solve the problem with another personal care product
such as comb. That was my inspiration” (SH3S4-Post).

7.6.1.2. Practical Approaches in Planning of Exhibits. The second theme in the pre-

production stage of exhibit development is about students’ practical approaches in planning
of their exhibit, which were analyzed and classified under two sub-themes including

planning of exhibit designs and planning materials. Most of the practical approaches



160

identified under this theme are common among students, but students in each school have

different approaches as well.

The common practical approaches shown in planning the exhibit design by students
from at least two different schools start with making in-group discussions, preferring simpler
exhibit designs, focusing on modelling a phenomenon; regarding the practicability of the
exhibit design plan, limited time, durability and sustainability of the exhibit's mechanism,
visual aesthetics of exhibit design to be interesting, and standards and scientific principle.
The practical approaches shown after the exhibit design plans have been started to emerge
are planning a modular exhibit design, avoiding to use ready products, examining some
examples of previous students' projects, making an Internet search to decide exhibit
mechanism, preferring an exhibit format that students can integrate RRI and reinforce
visitors' learning, including interactive elements in exhibits, paying attention to reflect the
NST theme of exhibit good, and trying to make exhibit independent of the exhibit owner so
that it doesn't need control of him/her. The common approaches taken for giving the final
form of the exhibit design plan are explaining the exhibit design ideas others by drawing it
on board, consulting the teachers and the project team about the exhibit design plan; giving
feedback for other's exhibit design plans and taking feedback from them for own design
plan; developing prototypes for testing some parts of exhibit design, revising the exhibit
design plans based on feedbacks of other groups, teachers and the project team, materials
available, how prototype functions and the deficiencies identified. The statements below

from varying data sources can be given as example:

“I will need to change the water in beaker for each visitor” (SH3S4 in SH302 Textual
Sum.).

“After the project team’s feedback, the group SH1G1 decided to make beads more
invisible and increase the size difference between beads” (SH104 Textual Sum.)

“First, we thought how we can transform the exhibit idea into an interesting and
interactive exhibit (SH2S1-Post)

Differently from the practical approaches of students in SH2 and SH3, the approaches
identified in the SHI1 in planning of exhibit designs are revising the exhibits seen in the
science center, regarding the exhibit design's suitability for a science center, regarding the

competencies and skills of group members, regarding the cost of the exhibit design, and
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making multiple exhibit design plans for the same idea and then choosing one among them.
The following statements can be given as example of SH1 students’ different practical

approaches in this manner:

“We produced few alternative exhibit design ideas. We will choose one of them and
follow it to make the required changes” (A student in SH1G2-WeeklyLog#1)

“There was a spinning tornado simulation in ITU Science Center. I wanted our exhibit
(mechanism) to be similar to that exhibits’” (SH1S1-Post).

Apart from the common approaches, three practical approaches were identified in SH2,
which are preferring to design models that can move itself, inspiring from the web 2.0 tools
used in the module activities, and consulting SPC, and Technology and Design teacher about

exhibit design plan. The statements below can be given as example:

“We consulted SPC for the mechatronics parts of our exhibits and brainstormed on it”
(SH2S1-WeeklyLog#?2).

“A student suggested to prepare the quiz exhibit with “Kahoot”. SH2S1 suggests to use
“Quiz-Up”” (SH201_Textual Sum.).

Finally, the different practical approaches determined in SH3 are inspiring from a game seen
in a TV show and consulting acquaintances about the exhibit design plan. Following

statement from an interview can be given as example:

“I was watching a competition programme. Then, I saw the labyrinth (game) and decided
to do my exhibit like that” (SH3S1-Post).

Another category of students’ practical approaches in the stage of planning exhibits is
the approaches in planning of materials. Likewise, in the planning of exhibit designs, most
of the practical approaches in this phase are common, but there are few different approaches
identified in each school as well as seen in Table 7.22. The common approaches shown in
the beginning of material planning are making in-group discussions, regarding the ease of
accessibility to materials, determining materials under guidance of teachers, consulting
technical staff or SPC in school, planning to benefit from electronic components such as
LED lights and circuit components, planning to use basic stationary materials such as glue,
cardboard and scissors, planning to use laboratory materials such as magnets, beakers, iron

beads and droppers and planning to benefit from daily life materials such as ping pong ball
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and comb. After determining the materials to some degree, the common practical approaches
taken are making trial and error with alternative materials, revising material list after testing
alternative materials and giving others suggestions for materials and taking material
suggestions from them. Finally, the common approaches after determination of materials to
a large extend are supplying materials from varying stores and getting help from teacher for
material supply. The following statement from varying data sources can be given as example

of students’ some common practical approaches in this stage:

“You can represent vascular system with a transparent hose. You can simulate blood
stream by using a syringe. Then, there can be vascular occlusion where the hose narrows down”
(SH1S4 in SH101_Textual Sum.).

“Firstly, we tried to build 3d-models with a Styrofoam. We tried to shape Styrofoam by
using acetone. However, because we had put too much acetone, we couldn’t control it” (SH2S2-
Post)

“After showing their exhibit design plan, SH3S2 and SH3S5 took material suggestion
from the teacher” (SH302_FieldNote).

On the other side, there are two additional practical approaches shown by each school in the
planning of materials. The different approaches in the SH1 are making an Internet search for
alternative materials and their properties, and helping each other for material supply. The

following statement of SH1S2 can be given as example:

“We have gone through a long process of searching about which materials can provide
better visuality and which materials can increase the effectiveness of our presentation” (SH1S2-
Post).

The practical approaches identified only in SH2 are planning to benefit from 3d-printer and
guiding other school club mates and the teacher about electronic materials by introducing
materials and their functions. The following practical approach of SH2S1, who has

background in electronics, can be given as example:

“SPC introduced some electronic components like power supply and small motor torque.
The teacher and students examined them. A student asked what they can do with it by pointing
out small motor torque. SH2S1 replied as “We can use it to create motion (bacteria robots). Then,
the student told they don’t want them just turn around. Then, SH2S1 answered “You don’t have
to use it just for spinning. You can attach gear wheels and transfer that motion into something
else” (SH202 Textual Sum.).
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Finally, the additional practical approaches in the SH3 in planning materials are getting
support from family members for material supply and consulting a carpenter about materials.

The following statement can be given as example:

“My group friend’s father helped us to supply the beakers we need. But, I broke them by mistake. Then,
my father helped us in finding new beakers. I really appreciate their support in that stage” (SH3S4-Post).

The overall analysis of students’ practical approaches in the pre-production stage
reveals that students mostly shown common approaches as well as few different ones, which
were classified under two themes, namely Practical Approaches in Finding an Exhibit ldea
and Practical Approaches in Planning of Exhibits. A reason behind the differences in
students’ practical approaches in this manner might be the differences in guidance of
teachers in this stage. The following practical approach of the SHIT1 and the parallel

approaches of students in SH1 in planning of exhibit design can be given as example:

“Design your exhibits in a way that visitors can infer that the one with nanotechnology
has dirt-proof property. You may not stand next your exhibit all the time. For instance, although
there wasn’t any presenter for each exhibit in the ITU Science Center, we were able to figure it
out by ourselves” (SHIT1 in SH1O1-Textual Sum.).

“First, we thought to use an application, but then, we gave up this idea because it might
not be suitable for ITU Science Center” (SH1S5 in SH1O1_FieldNote).

The second reason behind the differences in practical approaches in pre-production
stage might be the differences in the facilities and opportunities provided by the school. For
example, as seen in Table 7.22., the students of the SH2, which is a private school planned
to use 3-d printer in building of bacteria models because they have such opportunity and a
teacher that can support them in this process. On the other hand, the school SH3’s students,
who have not such in-school opportunities, for instance, consulted people from out of school

like carpenter or acquaintances for exhibit design and materials.

Another factor creating differences in approaches taken by students might be the
students’ backgrounds and pre-experiences in developing exhibits and projects for science
fairs or a similar organization. For instance, the SH2S1, who had developed science projects
before for multiple science project contests and have a background in electronics were able
to guide his teacher and other students in benefitting from electronic components that were

planned to use in their exhibits, while they were planning materials.
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7.6.2. Practical Approaches of Students in Production Stage

7.6.2.1. Practical Approaches in Making Exhibits. The first sub-theme identified for students

in the production stage is about their practical approaches in making their exhibits based on
the planned exhibit design. It consists of two categories, which are building exhibit and
preparing NST questions as seen in Table 7.23. The common practical approaches taken by
students in building exhibits are developing a prototype of the exhibit, benefitting from what
is learned in school science lessons for building exhibits, keeping following the other group
members' progress in making exhibits for providing the integrity of the exhibits, getting
feedback from other groups and the project team for improving the exhibits in progress and
revising the exhibits through the feedbacks of other groups and the project team. The
following statements can be given as example of students’ common practical approaches in
this direction:

“We were learning about the electric circuits in the Physics lessons in school. We
benefitted from them while working on some parts like resistance” (SH1S3-Post).

“Everybody prepared a prototype of their exhibits” (SH1S2-Post).

“We presented our exhibit to our school club mates with pictures. Then, we improved it
with the contribution of their ideas” (SH3S5-Post).

“They tried different tools and methods to dig hole on bacteria model. SH2S2 used pin
and it worked” (SH206_Textual Sum.).

The students of the SH2 and SH3 showed additional practical approaches in the phase
of building exhibits. For instance, the SH2 students discussed every aspects of the exhibits
all together and had consensus on the next step before making a progress in exhibits. This
situation stems from the differences in their organizational approaches, specifically the ones
about not forming groups as it is discussed in Section 7.6.3.2. On the other side, differently
from other school students, the SH3 students shared the pictures of exhibits in progress with
other school club mates and the teacher through a messenger application and after
completing their exhibit they brought them in school for getting feedback from others.
Similar to the reason in the SH2, these different approaches of the SH3 students base on the
differences in organizational approaches, specifically the ones about working place and time

management.



Table 7.23. The practical approaches of students in the production stage of exhibit development process.

Theme

Sub-
theme

Type of Data
Source

Participants

Practical Approaches

PRACTICAL APPROACHES IN PRODUCTION OF EXHIBITS

PRACTICAL APPROACHES IN MAKING EXHIBITS

Interviews

Observations
Weekly Logs

Field Notes

Common

BUILDING EXHIBIT:

Developing a prototype of the exhibit (SH1, SH2)

Benefitting from what is learned in school science lessons (SH1, SH3)

Getting feedback from other groups for improving the exhibits in progress (SH1,SH3)
Getting feedback from the project team (SH1, SH2, SH3)

Revising the exhibits through the feedbacks of other groups (SH1, SH3)

Revising the exhibits depending on the feedback of the project team (SH1, SH2, SH3)

To keep following the other group members' progress in making exhibits for providing the integrity of the exhibits (SHI,
SH2, SH3)

PREPARING NST QUESTIONS:

Revising module for preparing questions about NST theme of the exhibit (SH1, SH2, SH3)
Learning more about the NST theme of the exhibit: (SH1, SH2, SH3)

- Internet search

- Module materials

Consulting teacher about the questions (SH1, SH2, SH3)

Revising questions through the feedback of the project team (SH1, SH2, SH3)

SH1

SH2

Discussing every aspects of the exhibits all together and having consensus on the next step before making a progress in
exhibits
Preparing basic questions about NST so that visitors can make comment or make a guess

SH3

Sharing the pictures of exhibits in progress with other school club mates and the teacher through a messenger application
Bringing the exhibits in progress in school for getting feedback from others

PRACTICAL APPROACHES IN
INTEGRATION OF RRI

Interviews

Observations
Weekly Logs

Field Notes

Common

Focusing on integration of RRI after making the exhibits (SH1, SH2, SH3)

Integrating RRI through questions with questionnaire or knowledge test (SH1, SH2, SH3)
Preparing Likert type questions for assessing visitors’ opinions on RRI (SH1, SH2, SH3)
Integrating RRI through matching game (SH1, SH2, SH3)

Keeping statistics of visitors' answers (SH1, SH3)

Trying to prepare questions integrating RRI with respect to NST (SH1, SH2, SH3)

Just giving conceptual explanation of each RRI dimension without relating it with NST (SH1, SH2, SH3)
Revising the module materials for integrating RRI (SH2, SH3)

Making an Internet search about RRI (SH1, SH2, SH3)

Examining the extra materials offered by the teacher (SH2, SH3)

Integrating all dimensions of RRI (SH1, SH2, SH3)

Integrating some dimensions of RRI (SH1, SH2, SH3)

Giving feedback each other about integration of RRI (SH1, SH3)

Taking suggestions from the project team about RRI integration (SH1, SH2, SH3)
Revising questions through the feedback of the project team (SH1, SH2, SH3)




Table 7.23. The practical approaches of students in the production stage of exhibit development process. (cont.)

Theme

Type of Data
Source

Participants

Practical Approaches

PRACTICAL APPROACHES IN PRODUCTION OF EXHIBITS

PRACTICAL APPROACHES
IN INTEGRATION OF RRI

Interviews
Observations
Weekly Logs

Field Notes

SH1

Trying to keep it simple for understanding of visitors from varying ages

SH2

SH3

Reading the article, which teacher shared, aloud all together for learning and discussing more about RRI

PRACTICAL APPROACHES IN
MAKING EXHIBITS INTERACTIVE

Interviews
Observations
Weekly Logs

Field Notes

Common

Making discussions for possible ways of making exhibits interactive (SH1, SH2, SH3)

Providing interactivity with integration of RRI in an interactive way (SH1, SH2, SH3)

Preparing an exhibit format providing visitors an opportunity to experience to involve in exhibits by letting them to work
onit (SHI, SH2, SH3)

Preparing an exhibit format which lets visitors to touch the exhibit (SH1, SH2, SH3)

Preparing an exhibit format providing visitors self-assessment of their knowledge like questionnaire or knowledge test
(SH1, SH2, SH3)

Preparing a game (SH1, SH2, SH3)

Planning to have a conversation with visitors (SH1, SH2, SH3)

Planning to let visitors to ask their questions (SH1, SH2, SH3)

Trying to prepare an exhibit format aiming to direct visitors to critical thinking (SH1, SH3)

Preparing an exhibit format providing visitors an opportunity to see the results of their actions on the exhibit (SH1, SH3)
Preparing an exhibit format providing visitors an opportunity to make a change on exhibit (SH1, SH3)

Preparing an exhibit format providing visitors a feedback mechanism for checking correctness of their answers (SH1,
SH2)

Planning to share statistics of the visitors' answers in the first day of exhibition with the visitors coming in the second day
of exhibition (SH1, SH3)

SH1

Sharing experiences about interactive exhibits
Discussing the advantages and disadvantages of the interactive exhibits
Addressing the interactivity of the exhibits seen in the field trip to the science center

SH2

SH3




Table 7.23. The practical approaches of students in the production stage of exhibit development process. (cont.)

Theme ﬂsl:::;e Tyl;i)zigata Participants Practical Approaches
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Getting support for technical issues (SH1, SH2, SH3)
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Q 6 172 wa
Q ) » = e | @
e ) el S| S| 5
A o 2 = Z
2l e | =
E ﬁ 1) 15} —~ =
4 'z s | B 3| 2
o) : - o B =)
S &
S o
8 e SH1 Getting support from technical staff in the school
= | 3
<
Q Q
g
= &
m
% &) SH2 Consulting science project coordinator
% Consulting Technology and design teacher
SH3 Getting support from a carpenter
Getting support from family members
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Many of the exhibits prepared by students includes questions about NST as seen in
Section 7.2. Students took varying practical approaches for writing these questions. The
common practical approaches of students in this manner are revising module for preparing
questions about NST theme of the exhibit, learning more about the NST theme of the exhibit
through an Internet search and examining module materials, consulting teacher about the
questions and revising questions through the feedback of the project team. The statements

below can be example for some of these approaches:

“The quiz questions were prepared by focusing on the antibacterial effect of silver
nanoparticles” (SH2S1-Post).

“Our teachers posed us some questions. I adapted these questions in my exhibit” (SH3S1-
Post).

“SH2S2 asked the teacher if he can write a true-false question like “Nanoparticles are
bigger than bacteria in size. Is it true or false?”” (SH203_FieldNote).

“The project team gave some suggestions for format of questions or their answers for the
knowledge test developed by the group SH1G2” (SH1_The Project Team’s School Visit).

“Teacher asked students how they can arrange their exhibits in parallel with feedbacks

the project team gave them. The SH1G2 students mentioned about revising questions of
knowledge test” (SH104 Textual Sum.).

Differently from the common practical approaches, the approach identified in the SH2
in preparing NST questions is preparing basic questions about NST so that visitors can make

comment or make a guess on it. SH2S2 explains this approach as the following:

“We generally tried to prepare simple questions that can everybody has an opinion on it
or can think on it rather than writing specific questions” (SH2S2-Post).

7.6.2.2. Practical Approaches in Integration of RRI. The integration of RRI was one of the

facet asked from students to regard while developing their exhibits. Students mostly took
common practical approaches with this purpose, but two additional approaches in total were
identified in the SH1 and SH3 as seen in Table 7.23. First of all, most of the students focused
on the integration of RRI after making the exhibits, which is parallel to practical approach
of teachers. The students’ common practical approaches in choosing a format for integrating
RRI are integrating RRI through questions with questionnaire or knowledge test, preparing
Likert type questions for assessing visitors’ opinions on RRI, integrating RRI through (card)

matching games, keeping statistics of visitors' answers or just giving conceptual explanation



169

of each RRI dimension without relating it with NST or trying to prepare questions integrating
RRI with respect to NST. After deciding the format, the common approaches taken for
writing RRI questions are revising the module materials for integrating RRI, making an
Internet search about RRI and examining the extra materials offered by the teacher. On the
other side some students integrated all dimensions of RRI while some others integrated some
dimensions of RRI. Finally, after forming questions students gave feedback to each other
about integration of RRI, took suggestions from the project team and then revised questions
through the feedback of the project team. The statements taken from varying data sources

can be given as example of students’ common practical approaches in integration of RRI:

“After we completed the exhibit making, we are asked how the RRI is integrated. Then,
we decided to integrate it through a game and a questionnaire” (SH1S1-Post).

“We prepared questions for teaching it (RRI). They were about both nanotechnology and
RRI. We developed questions by combining them” (SH1S3-Post).

“After listening the project team’s suggestions SH2S2 and another student suggested that
there can be names of RRI dimensions on the balloons and visitors can match the balloons with
the statements written on the corners or some spots” (SH2 The Project Team’s School Visit).

“SH3S5 and SH3S6 suggest SH3S1 to do multiple target destination that ping pong ball
reaches so that each destination can represent a different RRI dimension” (SH303 Textual
Sum.)

“SH3S6 realized that he couldn’t find much on the Internet when he made search as RRI.
Then, he found it (information about RRI) in the official website of the project” (SH3T1-Post).

Apart from the common practical approaches, students in SH1 and SH3 taken an
additional approach for RRI integration. Students in the SH1 focused on trying to keep it
simple for understanding of visitors from varying ages. SH1S1 explains this approach as

follows:

“We tried to keep it simple because we wanted to introduce nanoscience and Responsible
Research and Innovation (RRI) to every segment of the society and people of all ages from
children to adults” (SH1S1-Post).

On the other side, the SH3 students read the article, which teacher shared, aloud all together
for learning and discussing more about RRI in one of the nano school club period. The

statement below exemplifies this approach:

“Teacher said that she found when she searched on the Internet about RRI and she printed
it to show it as an example. They started to reading it. Each part was read by a different student”
(SH305_Textual Sum.).
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The overall analysis of student’s practical approaches in RRI integration reveals that
the approaches taken by students are mostly in common and there are only two additional
approaches in total from two different schools. The reason behind the substantial
commonality in practical approaches taken in integration of RRI. might be the fact that it
was a new concept for students and they mostly followed the guidance of their teachers,
whom practical approaches are also mostly common in this stage, rather than taking initiative
for showing original practical approaches with this purpose (Please see Section 7.5.2.2. for

teachers’ practical approaches in integration of RRI).

7.6.2.3. Practical Approaches in Making Exhibits Interactive. Making exhibits interactive

was another aspect, which was asked from students to consider in the exhibit development.
As a result of the analysis of the practical approaches shown by students in this manner,
mostly common approaches are identified as seen in Table 7.23. These common practical
approaches of students for making exhibits interactive are making discussions for possible
ways of making exhibits interactive, providing interactivity with integration of RRI in an
interactive way, preparing an exhibit format providing visitors an opportunity to experience
to involve in exhibits by letting them to work on it and touch it, preparing an exhibit format
providing visitors self-assessment of their knowledge like questionnaire or knowledge test
and providing them a feedback mechanism for checking correctness of their answers,
preparing a game, trying to prepare an exhibit format aiming to direct visitors to critical
thinking, preparing an exhibit format providing visitors an opportunity to make a change on
exhibit and see the results of their actions on the exhibit, planning to have a conversation
with visitors and to let them asking their questions, and planning to share statistics of the
visitors' answers in the first day of exhibition with the visitors coming in the second day of
exhibition. The following statements taken from varying data sources can be given as

examples:

“Visitors should be able to experience the exhibits. For example, visitors were simply
sending ball in our exhibits” (SH1S2-Post).

“We provided interactivity with the questions in the knowledge test. When they gave a
wrong answer they learned about the correct one” (SH1S4-Post)

“The interactivity was not at the forefront in the 3-d model exhibit. We provided
interactivity with matching of RRI dimensions by visitors” (SH2S1-Post)
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“Visitors were using the droppers and answering the questionnaire questions as “yes”,
“no” or “I don’t know”. They were putting popsicle sticks in a beaker (for stating their opinions)”
(SH3S4-post).

“I asked visitors to choose an RRI dimension. After they chose one of the RRI aspects,
they were turning the wheel. These were the interactions” (SH3S6-Post).

“A student gives SH1S4 suggestions as “You can use Q-A as I said before. This can be
very informative. People learn better when they see their mistakes as an example™”
(SH101_Textual Sum.) .

Differently from the students in other schools, the SH1 students shown three additional
practical approaches about making of their exhibits interactive. Firstly, they shared their
experiences about interactive exhibits or exhibitions, secondly, they discussed the
advantages and disadvantages of the interactive exhibits and finally, they addressed the
interactivity of the exhibits seen in the field trip to the science center. The following

statement can be given as example:

“A student mentions about her experience in British Science Museum; she says it was a
huge exhibition and there were many interactive exhibits” (SH101_Textual Sum.).

“SH1S4 tells he had never gone to an interactive exhibition before their visit in the ITU
Science Center. The teacher asked what he was expecting an interactive exhibit to be by just
inferring from its name. SH1S4 replies as “While the owner of exhibit informs the visitor,
somehow, visitor can also involve in this process”” (SH101_Textual Sum.).

The analysis of students’ practical approaches in making their exhibits interactive
shows that the approaches taken by students are mostly in common. Nevertheless, the
students in SH1 took few different approaches as well as the common ones. The parallelism
in the different practical approaches of SH1 students and SHI1TI in the stage of making
exhibits interactive might be the indicator of the fact that the difference among the students’
practical approaches stems from following the guidance of teacher, especially in new

experiences like in the case of RRI integration.

7.6.2.4. Getting Support in Production of Exhibits. The final sub-theme identified in the

analysis of students’ practical approaches in the stage of production of exhibits is about for
what and from who the students got support in this phase. The common aspects that students
got support for are technical issues, integration of RRI and motivation in the process.
Students got support from other nano school club mates, students from other school clubs,

other teachers in school, the project team and the teacher of the nano school club.
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Besides the commonalities in practical approaches for getting support, there are also
differences in the practical approaches of students in school base. For example, the SHI
students got support from the technical staff in the school, the SH2 students got support from
the SPC, and Technology and Design teacher in the school, while the SH3 students got
support from people out of school such as carpenter and family members in the production

of exhibits.

The following statements taken from varying data sources can be given as examples

for how students got support in the production of their exhibits:

“We got help from the SPC for the motors and electric circuits of the exhibits. Besides,
we got support from a middle school teacher. He introduced us the 3-d printer programming”
(SH2S2-Post).

“The group SH3G3 showed pictures of the materials of their exhibit. They said their
materials were given to carpenter for assembly of exhibit mechanism” (SH303_ Textual Sum.).

“I had difficulty in preparing questions integrating RRI and NST. I got support from the
teacher” (SH3S1-Post)

“Some groups took support from other school clubs. For example, students (in the group
SH1G1) got help about using adhesive in the water treatment model” (SH1S4-Post).

The overall analysis of students’ practical approaches in the production stage
generated four sub-themes, which are about practical approaches in making exhibits,
integrating RRI, making exhibits interactive and getting support in this stage. The majority
of the practical approaches taken by students with these intentions were common, but there
were also several approaches, which are specific to students of certain schools in the study.
The commonalities and differences in practical approaches of students depend on many
factors such as students’ pre-experiences, familiarity of the task, following the guidance of

teacher, the organizational approaches and schools’ facilities.

7.6.3. Some Practical Approaches of Students in The Overall Process of Exhibit

Development

7.6.3.1. Role of Students. The first sub-theme under managing the overall process of exhibit

development is about roles of students described by students themselves as well as the

researchers’ inferences depending on observations. The common roles of students from the
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three schools in this study are finding an exhibit idea, making the exhibit, demonstrating the
exhibit to the project team and presenting the exhibit in exhibition as seen in Table 7.24. The
common roles of students from the SH1 and SH3 are supplying materials and
contributing other groups' exhibits. The following statements can be given as examples of

students’ common roles in the overall process of exhibit development:

“I contributed in the production and development of the exhibit idea. When we needed
materials, I bought and prepared them together with few (group) friends. I also contributed in
making of the exhibit” (SH1S3-Post).

“I mostly contributed in preparing questions for the nanoquiz. Besides, I helped in use of
3-d printer and doing the electric circuit, while developing the bacteria model” (SH2S2-Post).

There are also some roles, which are specified only in a certain school. For example,
the roles described by only the SH1 students are leading and organizing others in group, and
solving problems faced in exhibit development. The statements below can be given as

example:

“I had the leading role and worked a lot. I think my contribution was mostly in
transformation of the exhibit idea into real model” (SH1S4-Post).

On the other side the roles described only by the school SH3 are working individually in
exhibit development and having the same role with other group members in all stages of the

exhibit development. The following statements are few examples:

“Both of us had the same roles. I can’t tell that there was a difference in our contribution
at any task. We were in communication all the time and taking decisions together” (SH3S2-
Post).

The differences in the roles of students might be stemming from the varying practical
approaches of teachers and varying organizational approaches of students. For example, the
SH2 students do not have a role in supplying materials because the teacher took the
responsibility of buying materials needed and they also used school sources for material
supply. In addition, none of the students in SH2 led or organized other students in the nano
school club in exhibit development because they didn’t form groups and followed the

guidance of the teacher from beginning to the end of the process.



Table 7.24. The practical approaches of students in the overall process of exhibit development.

Theme

Sub-
theme

Type of Data
Source

Participants

Practical Approaches

PRACTICAL APPROACHES IN THE OVERALL PROCESS

ROLE OF STUDENTS

Interviews
Observations
Weekly Logs

Field Notes

Common

Finding an exhibit idea (SH1, SH2, SH3)

Supplying materials (SH1, SH3)

Making the exhibit (SH1, SH2, SH3)

Contributing others' exhibit (SH1, SH3)

Demonstrating the exhibit to the project team (SH1, SH2, SH3)
Presenting the exhibit in exhibition (SH1, SH2, SH3)

SH1

Leading and organizing others in group
Solving problems

SH2

SH3

Working individually in exhibit development
Having the same role with other group members in all stages of the exhibit development

ORGANIZATIONAL APPROACHES

Interviews
Observations
Weekly Logs

Field Notes

Common

GROUP FORMATION

Dynamic form of group formation (SH1, SH3)

Coming together with other students having similar exhibit idea (SH1, SH3)

Leaving the group for forming a new group and developing another exhibit (SH1, SH3)
Leaving the group because of not having a consensus on exhibit idea (SH1, SH3)
Giving up from own exhibit idea and joining another group (SH1, SH3)

TASK SHARING

Regarding the contribution of each group member (SH1, SH2, SH3)

Doing task sharing all together in group (SH1, SH3)

Regarding the knowledge and skills in task sharing (SH1, SH2, SH3)

Forming sub-groups for working on different parts of the exhibits (SH1, SH2)

Team work (SH1, SH2, SH3)

TIME MANAGEMENT

Paying attention to fulfilment of tasks on time (SH1, SH2)

Preparing a work plan for exhibit development and following it (SH1, SH3)

Working on exhibits at lunch breaks (SH1, SH2)

Working on exhibits after school hours (in school) (SH1, SH2)

Working on exhibits at weekend (SH1, SH3)

WORKING PLACE

Working at the chemistry laboratory of the school for working on exhibits (SH1, SH2)




Table 7.24. The practical approaches of students in the overall process of exhibit development. (cont.)

Theme

Sub-
theme

Type of Data
Source

Participants

Practical Approaches

PRACTICAL APPROACHES IN THE OVERALL PROCESS

ORGANIZATIONAL APPROACHES

Interviews

Observations
Weekly Logs

Field Notes

SH1

GROUP FORMATION:

Leaving the group for supporting another group

TASK SHARING:

Leading of one of the group members in task sharing

TIME MANAGEMENT:

Working on exhibits at the period of some school lessons

Working on exhibits at exam weeks

Working on exhibits at the period of extra-curricular activities such as organizations like conferences

SH2

GROUP FORMATION:

Not forming groups, but working on each exhibit all together

TASK SHARING:

Guidance of the teacher in task sharing

WORKING PLACE:

Working with 3-d printer at the Technology and Design Laboratory of the school

SH3

GROUP FORMATION:

Deciding to work individually because of not having a common time for working on exhibit
Deciding to form a group rather than working individually for finding a better exhibit idea
WORKING PLACE:

Working at home for exhibit development
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7.6.3.2. Organizational Approaches. The second sub-theme under the managing the overall

process of exhibit development is about the organizational approaches of students taken in
the exhibit development process. Students’ organizational approaches were classified under
four categories, which are group formation, task sharing, time management and working
place. Students have common organizational approaches as well as few different ones.
Firstly, for the group formation, students of the SH1 and SH3 took initiative in forming
groups and there was an active and dynamic form of group formation, where students were
open to change their groups throughout the process unlike the SH2 students, who did not
form groups by following their teacher’s guidance. The dynamism in group formation in the
two schools derives from few circumstances such as coming together with other students
having similar exhibit idea, leaving the group for forming a new group and developing
another exhibit, leaving the group because of not having a consensus on exhibit idea, and
giving up from own exhibit idea and joining another group. The following approach of

SH1S2 and SH1S3 can be given as example:

“— We decided to merge groups because we had thought a similar exhibit idea together before
(SH1S2)

— We were told that the distance between cancer cells are larger compared to distance between
healthy cells and they were covering the medicine with polymers so it is attached to cancer cells.
We think, we can develop an exhibit modelling this (phenomenon) (SH1S2)

— We can show the localization of medicine (to target area) or how NPs can be used in the
treatment of the disease (SH1S3)” (SHIO1_ Textual Sum).

Another motive for changing group, which only identified in the SH1, is leaving the group

for supporting another group like in the case of SH1S4’s:

“I gave up developing my exhibit idea and helped another group in making their exhibit.
They had an exhibit idea, but they didn’t know how to do it. They asked help from me in making
it. Then, we formed a group and worked together” (SH1S4-Post).

On the other hand, the other reasons for changing idea in group formation in the SH3 are
deciding to work individually because of not having a common time with group friend for
working on exhibit like in the case of SH3S1 and SH3S6, and deciding to form a group
rather than working individually for finding a better exhibit idea like in the case of SH3S3
and SH3S4.
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Secondly, in task sharing, the students of SH1 and SH3 had full control over it, while
the SH2 students was guided by the teacher. The common practical approaches taken by
students from at least two different schools in task sharing are regarding the contribution of
each group member and team work, doing task sharing all together in group, regarding the
knowledge and skills of each group member and forming sub-groups for working on
different parts of the exhibits. The following statement can be given as example for practical

approaches of students in task sharing:

“A student suggests to divide students into groups focusing on different part of exhibits
or different exhibits because it seems not possible to set a time that they can all work together
other than the nano school club hours” (SH202_ Textual Sum.).

Thirdly, students took common and varying approaches in time management during
the exhibit development process. For example, SH2 students worked on their exhibits at
Iunch breaks and after school hours in school, and SH3 students worked at the weekend,
while the SH1 students worked at all of these time periods and worked additionally at the
period of some school lessons, at exam weeks and at the period of some extra-curricular
activities such as organizations like conferences. In addition, SH1 and SH3 students prepared
a work plan including time schedule, while the SH2 students followed the teacher’s guidance
for time management. On the other hand, students of the SH1 and SH2 were self-motivated
for fulfilment of tasks on time, while the SH3 students needed to be motivated for paying

attention for doing tasks on time.

Final category of the organizational approaches of students is the working place, which
shows similarity in the case of teachers’ organizational approaches such that the SH1 and
SH2 students worked in the chemistry laboratory in the school, while the students of the SH3
worked at their homes for making their exhibits. On the other hand, SH2 students worked
with the 3-d printer in the production stage at the Technology and Design Laboratory of the

school.

The overall analysis of students organizational approaches reveals that their
approaches in group formation, task sharing, time management and deciding working place
show similarities and differences depending on varying factors such as following teacher

guidance, their self-motivation, and the facilities and opportunities provided by their schools.
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7.6.4. Practical Approaches of Students in The Exhibition

7.6.4.1. Practical Approaches in Preparing for the Exhibition. The first sub-theme of the

Exhibition-Related Practical Approaches is about how students make preparation for the
presentation of their exhibits in the exhibition. The students’ practical approaches taken with
this purpose are mostly common and there are only two additional approaches in total from
two schools in the study as seen in Table 7.25. The common practical approaches of students
are deciding the presentation plan as a group, making rehearsal for presentation, checking
the correctness of presented information about NST, regarding verbal interactivity, thinking
on possible questions that visitors may ask and giving support each other for the
presentation. The following statements taken from interviews can be given as examples of

students’ such practical approaches:

“There was a preparation at this stage. We would inform the visitors and so, prepared for
the questions that might come from them” (SH1S3-Post).

“We worked for the presentation. One of our group friend was more willing to make
presentation, while we were more excited and concerned compared to him. However, thanks to
him we felt more relieved after each practice” (SH1S5-Post).

“We checked the correctness of information we present through an Internet search by
benefitting from the open access” (SH1S3-Post).

Apart from the other students, the SH1 students addressed their experience in the field
trip to the science center for thinking about the presentation of their exhibits. The following

statement can be given as example:

“A student gives suggestions to SH1S4: “I have an idea and this was actually done in the
ITU Science Center. They were asking us our guesses before they work the exhibit. You can use
this idea”™ (SH101_Textual Sum.).

“For instance, in the ITU Science Center there was an exhibit which one of our friend
tried. He turned. Then, we asked why does it like this? And they explained it” (SHI1S5 in
SH101_Textaul Sum.).

On the other side, some students of the SH3 preferred not to make a presentation plan but
instead decide their presentation spontaneously within the exhibition. The student SH3S2

explains their approaches as the following:



Table 7.25. The practical approaches of students in the exhibition stage.
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“I can tell that we had not determined our presentation (plan). We should have done it.
We made task sharing (for presentation) later on (in the exhibition), but after some time, these
tasks have started to interrupt” (SH3S2-Post).

The explanation of the student shows that not making a presentation plan decreased the
efficiency of their presentation. The practical approach of their teacher SH3T1 in the

exhibition also supports this argument:

“For example, sometimes students delayed the interaction. In such cases, I interfered in
their presentation. They also learned from this” (SH3T1-Post).

7.6.4.2. Practical Approaches in the Exhibition. The last sub-theme under exhibition-related

practical approaches is about students’ practical approaches in the exhibition other than their
presentation. The common approach described by students from each schools in the study is
leaving their exhibits by commending them to school club mates and visiting other exhibits
developed by students from different schools in the project. On the other side, students from
the SH1 and SH3 also explained that they did self-reflection and self-evaluation on their own

exhibit after seeing other exhibits. The following statements can be given as example:

“There were many exhibit ideas. Everybody had an original exhibit. We talked about
exhibits like “This exhibit is similar to ours, some students made that and the others developed
that...”. Then, we talked about whether it would be better to do our exhibits in that way and etc.”
(SH3S4-Post).

Differently from other students, some groups in the SHI had some technical problems
needed to be solved as it is discussed in the Section 7.8.1 and so, they continued to work on
the deficiencies of their exhibits in the beginnings of the first day of the exhibition until they

solved the problem.

The overall analysis of the students’ exhibition-related practical approaches revealed
mostly common practical approaches besides few exceptions. The statements taken from
varying data sources show that making a good preparation for the presentation of the exhibit
can be a factor leading to an efficient experience for the exhibit owner and visitors. On the
other side, the analysis indicates that examining other exhibits in the exhibition may
encourage students to do self-reflection about their exhibits and their performances in the

exhibit development process.
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The overall analysis of students practical approaches in developing an exhibit shows
that giving feedback for each other from the beginning stage which is finding an exhibit idea
to the completion of the exhibits is a fruitful process for students and contributes in the
efficiency of their experience of exhibit development in different ways. First of all, they
improve each other’s exhibits with their feedbacks. For example, a group in the SH1 used

part of the SH1S4’s following suggestions in their exhibit design:

“You can represent vascular system with transparent hose. You can simulate blood stream
by using a syringe. Then, there can be vascular occlusion where the hose narrows down”
(SH101_Textual Sum).

Secondly, giving feedback for other’s exhibits sometimes brings ideas in students’ minds
that they can use in their own exhibits. For instance, the group SH1G2 used one of their

member’s following feedback for SH1S4 in their exhibits with the join of SHI1S4 in their
group:

“Does it have to be in the form of game? You can make a system that sends balls in row.
The bigger balls pass through tiny holes. Instead of making two-way design you can make like
this. Visitors may interact with such design” (A student from SH1G1 in SH1O1_Textual Sum.).

Finally, listening each other’s ideas for giving feedback for them is inspiring for all students.

The following statement can be given as example:

“An idea came into my mind for our exhibit. I inspired from T.A.’s wheel exhibit. We
can make the target cell in a form of turning wheel and control the Bakugan ball (a toy ball used
for representing NP) with a magnet under that wheel” (SH3S2 in SH303_Textual Sum.).

7.7. Challenges and Benefits of Guiding Students Along the Exhibit Development and

Exhibition Processes

The review of the literature has pointed out some challenges as well as benefits of
guiding students through science fairs, teaching about Socio-Scientific Issues (SSI) and
Responsible Research and Innovation (RRI). On the other hand, some benefits of interactive
exhibits were also addressed in the literature review. This section of the study combines
these several aspects by reporting the challenges and benefits of guiding students along the
development of RRI integrated interactive exhibits on nanotechnology applications, which

are explored and analyzed with respect to the RQ3 of the study. Several data sources were
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used for the analysis including interviews with teachers, nano school club observations,
weekly logs, field notes and textual summaries of the CoL meetings in the exhibit
development process. The challenges and benefits for teachers are reported in different

sections following.

7.7.1. Challenges of Guiding Students Along Developing Science Exhibits on
Nanotechnology Applications

Challenges teachers faced while guiding students in developing interactive science
exhibits on nanotechnology applications, in which RRI is integrated, is one of the focuses of
this study. As a result of the analysis of varying data sources, the challenges teachers faced
in the process were classified under three themes and five sub-themes depending on tasks in

certain stages which are presented, explained and exemplified in Table 7.26.

The first theme is Challenges in the Stage of Finding an Exhibit ldea, which is
confronted in the pre-production stage of exhibit development and addresses challenges
faced while guiding students in gathering an exhibit idea. There is one challenge identified
under this category and it is about guiding students in elaboration of their knowledge coming
from what is learned in the module and from the field trip to the university laboratories. The

teacher SH1T1 describes this challenge as the follows:

“I think student should have improved what they learned from the module and the field
trip to the university laboratory. We should have guided students in this direction. I think it was
our deficiency” (SH1T1-Post)

The second theme is Challenges in the Stage of Production of Exhibits, which consists
of two sub-themes: (i) Challenges in Integration of RRI, and (ii) Lack of Technical
Knowledge and Skills. The first sub-theme covers the challenges teachers faced while
guiding students in integration of RRI in their exhibits. The common challenges are not
having experience in teaching about topics like RRI, cannot understanding and internalizing
the RRI dimensions very well, not being sure about how to use RRI dimensions for
integrating them in exhibits, having difficulty in motivating students for integration of RRI,
having difficulty in talking about RRI with students, having difficulty in relating all RRI

dimensions with the NST theme of the exhibits and feeling insufficient in guiding students



183

Table 7.26. Themes and sub-themes identified under challenges of guiding students in

developing science exhibits on nanotechnology applications.

Themes and Sub-themes

Explanation

Example

. Challenges in the Stage of
Finding an Exhibit Idea

Challenges teachers faced
while guiding students in
gathering an exhibit idea.

“I think student should have improved
what they learned from the module and
the field trip to the university
laboratory. We should have guided
students in this direction. I think it was
our deficiency” (SH1T1-Post)

. Challenges in the Stage of
Production of Exhibits

2a. Challenges in Integration
of RRI

2b. Lack of Technical
Knowledge and Skills

Challenges teachers faced
while guiding students
within the production of
exhibits.

Challenges teachers faced
while guiding students in
integration of RRI in their
exhibits.

Challenges teachers faced
because of lack of technical
knowledge and skills.

“I couldn’t explain some RRI
dimensions such as “governance”
sufficiently” (SH1T1 in
CoL_Meeting#2).

“Teacher tells they can get support
from engineering club of the school”
(SH103 Textual Sum.).

. Challenges in the Overall
Process of Exhibit
Development

3a. Limited Time

3b. Process Management

3c. Other Responsibilities

Challenges teachers faced in
the overall process of exhibit
development.

Challenges teachers faced
because of limited time or
the challenges leading to
limitation of time.

Challenges teachers faced in
managing the process of
exhibit development.

Challenges teachers faced
because of other
responsibilities in the school.

“We had a problem about timing”
(SH3T1-Post).

“We are planning to take support from
the technology teacher in the school in
teaching students about creating digital
works. But we don’t have time”
(SHIT1 in CoL_Meeting#2)

“I had concerns like “Am I interfering
too much?”, “Where should I involve in
their progress?”” (SH3T1-Post).

“Some students even don’t attend in
school to study for exams starting 10
days before exams” (SH3T1 in
CoL_Meeting#2).

“Some students prefer studying for
exams at home at exam weeks” (SH1T1
in CoL Meeting#2).

in integration of RRI. The following statements taken from varying data sources can be given

as example for the difficulties confronted by teachers in RRI integrating:

“To tell the truth, we had questions in our minds about how to use RRI dimensions till
the last minutes” (SH1T1-Post).
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Table 7.27. The challenges of guiding students along developing a RRI integrated interactive science exhibit on NST. (cont.)
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“Students told me that they are aware of that they are expected to integrate RRI in their
exhibits but they had concerns about how they can integrate all dimensions. I insisted in
integration of at least few of them. It was a kind of a conflict between us” (SH1T1-Post).

“I had difficulty most in the RRI integration because I couldn’t understand it exactly.
How could we do it? How could we integrate in the exhibits we had? I had never taught about
such topics and integration of such topics systematically (SH3T1-Post).

“I couldn’t explain some RRI dimensions such as “governance” sufficiently” (SH1T1 in
CoL_Meeting#2).

To overcome these challenges, teachers developed some strategies and taken some practical
approaches from making an Internet search about RRI to consulting the project team and
taking their suggestions in this stage, which are discussed in detail in the Section 7.5.2.2.

Practical Approaches in Integration of RRI.

Another challenge the teachers faced in the production stage in exhibit development is
lack of technical knowledge and skills. They needed support in guiding students in technical
facets of their exhibits such as material planning, developing electronic and mechanic parts
of their exhibits, and using 3-d printer. The teachers got support from technical staff or

colleagues in the school for providing students efficient support in the process.

The third theme is Challenges in the Overall Process of Exhibit Development, which
covers three factors challenging teachers in their guidance in the science exhibit
development: (i) Limited Time, (ii) Process Management, and (iii) Other responsibilities.
The first sub-theme is about challenges teachers faced because of limited time or the
challenges leading to limitation of time. The common challenges in this manner are having
concern about limited time for exhibit development, not having an official school club
period, not having enough time to work on exhibits all together, trying to create extra time
for students to work on exhibits, and having concerns about students' insufficient progress
in exhibit development. Apart from the common ones, another challenge for the teacher
SH2T1 was taking responsibility of buying materials because of limited time. On the other
side, the teacher SH3T1 had difficulty in time management. The following statements can

be given as example for time-related challenges teachers faced:

“I want each group to complete their models in next week. We were supposed to finish
making the exhibits so far but we acted slowly” (SH1T1 in SH10O3_ Textual Sum.).
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“We are planning to take support from the technology teacher in the school in teaching
students about creating digital works. But we don’t have time” (SHIT1 in CoL._Meeting#2)

“We had a problem about timing. It would be better if we had (official) school club
period” (SH3T1-Post).

“They work after school time depending on students’ free time. Not all students come
together and work on exhibits but rather they come in chemistry laboratory in group of 2-3 in
their free time (SH2T1 in SH204_Textual Sum.).

Teachers used various strategies for dealing with limited time such as asking students
to work on their exhibits at lunch breaks and after school hours or taking students from some
school courses, which are exemplified and discussed in the Section 7.5.3.3. Organizational

Approaches.

The second sub-theme under the challenges in the overall process addresses challenges
in the process management. The challenges addressed by the teacher SH3T1 in this category
are not having an experience in guiding a group of students along exhibit development for a
science fair involving different schools, having difficulty in guiding students in the exhibit
development through the working sheets of the module, having concerns in deciding how
much interfere in students' progress; finding it challenging to keeping away from traditional
in-class strategies, where teachers tell students what to do, in guiding students along exhibit
development; trying to take varying approaches for motivating different students and having
difficulty in following students' progress in exhibit development because they work on
exhibits out of school. The following statements are examples of some challenges related

with the process management:

“I had concerns like “Am I interfering too much?”, “Where should I involve in their
progress?”” (SH3T1-Post).

“It was a challenging experience for me. After students completed making their exhibits,
it was hard to discuss with them about the deficiencies of their exhibits. They didn’t want to talk
about it and they found what they have done enough (SH3T1-Post).

In the class, we are the one telling students “Make it like this”, “Apply it like this” as a
teacher. So, I had to keep away from such approaches (in guiding the exhibit development
process) (SH3T1-Post).

“The teacher tells the student SH3S6 “I think you changed your exhibit system. I think
we had planned this exhibit differently. The upper part was turning in the plan before. The upper
part would be made of a lighter material”. She has difficulty in following students’ progress in
exhibit development” (SH3 The Project Team’s School Visit).
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The last sub-theme is Other Responsibilities. The common factor pointed out by the
teachers, which makes it challenging to work on exhibit development is the responsibilities
in the exam weeks of the school. It makes it harder to guide students firstly because sparing
time for some official responsibilities and secondly because it is difficult to bring students

together for working on their exhibits. This challenge is described by teachers as follows:

“Some students even don’t attend in school to study for exams starting 10 days before
exams” (SH3T1 in CoL_Meeting#2).

“Some students prefer studying for exams at home at exam weeks” (SHIT1 in CoL_Meeting#2).

The overall analysis of challenges the teachers confronted in guiding students in the
development of RRI integrated interactive exhibits on nanotechnology applications revealed
some common and different challenges. For instance, differently, from other two teachers,
the teacher SH3T1, who has very limited experience in guiding students along exhibit
development, faced with some challenges about process management. Besides, although all
teachers addressed their time-related concerns, the teacher SH3T1, who doesn’t have an
official school club period, confronted with more challenges about time. On the other hand,
the teachers SHIT1 and SH2T1, who have several experience in exhibit development with
students, didn’t took any common approaches in integration of RRI in exhibits. Interestingly,
the teacher SH3T1, who has limited experience in this manner, showed more varying
practical approaches in her guidance through RRI integration compared to the other teachers.
This might stem from the fact that because the RRI integration was a new experience for all

of them, having pre-experiences or not didn’t create much difference in this specific task.

7.7.2. Benefits of Guiding Students Along the Exhibit Development and the Exhibition

Benefits for teachers, who guided students in developing RRI integrated interactive
science exhibits on nanotechnology applications and in the exhibition, is another focus of
this study. In consequence of the analysis of varying data sources, the benefits for teachers
in the process were classified under five themes and sixteen sub-themes which are presented,
explained and exemplified in Table 7.28. Most of the benefits addressed by the teachers and
identified by the researcher through observations are common among teachers, however,

there are also some benefits specific to a certain teacher.
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The first theme is the Reflection and Evaluation, which includes three sub-themes: (i)
Doing Self-reflection and Self-evaluation, (ii) Evaluation of Other Aspects, and (iii) Getting
an Evaluation. The first sub-theme is about teachers’ making of self-reflection and self-
evaluation about their guiding performances, their knowledge, and their students’
performances along the exhibit development as well as in the exhibition. The common
benefits identified are doing reflection and evaluation about their guidance of students along
the exhibit development, doing reflection and evaluation on their students' exhibits, and self-
assessment of knowledge. Apart from the common ones, the teacher SH3T1 also mentioned
about evaluating her students' presentation performances for their improvement. The

following statement can be given as example of teachers’ self-reflection and self-evaluation:

“After I visited other exhibits in the exhibition, I reflected on the exhibitions. I thought
like “We could do this part like this” or “This aspect of the exhibit is not very good. It could be
done in another way”” (SH3T1-Post).

The second sub-theme covers evaluation of other aspects based on situation
assessment of the process and exhibition, and on performances of other participants. The
common benefits pointed out are making evaluations about increasing the effectiveness of
the exhibit development process and student-created exhibitions, and evaluating other
students' exhibits. Differently from other two, the teacher SH2 mentioned about evaluating
visitors' knowledge and opinions. The following statements can be given as example of

evaluation of other aspects:

“I realized that the angle of the exhibit stand is important, our angle to visitors and where
we stand or even where the (extension) cables are” (SH3T1-Post).

“I wish I had wider time periods that me and students can be (work) all together” (SH2T1-
Post).

The final sub-theme under the category of reflection and evaluation is about
getting evaluation for their students’ exhibits. Teachers address the opportunity of
getting feedback from the visitors and the experts including two science education

experts, a scientist and science center manager.



Table 7.28. Themes and sub-themes identified under benefits of guiding students in the exhibit development and the exhibition.

Theme and Sub-theme

Explanation

Example

1. Reflection and Evaluation

la. Doing Self-reflection and Self-
evaluation

1b. Evaluation of Other Aspects

lc. Getting an Evaluation

Making reflection and evaluation as well as getting evaluation
in the exhibit development and exhibition processes.

Making self-reflection and self-evaluation in the exhibit
development and exhibition processes.

Evaluating some aspects related to the exhibit development
process and the exhibition.

Getting evaluation for the exhibits by visitors and experts.

“After we saw the other exhibits in the exhibition, we
made comments like “We have misunderstood this” or
“We could do this part like this”” (SH1T1-Post).

“There were some narrow places in the exhibition area.
It is better not to have places like that in the (upcoming)
international exhibition” (SH2T1-Post).

“The exhibition provides you to take comments from
visitors about what you have done” (SHIT1-Post).

. Developing Skills

2a. Developing Exhibit Making Skills

2b. Developing Teamwork Skills

2c. Developing Process Management
Skills

2d. Developing Skills in Teaching
about RRI

Developing various skills through guiding the exhibit
development process and the exhibition.

Developing skills related with developing exhibits including
technical skills as well as making an exhibit.

Developing skills in collaborating with others through guiding
the exhibit development process.

Developing skills related with process management.

Developing skills in teaching about topics like Responsible
Research and Innovation in science education.

“Teachers and students are developing skills in making
interactive exhibits” (SH304 FielNotes).

“The exhibition development process contributes in
developing skills in making collaboration with
colleagues” (SH201_FieldNotes).

“I realized that I can make better time planning”
(SH3T1-Post).

“The teacher develops skills in discussing about socio-
scientific issues with students” (SH102 FiledNotes).

. Gathering Knowledge

3a. Gathering Exhibit Making-Related
Knowledge

Knowledge acquisition or elaboration while guiding students in
exhibit development and in the exhibition.

Increase in knowledge related with developing exhibits
including technical and material knowledge as well as steps of
exhibit making.

“I learned about some materials. I learned about their
properties, technical specifications, where and how they
are used” (SH2T1-Post).




Table 7.28. Themes and sub-themes identified under benefits of guiding students in the exhibit development and the exhibition. (cont.)

Theme and Sub-theme

Explanation

Example

3b. Gathering Exhibition-Related
Knowledge

3c. Gathering Knowledge about RRI

3d. Gathering Knowledge about NST

Gathering more idea about exhibitions.

Learning and understanding more about Responsible Research
and Innovation.

Learning more about Nanoscience and Nanotechnology.

“I think I have learned more about it (interactive
exhibition) during this project” (SH3T1-Post).

“Teachers and students learn more about thinking RRI
with respect to NST with the support of the project
team” (SH1_The Project Team’s School Visit).

“Now, I have broadened my knowledge about the usage
area of NST as well as their impacts” (SH3T1-Post).

. Increase in Awareness and Motivation

4a. Increase in Self-awareness and
Self-motivation

4b. Increase in Awareness about
Students

4c. Increase in Awareness about RRI

Increase in awareness and motivation of teachers in various
aspects after guiding students along the exhibit development
and the exhibition.

Increase in self-awareness and self-motivation in various
aspects.

Increase in awareness about students’ capabilities, skills and
interests.

Increase in awareness about Responsible Research and
Innovation and its importance.

“I got encouraged. I saw that we can do it (exhibit
development) once we start it if the module is suitable
for it” (SH3T1-Post).

“I realized which tasks my students can do better with
enjoy” (SH3T1-Post).

“RRI dimensions should be regarded when planning a
research and doing research” (SH1T1-Post).

. Observation and Inspiration

5a. Observing Other Exhibits and
Getting Inspired by Them

5b. Observing Other Participants in
the Exhibition and Getting Inspired by
Them

Making observations in the exhibition and making some
inferences.

Examining exhibits developed by other students in the project
and making inferences about them.

Observing and communicating with other participants in the
exhibition and learning from them.

“After I visited other exhibits in the exhibition, I
reflected on the exhibitions. I thought like “We could do
this part like this” or “This aspect of the exhibit is not
very good. It could be done in another way”” (SH3T1-
Post)

“Apart from that, it was also nice to be with other
colleagues, to see their (students’) products, to listen
their experiences and to compare them with ours”
(SHIT1-Post).
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The second theme is Developing Skills, which covers acquiring new skills besides
developing the existing ones while guiding students in exhibit development. The first sub-
theme is about developing exhibit making related skills such as making exhibits interactive,
using different materials and acquiring new technical skills. The second sub-theme is about
developing teamwork skills through collaborating with colleagues, students from different
school clubs, technical staff and the project team including science education experts,
scientist and science center manager. The third sub-theme addresses developing process
management skills like guiding skills, time management skills and crisis management skills
along the exhibit development process. The last sub-theme, on the other hand, covers
developing skills in teaching about RRI such as discussing with students on RRI related
issues around a science topic like NST. The following statements can be given as example

for teachers developing skills in the process:

“The exhibition development process contributes in developing skills in making
collaboration with colleagues” (SH201_FieldNotes).

“I realized that I can make better time planning” (SH3T1-Post).

The third theme is Gathering Knowledge, which is about acquisition or elaboration of
knowledge within the exhibition as well as the exhibit development process, and consists of
four sub-theme: (i) Gathering Exhibit Making Related Knowledge, (ii) Gathering
Exhibition-Related Knowledge, (iii) Gathering Knowledge about RRI, and (iv) Gathering
Knowledge about NST. The first sub-theme points out increase in teachers’ material
knowledge and technical knowledge in exhibit making as well as knowledge in modelling a
scientific phenomenon. It also involves teachers’ developing understanding of the
evolutionary and dynamic nature of exhibit development process. The second sub-theme
remarks gathering more idea about student-created exhibitions, interactive exhibitions,
exhibition area design and effective presentation strategies. The improvement in teachers’
knowledge on exhibitions is also reported in depth in the Section 7.3, which base on their
descriptions of exhibition, interactive exhibition and science exhibition before and after the
exhibit development and the exhibition processes. The third sub-theme addresses learning
more about RRI with respect to scientific topics. Finally, the last sub-theme covers increase
in knowledge about NST by learning more about NST theme of students’ exhibits, different
nanoparticles, different nano-products and their usage areas. The following statements can

be given as example for benefits under this theme:



Table 7.29. The benefits of guiding students along the exhibit development and the exhibition.
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Table 7.29. The benefits of guiding students along the exhibit development and the exhibition. (cont.)

Theme Sub-theme Type of Data Source Participants Benefits
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Table 7.29. The benefits of guiding students along the exhibit development and the exhibition. (cont.)

Theme Sub-theme Type of Data Source Participants Benefits
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g AND SELF- =| 28 § 2 3 SH3TI1 Increase in motivation towards letting students to be more active in-class
= MOTIVATION © o Realizing that different kinds of education is possible in different environments
a Increase in motivation towards transferring guidance experience gained in the exhibition development process in
<ZC guiding students for the term projects
A
%—1 ” 2 2| o« % Common Realizing students' capabilities in developing an exhibit (SH1T1, SH2T1, SH3T1)
5 Tvgigg;% g; el S| S| 2|8 Realizing students' skills and interests more (SH1T1, SH2T1, SH3T1)
2 = - Z. 8
< | ABOUT 5l s | 2| == 5
Z | sTubenTs E|Z|8|2|= S
< ol =z|*1S8 SH2T1 -
Z SH3T1 -
= Common Raising awareness about the importance of RRI in daily life (SH1T1, SH2T1, SH3T1)
< a & | » & SHI1T1 Raising awareness about the importance of regarding RRI in a scientific research
% |mcreasew | E| E| 3| 2] 5[ smm
[5) = — =} ° -
S AWARENESS S I I R . » . . .
Z 2 S| 5| = Gaining more critical point of view in evaluating a new product
ABOUT RRI =l 28| 2|a - oy . . .
ol E|*|S8 SH3T1 Gaining more critical point of view about usage areas of NST and their effects
Increase in motivation towards following current developments in NST
OBSERVING w | » % Opportunity to examine exhibits developed by students from other schools (SH1T1, SH2T1, SH3T1)
OTHER 2| 5| & 8| = Common . T~
EXHIBITS AND |l 21 3| 3 g Opportunity to learn from other exhibits (SH1T1, SH3T1)
— <
% GETTING E § g é § SHIT1 _
<Z | INSPIREDBY | 2 | 2| 2| & | =2
z O o | = ) SH2T1 -
SE | THM SH3TI | -
= é OBSERVING Common__| -
; & | OTHER O 2
7] = an @
= & f I\?I;ITiiECIP ANTS S % S| g % SHITI1 Opportunity to meet with colleagues from other schools and learn about their experiences
% EXHIBITION é z | 2 5 ﬁ Opportunity for participants to learn from each other as well as learning from exhibits
2 2 [} i}
ANDGETTING | £ | B | 2| 2| 3
INSPIRED BY °|= © SH2T1 -
THEM SH3T1 -
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“I learned about some materials. I learned about their properties, technical specifications,
where and how they are used” (SH2T1-Post).

“Now, I have broadened my knowledge about the usage area of NST as well as their
impacts” (SH3T1-Post).

The fourth theme is Increase in Awareness and Motivation, which embraces rise in
teachers’ awareness and motivation in various aspects after guiding students along the
exhibit development and the exhibition. It comprises of three sub-themes as seen in Table
7.29. The first sub-theme, which is Increase in Self-awareness and Self-motivation, includes
increase in self-confidence and self-motivation towards guiding students in exhibit
development, raising awareness about differences in guiding students in-class and in exhibit
development, increase in motivation towards letting students to be more active in-class,
realizing that different kinds of education is possible in different environments, and rise in
motivation towards transferring guidance experience gained in the exhibit development
process in guiding students for the term projects. Furthermore, the second sub-theme is
Increase in Awareness about Students, which is about realizing students' capabilities in
developing an exhibit and their skills and interests more. Lastly, the third sub-theme is
Increase in Awareness about RRI, which addresses raise in teachers’ awareness about the
importance of RRI in daily life as well as in scientific researches, gaining more critical point
of view in evaluating a new product, having more critical perspective in usage areas of NST
and their effects and increase in motivation towards following current developments in NST.

The statement below can be given as example of increase in awareness and motivation:

“I got encouraged. I saw that we can do it (exhibit development) once we start it if the
module is suitable for it” (SH3T1-Post).

Finally, the last theme under the benefits of guiding students along the exhibit
development and the exhibition is Observation and Inspiration, which includes two sub-
themes: (i) Observing Other Exhibits and Getting Inspired by Them, and (ii) Observing
Other Participants in the Exhibition and Getting Inspired by Them. The first sub-theme, as
the name implies, bases on benefits coming with examining exhibits developed by other
students in the project and making inferences about them. On the other side, the second sub-
theme covers observing and communicating with other participants in the exhibition and

learning from them. The explanation of the SHIT1 can be given as example:
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“Apart from that, it was also nice to be with other colleagues, to see their (students’)
products, to listen their experiences and to compare them with ours” (SH1T1-Post).

The overall analysis of benefits the teachers obtained from their guiding experience
revealed many common benefits. However, the teacher SH3T1, who has only one experience
in exhibit development with students, put extra emphasis on gaining process management
skills and increase in her confidence and motivation towards involving in similar extra-

curricular activities like guiding students for science fairs.

The overall analysis of challenges and benefits of guiding students along the exhibit
development and the exhibition revealed some challenges from guiding students in
integration of RRI in their exhibits to other official responsibilities of teachers, and points
out many benefits from making reflection and evaluation about process-related aspects to
increase in awareness and motivation of teachers in such tasks. Besides, it gave the reader
some insight about the strategies teachers developed for overcoming the challenges they

faced in their guidance.

7.8. Challenges and Benefits of Developing RRI Integrated Interactive Exhibit on

Nanotechnology Applications and the Exhibition Processes

Similar to teachers, students confronted with some challenges while developing an
RRI integrated interactive science exhibits on nanotechnology applications. They also
addressed many benefits of engaging in such experience. This section of the study is aimed
to report these challenges and benefits identified through analysis of varying data sources
with respect to the RQ6. The data sources, used in this direction, are interviews, school
observations, weekly logs, field notes and CoL meetings, which comprise of students’
opinions, the researcher’s observations and reflections, and also the teachers’ statements.

The challenges and benefits for students are reported in different sections following.

7.8.1. Challenges of Developing a RRI Integrated Interactive Science Exhibit on NST
and the Exhibition

The first focus of the RQ6 is the challenges students faced in developing an RRI

integrated interactive exhibit on NST. As a consequence of analysis of multiple data sources,
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the challenges students confronted were classified under six themes and ten sub-themes,
which are presented, explained and exemplified in the Table 7.30. The corresponding
challenges for each theme and sub-theme are presented in school-base in the Table 7.31,
which also includes the challenges for students addressed by the teachers that are remarked

in parenthesis.

The first theme is Concerns Just Before the Exhibit Development Process, which
addresses the concerns of students in the beginning of the process. Some students had no
experience in developing a science exhibit. In some cases, this inexperience brought together
low self-confidence and low motivation for developing an exhibit like for the students of the
school SH3. Besides, the ranking of exhibits was another factor creating stress for some
students such as the SH1 students. To overcome the reluctance coming with these concerns,
teachers showed some motivating and encouraging practical approaches as it is discussed in

Section 7.5.3.1. Practical Approaches for Motivating Students.

The second theme is Challenges in the Stage of Finding an Exhibit Idea, which is about
challenges students confronted in gathering an exhibit idea. Students from each school
mentioned about spending too much time in finding an exhibit idea. The two challenges
students faced in this phase are deciding to the final form of the exhibit idea and finding
different exhibit ideas. The similarity of students’ exhibit ideas was also addressed by the
teacher SH1TI. She thinks students’ exhibit ideas mostly are from what they learned about
NST from the module and from the field trip to the university laboratories. Some students’
explanations about what their exhibit ideas base on supports the SH1T1’s argument:

“When we visited the Bogazi¢i University laboratories, they told us about these studies.
Then, we talked with my group friend whether we can model it or not” (SH1S3-Post).

“We had learned about the thermal property and size dependent color property of gold
nanoparticles in one of our lessons in the school club. We decided to do something about it...”

(SHIS5-Post).

“We inspired from the animations we watched while we learning about it. It was showing how
nanoparticles destroy bacteria” (SH2S1-Post).

“We had a lesson about gold nanoparticles. It was interesting. So, I wanted to something
about it” (SH3S1-Post).

“We had inspired by the nano-socks washing experiment in the module” (SH3S4-Post).



Table 7.30. Themes and sub-themes identified under the challenges of developing a RRI integrated interactive science exhibits on

nanotechnology applications and the exhibition.

Theme and Sub-theme

Explanation

Example

. Concerns Just Before the Exhibit
Development Process

Concerns of students in the beginning of the exhibit
development process.

“When our teacher asked us to develop an exhibit, we
had concerns about what and how we will going to do in
the beginning” (SH3S3-Post).

. Challenges in the Stage of Finding an
Exhibit Idea

Challenges students faced in gathering an exhibit idea.

“It took about three weeks to thinking on an exhibit idea.
Others had found an idea, but we couldn’t” (SH1S5-
Post).

. Challenges in the Stage of Planning
Exhibits

3a. Challenges in Material Planning
and Supply

3b. Challenges in Planning Exhibit
Design

Challenges students faced in planning of their exhibits.

Challenges students faced in planning and supplying materials.

Challenges students faced in planning their exhibit design.

“We had four or five exhibit ideas, but we had no idea
which materials we should buy” (SH1S1-Post)

“SPC is dominant in producing ideas. Mainly, he directs
students about the design of their exhibits”
(SH202 Textual Sum.).

. Challenges in the Stage of Production
of Exhibits

4a. Lack of Technical Knowledge and
Skills

4b. Challenges in Integration of RRI

4c¢. Challenges in Making Exhibits
Interactive

Challenges students faced in the production of their exhibits.

Challenges students faced because of lack in their technical

knowledge and skills.

Challenges students faced in integrating RRI in their exhibits.

Challenges students faced in making their exhibits interactive.

“The exhibit was partly broken and we had to make it
again” (SH1S4-Post).

“We had never done such thing before. We had difficulty
about how to integrate RRI” (SH3S2-Post).

“For us, developing an interactive exhibit was long and
challenging process” (SH1S4-Post).

. Challenges in the Overall Process of
Exhibit Development

5a. Limited Time

Challenges students faced in the overall process of exhibit
development.

Challenges students faced because of limited time or the
challenges leading to limitation of time.

“I changed the exhibit idea because we had time
problem” (SH3S1-Post)




Table 7. 30 Themes and sub-themes identified under the challenges of developing a RRI integrated interactive science exhibits on

nanotechnology applications and the exhibition (cont.)

Theme and Sub-theme

Explanation

Example

5b. Challenges of Teamwork

5c. Other Responsibilities

Challenges students faced in working as a group.

Challenges students faced because of other responsibilities in

the school.

“It was challenging to work with others” (SH1S4-Post).

“When we realized that we need to change the whole
design of the exhibit due to a technical problem, we got
concerned because the exam week was very close and
there were the school lessons and homework” (SH1S3-
Post).

6. Challenges in the Exhibition

6a. Challenges in Making Presentation

6b. Challenges about Physical
Facilities in the Exhibition Area

Challenges students faced in presentation of their exhibits.

Challenges students faced about physical facilities in the
exhibition area.

“I can tell that we had not determined our presentation
(plan). We should have done it. We made task sharing
(for presentation) later on (in the exhibition), but after
some time, these tasks have started to interrupt” (SH3S2-
Post).

“In the first day of the exhibition, we were in a room
because our exhibits didn’t fit the area reserved for us in
the exhibition area. Therefore, we didn’t get much visitor
in the first day” (SH1S3-Post).
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Another challenge faced in finding an exhibit idea is about the effect of having some specific
ideas about “must-haves” of the exhibits on the students’ exhibit idea gathering. The analysis
shows that having alternative ideas about the necessities of exhibit is a limiting factor in
finding an exhibit idea. The following case taken from a school observation can be given as

example:

“They examine a page about Graphene. SH2S1 said “This is Carbon but we mostly
focused on Silver”. Another student replied as “But we didn’t talk only about silver. We came
to the point of silver from nanotechnology” (SH201_Textual Sum.).

Although a student made a good point in unnecessity of limiting themselves with silver
nanoparticles, the both exhibits SH2E1 and SH2E2 focus around silver nanoparticles. Apart
from other two schools’ students, who have strong command of English, the students of the
school SH3 had difficulty in finding sources in mother language on the Internet as seen in

Table 7.31.

The third theme is Challenges in the Stage of Planning Exhibits, which consists of two
sub-themes: (i) Challenges in Material Planning and Supply, and (ii) Challenges in Planning
Exhibit Design. The first sub-theme is about challenges students faced in planning and
supplying materials. The first challenge in this manner is lack of material knowledge, which
brings some other challenges together such as having difficulty in determining the materials
needed, wrong/inefficient material choice, having difficulty in choosing durable materials,
and having difficulty in building aesthetically pleasing exhibits. The second material-related
challenge is material supply. Some students had difficulty in finding the materials in stores
or finding a store. Some of them ended up by giving up their exhibit ideas because of not

knowing how to supply materials needed for it like in the case of SH2S2 and SH1SI1:

“Actually, I had worked on an experiment. It would be a model showing the differences
of spaces between the healthy cells and cancer cells. In the experiment, nanoparticles are able to
move against the gravity under magnetic field. But, we couldn’t do it. We couldn’t find the
materials needed” (SH2S2-Post).

“We had a project idea (exhibit idea), which I really wanted to develop. We had a very
limited idea about how to supply materials or how to produce materials we need by ourselves. It
would be a very challenging process. We also had limited time. So, we didn’t make this idea”
(SH1S1-Post).

The second sub-theme is about challenges students confronted in planning of their exhibit

designs. These are limiting the exhibit design with respect to material and technical
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knowledge as well as the limited time, having difficulty in deciding to the final form of the
exhibit design plans, and needing support in planning of exhibit designs. Similar to its
negative effect in the stage of finding exhibit idea, having alternative ideas about the
necessities of exhibit is also a limiting factor in planning exhibit designs. The SHIT1’s
request from students to develop an exhibit design, which doesn’t require any directions of
the exhibit-owner while visitors examine it or the SH3T1’s direction of developing models
to make exhibits interactive can be given as examples of ideas restricting students in making
their exhibit designs. The student SH1S4 explains how they changed their exhibit design

plans few times because of such limitation:

“Some were interpreting the sustainability of the exhibit as exhibits, which visitors can
do it by themselves. Therefore, we gave up many exhibit design plans. We had to change the
exhibit designs, which need us (exhibit-owner)” (SH1S4-Post).

The fourth theme is Challenges in the Stage of Production of Exhibits, which
comprises of three sub-themes as given in Table 7.31. The first sub-theme is about lack of
technical knowledge and skills, which brings along some challenges such as having
difficulty in using a material efficiently, having difficulty in transferring exhibit ideas into
exhibits and producing sustainable exhibit design plans, need of support in technical aspects,
and facing with technical problems. In some cases, students had to rebuild their exhibit

because of technical problems:

“We had no idea about how to do the spinning mechanism of the exhibit and you know
we faced a problem about adhesive. Besides, tubes were too long. We got support people from
our school. I really appreciate their effort” (SH1S1-Post).

The second sub-theme is Challenges in Integration of RRI, which covers challenges
students faced in RRI integration. Firstly, students had no experience in learning or
discussing about topics like RRI, which decreases the chance of familiarity with the subject.
It makes it difficult to understand some dimensions of RRI such as “governance” and

“engagement”. The following statements of a student and a teacher can be given as example:

“We tried really hard to understand the “governance”. In the beginning, neither any school
club mates nor the teachers understood it. We understood it at last, when it was very close to the
exhibition” (SH1S4-Post).

“The governance dimension among the all dimensions challenged the students. In the
beginning, they didn’t get the contribution of it in our daily lives, but then they realized the
necessity of it” (SH1T1-Post).



Table 7.31. The challenges of developing RRI integrated interactive science exhibits on nanotechnology applications.

Theme Sub-theme Type of Data Source Participants Challenges
" Common Not having an experience in developing a science exhibit (SH1, SH3)
CONCERNS @ é §° g 2 SH1 Having concerns in ranking of exhibits in the exhibition (SH1)
JUST BEFORE 5| 2| 2| 3| % SH2 -
THE EXHIBIT - cle| 2|52
DEVELOPMENT E| 8| 3 E = Not having self-confidence in developing an exhibit (SH3) (SH3T1)
PROCESS S| = o SH3 Having low motivation for the exhibit development process (SH3) (SH3T1)
Spending too much time in finding an exhibit idea (SH1, SH2, SH3)
Deciding to the final form of the exhibit idea (SH1, SH2, SH3)
O T R % Common Having difficulty in finding different exhibit ideas: (SH1, SH3)
CHALLENGES el S| 3| &£ - Finding an exhibit idea different from what is learned about NST (SH1, SH2, SH3) (SHIT1)
IN THE STAGE - 5 g > | Z g Having alternative ideas about the necessities of exhibit is a limiting factor in finding an exhibit idea
OF FINDING AN 5} 5} = usy
EXHIBIT IDEA El 2| 3] 2] = (SH1, SH2, SH3)
S| = | =S
SH1 -
SH2 -
SH3 Finding sources in mother language on the Internet (SH3)
Lack of material knowledge: (SH1T1, SH3T1)
- Having difficulty in determining the materials needed (SH1, SH2, SH3) (SH1T1, SH3T1)
" - Wrong/inefficient material choice (SH1, SH3) (SH1T1, SH3T1)
2 g gﬂ 8 2 Common - Having difficulty in choosing durable materials (SH1, SH3) (SH1T1, SH3T1)
g{’g\%}:ﬁé el 5|22 3 Challenges in material supply: (SH1, SH2, SH3)
AND SUPPLY E % ) = = - Giving up an exhibit idea because of not knowing how to supply materials needed for it (SH1, SH2,
=) ) ] .2 =
IR -2 I SH3)
SH1 -
CHALLENGES SH2 -
IN THE STAGE SH3 Having difficulty in building aesthetically pleasing exhibits
OF PLANNING Limiting the exhibit design with respect to material and technical knowledge (SH1, SH3) (SH1T1,
EXHIBITS SH3TI)
" Limiting the exhibit design with respect to limited time (SH1, SH2, SH3) (SH2T1)
CHALLENGES | 2 § §° ERE Common Having difficulty in deciding to the final form of the exhibit design plans (SH1, SH3)
IN PLANNING 5 | § ’i 2| 38 Needing support in planning of exhibit designs (SH1, SH2, SH3)
EXHIBIT 5 é 2 2 = Having alternative ideas about the necessities of exhibit is a limiting factor in planning exhibit designs
DESIGN Sl 8|2 E g (SH1, SH3)
SH1 -
SH2 -
SH3 Having difficulty in drawing the exhibit design plan




Table 7.31. The challenges of developing RRI integrated interactive science exhibits on nanotechnology applications. (cont.)

Theme Sub-theme Type of Data Source Participants Challenges
Lack of technical knowledge and skills (SH1T1, SH3T1)
- Having difficulty in using a material efficiently (SH2, SH3)
- Having difficulty in producing sustainable exhibit design plans (SH1, SH3)
a2l &l « & Common - Having difficulty in transferring exhibit ideas into exhibits (SH1, SH2, SH3)
LACK OF gl 2|3 g £ - Need of support in technical aspects (SH1, SH2, SH3)
TECHNICAL = 153 > | Zz 8 . . .
KNOWLEDGE g e 2| 5| = Facing with technical problems (SH1, SH3)
AND SKILLS g é § 2 g - Rebuilding the exhibit because of technical problems (SH1, SH3)
SH1 -
SH2 -
SH3 Giving up an exhibit idea because of not knowing how to build the exhibit mechanism in mind (SH3T1)
Not having experience in learning about topics like RRI (SH1, SH2, SH3)
Having difficulty in understanding some RRI dimensions (SH1, SH2, SH3) (SH1T1, SH2T1, SH3T1)
Having difficulty in finding sources about RRI (SH1, SH2, SH3)
CHALLENGES Challenge of explaining RRI dimensions by using own words (SH1, SH2, SH3)
IN THE STAGE Having low motivation for integration of RRI (SH1, SH2, SH3) (SH1T1, SH2T1, SH3T1)
}(’)IEODU CTION Delaying to focus on integration of RRI in exhibits (SH1, SH2, SH3)
OF EXHIBITS ozl 8l @ Common Having difficulty in finding a way for integration of RRI (SH1, SH3) (SH1T1, SH3T1)
fNHALLENGES AR 8 Having difficulty in integrating all of six RRI dimensions in exhibits (SH1, SH2, SH3) (SHIT1, SH2T1,
= Q
INTEGRATION | 5 | 5 | % z| 3 SH3T1) . o .
OF RRI £ 2 S| 2 Challenge of relating RRI dimensions with the NST theme of the exhibit (SH1, SH2, SH3) (SH1T]1,
S| | ™| S8 SH2T1, SH3T1)
- Challenge of relating an objective concept with a subjective and abstract concepts (SH1, SH2, SH3)
(SH3T1)
Need of support in RRI integration (SH1, SH2, SH3)
SH1 -
SH2 -
SH3 -
CHALLENGES 2 § §D 8 é" Common Challenge of finding ways for making exhibits interactive (SH1, SH3)
IN MAKING sl 82| 2| 3
EXHIBITS 5l 5| %|=]|= SHI -
INTERACTIVE | = | 2 2| E| 2 SH2 -
o)
SH3 -




Table 7.31. The challenges of developing RRI integrated interactive science exhibits on nanotechnology applications. (cont.)

Theme Sub-theme Type of Data Source Participants Challenges
Common Having concern about limited time for exhibit development (SH1, SH2, SH3) (SH1T1, SH2T1, SH3T1)
@ @ " & Losing time because of technical problems (SH1, SH2, SH3)
1| 5|2 ¢
= |53
LIMITED | |l 2| 72 § Being not able to make desired changes on exhibits because of limited time
TIME 5| 5| % | = SH1 . o .
E|l 8 2| 2|~ Working on exhibits at some school lessons periods
“|lol&®| =8
SH2 -
SH3 -
CHALLENGES Szl al .| 5 Common Having difficulty in finding a common time with group friends for working on exhibits (SH2, SH3)
gvgliiLL CHALLENGES | & % S § § Challenge of having consensus in some aspects of exhibit development (SH1, SH2, SH3)
S >
PROCESS OF OF 5l 5|2 == SHI -
EXHIBIT TEAMWORK | 21 8| 2| 2| = SH2 -
DEVELOPMENT © o SH3 -
a
E ” 2 2| % Common Responsibilities in the exam weeks (SH1, SH2, SH3)
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= =l 2| z|2)| 8
5% 2123|313
£ =|l8|=2|5]3 SH1 -
5 SH2 -
SH3 -
& % " Getting excited while presenting the exhibits (SH1, SH2, SH3)
Bos 2 g gﬁ 8| 2 Common Challenge of making an effective presentation (SH1, SH3) (SH3T1)
% E < % § = g Simplifying the presentation for younger visitors (SH1, SH2, SH3)
m Z & = kel
=< 8a) i) 2 [} ]
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EXHIBITION -
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PHYSICAL S .% S 2 = SH1 Getting less visitor because of the position in the exhibition site
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?ﬁglLITIES IN 5| 5| = = E SH2 Existence of narrow places in the exhibition area
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EXHIBITION | = [ 8| & | & | S SH3 )
AREA




206

When it comes to searching about RRI for learning more about it, students had difficulty in
finding sources about RRI, especially finding sources in their native language. In experience,
low understanding and limited source led some other factors challenging students. These are
challenge of explaining RRI dimensions by using own words, having low motivation for
integration of RRI, delaying to focus on integration of RRI in exhibits, having difficulty in
finding a way for integration of RRI, having difficulty in integrating all of six RRI
dimensions, and challenge of relating RRI dimensions with the NST theme of the exhibit.
Following statements taken from varying data sources can be given as example for

challenging aspects of RRI integration:

“I didn’t know much about RRI. We had never done such thing before. We had difficulty
about how to integrate RRI. We integrated all of RRI dimensions. If we would integrate few of
them instead of all six, we could reflect them better.” (SH3S2-Post).

“It was challenging to reflect both RRI and the gold nanoparticles together on the model.
It was easier to think them separately” (SH3S1-Post).

“SH2S1 said “Ethics can change from person to person. So we can’t form a True-False
question (about ethics)”. The teacher replied as “I accept its subjectivity. What about narrowing
down its scope instead of thinking it generally?”” Students asked how they can do it. The teacher
gave an example of True-False question “Do Nano-products have impact on environmental
pollution?”” (SH201_Textual Sum.).

“A student from SH1G5 asked “How can we integrate ethics? I know what ethics is but I
need an explanation about how can we integrate it in our exhibits” (SH102_Textual Sum.).

“Some students have misunderstanding about some dimensions. The teacher asked a
group how they will integrate RRI dimensions into their exhibit. They answered as “Ethics: Our
exhibit aims to inform visitors, so it is ethical, Engagement: The exhibit should be beneficial for
visitors, Gender equality: Nano-products should be for both genders. Another group replied as
“Engagement: Direct interaction of visitor with the exhibit. Governance: We help visitors to
work on exhibit” (SH102_Textual Sum.).

“Students have difficulty in integrating all RRI dimensions in their exhibits”
(SH104_FieldNotes).

Furthermore, the integration of RRI was the most addressed aspect, when the project team
visited schools to give feedback for students’ exhibits. The following statements can be

given as example:

“Students from the group SHIG1 were explaining the RRI integration in their exhibits
like “For ethics: There is no harm on environment during the development of this exhibit. For
gender equality: Our exhibit is not gender-specific. Both gender can benefit from this product
and learn from this exhibit. The project coordinator asked students “How will you present your
ideas about RRI to the visitors in the exhibition? Will you explain them like that (verbally)?
What is your plan? Could you make it in a more interactive way like through games?” Then, she
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suggested to relate the RRI dimensions with a research in the field of the NST theme of their
exhibit” (SH1_The Project Team’s School Visit).

“The project team suggests students to increase the number of RRI related questions in
the nanoquiz exhibit. The integration of RRI is missing in the other exhibit” (SH2 The Project
Team’s School Visit).

“The project coordinator said SH3G3 “We don’t see the integration of RRI at all in this
exhibit”. The teacher told “They tried to integrate “open access” with the brochure”. Then, the
project team made some suggestions about the ways they can integrate RRI like preparing
question cards and including three boxes for visitors’ answers such as “Yes”, “No”, “I have no
idea” (SH3_ The Project Team’s School Visit).

Because of varying challenges base on integration of RRI, students needed support and
guidance like they took from the project team as well as from their teachers and school club
mates. Students also took some practical approaches and developed some strategies to
overcome challenges of RRI integration from making search from the official website of the
project to giving feedback for each other about RRI integration, which are discussed in the

Section 7.6.2.2. Practical Approaches in Integration of RRI.

The last sub-theme under the challenges faced in the production stage is Challenges in
Making Exhibits Interactive. Although, this challenge was not pointed out heavily like in the
case of RRI integration, few students from the schools SH1 and SH3 mentioned about it.
They considered it challenging to find ways for making exhibits interactive. The following

statement can be given as example:

“I had never been in an interactive exhibition nor developed an interactive exhibit before.
For us, developing an interactive exhibit was long and challenging process. When you develop
an ordinary exhibit, it needs to appeal to eye and ear. But, when you create an interactive exhibit,
it needs to appeal all senses of people by letting them to touch, to hear and to involve in it
themselves” (SH1S4-Post).

The fifth theme is Challenges in the Overall Process of Exhibit Development, which
includes three sub-themes: (i) Limited Time, (i1) Challenges of Teamwork, and (ii1) Other
Responsibilities. The first sub-theme is about challenges students faced because of limited
time or the challenges leading to limitation of time. Firstly, all students addressed their
concern about limited time in the exhibit development. Besides, some students lost some
time in the process because of technical problems, while some were not able to make desired
changes on exhibits because of limited time. On the other side, some students worked on
exhibits at some school lessons periods to create extra time. The statements below can be

given as example for time-related challenges students confronted in the exhibit development:
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“We got worried about whether we can finish exhibit development in time” (SH3S4-
Post).

“I changed the exhibit idea because we had time problem” (SH3S1-Post)

“They also work after school times in different days. School club hours are not sufficient
to complete their exhibit on time” (SH204_Textual Sum.).

The second sub-theme is about the challenges faced in making group work. The first
challenge is having difficulty in finding a common time with group friends for working on
exhibits. In some cases, like the SH3S1 and SH3S6, this situation ends up with giving up
doing a group work but instead deciding to work individually in exhibit development. The

following statements exemplifies challenges of teamwork for students:

“Working with others was challenging. Making a plan together and following it were
difficult” (SH1S4-Post).

“When we decided to come together at a weekend, my group friend couldn’t join our
meeting. But the teacher had asked us to make a progress in exhibit development. So, I did
something, but my group friend was unaware of what was I did. Then, he said “I am doing
something my own. Let’s do it like that (working individually)” and I said “All right” (SH3S6-
Post).

Not having an official school club period possibly made way for such ending. Another
challenge in teamwork is trying to have consensus with other group members in some
aspects of exhibit development like aforementioned case in SH3, in which a student was
suggesting to pick Graphene as an exhibit theme, while the other insisted on choosing Silver
nanoparticles because it was the focus of the module. The last sub-theme is about challenges
stem from the other school-related responsibilities of students like the exam weeks,

homework or attending seminars.

“The time interval of the exhibit development was bad. Besides of limited time, the half
of the time interval comprised of the exam week. So, it was challenging to spare time for it
(exhibit development). All of group members wanted to study for exams, which demotivate us
for developing exhibits. But, eventually we did it” (SH1S1-Post).

“Sometimes students have other activities such as attending a seminar or they missed the
club hours because of snow break and report card day. Therefore, we lost 2-3 weeks” (SH2T1 in
CoL_Meeting#2).

The last theme under the challenges students faced in the process is Challenges in the
Exhibition, which consists of two sub-themes: (i) Challenges in Making Presentation, and

(i1) Challenges about Physical Facilities in the Exhibition Area. The challenges about
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presentation are overcoming excitement while presenting the exhibits, making an effective
presentation and simplifying the presentation for younger visitors. The following statement

can be given as example:

“I can tell that we had not determined our presentation (plan). We should have done it.
We made task sharing (for presentation) later on (in the exhibition), but after some time, these
tasks have started to interrupt” (SH3S2-Post).

The other factor creating challenges for students is the physical facilities in the exhibition.
The SH1S3 explains how the physical conditions they confronted in the exhibition area did

effect the number of visitors they got:

“In the first day of the exhibition, we were in a room because our exhibits didn’t fit the
area reserved for us in the exhibition area. Therefore, we didn’t get much visitor in the first day”
(SH1S3-Post).

7.8.2. Benefits of Developing a RRI Integrated Interactive Science Exhibit on NST and
the Exhibition

The experience students went through in developing an RRI integrated interactive
science exhibit on NST led them to learn from numerous challenges they faced and from the
practical approaches they took to cope with the struggles on their ways. This section of the
study is aimed to present the benefits students obtained from this experience. As a result of
analysis of multiple data sources, the benefits students gained were classified under five
themes and seventeen sub-themes, which are presented, explained and exemplified in Table
7.32. The benefits under each theme and sub-theme are given in school-base in the Table
7.33, which also includes the student-acquired benefits addressed by the teachers that are
remarked in parenthesis. The benefits students derived from the process are mostly parallel
with the teachers’ benefits with few exceptions and reflect of students’ experiences and

perspectives.

The first theme is the Reflection and Evaluation, which consists of three sub-themes:
(1) Doing Self-reflection and Self-evaluation, (ii) Evaluation of Other Aspects, and (iii)
Getting an Evaluation. The first sub-theme is about students’ self-reflection and self-
evaluation about their performances along the exhibit development as well as in the
exhibition, their exhibits and their related experiences in the past. The common benefits

identified under this category are reflecting on and evaluating their performance along the
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exhibit development, evaluation of their own exhibits regarding ways of improving the
design and RRI integration, doing reflection and evaluation about the projects or exhibits
developed in the past regarding their interactivity and RRI, and evaluating the exhibition
experiences in the past regarding their interactivity. The statements below can be given as

examples for the first sub-theme:

“My personal opinion is we could build a little more integral design. It (parts of exhibits)
is isolated in this form” (SH1S2-Post).

“I think doing our exhibits interactive contributed not only us but also visitors a lot”
(SH2S2-Post).

“Now, I realize that the exhibit I developed before was interactive. The visitors were
pouring water themselves (the exhibit was on water cycle)” (SH3S4-Post).

“In the school projects we developed before, we were given more directives. I mean we
were much more directed to prepare a certain type of projects. But, in the Project Irresistible, we
were asked to develop an exhibit on NST and it was more open ended. It led to arise more creative
ideas” (SH2S1-Post).

“The project I developed before was including only the “open access” dimension of RRI,
but the current one integrates all six of them” (SH3S5-Post).

“It (the exhibition) was more interactive compared to my past experiences” (SH1S3-Post).

“The Periodic Table I prepared before was touch-operated. Because it was designed for
blind people, we blindfolded visitors and they touched on it” (SH2S2-Post).

The second sub-theme is about evaluation of other aspects such as evaluating exhibits
developed by other students regarding their NST theme, designs, interactivity and RRI
integration. Besides, students got chance to evaluate visitors’ opinions about RRI as well as

NST. The following statement can be given as example under this category:

“There were many creative exhibit ideas. Some were better than ours, but it is not
important. We have learned from them.” (SH3S5-Post).

The third sub-theme is about opportunity get evaluation from others for the exhibits
developed. In the process of exhibit development, students got feedback from their teachers
and the Nano school club mates. As it is addressed in previous sections, before the
exhibition, students got feedback from the project team including science education experts,
a scientist and science center manager. These feedbacks contributed students to improve
their exhibits before they meet with larger population. Finally, in the exhibition students got

feedback for their exhibits from the visitors, which may help them in making constructive
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inferences for future projects. The statements below can be given as example of benefit of

getting evaluation from others:

“After we presented our exhibits to our friends through pictures, we developed it with
their ideas” (SH3S5-Post).

“A student from SH1G1 told the project team “We are confused whether it is a chemical
or mechanical filtration. Because nano-scale filtration is seen as chemical filtration in the
literature but membrane filters are used in this process. We want to hear your point of view”.
One of the science education experts said “What I understand in nano filtration is filtration of
particles in nano size thanks to its nanoscale pores besides filtration of organic entities like
bacteria thanks to the property of certain NPs like Ag NPs integrated in nano-filters” (SH1_The
Project Team’s School Visit).

The second theme under the benefits students obtained is Developing Skills, which
comprises of five sub-themes: (i) Developing Exhibit Making Skills, (ii)Developing
Teamwork Skills, (ii1) Developing Process Management Skills, (iv) Developing Presentation
Skills, and (v) Developing Skills in Data Collection and Evaluation. The first sub-theme
addresses developing of students’ skills related with exhibit making such as making exhibits
interactive, working with different materials, and technical skills. The following statements

of students can be given as example:

“I always wanted to use 3d- printer but I didn’t know (how to use it). It seems too much
complicated. But I learned it with the support of the (Technology and Design) teacher and [ am
planning to use it in my future projects” (SH2S2-Post).

“Speaking for myself, I developed new ideas with the skills I learned, which I had never
done before, like building electric circuit system” (SH1S5-Post).

The second sub-theme is about skills students developed through making teamwork. First of
all, students developed skills in collaborating with others including group members, the
Nano school club mates, students from other school clubs, and other teachers or staff in their
school. Along with the collaborative skills, students have improved their skills in
communication, reaching a comprise and taking responsibilities. Furthermore, in some
cases, students formed groups with others from different classes or grade levels, which
promoted their teamwork skills as well. The following statements can be given as example

of benefits identified under this category:

“While developing this exhibit, I developed my skills and learned to be in interaction and
communication with others, and making teamwork as a group” (SH1S4-Post).



Table 7.32. Themes and sub-themes identified under the benefits of developing a RRI integrated interactive science exhibits on

nanotechnology applications and the exhibition.

Theme and Sub-theme

Explanation

Example

. Reflection and Evaluation

la. Doing Self-reflection and Self-
evaluation

1b. Evaluation of Other Aspects

Ic. Getting an Evaluation

Making reflection and evaluation as well as getting evaluation
in the exhibit development and exhibition processes.

Making self-reflection and self-evaluation upon the experience
and performance in the exhibit development and exhibition
processes as well as related past experiences.

Evaluating some aspects including the exhibit development

process, the exhibition, other exhibits and visitors’ opinions.

Getting evaluated for the exhibits by visitors and experts.

“We had used acetate papers, but we could use plastic
tube instead” (SH1S2-Post).

“There were many creative exhibit ideas. Some were
better than ours, but it is not important. We have learned
from them.” (SH3S5-Post).

“The project coordinator suggests SH1G1 to put
emphasis on the transfer of nanoparticles in nature”
(SH1 The Project Team’s School Visit).

. Developing Skills

2a. Developing Exhibit Making Skills

2b. Developing Teamwork Skills

2c. Developing Process Management
Skills

2d. Developing Presentation Skills

Developing various skills through guiding the exhibit
development process and the exhibition.

Developing skills related with developing exhibits including
technical skills as well as making an exhibit.

Developing skills in collaborating with others through guiding
the exhibit development process.

Developing skills related with process management.

Developing skills in making an effective presentation.

“I always wanted to use 3d- printer but I didn’t know
(how to use it). It seems too much complicated. But I
learned it...” (SH2S2-Post).

“...I' learned to make teamwork as a group...” (SH1S4-
Post).

“Students had difficulty in finding the right materials.
But they overcame it. They searched on the Internet,
consulted their acquaintances, families, and other
teachers” (SH1T1-Post).

“It contributed a lot in terms of presentation” (SH3S3-
Post).




Table 7.32. Themes and sub-themes identified under the benefits of developing a RRI integrated interactive science exhibits on

nanotechnology applications and the exhibition. (cont.)

Theme and Sub-theme

Explanation

Example

2e. Developing Skills in Data
Collection and Evaluation

Developing skills in collecting and evaluating data.

“I prepared questionnaire including RRI questions. Then,
I kept record of visitors” answers in a table” (SH3S1-
Post).

. Gathering Knowledge

3a. Gathering Exhibit Making-Related
Knowledge

3b. Gathering Exhibition-Related
Knowledge

3c. Gathering Knowledge about RRI

3d. Gathering Knowledge about NST

Knowledge acquisition or elaboration while guiding students in
exhibit development and in the exhibition.

Increase in knowledge related with developing exhibits
including technical and material knowledge as well as steps of

exhibit making.

Gathering more idea about exhibitions.

Learning and understanding more about Responsible Research
and Innovation.

Learning more about Nanoscience and Nanotechnology.

“I gained knowledge about industrial materials a lot”
(SH1S1-Post).

“Before our exhibition, I had no idea about interactive
exhibition. But after we developed one, we learned about
it and we gathered more in-detail knowledge about it”
(SH1S5-Post).

“...students learn more about thinking RRI with respect
to NST with the support of the project team” (SH1_The
Project Team’s School Visit).

“In the beginning, we had less knowledge about NST
and our knowledge has improved” (SH1S5-Post).

. Increase in Awareness and Motivation

4a. Increase in Self-awareness and
Self-motivation

4b. Increase in Awareness about RRI

Increase in awareness and motivation of teachers in various
aspects after guiding students along the exhibit development
and the exhibition.

Increase in self-awareness and self-motivation in various
aspects.

Increase in awareness about Responsible Research and
Innovation and its importance.

“Exhibition day was beautiful. It was an unforgettable
experience for me. Visitors were very interested in our
exhibit. They were really curious and they knew the
exhibition. I was so impressed” (SH3S4-Post).

“Studies done without regarding RRI may not contribute
much in science” (SH2S1-Post).




Table 7.32. Themes and sub-themes identified under the benefits of developing a RRI integrated interactive science exhibits on

nanotechnology applications and the exhibition. (cont.)

Theme and Sub-theme

Explanation

Example

4c¢. Raising Awareness and Motivation
of Others

Raising awareness and motivations of others including
acquaintances, visitors and other students in school.

“There was a student (not from the Nano school club),
who wore make up. One of the students asked her
questions like “Did you check its label? Does it include
ingredients? Did you search them? Are they healthy?”
(SH3T1-Post).

. Observation and Inspiration

5a. Observing Other Exhibits and
Getting Inspired by Them

5b. Observing Other Participants in
the Exhibition and Getting Inspired by
Them

Making observations in the exhibition and making some
inferences.

Examining exhibits developed by other students in the project

and making inferences about them.

Observing and communicating with other participants in the
exhibition and learning from them.

“The exhibits developed by other schools gave me some
ideas. I mean ideas about what can I do if I do something
like that in the future” (SH3S6-Post).

“The exhibition provided us with meeting with new
people” (SH3S1-Post).
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“We worked on different parts of the project, but we didn’t totally separate. We were
helping each other” (SH2S1-Post).

“It was my first experience and it contributed a lot to me. My social circle even expanded.
We developed projects by coming together from two different classes” (SH3S3-Post).

The third sub-theme addresses developing process management skills like organizational
skills including time management skills. In addition, dealing with the challenges faced in the
process has improved students’ problem solving skills such as adapting the exhibits through
the problems faced and the feedbacks, and thinking alternative ways for materials, technique

or sources for support.

“We had faced with some problems in the prototype we built. Therefore, we developed
the current final form of the exhibit design” (SH3S1-Post).

The fourth sub-theme referring another developing skills of students is about improvement
in their effective presentation skills. Students believe they made a progress in developing
quality of their presentation through practicing, feedback of their teacher, and help of their

school club mates. The following statements can be given as example:

“We worked for the presentation. One of our group friend was more willing to make
presentation, while we were more excited and concerned compared to him. However, thanks to
him we felt more relieved after each practice” (SH1S5-Post).

“It contributed a lot in terms of presentation” (SH3S3-Post).

The last sub-theme is about developing skills in collecting, evaluating and reporting the data.
As it is described before, most students developed questionnaire, mini quizzes or knowledge
test as a part of their exhibits for learning about visitors’ opinions on NST with respect to
RRI. Most groups, collecting data from the visitors, evaluated the data they collected in the
first day of the exhibition, and then shared it with the visitors in the second day of the

exhibition. The statements below can be given as example:

“I prepared questionnaire including RRI questions. Then, I kept record of visitors’
answers in a table” (SH3S1-Post).

“Visitors touched the exhibit and turned the tube upside down. Besides, they filled a
questionnaire and placed it in a box. In the second day of the exhibition, we reported visitors the
results of questionnaire answered a day before” (SH1S1-Post).



Table 7.33. The benefits of developing a RRI integrated interactive science exhibits on nanotechnology applications.

Theme Sub-theme Type of Data Source Participants Benefits
Doing reflection and evaluation about their performance along the exhibit development (SH1, SH2, SH3)
Doing reflection and evaluation on their own exhibits (SH1, SH2, SH3) (SH1T1, SH3T1)
" - Ways of improving the design
DOING SELF- 2 é §0 8| 2 Common - Ways of improving the RR¥ integration . _
REFLECTION 2| B j 2| 8 Doing reflection and evaluation on the projects or exhibits developed in the past regarding interactivity and RRI
& | ANDSELF- 5| 5% |=|= (SH2, SH3)
E EVALUATION =8|z | & g Evaluating and reflecting on the exhibitions experiences in the past regarding interactivity (SH1, SH2, SH3)
= SH1 -
:C] SH2 -
% SH3 -
% . 2 - 2‘3 Common Evaluating other students' exhibits (SH1, SH2, SH3) (SH1T1, SH3T1)
< EVALUATION Z % S| 2 = Evaluating visitors' opinions on RRI (SH1, SH2, SH3) (SH2T1)
Z | OF OTHER el e 25|32 SHI1 )
g ASPECTS Z é § 2|3 SH2 N
Q “ SH3 -
d Getting feedback from visitors about their exhibits (SH1, SH2, SH3) (SH1T1, SH2T1, SH3T1)
fé . 2| & « % Common Getting evaluation from experts including two science education experts, a scientist and science center manager
5| S| 5| 2| £ (SH1, SH2, SH3)
GETTING AN el 8|22 8 : i
EVALUATION £ = z 5| = Getting feedback from their teachers and the school club mates (SH1, SH2, SH3)
= 3| 8| 2|2 SH1 -
BN ECH S el SH2 -
SH3 -
Developing skills in making exhibits (SH1, SH2, SH3) (SH1T1, SH3T1)
. 2 2| o« 2 Common Developing skills in making exhibits interactive (SH1, SH2, SH3) (SH1T1, SH2T1, SH3T1)
DEVELOPING | 21 £ | S| £ | £ Developing skills in working with different materials (SH1, SH2, SH3) (SHIT1, SH2T1)
§ fﬁgﬁjg cl il 2|22 Developing technical skills (SH1, SH2, SH3) (SHIT1, SH2T1)
2 | sKiLLs =2 § 2 3 ggé -
2 SH3 -
% Collaborating with group members (SH1, SH2, SH3) (SH1T1, SH2T1, SH3T1)
5 DEVELOPING 2 ‘é §° 8 éﬂ Collaborating with other group members (SH1, SH3) (SH1T1, SH3T1)
% TEAMWORK g ‘§ ; 2| 3 Common Collaborating with other teachers or staff in school (SH1, SH2) (SH2T1)
A SKILLS g 3 fd 2 E Collaborating with students from other school clubs in school (SH1, SH2) (SH1T1, SH2T1)
= 3l=z|&]|S8 Developing communication skills (SH1, SH2, SH3)
Developing skills in reaching a compromise (SH1, SH2, SH3)




Table 7.33. The benefits of developing a RRI integrated interactive science exhibits on nanotechnology applications. (cont.)

Theme Sub-theme Type of Data Source Participants Benefits
= 2 D | = ) Common Developing the sense of responsibility (SH1T1, SH3T1)
DEVELOPING 58| S 2| £
TEAMWORK é = =l E § SH1 Collaborating with students from different grade levels (SH1T1)
SKILLS 21 28|22 S -
“lo|lE| =S
SH3 -
Developing organizational skills (SH1, SH2, SH3)
Developing problem solving skills: (SH1, SH2, SH3) (SH3T1)
" OPING ” 0 R 20 Common - Adapting the exhi.bits through the problems faced
j 1?15(\)/51]55 SP IN Z % S| 3| % - Thinking alternative ways (materials, technique, sources for support)
v, MANAGEMENT 5 g | =2 5 § - Adapting the exhibits through the feedbacks
n 2 2 3| Overcoming the challenges in the process (SH1T1, SH3T1)
SKILLS g 8|2 3 g g p
% °1= (%3S SH1
8 SH2 -
d SH3 Developing time management skills (SH3T1)
> - 2 % " 4 . . . .
E_] DEVELOPING 5 % 3 § % Common Developing effective presentation skills (SH1, SH2, SH3) (SH3T1)
PRESENTATION | & | 2 | 2| 2| 2 SHI -
SKILLS 21 2|8 | =3 SH2 -
“l1o=1*=13 SH3 -
DEVELOPING . . " Developing skills in data collection (SH1, SH2, SH3)
SKILLS IN 2| 5| 2| 2 Common Developing skills in data evaluation (SH1, SH2, SH3)
DATA sl 5| 312 8 Developing skills in reporting (SH1, SH3)
COLLECTION | 5| 5| % |2 | = SH1 -
AND Sl 52| & g SH2 B
EVALUATION SH3 -
Having more idea about ways of making an exhibit interactive (SH1, SH2, SH3) (SH1T1
Increase in material knowledge (SH1, SH2, SH3) (SH1T1, SH2T1)
©) 8 GATHERING " 2| &l « % Common Increase in technical knowledge (SH1, SH2, SH3)
Z A EXHIBIT el 2| S 2 % Realizing the evolutionary and dynamic nature of exhibit development process (SH1, SH3)
5 5 MAKING- z E T? 5 § Having more idea about modelling a scientific phenomenon (SH1, SH2, SH3) (SHIT1
E % RELATED 2 _“g’ S| 2| Having more idea about ways of making an exhibit interesting (SH1, SH2, SH3)
< > | KNOWLEDGE “ o= | =S
O SHI -
SH2 -
SH3 -




Table 7.33. The benefits of developing a RRI integrated interactive science exhibits on nanotechnology applications. (cont.)
Theme Sub-theme Type of Data Source Participants Benefits
Having more idea about student-created exhibitions (SH1, SH2, SH3)
. 2| &l o % Common Having more idea about interactive exhibitions (SH1, SH2, SH3)
GATHERING el 2] S 2 % Having more ide about science exhibitions (SH1, SH2, SH3)
Eﬁggigi%l\]' é g 2 5 § Understanding the importance of interactive exhibitions more (SH1, SH3)
2 2 [} ]
£ S 5] 2 1 SH1 -
KNOWLEDGE 3 = [ 8 SH2 -
5 SH3 -
a
Fﬂ " Increase in knowledge about RRI (SH1, SH2, SH3) (SHIT1, SH3T1)
= 2 § 50 8| g Common Learning thinking about RRI wrt NST (SH1, SH2, SH3)
° lg?gg‘i‘;g‘& : § 2123 Learning about alternative ways for integration of RRI in exhibits (SH1, SH2, SH3) (SHIT1, SH3T1)
(MD ABOUTRRI | £ | 2| 3| 3 i SH1 -
z °cl=|%]|3S SH2 -
5 SH3 -
E Increase in knowledge about NST (SH1, SH2, SH3) (SH1T1, SH2T1, SH3T1)
g " - Learning more about NST theme of their exhibits
2 § §° 8 2 Common - Learning more about NST from other students' exhibits
lg\?g Vl\ililégqé}E SIS 2| 8 - Reinforcement of the module topics
ABOUT NST E, § % = E - Reinforcement of what is learned from the field trip to university laboratory
=) o ]
S8 B|E|S SHI }
SH2 -
SH3 -
) Increase in self-confidence and self-motivation towards science exhibit development (SH1, SH2, SH3) (SHI1T1,
Z SH2T1, SH3T1)
] Having feeling of success (SH1, SH3) (SH3T1)
23] Feeling important themselves (SH1, SH2, SH3) (SH3T1)
E % INCERASE IN I 2 Common - Having visitors who are curious about their exhibits
% E SELF- 2| 3 _%]D g -5 - Getting feedback from the project team
= ;C AWARENESS | £ | £ | 2| Z é - Showing others their skills
<= AND SELF- 2 g % |2 Increase in motivation towards transferring experience in doing other projects (SH1, SH2, SH3)
z = =] 2 5] L =
=] % MOTIVATION | — | © | 2 | = | 8 Students realized that they can improve themselves (SH1T1, SH3T1)
m
2’ SH1 -
Fé-l SH2 -
% SH3 Students realized their own skills (SH3T1)
— Increase of performance in school lessons (SH3T1)




Table 7.33. The benefits of developing a RRI integrated interactive science exhibits on nanotechnology applications. (cont.)

Theme Sub-theme Type of Data Source Participants Benefits
Common Raising self-awareness about the importance of RRI in daily life (SH1, SH2, SH3) (SH1T1, SH3T1)
o | @ Raising self-awareness about the importance of regarding RRI in a scientific research (SH1, SH2, SH3)
=) @ = =) @ e
Z INCREASEIN | 2| 2| 5| 5| £
A AWARENESS el sz z 2 SH1 -
A ABOUT RRI 2l 2|38 | 3|2 SH2 -
Z z B R el s
Eé g SH3 Making evaluations in daily life regarding RRI (SH3T1)
= <
< E Opportunity to share what they did with visitors (SH1, SH2, SH3) (SH1T1, SH2T1, SH3T1)
Z 0o Common Raising awareness of visitors about RRI (SH1, SH2, SH3) (SH1T1, SH3T1)
= = RAISING - Z gﬁ 2 go Raising curiosity of visitors about NST (SH1, SH2, SH3)
5 AWARENESS E '% i g ‘;E Raising curiosity and interest of other students in the school (SH1, SH2, SH3) (SH1T1, SH2T1, SH3T1)
& AND B SH1 -
S MOTIVATION | £ | 2| 3 | 3 = SID -
=] OF OTHERS ol |3
SH3 Raising awareness of class-mates about RRI (SH3T1)
Opportunity to examine exhibits developed by students from other schools (SH1, SH2, SH3) (SH1T1, SH2T1,
SH3T1)
Z Opportunity to learn from other exhibits (SH1, SH2, SH3) (SH1T1, SH2T1, SH3T1)
S OBSERVING al g -NST _ ,
; OTHER 2| 5| 2| 8 £ Common - Ways of RRI 1nt§grat10n
& | EXHBITSAND | 2 | § | 2| 2| 8 - Ways of interaction
e GETTING 5 512 =|= - Exhibit Designs
Z INSPIREDBY | = | 5 | 2 | & S] - Different perspectives
a THEM Inspiration for future projects (SH1, SH2, SH3)
Z SH1 -
Z SH2 -
- SH3 -
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B PARITI\IICTIEIENTS el 2| 3 2 % SHI Opportunity to meet with students from other schools in the project, who went through a similar experience
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% EXHIBITION E) § % = E (SH1, SH2, SH3) (SH1T1, SH2T1, SH3T1)
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INSPIRED BY | © SH2 -
THEM SH3 -
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The third theme is Gathering Knowledge, which covers learning of something new or
elaboration of the existing knowledge in the processes of exhibit development and the
exhibition. It involves four sub-themes, which are the same with the ones addressed in the
benefits teachers obtained: (i) Gathering Exhibit Making-Related Knowledge, (i1) Gathering
Exhibition-Related Knowledge, (ii1) Gathering Knowledge About RRI, and (iv) Gathering
Knowledge About NST. The first sub-theme covers increase in knowledge of students
related with exhibit making. The corresponding benefits are having more idea about ways
of making an exhibit interactive and interesting, increase in material and technical
knowledge, understanding the evolutionary and dynamic nature of exhibit development
process more, and having more idea about modelling a scientific phenomenon. The
statement below can be given as example for students’ gathering of exhibit-making related

knowledge:

“First of all we learned where we can find the materials. We saw that what kind of possible
problems we may face while developing (an exhibit). We realized how it is important to make
search (in the process)” (SH1S5-Post).

The second sub-theme is about gathering more knowledge about exhibitions. This
improvement in students’ knowledge is reported in depth in the Section 7.4., which base on
their descriptions of exhibition, interactive exhibition and science exhibition before and after
the exhibit development and the exhibition processes. On the other side, most of the students
mentioned about gaining broader knowledge on exhibitions. The following statement can be

given as example:

“Before our exhibition, I had no idea about interactive exhibition. But after we developed
one, we learned about it and we gathered more in-detail knowledge about it” (SH1S5-Post).

The third sub-theme under gathering knowledge is about enrichment of knowledge of RRI.
After experiencing to integrate RRI in their science exhibits, students became more
knowledgeable in terms of thinking about RRI with respect to a cutting-edge science topic,
which is NST in this case, as well as comprehending the RRI dimensions more. This
improvement was also pointed out by the students. The statements below can be given as

example:

“After we had learned that we need to integrate RRI in our exhibits, we made search about
it on the Internet. We had idea about it before, but we learned a little more about it" (SH2S2-
Post).
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“Actually, I learned what RRI is. We had never considered it before. I learned about the
six dimensions of RRI such as “science education” regarding how science education should be
done and how to develop it or “gender equality”. These are things from daily life actually, but I
learned that these six aspects are brought together as RRI” (SH1S5-Post).

The last sub-theme is Gaining Knowledge About NST, which addresses learning more about
NST theme of their exhibits and reinforcement of the module topics
and what is learned from the field trip to university laboratory through search done in the
exhibit development process and the other students’ exhibits in the exhibition. The
statements below can be given as example for the third sub-theme, which covers increase in

knowledge about NST:

“It was nice because brushed up my knowledge coming from the module and I learned
more over it” (SH1S2-Post).

“While developing our exhibits, I learned how the (silver) nanoparticles kill the bacteria”
(SH2S1-Post).

“In the beginning, we had less knowledge about NST and our knowledge has improved”
(SH1S5-Post).

“We actually had information about the cancer. We had no idea about the interaction of
cancer cells with gold nanoparticles. Later, we studied, we thought. We searched it on the
Internet. Later we read the properties on the Internet. It was mentioning about the features of the
cancer cells. We learned directly from there” (SH3S2-Post).

“When we made search about usage area of nanoparticles and nanoscience on the Internet,
we learned many useful and interesting information” (SH2S2-Post).

The forth theme identified under benefits for students is /ncrease in Awareness and
Motivation, which comprises of three sub-themes as seen in Table 7.33. The first sub-theme,
which is Increase in Self-awareness and Self-motivation, matches with the teacher-acquired
benefits in the same category. Firstly, after attending in a science exhibition with their own
exhibits promoted students’ feeling of success. Besides, the analysis indicates that students
have felt important in the process because of having visitors who are curious about their
exhibits, getting feedback from the project team, and having opportunity to show others their
skills. These facets of their experiences increased students’ self-confidence and self-
motivation towards science exhibit development and made them to realize that they can
improve themselves. Furthermore, some students addressed their motivation towards
transferring their current experiences in doing other projects. Apart from these, the teacher

SH3T1 remarked two more aspects of gains of students from the process, which are realizing
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their own skills, and increasing performance in school lessons. The following statements can

be given as example of students’ increased awareness and motivations:

“Exhibition day was beautiful. It was an unforgettable experience for me. Visitors were
very interested in our exhibit. They were really curious and they knew the exhibition. I was so
impressed” (SH3S4-Post).

“In my previous experience, [ had presented (my exhibit) in the corridor of my elementary
school. This time, we went to the science center. We had visited there before display of our
exhibits in there. It was very different. We made our own presentations at a place, where we once
visited the exhibits in there. In the elementary school, our visitors were mostly family members
and they were asking us questions just for we can explain (our exhibits). This time there were
visitors asking questions seriously to learn about our exhibits” (SH1S1-Post).

“I made an exhibit by myself. I mean I was capable of doing it by myself” (SH3S6-Post).

“I developed another exhibit after the Project Irresistible. There is an additive called as
“monosodium glutamate”. I made an experiment about it and presented it in another school. My
previous experience contributed a lot, especially in terms of (making) presentation. I was alone
in the latter one, but I was less excited” (SH3S3-Post).

The second sub-theme is Increase in Awareness About RRI. Differently from the sub-theme
Gathering Knowledge About RRI, which covers increase in “theoretical” knowledge of RRI,
the current sub-theme addresses students’ awareness about the importance of regarding the
RRI in their daily lives as well as in research studies and their gain of “RRI perspective”.
The following statements can be given as example:

“...I got a new experience about these (RRI dimensions). I understood that I need to
regard them while developing a product” (SH3S5-Post).

“Studies done without regarding RRI may go too far and end up with producing harmful
substances or it may not be successful because it is not open to access of other scientists and the
public. Studies done without regarding RRI may not contribute much in science. Other one
(regarding RRI) might be more safe and more successful” (SH2S1-Post).

The last sub-theme is about raising awareness and motivation of others in different aspects
such as RRI and NST. The data analysis revealed that some students consider the exhibition
as an opportunity to share what they did with visitors not only for showing others their work,
but also for others’ learning. Therefore, most students were willing to took the responsibility
for raising awareness of visitors about RRI and raising their curiosity about NST. The

statements below can be given as example:

“...Besides, we use gold nanoparticles in daily life a lot such as in DNA tests or
pregnancy tests. We wanted to show it people and wanted people to say like “Oh! See? It is also
used in these areas™” (SH1S5-Post).
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“We wanted to enrich the visitors and be able to create questions about nanotechnology
in their minds after they visit our exhibit such as “Where does nanotechnology is used?”, “Are
there any risks besides the benefits?”. We wanted to make visitors think about such aspects”
(SH3S3-Post).

“Some visitors wondered the mechanism of the exhibit and the electric circuit system of
it. On the other side, some asked to learn more about the medicine (used in cancer treatment). I
mean they wanted to learn about it more comprehensively than what we aimed” (SH1S3-Post).

In addition, students sometimes contributed in raising curiosity and interest of other students
in the school in RRI as well as for the nano school club activities including the exhibit
development process. The teacher SH3T1 describes how some students in the SH3 were

trying to raising awareness of class-mates through “RRI perspective”:

“There was a student (not from the Nano school club), who wore make up. One of the
students asked her questions like “Did you check its label? Does it include ingredients? Did you

search them? Are they healthy?” (SH3T1-Post).

The last theme identified for the benefits obtained from the exhibit development and
the exhibition processes is Observation and Inspiration, which consists of two sub-theme
that are same with “the teacher-acquired” benefits under the same category: (i) Observing
Other Exhibits and Getting Inspired by Them, and (ii) Observing Other Participants in the
Exhibition and Getting Inspired by Them. The first sub-theme includes benefits like
opportunity to examine exhibits developed by students from other schools, and to learn from
them about NST, ways of RRI integration and interaction, exhibit designs, and different
perspectives, which can be an inspiration for future projects. The second sub-theme involves
the participants of the exhibition and addresses the opportunity for students to meet with
students from different schools in the project, who went through a similar experience. The

following statements can be given as example for benefits under the last theme:

“In the exhibition, there were many people coming from different school and they
socialized with each other. It really makes difference. For instance, when you all are from the
same school, you have already know each other or at least familiar to each other, but in here, you
interact with people you don’t know. I think it contributes us a lot” (SH3S3-Post).

“We met many new people while visiting the other exhibits” (SH1S2-Post).

“The exhibits developed by other schools gave me some ideas. I mean ideas about what
can I do if I do something like that in the future” (SH3S6-Post).

“The exhibition provided us to meet with different people” (SH3S1-Post)
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The overall analysis of challenges and benefits of developing a Responsible Research
and Innovation integrated interactive science exhibit on Nanoscience and Nanotechnology,
and in the exhibition revealed many challenges students faced in these processes classified
under six themes and ten sub-themes, which include challenges from integrating of RRI to
limited time. It also remarked many benefits students obtained in these processes, which are
categorized under five themes and seven-teen sub-themes involving benefits from
developing new skills to increase in motivation towards developing and exhibiting a science
exhibit. Although many themes and sub-themes of challenges and benefits for teachers and
students were common, there were some exceptions and additional ones mainly stem from
the fact that the differences in their roles in the exhibit development and the exhibition

resulted in having different experiences and perspectives throughout these processes.
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8. DISCUSSION

The present study was designed to explore knowledge of group of high school teachers
and students, who involved in the Project IRRESISTIBLE, about exhibitions, interactive
exhibitions and science exhibitions before and after the development and exhibiting of
interactive science exhibit on NST integrating RRI), their practical approaches in the process,
challenges they faced along the process, and benefits they obtained from their experiences
in the process. With this purpose, the data from 3 science teachers and 13 high school
students were collected through the pre and post interviews, video recordings of the school
club periods and meetings done with teachers within the ongoing process, weekly logs filled

by the participants, field notes of the researcher and the exhibits developed by the students.

8.1. Discussion with Respect to Change in Exhibition, Interactive Exhibition and

Science Exhibition Descriptions of the Participants

The purposes of the RQ1 and RQ4 of this study is exploring respectively the teachers’
and students’ descriptions of exhibition, interactive exhibition and science exhibition before

and after the exhibit development and exhibition processes.

The analysis of participants’ exhibition descriptions reveals a remarkable
improvement in their conceptions of exhibition, especially in terms of roles of exhibition.
The participants addressed many aspects of the exhibition definition given in the literature
review such as comprehensive grouping of exhibits, public display and promotion of varying
types of exhibits, presentation of information for public use and catching up with recent
developments (Dean, 1999; Dean, 2002; Dudley, 1990; Khoon and Ramaiah, 2008). The
students also referred the potential of exhibits in changing public opinions, which is pointed
out by Dean, (2002). Aside from these facets of the exhibitions, the participants also brought
up evaluative role of exhibitions in terms of both exhibitors and visitors, i.e., it is opportunity

for exhibitors to get feedback, while for visitors to make self-evaluation.

Similarly, there is an important transformation in participants’ understanding of

interactive exhibition, especially regarding the type of interaction, benefits of interactive
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exhibitions and elimination of alternative conceptions about it. The participants’ post-
descriptions of interactive exhibitions refer both “mental interaction” and “physical
interaction” accordingly with McLean’s (1993) interactive exhibition definition, which
encompasses ‘“‘conducting activities, gathering evidence, selecting opinions, forming
conclusion, testing skills, providing input. The participants also mentioned of “reciprocity
of action” which implies the reaction of exhibit in some way regarding visitor’s input,
establishes extensive interaction (Allen and Gutwill, 2004, p.199; Bitgood, 1991; McLean,
1993). Differently from the McLean’s (1993) definition, the participants included also the
verbal interaction between the visitor and the exhibitor through dialogue or
questions&answer within the presentation of exhibits as an aspect of interactive exhibitions.
This perspective might originate from their current experience, in which the students were
in conversation with the visitors during their visits. Besides, the participants’ addressed some
advantages of interactive exhibitions such as enhanced relevancy, longer attention of
visitors, facilitated meaning-making, ownership of learning process and unique experience
for each visitor (Allen and Gutwill, 2004; Bequette et al., 2011; Bitgood 1991; Heath and
Lhen, 2009; Hein, 2002; Labar et al., 2006; McLean, 2011).

Finally, there is a slight difference in teachers’ descriptions of science exhibitions
which might be based upon the existence of their previous multi-experiences about science
exhibitions and a minor shift in their descriptions towards describing their current experience
of science fair as discussed before. On the other side, although most students had a
background about science exhibition based on their self-experiences, there is a remarkable
difference in their post-description of science exhibition with respect to its role and methods
used in science exhibitions. The participants in their science exhibition descriptions
mentioned about the opportunity it provides visitor with gaining insight about nature of
science through their experience in exploring of scientific instruments, experiments,
equipment or laboratory reagents, and recent scientific developments (Science Exhibition,
1946). In addition, the participants remarked the appropriateness of each element of science

exhibitions to ‘the proper realm of science’ (Macdonald, 1998, p.2; Siegel, 2006).

The overall analysis of the participants’ descriptions of exhibition, interactive
exhibition and science exhibition indicates that the first-hand experience of being a part of

an interactive science exhibition, which includes interactive exhibits developed by the
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student-participants, led them to gain more insight about these types of exhibitions and the

improvement of their understandings on them.

8.2. Discussion with Respect to the Practical Approaches of the Participants in the
Development of Exhibits and in the Exhibition

The aims of the RQ2 and RQ5 is to explore respectively the teachers’ and students’
practical approaches in the exhibit development and exhibition processes, which was defined
as “practical applications, which base on their existing experiences, ideas and theoretical

knowledge, in managing, handling or guiding a situation”.

The practical approaches of the participants were classified under four categories
regarding the stages in the processes of exhibit development and exhibition: (i) Practical
Approaches in Pre-Production Stage, (i1) Practical Approaches in Production Stage, (iii)
Practical Approaches in Managing the Overall Process, and (iv) Practical Approaches in

Exhibition Stage.

8.2.1. Discussion Regarding Teachers’ Practical Approaches in the Process

Firstly, the overall analysis of teachers’ practical approaches in the pre-production
stage, which were categorized under three themes, namely Practical Approaches in
Preparing for Exhibit Development Process, Practical Approaches in Finding an Exhibit
Idea and Practical Approaches in Planning of Exhibits, reveals that teachers took mostly
common practical approaches as well as different ones. One of the reasons behind the
commonalities in approaches might be the fact that teachers were guided along the exhibit
development process starting with a workshop and continuing with in-process CoL
meetings. On the other side, the differences in practical approaches in the pre-production
stage might stem from the changing experiences of teachers in guiding students through
exhibit development. For instance, SHI1T1 and SH2T1, who have several experiences in
exhibit development with students, seem to collaborate more with colleagues or technical
staff to consult them in the exhibit planning phase compared to the teacher SH3T1, who had
an only experience. Another reason of teachers’ varying practical approaches in the pre-

production stage might be changing facilities and opportunities of the school they work. For
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instance, SH2T1, who works in a private school, has Technology and Design Laboratory or
Science Project Coordinator in their school; while the teachers SH1T1 and SH3T1, who

works in public school, don’t have such opportunities.

Secondly, the analysis of teachers’ practical approaches in the production phase, which
consists of Practical Approaches in Making of Exhibits, Practical Approaches in Integration
of RRI, Practical Approaches in Making Exhibits Interactive, and Getting Support in
Production of Exhibits, indicates that teachers showed mostly common approaches as well
as different ones. For instance, in the integration of RRI in exhibits many common
approaches of teachers besides the peculiar ones were identified. Nevertheless, there is no
common practical approach shown only by SHIT1 and SH2TI1, who have multiple
experience in exhibit development with students. Interestingly, SH3T1, who had only one
experience in guiding students along exhibit development, took the higher number of
different practical approaches in RRI integration compared to two others. This situation
might stem from the fact that guiding students about RRI was a brand new experience for
all of the teachers and therefore, their previous experiences in exhibit development with
students didn’t make a difference at all. On the other side, the number of practical approaches
taken by the teachers for making exhibits interactive is quite lower than the number of
practical approaches shown in RRI integration. The reason behind it might be the fact that
making exhibits interactive was an easier task for the participants compared to integrating
RRI in their exhibits. Besides, the practical approaches of teachers showed difference based
on their dependency to follow the module worksheets relating with the exhibit development
process. Therefore, the teacher SH1T1, who followed the module worksheets step by step,
guided more fruitful discussions about interactive exhibitions through addressing interactive
exhibits in the science center, their experiences about interactive exhibits, and the advantages
and disadvantages of the interactive exhibits. Furthermore, the teachers’ practical
approaches in getting support in the production of students’ exhibits vary as well. For
example, while the teachers SH1T1 and SH2T1 got support from colleagues or staff in their
school, the teacher SH3T1 didn’t get in-school support. The reason might be the fact that it
was her first year in this public school and therefore she may not know her colleagues or the
other staff like technicians working in the school very well. Besides, unlike the private

schools like SH2T1 works in, the public schools don’t have staff, who are experts in science
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projects, robotics or 3-d printers. The analysis shows that this is an important factor affecting

teachers’ practical approaches while getting support.

Thirdly, the overall analysis of teachers’ practical approaches in managing the overall
process, which were classified under three themes, namely Practical Approaches for
Motivating Students, Organizational Approaches, and Role of the Teacher, remarks
teachers’ common and varying approaches in these manners. The top three aspects teachers
put effort in motivating students are their involvement in exhibit development process, their
concerns about the ranking of exhibits in the exhibition and the RRI integration in their
exhibits. On the other hand, the analysis of teachers’ organizational approaches shows that
the teacher SH2T1 took more initiative in group formation, task sharing and time
management, while other two let students to take their own decisions. Although, allowing
students to use their own initiative were more time taking and leading more unstable group
dynamics, it creates an opportunity to take more responsibility and develop organizational
skills in these manners. In addition, the analysis also reveals that teachers’ organizational
approaches vary depending on the facilities of the school like in the case of SH3T1, who
doesn’t have an official weekly school club period. It led her to organize students out of the
school for exhibit development. Furthermore, while describing their role in the process,
teacher mentioned their guiding, coordinating, motivating and supervising roles. Teachers
addressed the guiding role as guiding students by trying to make students to come up with
their own ideas by directing them through questions and avoiding to state their own opinions
directly. They described the coordinating role by referring their organizational approaches
in time management, group formation, task sharing, setting of working place and dealing
with formal procedures. Besides, they also addressed their aforementioned motivating and
encouraging role. Finally, teacher explained the supervising role by referring following and
checking students' progress to try to prevent any inconvenience, answering students'

questions and supporting students in their struggles in the process.

Finally, the analysis of teachers’ practical approaches in the exhibition stage, which
are collected under the theme Practical Approaches in the Exhibition, are being available at
their school’s section in the exhibition area for visitors as well as for their students, and
evaluating their own students' exhibits after seeing other students' exhibits. On the other

hand, the teacher SH3T1, whose half of the students had no experience in developing and
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exhibiting an exhibit, addressed her involvement in students' presentation of their exhibits
in the first day of the exhibition by explaining them the reason for their improvement, and
then, letting students to have full control in their presentations in the second day of

exhibition.

8.2.2. Discussion Regarding Students’ Practical Approaches in the Process

Firstly, the overall analysis of students’ practical approaches in the pre-production
stage reveals that students mostly shown common approaches as well as few different ones,
which were classified under two themes, namely Practical Approaches in Finding an Exhibit
Idea and Practical Approaches in Planning of Exhibits. A reason behind the differences in
students’ practical approaches in this manner might be the differences in guidance of
teachers in this stage. The second reason behind the differences in practical approaches in
pre-production stage might be the differences in the facilities and opportunities provided by
the school. For example, the students of the SH2, which is a private school planned to use
3-d printer in building of bacteria models because they have such opportunity and a teacher
that can support them in this process. On the other hand, the school SH3’s students, who
have not such in-school opportunities, for instance, consulted people from out of school like
carpenter or acquaintances for exhibit design and materials. Another factor creating
differences in approaches taken by students might be the students’ backgrounds and pre-
experiences in developing exhibits and projects for science fairs or a similar organization.
For instance, the SH2S1, who had developed science projects before for multiple science
project contests and have a background in electronics were able to guide his teacher and
other students in benefitting from electronic components that were planned to use in their

exhibits, while they were planning materials.

Secondly, the students’ practical approaches in the production phase were classified
under four themes same with the teachers’, which are Practical Approaches in Making of
Exhibits, Practical Approaches in Integration of RRI, Practical Approaches in Making
Exhibits Interactive, and Getting Support in Production of Exhibits. The analysis indicates
that students showed mostly common approaches as well as different ones. For example, the
analysis of student’s practical approaches in RRI integration reveals many common and few

different approaches of students. The reason behind the substantial commonality in practical
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approaches taken in integration of RRI. might be the fact that it was a new concept for
students and they mostly followed the guidance of their teachers, whom practical approaches
are also mostly common in this stage, rather than taking initiative for showing original
practical approaches with this purpose. In addition, the analysis of students’ practical
approaches in making their exhibits interactive shows that the approaches taken by students
are mostly in common. Nevertheless, the students in SH1 took few different approaches as
well as the common ones. The parallelism in the different practical approaches of SH1
students and SHIT1 in making exhibits interactive might be the indicator of the fact that the
difference among the students’ practical approaches stems from following the guidance of
teacher, especially in new experiences like in the case of RRI integration. Furthermore, the
analysis of students’ practical approaches related with getting support in production of their
exhibits reveals some common aspects that students got support for such as technical issues,
integration of RRI and motivation in the process. Most students got in-school support like
support of students from other school clubs, other teachers and technical staff in the school
as well as the Nanoscience school club mates, while some others got help from people out
of school like family members or a carpenter. The people students ask help from also varies
depending on their availability. For example, the private school SH2 students got support
from the Science Project Coordinator and Technology and Design teacher in the school,

while the other public school students had no such opportunity.

Thirdly, the analysis of students’ practical approaches in managing the overall process,
which were categorized under two themes, namely Organizational Approaches, and Role of
the Student, points out some common and varying approaches of them in these manners. The
students’ organizational approaches reveal that their approaches in group formation, task
sharing, time management and deciding working place show similarities and differences
depending on varying factors such as following teacher guidance, their self-motivation, and
the facilities and opportunities provided by their schools. For instance, the SH1 and SH3
students, who were more independent in taking initiative in organizational aspects, had more
active group dynamics, while the SH2 students, who were mainly guided by their teachers
in regard of their opinions, didn’t form groups by following SH2TI1’s suggestion.
Furthermore, while describing their role in the process, students commonly addressed
finding an exhibit idea, making the exhibit, solving problems faced, demonstrating the

exhibit to the project team and presenting the exhibit in exhibition. On the other side, the
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SH1 and SH3 students, who worked in groups and were responsible for every aspect of their
exhibit development experience, also addressed some of their additional roles in the process
such as supplying materials, contributing other groups' exhibits and leading and organizing

others in group.

Finally, the practical approaches of students in the exhibition stage were categorized
under the theme of Exhibition-Related Practical Approaches, which includes students’
preparation for the presentation and their practical approaches in the exhibition. The overall
analysis of the students’ exhibition-related practical approaches revealed mostly common
practical approaches besides few exceptions. The statements taken from varying data sources
show that making a good preparation for the presentation of the exhibit can be a factor
leading to an efficient experience for the exhibit owner and visitors. While SH1 and SH2
students prepared for the presentation, SH3students preferred not to make a presentation
plan but instead decide their presentation spontaneously within the exhibition. The
explanation of the student shows that not making a presentation plan decreased the efficiency
of their presentation. The involvement of the teacher SH3T1 also supports this argument.
On the other side, the analysis indicates that examining other exhibits in the exhibition may
encourage students to do self-reflection about their exhibits and their performances in the

exhibit development process.

The overall analysis of students’ practical approaches in the exhibit development and
exhibition processes indicates that commonalities and differences in their practical
approaches depend on many factors such as students’ pre-experiences, self-motivations,
familiarity of the task, following the guidance of teacher, and the facilities and opportunities

provided by their schools.

8.3. Discussion with Respect to the Challenges and Benefits of the Development of
Exhibits and the Exhibition for the Participants

The purpose of the RQ3 and RQ6 of the study is to explore the challenges respectively
the teachers and students faced in the exhibit development and the exhibition processes, and

also the benefits they obtained from their experience in these processes.
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8.3.1. Discussion with Respect to the Challenges the Participants Confronted in the

Process

The challenges teachers faced in guiding students in the exhibit development and the
exhibition processes were classified under three themes including Challenges in the Stage
of Finding an Exhibit Idea, Challenges in the Production of Exhibits and Challenges in the
Overall Process of Exhibit Development.

Firstly, the challenges of guiding students in the phase of exhibit idea gathering is
about feeling insufficient in guiding students through elaboration of their knowledge coming
from what is learned in the module and from the field trip to the university laboratories.
From this aspect, it differs from the challenge of this initial step addressed in the literature,

which refers directly to difficulty of finding an idea for the exhibit (Tortop; 2013b).

Secondly, challenges the teachers confronted in the production of exhibits consists of
challenges in RRI integration and lack of technical knowledge and skills. The main reason
of having difficulty in guiding students in RRI integration is not having experience in
teaching about topics like RRI, which was also identified in the study of Blonder and
colleagues (2007). The inexperience of science teachers in this manner mainly stems from
the absence of SSI in curriculum standards, which is referred in the literature about
challenges of SSI education as an external constraint (Mansour, 2007; Sadler et al., 2006).
Another RRI-related challenge for teachers is understanding and internalizing the RRI
dimensions, which brings other challenges together such as having difficulty in talking about
RRI with students, and in relating all RRI dimensions with the NST theme of the exhibits.
This situation shows resemblance with findings of Ratinen’s and colleagues’ (2015) study,
in which the pre-service teachers had difficulty in integrating the governance, gender
equality and engagement dimensions of RRI in their science lesson plans. Similarly, in
Kolste’s study (2001), regarding SSI education, teachers had problems in finding
appropriate topics that improve students’ skills in interpreting statements about SSI. Finally,
it was challenging for teachers to motivate students for integration of RRI. Students’
inadequate background about such topics makes it harder to motivate them. Similarly, some
studies on SSI education point out how lack in students’ background based on STS

constitutes a challenge for teachers (Kolsta, 2001; Levinson, 2006; Mansour, 2007). As a
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result of numerous challenges they face, teachers, including the ones in this study, find their
guidance in RRI teaching insufficient (Venturi ef al., 2015). On the other side, additional to
the challenges addressed in the literature, the second challenge teachers faced in guiding the
production of exhibits is lack in their technical knowledge and skills. This situation directed
teachers to ask for getting support if they have such an opportunity as it is discussed in
previous sections. Teachers’ tendency to seek for professional help in case of facing varying

challenges also addressed in the studies of Grote (1995) and Tortop (2013Db).

Finally, challenges teachers faced in the overall process of exhibit development covers
limited time, challenges in process management and their other school-related
responsibilities. Lack of time and space is the most common problem stressing and
discouraging teachers in involving in extra-curricular activities like science fairs (Demirel
et al., 2013; Tortop, 2013a). Teachers in this study also mentioned about their time-related
concerns. Besides, the data analysis revealed that the absence or shortage of official school
club periods is another significant factors challenging teachers in finding extra time for such
activities. In addition, the other responsibilities of teachers in the school is a limiting factor
both in terms of time and their motivation. Finally, the analysis indicates that teacher, who
has limited experience in guiding students through exhibit development, confronts with
challenges in process management like having concerns like their guidance to be too

directive or too superficial.

On the other hand, the challenges students faced in the exhibit development and the
exhibition processes were categorized under six themes including Concerns Just Before the
Exhibit Development Process Challenges in the Stage of Finding an Exhibit Idea,
Challenges in the Stage of Planning Exhibits, Challenges in the Stage of Production of
Exhibits, Challenges in the Overall Process of Exhibit Development, and Challenges in the
Exhibition.

Firstly, one of the students’ concerns just before the process base on having no
experience in developing a science exhibit. In some cases, this inexperience brought together
low self-confidence and low motivation for developing an exhibit like in the case of some

of the SH3 students. Another aspect creating stress for some students is the ranking of
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exhibits in the exhibition, which was also addressed in other studies (Reis et al., 2014; White

et al., 1963).

Secondly, the first crucial challenge students faced in the stage of finding an exhibit
idea is finding an original idea, which does not directly relate with what is learned from the
module or the university laboratories and is different from other groups’ idea. This facet of
gathering an exhibit idea was also addressed by some of the teachers. Similarity of the
exhibit ideas on NST was also referred in the literature. Most of these projects on NST
address environmental issues or health problems and are on similar topics such as “Cancer
Treatment” and “Cleaning Up Oil Spills with Nanotechnology” (OCR, 2009; PCS, 2015;
The Catholic Voice, 2015). The exhibits of students in this study supports this argument.
From the 10 exhibits developed by the students in this study, 8 were about health, 4 were
specifically about cancer treatment, and 2 were addressing environmental impacts of NST.
On the other side, having alternative ideas about the necessities of exhibit is a limiting factor
in finding an exhibit idea like in the case of some SH2 students, who thought the exhibits

should be about silver nanoparticles because the module addresses it most.

Thirdly, in the planning of their exhibits, students had faced with some challenges
because of lack in their material knowledge and knowledge about stores they can supply the
materials. Besides, in most cases, students’ exhibit designs were limited with respect to their
material and technical knowledge as well as the limited time. The challenge of finding
sources like required tools and apparatus to develop or experiment their projects was also
addressed in some other studies (Tortop, 2013a; Reis ef al., 2014; White et al, 1963).
Furthermore, similar to its negative effect in the stage of finding exhibit idea, having
alternative ideas about the necessities of exhibit is also a limiting factor in planning exhibit
designs. The SH1T1’s request from students to develop an exhibit design, which doesn’t
require any directions of the exhibit-owner while visitors examine it or the SH3T1’s

direction of developing models to make exhibits interactive can be given as example.

Fourthly, the lack of technical knowledge and skills was the first challenge students
faced in the production phase. Tortop’s (2013a) study also points out lack of students’
knowledge in doing a project as a factor that creates difficulty for students in the production

phase. The second challenge in the production stage is integration of RRI. Firstly, similar to
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the teachers, the students had no experience in learning or discussing about topics like RRI.
RRI approach is a new for students and most of them have never related scientific content
with a society in their school lessons before, which makes discussing on RRI is challenging
for most students, even for the high-performing students (Blonder et al., 2016). This factor
decreases the chance of students’ familiarity with the subject, which accordingly makes it
difficult to understand some dimensions of RRI such as “governance” and “engagement”.
The difficulty of students in developing understanding on the “governance, engagement and
ethics” dimensions of RRI was also remarked in the studies of Akaygun and colleauges
(2015), and Adadan and Akaygun (2016). In addition, when it comes to searching about RRI
for learning more about it, students had difficulty in finding sources about RRI, especially
finding sources in their native language. Therefore, it was also challenging for the students
to relate the RRI dimensions with the NST theme of the exhibit. Some students declared that
although they know the meanings of each RRI dimension, they had difficulty in thinking
each of them with respect to NST theme of their exhibits. Besides the value-based nature of
RRI approach, which was also addressed in Blonder’s and colleagues’ (2016) study, makes
it difficult to discuss on it such that there are many aspects to think on and there is no one
right answer. Therefore, it was also challenging for students to regard objectivity in

preparing questions or writing statements about RRI while integrating it in their exhibits.

Fifthly, similar to case in the teachers, the two of the challenges in the overall process
of exhibit development for the students were limited time and their other school-related
responsibilities like exam weeks, homework or attending seminars. On the other side, some
students found it challenging to do teamwork firstly because having difficulty in finding a
common time with group friends for working on exhibits. In some cases, like the SH3S1 and
SH3S6, this situation ends up with giving up doing a group work but instead deciding to
work individually in exhibit development. Not having an official school club period possibly
made way for such ending. The other challenging facet of teamwork is determining a
common work plan and following it accordingly. The challenging factor of setting a

collaboration with others is also addressed by Sahin and Celikkanl1 (2014).

Finally, two challenging factors of the exhibition stage for some of the students were
making presentation and physical facilities of the exhibition area. The challenges about

presentation are overcoming excitement while presenting the exhibits, making an effective



237

presentation and simplifying the presentation for younger visitors. On the other hand, the
other factor creating challenges for students is physical facilities in the exhibition. For
instance, the number of visitor some groups got in the exhibition was affected by the physical

conditions in the exhibition area.

8.3.2. Discussion with Respect to the Benefits the Participants Obtained from the

Process

The benefits the participants obtained from their experiences in the process were
classified into five themes including Reflection and Evaluation, Gathering Knowledge,
Developing Skills, Increase in Awareness and Motivation, and Observation and Inspiration.
Although the benefits the teachers and students acquired collected under common themes,

they show differences as well mainly because different roles of them in the process.

Firstly, the experience the participants went through encouraged the participants to do
self-reflection and self- evaluation. While the teachers reflected and evaluated about their
guiding performances, their knowledge, and their students’ performances along the exhibit
development as well as in the exhibition, most students’ made self-reflection and self-
evaluation about their performances in the process, their current exhibits and exhibits
developed in the past regarding their interactivity and RRI, and also evaluated their
exhibition experiences in the past regarding the interactivity. The study of Rogers (1956)
also address the opportunity for teachers to evaluate their students’ projects, whereas the
study of Tirre and colleagues (2015) points out the chance for students to make self-
assessment on their own research studies. On the other hand, the participants also evaluated
some other aspects of the process based on situation assessment of the process and
exhibition, and on performances of other participants regarding the NST theme, designs,
interactivity and RRI integration of their exhibits. Besides, students got chance to evaluate
visitors’ opinions about RRI as well as NST. Another evaluative aspect of this process for
the participants is getting a professional evaluation for their scientific endeavors (Fredericks
and Asimov, 2001; Jones, 1953; Livingood, 1955; McBurney, 1978; Moore, 1958). In this
study, the participants got an evaluation from the project team, which consists of the experts
including two science education experts, a scientist and science center manager not only in

the exhibition, but also within the ongoing process of exhibit development. The students also
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got feedback from their teachers and the Nanoscience school club mates within the exhibit
development, and also from the visitors in the exhibition. The inferences the participants get
from their reflections and evaluations have potential to increase the effectiveness of their
experience in the exhibit development process and student-created exhibitions they involve

in the future.

Secondly, the acquisition of new knowledge or the elaboration of the existing
knowledge is another fruitful aspect of the exhibit development and the exhibition processes.
After the participants involved in developing and exhibiting an interactive science exhibit
on NST integrating RRI, they stated that their knowledge has improved in many aspects.
First of all, they gathered more knowledge about exhibit-making including material and
technical knowledge, making an exhibit interactive, modelling a scientific phenomenon as
well as developing understanding about the evolutionary and dynamic nature of exhibit
development process, which involves going back and forth among the different stages of the
process. In addition, the participants’ exhibition-related knowledge including knowledge in
interactive exhibitions, science exhibitions, student-created exhibitions besides to exhibition
area design. On the other side, working on RRI integration has contributed the participants’
knowledge about RRI. Furthermore, involving in science fairs by developing a science
project is an efficient way for students to learn about a subject because it provides learning
about a new science topic as well as remembering old ones (Padovani et al., 2013; Sahin and
Celikkanli, 2014). However, guiding the exhibit development process also enhances
teachers’ scientific knowledge. For instance, in the Yeh’s and colleagues’ (2015) study, both
teachers and students learned about fundamental NST concepts after developing exhibits
with NST theme. Besides, in the Colakoglu’s (2018) study, the increase in content area
knowledge is among the expected outcomes of guiding students for TUBITAK 4006 Science
Fairs. In this study, the participants’ learned more about NST topic of students’ exhibits,

different nanoparticles, different nano-products and their usage areas.

Thirdly, developing varying skills is another advantage of involving in exhibit
development and exhibition process for both teachers and students. Both the teachers and
students mentioned about developing exhibit-making related skills consisting of many
aspects from developing technical skills to creative skills. Besides, as Padovani and

colleagues (2013) also point out, the students got some idea about how to make an exhibit
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more “user-friendly” for visitors at different age (p.5). Another contribution of this process
is developing skills in teamwork (D’ Acquisto and Scatena, 2006). The participants, in this
study, developed teamwork skills through collaborating with other teachers, students from
different school clubs, technical staff and the project team including experts in varying
fields. The students developed skills in group work also through collaborating with group
members and the Nanoscience School Club mates. Besides, this process was a chance for
students to collaborate with students from varying grades (Tirre et al., 2015). The studies of
Marsee and Wilson (2014), and Sahin and Celikkanli (2014) remark that such collaborations
contribute their interpersonal skills such as communicating and negotiating as well as
intrapersonal skills like taking responsibility, which are also addressed by the participants of
this study. On the other hand, being a part of the exhibit development process enhanced the
participants’ process management skills such as organizational skills including time
management, problem-solving skills or, like in the case of the teachers, the guiding skills.
The findings of Reis and Marques (2016) also address such gaining in regard of students.
Apart from these skills, the teachers also developed their skills in teaching about RRI
because challenges the teacher faced in discussing about the RRI with students led them to

seek for strategies to overcome these difficulties.

The exhibition process also provided students to develop some skills as well as the
exhibit development process. The first contribution of it for students is improvement of
presentation skills through practicing, feedback of their teacher, and help of their school club
mates. The students in the study of Sahin and Celikkanli (2004) also state that they learn to
control their excitement thanks to their presentation in a science fair. Another contribution
of the exhibition for students is development of skills in collecting, evaluating and reporting
data, which is also addressed in the study of Marsee and Wilson (2014). As it is described
before, most students developed questionnaire, mini quizzes or knowledge test as a part of
their exhibits for learning about visitors’ opinions on NST with respect to RRI. Most groups,
collecting data from the visitors, evaluated the data they collected in the first day of the

exhibition, and then shared it with the visitors in the second day of the exhibition.

Fourthly, some studies point out that providing students with a platform, at which they
can share their knowledge and creations, and lead others, gives them the feeling that their

voices and ideas are valued and matter, and so improves their confidence (Livingood, 1955;
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Marsee and Wilson, 2014; Sahin and Celikkanli, 2014). Besides, involving in specifically
science fairs with their own science projects enhances students’ confidence and interest in
science (TUBITAK, 2013a; Wartinger, 1999). It encourages students to be more active in
science lessons and develops students’ academic success in science (Padovani et al., 2013;
Sahin, 2012; Yildirim and Sensoy, 2016). Similarly, in this study, attending in a science
exhibition with their own exhibits promoted students’ feeling of success. Besides, students
have felt important in the process because of having visitors who are really curious about
their exhibits, getting feedback from the experts, and having opportunity to show others their
skills. These facets of their experiences increased students’ self-confidence and self-
motivation towards science exhibit development and made them to realize that they can
improve themselves. In addition, a teacher addressed increase in some students’ performance
in school lessons after the process. Apart from these, a teacher also mentioned about rise in
students’ self-awareness about their own skills and interest, which is also remarked in
Sahin’s and Celikkanli’s (2014) study. On the other side, the guiding experience of the
teachers has improved the self-awareness and self-motivation of them as well. The teachers’
declared that their self-confidence and self-motivation towards guiding students in exhibit
development have increased. Furthermore, Galen (1993), as a teacher author, considers the
whole process as an opportunity to know about students more and set a closer relationship
with them. In this study, a teacher pointed out that this process provided her to realize their
students’ capabilities more and know them better. Finally, some of the participants addressed
their motivation towards transferring their current experiences in their other performances.
For instance, a teacher explained that she has started to use the approach she developed in
this process in her classes and in her guidance of students for term projects. Similarly, some
students addressed their increasing motivation towards transferring what they learned or

inferred from this process in doing future projects.

In addition to increase in self-awareness and self-motivation of the participants and
the teachers’ awareness about their students, the participants’ awareness about RRI has
developed after the stage of RRI integration in exhibits such that their understanding the
importance of RRI both in their daily lives and in science advanced more and they gained to
evaluate the related issues they confront through RRI perspective. The studies of Blonder
and colleagues (2016), and Venturi and colleagues (2015), which examine the process of

RRI education, also address similar tendency of the teachers and students after learning
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about RRI. On the other hand, the students in this study addressed raising awareness and
motivation of others in different aspects such as RRI and NST. Some students consider the
exhibition as an opportunity to share what they did with visitors not only for showing others
their work, but also for others’ learning. Therefore, most students were willing to took the
responsibility for raising awareness of visitors about RRI and raising their curiosity about
NST. This situation is parallel with findings of Tirre and colleagues (2015), who point out
an increasing understanding of students about the importance of science communication
after they developed exhibits on NST regarding SSI. Furthermore, a teacher, in this study,
pointed out rising motivation of some of her students in sharing of RRI approach with others
like class-mates in another context. In the Blonder’s and colleagues’ (2016) study, on the

other hand, similar approach were identified for the teachers after teaching about RRI.

Finally, the exhibition process is an opportunity for students to examine the exhibits
in there and get inspired (D’ Acquisto and Scatena, 2006; DeClue ef al., 2000). It may also
contribute in their observational skills (Sahin and Celikkanli, 2014). In this study, not only
the students but also the teachers mentioned how examining other exhibits were fruitful
experience for them to get inspired for the future projects in terms of the NST theme, the
RRI integration, the exhibit design and the interactive elements. On the other side, the
exhibition is an opportunity for the teachers to come together with their colleagues and
college scientists, and involve in an interaction, which might be a reference for future
collaborations (Rogers, 1956). Besides, meeting students from other schools and sharing
ideas with others is an important aspect of science fairs (Abernathy and Vineyard, 2001). In
this study, both the teachers and students addressed the opportunity to observe, communicate
with and learn from teachers and students from other schools, who went through a similar

experience.

As a result, this study has a potential for contributing the literature through exploration
of high school students’ and teachers’ knowledge on exhibitions and their experiences in
interactive science exhibit development and in a science fair because as Sahin (2012) pointed
out most of the research studies on science fairs involve elementary school students. Besides,
this study can contribute the literature also through inclusion of Nanoscience and
Nanotechnology (NST) in its scope because as it was remarked in the beginning studies

involving teachers and students, who develop exhibits on NST are very limited
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(Kampschulte, 2015; Tirre ef al., 2015; Yeh et al., 2011). Finally, this study can contribute
the literature through examination of students’ experiences in integration of Responsible
Research and Innovation (RRI) in their exhibits. Consequently, this research introduces
some innovative elements, such as RRI integration, interactive exhibit and cutting-edge

science theme, to the literature on science fairs.

8.4. Limitations of the Study

The present study is structured around qualitative design with the approach of
phenomenological research, which depends on experiences of the participants around a
certain phenomenon. Therefore, the data collected for examination of the participants’
experiences mainly bases on the articulations of the participants’ feelings and thoughts on
their experiences in the interviews done with the researcher. This aspect of the study might
be setting a barrier for the amount of data coming directly from the participants because in
some cases it might have been difficult for the participants to reflect their thoughts
comprehensively within the time they spared for the interviews. On the other hand,
interviews with semi-structured nature created opportunities for the researcher to make
instant shifts in the interview guideline with respect to the emerging needs. Besides,
collecting data through multiple ways including the video recordings of school observations,
field notes, video recordings of the teacher meetings in the ongoing process, weekly logs

filled by the participants in the process contributed in the compensation of this limitation.

Secondly, because the exhibit development is a long process extended over time, it
was not possible for the researcher to make observations other than the times determined for
the school club periods of the three schools in the study. In this sense, the meetings done
with the teachers in the ongoing process of exhibit development were helpful to catch up

with missing aspects.

Thirdly, the human-based nature of this study makes it impossible to produce
generalizable findings. On the other hand, it gives an in-depth examination of a certain

phenomenon experienced by a group of participants.
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Finally, the analysis of a qualitative data requires the researchers’ interpretation, which
inevitably lies upon assumptions, previous experiences and biases. The researcher explained
her role in the process in detail as well as her related experiences to give an insight the reader

in case of their further interest in the researcher’s background.

8.5. Implications of the Study

Although the findings of a qualitative study with a phenomenological approach cannot
be generalized, with the inclusion of the participants from different types of schools having
varying school cultures, the participants with different backgrounds, and in-detailed
descriptions of their experiences covering many aspects of their experience may give the
readers substantial amount of ideas, which they may relate with their previous experiences

or adapt them for their future projects.

Firstly, the time is one of the factors that stresses teachers and students in the exhibit
development process. Therefore, it might be more efficient to extend such activities over a
period of time regarding the complexity of task, students’ related backgrounds and teachers’
readiness for guiding such process. Besides, having periodic and common meetings like in
official school club periods may enhance the quality of the exhibit development process for

both students and teachers.

Secondly, collaborating with experts from a university and a science center may
encourage teachers to involve in such processes more especially when they have limited
experiences in this regard because it might be a relief for them to know they can get support
in challenging situations. In addition, collaboration among teachers having different
expertise while guiding students in exhibit development might be a fruitful process for both

themselves and students in terms of enrichment of perspectives and learning from each other.

Thirdly, preparing a worksheet, which structures the process of the exhibit
development through guiding questions, and then moving accordingly with it may increase
the efficiency of the process. The related worksheet of the module Nano and Health, which

is given in Appendix-A can be a guide for teachers, who want to prepare a similar document.
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Fourthly, the lack of material and technical knowledge and skills is one of the factors
making the exhibit development challenging for students and teachers. Therefore, it might
be useful to spend few sessions for improving such knowledge and skills before the exhibit

development process.

Fifthly, making field trips to science centers or university laboratories before the
exhibit development process might be inspiring for students while picking an exhibit idea.
However, seeing too much example of exhibits or learning about specific studies conducted

in universities might be limiting for students’ creativity and originality of their exhibit idea.

Sixthly, the exhibit development can be used to improve students’ scientific
knowledge base on science curricula or to developed their knowledge on cutting-edge

science topics like NST, which are not involved in curricula or involved very limitedly.

Seventhly, developing interactive exhibits for science exhibitions may increase the
efficiency of the exhibits for visitors because as it is addressed by many studies and by the
participants of this study the interactive exhibits promote and improve learning by keeping
attention of visitors, facilitating meaning making and allowing them to take ownership of
their learning process (Allen and Gutwill, 2004; Bitgood 1991; Heath and Lhen, 2009; Labar
et al., 2006; McLean, 2011).

Eighthly, developing science exhibits addressing RRI might be used to reinforce the
ability to think and discuss on scientific issues in regard of RRI and to improve the skills in
teaching about RRI. To improve the efficiency of RRI integration in exhibits, it might be
useful to make discussions with students on varying scientific topics with respect to the RRI

framework for increase familiarity and internalization of RRI dimensions.

Finally, the findings of this study can be used to increase the quality and effectiveness
of science fairs through regard of the challenges and the aspects teachers and students need
support. Besides, the results of this study is promising in terms of encouragement of teachers
and students in involvement both in national science fairs such as TUBITAK 4006 Science
Fairs in Turkey, and also in international science fairs like Intel International Science and

Engineering Fair.
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8.6. Recommendation for Future Researches

The literature review indicates that most of the research studies on science fairs involve
elementary school students (Sahin, 2012). There are also lower number of studies examining
teachers’ experiences in guiding students through exhibit development. Besides, projects or
educational programs encouraging students to develop exhibits on NST are limited
(Kampschulte, 2015; Laherto, 2011; Tirre et al., 2015; Yeh et al., 2011). On the other side,
the studies about students’ and teachers’ experiences in the development of science projects
regarding RRI or SSI are very limited. Finally, the studies encouraging students and teachers
for development of interactive science exhibits are very limited. Therefore, there is need for
future researches addressing high school teachers’ and students’ experiences in the
development of interactive science exhibits on cutting-edge science topics like NST
integrating RRI or SSI. In this sense, this study may give the researchers significant amount

of ideas, which they may relate with or adapt in methodology and settings of their studies.

First of all, for closer tracing of the process of exhibit development, the researcher may
conduct one more interview through the half of the process besides to the interviews done

in the beginning and end of the process.

Secondly, working with participants, who have periodic official school club hours,
might be more systematic and efficient for the researcher, who wants to observe exhibit
development process of the participants. Otherwise, the researcher may set fixed periods

together with teachers.

Finally, this study addresses few suggestions of students and teachers that can improve
the quality of the exhibit development process and the student-created exhibitions. However,
another research study might be conducted for exploring the participants’ in-detail and direct

suggestions for enhancement of these processes.



246

REFERENCES

Abernathy, T. V., and R. N. Vineyard, 2001, “Academic Competitions in Science: What Are
the Rewards for Students?”, The Clearing House, Vol. 74, No. 5, pp. 269-276.

Adadan, E. and S. Akaygun, 2016, “Exploring Students’ Attitudes toward Responsible
Research and Innovation in the Context of Nanotechnology Applications Module ”, In
The 13" European Conference on Research in Chemical Education (ECRICE),

Barcelona, September 7-10.

AEC (Ars Electronica Center), 2017, Analog 3-D Printer,

https://www.aec.at/center/en/analoger-3-d-drucker/, accessed at April 2017.

Aikenhead, G. S., 2000, “STS Science in Canada from Policy to Student Evaluation”, In D.
D. Kumar and D. E. Chubin (Eds.), Science, Technology and Society: A Sourcebook
on Research and Practice, pp. 49-90, Springer Science and Business Media, New York

City, NY.

Akaygun, S., E. Adadan, A. Sanyal, and B. Acikel, 2015, “Integrating Responsible Research
and Innovation to Nanoscience Applications as Extracurricular Activity in Secondary
Science Education”, In The 11th Conference of the European Science Education

Research Association (ESERA), Helsinki, August 31-September 4.

Akaygun, S. and E. Adadan, 2016, “Understanding Responsible Research and Innovation:
Perspective of Teachers”, In The 13" European Conference on Research in Chemical

Education (ECRICE), Barcelona, September 7-10.

Akaygun, S., E. Adadan, A. Sanyal and B. Acikel, 2016, Nano and Health, Bogazigi

University Press, Istanbul.



247

Alexopoulos, 1., E. Michailidi, G. Sgouros, M. Kalaitsidaki and D. Stavrou, 2015, “RRI and
Nanotechnology: Developing A Teaching Module and Exhibits for Primary and
Secondary Students”, In The 11th Conference of the European Science Education
Research Association (ESERA), Helsinki, August 31-September 4.

Allen, S. and J. Gutwill, 2004, "Designing with Multiple Interactives: Five Common
Pitfalls", Curator: The Museum Journal, Vol. 47, No. 2, pp. 199- 212.

Apotheker, J., R. Blonder, S. Akaygun, P. Reis, L. Kampschulte and A. Laherto, 2016,
“Responsible Research and Innovation in Secondary School Science Classrooms:

Experiences from the Project Irresistible”, Pure and Applied Chemistry, Vol. 89, No.
2, pp. 211-219.

Avraamidou, L. and W. M. Roth, 2016, “An Overview of the Field”, In L. Avraamidou and
W. M. Roth (Eds.), Intersections of Formal and Informal Science, pp. Xvii-Xxiv.

Banks, J. A., K. H. Au, A. F. Ball, P. Bell, E. W. Gordon, K. D. Gutiérrez, S. B. Heath, C.
D. Lee, Y. Lee, J. Mahiri, N. S. Nasir, G. Valdés and M. Zhou, 2007, Learning In and
Out of School in Diverse Environments: Life-long, Life-wide, Life-deep, The LIFE
Center and the Center for Multicultural Education, University of Washington, Seattle,
WA.

Bencze, J. L. and G. M. Bowen, 2009, “A National Science Fair: Exhibiting Support for the
Knowledge Economy”, International Journal of Science Education, Vol. 31, No. 18,

pp. 2459-2483.

Bequette, M., G. Svarovsky and K. Ellenbogen, 2011, “Year 5 Summative Evaluation of
Exhibits and Programs”, National Informal STEM Education Network,

http://www.nisenet.org, accessed at March 2017.



248

Bevan, B., J. Dillon, G. E. Hein, M. Macdonald, V. Michalchik, D. Miller, D. Root, L.
Rudder, M. Xanthoudaki and S. Yoon, 2010, “Making Science Matter: Collaborations
Between Informal Science Organizations and Schools. A CAISE Inquiry Group
Report” Center for Advancement of Informal Science Education (CAISE).

Bilim Senligi, 2009, Nano Teknoloji Hayatimizda, http://www.bilimsenligi.com/nano-
teknoloji-hayatimizda.html, accessed at April 2017.

Bitgood, S., 1991, “Suggested Guidelines for Designing Interactive Exhibits”, Visitor
Behavior, Vol. 6, No. 4, pp. 4-11.

Blankenberg, N., 2014, “Participatory Exhibitions”, In B. Lord and M. Piacente (Eds.), 2™
Edition, Manual of Museum Exhibitions, pp. 165-196, Rowman and Littlefield,

Lanham.

Blenis, D. S., 2000, “The Effects of Mandatory, Competitive Science Fairs on Fifth Grade
Students'  Attitudes  toward  Science and Interests in Science”,

https://eric.ed.gov/?1d=ED443718, accessed at March 2017.

Blonder, R., E. Zemler and S. Rosenfeld, 2016, “The Story of Lead: A Context for Learning
About Responsible Research and Innovation (RRI) In the Chemistry Classroom”,
Chemistry Education Research and Practice, Vol. 17, No. 4, pp. 1145-1155.

Blonder, R., Rap, S., & Rosenfeld, S. (2016, September 7-10). The Rationale of Responsible
Research and Innovation (RRI) in Science Education. The 13™ European Conference

on Research in Chemical Education (ECRICE), Barcelona, Spain.

Bodrum Haber 2000, 2016, Bir Basar: Daha, http://www.bodrumhaber2000.com/bir-basari-
daha/, accessed at April 2017.

Bowen, G. M. and J. L. Bencze, 2015, “Science Fairs”, In R. Gunstone (Ed.), Encyclopedia
of Science Education, pp. 896-897, Springer Netherlands, Dordrecht.



249

Braun, V. and V. Clarke, 2006, “Using thematic analysis in psychology”, Qualitative
Research in Psychology, Vol. 3, No. 2, pp. 77-101.

Burton, D.,2006, Exhibiting Student Art: The Essential Guide for Teachers, Teachers
College Press, New York City, NY.

Bybee, R. W. and J. D. Mclnerney, 1995, Redesigning the Science Curriculum: A Report on
the Implications of Standards and Benchmarks for Science Education, Biological

Sciences Curriculum Study, Colorado Springs, CO.

CORDIS, 2014, SiS.2013.2.2.1-1 - Raising Youth Awareness to Responsible Research and
Innovation through Inquiry Based Science Education, Community Research and
Information Development Service, http://cordis.europa.eu/home en.html, accessed at

April 2017.

CORDIS, 2015, CORDIS - EU Research Projects Under FP7 (2007-2013), European Union
Open Data Portal, https://data.europa.eu/euodp/en/data, accessed at April 2017.

Crane, V., M. Chen, S. Bitgood, B. Serrell, D. Thompson, H. J. Nicholson, F. L. Weiss, P.
B. Campbell and G. Tressel, 1994, Informal Science Learning: What the Research
Says About Television, Science Museums and Community-Based Projects, Research

Communications Ltd.

Craven, J. and T. Hogan, 2008, “Rethinking the Science Fair” Phi Delta Kappan, Vol. 89,
No. 9, p. 29-31.

Cresswell, J. W., 2013, Qualitative Inquiry and Research Design: Choosing Among Five
Approaches,3™ Edition, SAGE Publications, Los Angeles, CA.

Creswell, J. W., 2014, Research Design: Qualitative, Quantitative and Mixed Method
Approaches, 4™ Edition, SAGE Publications, Los Angeles, CA.



250

Cunha, J., 2013, Students Shine at Regional Science Fair, Ottawa Community News,
https://www.ottawacommunitynews.com/news-story/3804217-students-shine-at-

regional-science-fair/, accessed at April 2017.

Czor, D., 1990, “Art and Science for the Youth of New Mexico”, Leonardo, Vol. 23, No.2,
pp. 225-226

Colakoglu, M. H., 2018, “TUBITAK 4006 Bilim Fuarlar1 Desteginin Egitim ve Ogretime
Katkis1”, Journal of STEAM Education, Vol. 1, No. 1, pp. 48-63.

D’Acquisto, L., 2006, Learning on Display: Student-Created Museums that Build
Understanding, Association for Supervision and Curriculum Development,

Alexandria, VA.

D’Acquisto, L. and M. Scatena, 2006, “K-12 Curators: What Kids Learn by Designing
Exhibitions”, Exhibitionist, Vol. 25, No. 2, pp. 38-45.

Davis, W., 1955, “Fair Time for Science”, The Science News-Letter, Vol. 67, No. 18, p. 282.

Dawkins, N., 2014, “Case Study: Cleveland Museum of Art”, In B. Lord and M. Piacente
(Eds.), 2™ Edition, Manual of Museum Exhibitions, pp. 19-21, Rowman and
Littlefield, Lanham.

de Vocht, M., A. Laherto and I. Parchmann, 2015, “Teachers’ Interests and Concerns
Related to Teaching of Responsible Research and Innovation”, In The 1 1th Conference
of the European Science Education Research Association (ESERA), Helsinki, August
31-September 4.

de Vocht, M., A. Laherto and I. Parchmann, 2016, “Teachers’ Concern Profiles in Teaching
Responsible Research and Innovation”, In The 13" European Conference on Research

in Chemical Education (ECRICE), Barcelona, September 7-10.



251

Dean, D., 1999, “The Exhibition Development Process”, In E. Hooper-Greenhill (Ed.), 2™
Edition, The Educational Role of the Museum, pp. 191-200, Routledge, London

Dean, D., 2002, Museum Exhibition.: Theory and Practice, Routledge, London.

DeClue, M. E., K. Johnson, H. Hendrickson and P. Keck, 2000, “Stimulate High School
Science Fair Participation by Connecting with a Nearby College”, Journal of Chemical

Education, Vol. 77, No. 5, pp. 608-609.

Demirel, T., O. Baydas, R. M. Yilmaz and Y. Goktas, 2013, “Challenges Faced by Project
Competition Participants and Recommended Solutions”. Educational Sciences:

Theory and Practice, Vol. 13, No. 2, pp. 1305-1314.

Dionne, L., G. Reis, L. Trudel, G. Guillet, L. Kleine and C. Hancianu, 2012, “Students’
Sources of Motivation for Participating in Science Fairs: An Exploratory Study Within
the Canada-Wide Science Fair 2008, International Journal of Science and

Mathematics Education, Vol. 10, No. 3, pp. 669-693.

Dudley, J. W., 1990, Successful Exhibiting, Kogan Page Ltd, London.

Eastwood, J. L., T. D. Sadler, D. L. Zeidler, A. Lewis, L. Amiri and S. Applebaum, 2012,
Contextualizing Nature of Science Instruction in Socioscientific Issues, International

Journal of Science Education, Vol. 34, No. 15, pp. 2289-2315.

Ering, H., 2014, Liselerarasi Tiibitak Girisimcilik ve Yenilik¢ilik Yarigmasi,
http://www.eba.gov.tr, accessed at April 2017.

European Union, 2012, Responsible Research and Innovation: Europe’s ability to respond
to societal challenges, European Union Publication Office,

https://ec.europa.eu/commission/index en, accessed at March 2017.

European Union, 2016, [RRESISTIBLE, Community Research and Development

Information Service, http://cordis.europa.eu/home en.html, accessed at March 2017.



252

European Union, 2017a, IRRESISTIBLE Report Summary, Community Research and
Information Development Service, http://cordis.europa.eu/home en.html, accessed at

March 2017.

European Union, 2017b, The 28 Member Countries of The EU, https://europa.eu/european-

union/index_en, accessed at March 2017.

EXPOneer, 2011, The Prototype: Nano Research in Kiel,
http://www.exponeer.de/index.php/en/beipiele-en, accessed at April 2017.

Falk, J. H. and L. D. Dierking, 2000, Learning from Museums: Visitor Experiences and the
Making of Meaning, Alta Mira Press, Walnut Creek, CA.

Filene, B., 2006, “Art, History, and Science Museums: A Cross Cultural Conversation-

University of North Carolina Greensboro™, Exhibitionist, Vol. 25, No. 2, pp. 20-21.

Fredericks, A. D. and 1. Asimov, 2001, Science Fair Handbook, Good Year Books, Culver
City, CA.

Galen, D. F., 1993, “Science Fair: A Successful Venture”, The American Biology Teacher,
Vol. 55, No. 8, pp. 464-467.

Gilbert, J. K. and S. Stocklymayer, 2001, “The Design of Interactive Exhibits to Promote
the Making of Meaning”, Museum Management and Curatorship, Vol. 19, No. 1, pp.
41-50.

Grote, M. G., 1995, “Teacher Opinions Concerning Science Projects and Science Fairs”,

Ohio Journal of Science, Vol. 95, No. 4, pp. 274-277.

Hatcher, L. A., 2009, Exhibition in the Curriculum: Preparing Students to Complete the
Artistic Cycle, M.S. Thesis, Georgia State University.



253

Harms, N. C. and Yager, R. E., 1980, What Research Says to The Science Teacher Volume
3 Science Education Information Report, National Science Teachers Association,

Washington, D. C.

Hassard, J. and M. Dias, 2013, The Art of Teaching Science: Inquiry and Innovation in
Middle School and High School, 2™ Edition, Routledge, New York City, N.

Heath, C. and D. vom Lehn, 2009, “Interactivity and Collaboration: new forms of
participation in museums, galleries and science centres”, In R. Parry (Ed.), Museums

in a Digital Age, pp. 266-280, Routledge, Milton Park.

Hein, G. E., 2002, Learning in the Museum, Routledge, Milton Park.

Hofstein, A. and S. Rosenfeld, 1996, “Bridging the Gap Between Formal and Informal
Science Learning”, Studies in Science Education, Vol. 28, pp. 87-112.

Iselin, N. J., 2016, California, Illinois, New York and Wisconsin Students Win Regional
Siemens Competition at University of Notre Dame,

http://www.businesswire.com/news/home/, accessed at April 2017.

ISites Harvard, 2017, Research Methods: Some Notes to Orient You,
https://isites.harvard.edu/fs/docs/icb.topic851950.files/Research%20Methods Some
%20Notes.pdf, accessed at April 2017.

Jaworski, B. A., 2013, The Effects of Science Fairs on Students’ Knowledge of Scientific

Inquiry and Interest in Science, M.S. Thesis, Montana State University.

Jenkins, E., 2015, “Schooling of science”, In R. Gunstone (Ed.), Encyclopedia of Science
Education, pp. 854-857, Springer Netherlands, Dordrecht.

Jones, N. R. D., 1953, "G. Science Fairs—Science Education in the Community", The
bulletin of the National Association of Secondary School Principals, Vol. 37, No. 191,
pp- 165-169.



254

KAL, 2017a, Kadikoy Anadolu Lisesi,
http://kadikoyanadolulisesi.meb.k12.tr/34/12/160991/okulumuz_hakkinda.html,
accessed at April 2017.

KAL, 20170, Tiibitak 4006 Bilim Fuarni gerc¢eklestirdik!!,

http://kadikoyanadolulisesi.meb.k12.tr/meb_iys dosyalar/34/12/160991/icerikler/icer
ikler/tubitak-4006-bilim-fuarini-gerceklestirdik 3340849.html, accessed at May
2017.

Kale Group, 2016, Sons of Gallipoli: Interactive Exhibition Experience,
http://sonsofgallipoli.com/exhibition/, accessed at April 2017.

Kalmun, 2017, Kadikoy Anatolian High School, http://kalmun.gen.tr/kadikoy-anadolu-
lisesi/, accessed at April 2017.

Kampschulte, L., 2015, Nanotechnology Exhibition at the Eider-Treene School in Tonning,
http://www.exponeer.de/index.php/en/blog-en/59-nanotechnologie-ausstellung-an-

der-eider-treene-en, accessed at April 2017.

Kampschulte, L. and I. Parchmann, 2015, “The student-curated exhibition-A new ap- proach

to getting in touch with science”, LUMAT, Vol. 3, No. 4, pp. 462—482.

Kampschulte, L., D. Ingwersen and I. Parchmann, 2016, “Exploring students’ motivation
while creating a student curated exhibition”, In The 13" European Conference on

Research in Chemical Education (ECRICE), Barcelona, Spain.

KBM (Konya Bilim Merkezi), 2017, Atolye ve Laboratuvarlar,
http://www.kbm.org.tr/Home/Index, accessed at April 2017.

Kegeci, G., 2017, “The Aims and Learning Attainments of Secondary and High School
Students Attending Science Festivals: A Case Study”, Educational Research and
Reviews, Vol. 12, No. 23, pp. 1146-1153.



255

Khoon, L. C. and C. K. Ramaiah, 2008, “An Overview of Online Exhibitions”, Journal of
Library and Information Technology, Vol. 28, No. 4, pp. 7-21.

Kolste, S. D., 2001, “Scientific Literacy for Citizenship: Tools for Dealing with The Science
Dimension of Controversial Socioscientific Issues”, Science education, Vol. 85, No.

3, pp. 291-310.

Koran, J. J., M. L. Koran and S. J. Longino, 1986, "The relationship of age, sex, attention,
and holding power with two types of science exhibits." Curator: The Museum Journal,

Vol. 29, No. 3, pp. 227-235.

Kostur, H. 1., 2017, “FeTeMM Egitiminde Bilim Tarihi Uygulamalar1: El-Cezeri Ornegi”,
Bagskent University Journal of Education, Vol. 4, No. 1, pp. 61-73.

Kothari, C. R., 2004, Research Methodology: Methods and Techniques, New Age

International Publishers.

Kowalczyk, D., 2014, Purposes of Research: Exploratory, Descriptive and Explanatory,
http://study.com/academy/lesson/purposes-of-research-exploratory-descriptive-

explanatory.html, accessed at April 2017.

Kuhlthau, C. C., B. Turock, M. George and R. Belvin, 1990, “Validating a Model of the
Search Process: A Comparison of Academic, Public and School Library Users”,

Library and Information Science Research, Vol. 12, No. 1, pp. 5-31.

Kumar, D. D. and D. E. Chubin, 2000, “Introduction”, In D. D. Kumar and D. E. Chubin
(Eds.), Science, Technology and Society: A Sourcebook on Research and Practice, pp.

1-8, Springer Science and Business Media, New York City, NY.

Labar, W., D. Bressler, D. Asheim, P. Samis and S. Pau, 2006, “BYOD: Guest Provided
Devices in the Museum Experience”, Exhibitionist, Vol. 25, No. 2, pp. 24-33.



256

Laherto, A., 2011, “Research-based Strategies for Illustrating the Nanoscale in an
Exhibition”, In GIREP-EPEC 2011 Conference, Jyviskyla, August 1-5.

Laherto, A., L. Kampschulte, M. de Vocht, R. Blonder, S. Akaygun and J. Apotheker, 2018,
“Contextualizing the EU’s Responsible Research and Innovation Policy in Science
Education: A Conceptual Comparison with the Nature of Science Concept and
Practical Examples”, EURASIA Journal of Mathematics, Science and Technology
Education, Vol. 14, No. 6, pp. 2287-2300.

Lee, Y. C., 2015, “Science and Society in Teacher Education”, In R. Gunstone (Ed.),
Encyclopedia of Science Education, pp. 860-864, Springer Netherlands, Dordrecht.

Lefler, R. W., 1956, "Educational Implications of Science Fairs." The High School Journal,
Vol. 39, No. 5, pp. 306-309.

Levaren, M., 2009, Science Fair Projects for Dummies, Wiley Publishing, Inc., Indianapolis,
IN.

Levinson, R., 2006, “Towards a Theoretical Framework for Teaching Controversial Socio-
scientific Issues”, International Journal of Science Education, Vol. 28, No. 10, pp.

1201-1224

Livingood, M. 1., 1955, 4 Study of the Educational Science Fair Concerning Its Purpose,
Organization, and Value, Ph.D. Thesis, Kansas State University.

Lord, G. D., 2014, “Conclusion: Making Meaning through Museum Exhibitions”, In B. Lord
and M. Piacente (Eds.), 2™ Edition, Manual of Museum Exhibitions, pp. 393-394,

Rowman and Littlefield, Lanham.

Macdonald, S., 1998, “Exhibitions of Power and Powers of Exhibition™, In S. Macdonald
(Ed.), The Politics of Display: Museums, Science, Culture, pp. 1-24, Routledge,

London.



257

Maciejowska, I. and J. Apotheker, 2015 “Teacher Training at Chemistry Faculties — Mutual
Benefits? A Case Study Based on the Example of the IRRESISTIBLE Project”,
Gamtamokslinis Ugdymas. Natural Science Education, Vol. 12, No. 2, pp. 104-111.

Mansour, N., 2007, “Challenges to STS Education: Implications for Science Teacher
Education” Bulletin of Science, Technology and Society, Vol. 27, No.6, pp. 482-497.

Marques, R., P. Azinhaga, P. Reis, E. Linhares and M. Baptista, 2016, “Irresistible
Exhibitions on Responsible Research and Innovation: The Impact of the Process of
Exhibition Development on Both Students and Teachers”, In The 13" European
Conference on Research in Chemical Education (ECRICE), Barcelona, September 7-
10.

Marsee, M. and D. Davies-Wilson, 2014, "Student-Curated Exhibits: A Vehicle towards
Student Engagement, Retention, and Success." Research and Teaching in

Developmental Education, Vol. 30, No. 2, pp. 80-90.

McBurney, F. W., 1978, “The Science Fair: A Critique and Some Suggestions”, The
American Biology Teacher, Vol. 40, No. 7, pp. 419-422.

McComas, W. F., 2011, “The Science Fair: A New Look at an Old Tradition”, The Science
Teacher, Vol. 78, No. 8, pp. 34-38.

McComas, W. F., 2014, The Language of Science Education, Sense Publishers, Rotterdam.

McLean, K., 1993, Planning for People in Museum Exhibitions, Association of Science-
Technology Centers, Washington, DC.

McLean, K., 2011, "Whose Questions, Whose Conversations?”, In B. Adair, B. Filene and
L. Kolosky (Eds.), Letting Go? Sharing Historical Authority in a User-Generated
World, pp. 70-79, Pew Center for Arts and Heritage, Philadelphia, PA.



258

MEB, 2005, [lkégretim Fen ve Teknoloji Dersi (4. ve 5. Siniflar) Ogretim Programi, Talim
ve Terbiye Kurulu Bagkanligi, Ankara.

MEB, 2006, [lkégretim Fen ve Teknoloji Dersi (6, 7 ve 8. Sumiflar) Ogretim Programi, Talim
ve Terbiye Kurulu Bagkanligi, Ankara.

MEB, 2011a, Ortaégretim 9. Sinif Kimya Dersi Ogretim Programi, Talim ve Terbiye Kurulu
Baskanlig1, Ankara.

MEB, 2011b, Ortadgretim 9. Sumif Fizik Dersi Ogretim Programi, Talim ve Terbiye Kurulu
Baskanlig1, Ankara.

MEB, 2011c, Ortadgretim 9. Sinif Biyoloji Dersi Ogretim Programi, Talim ve Terbiye
Kurulu Baskanligi, Ankara.

MEB, 2013a, [lkégretim Kurumlar: (ilkokullar ve ortaokullar) Fen Bilimleri Dersi (3, 4, 5,
6, 7 ve 8. Simiflar) Ogretim Programi, Talim ve Terbiye Kurulu Baskanligi, Ankara.

MEB, 2013b, Ortaégretim Fizik Dersi (9, 10, 11 ve 12. Sumiflar) Ogretim Programu, Talim
ve Terbiye Kurulu Bagkanligi, Ankara.

MEB, 2013c, Ortadgretim Biyoloji Dersi (9, 10, 11 ve 12. Simflar) Ogretim Programu,
Talim ve Terbiye Kurulu Baskanligi, Ankara.

MEB, 2013d, Ortadégretim Kimya Dersi (9, 10, 11 ve 12. Siniflar) Ogretim Programi, Talim
ve Terbiye Kurulu Bagkanligi, Ankara.

MEB, 2018, Ortaégretim Kimya Dersi (9, 10, 11 ve 12. Siniflar) Ogretim Programi, Talim
ve Terbiye Kurulu Baskanligi, Ankara.

Menicucci, D.,1994, How to implement the Science Fair Self-Help Development Program

in schools, Sandia National Laboratories, Albuquerque, NM.



259

Miles, M. B. and A. B. Huberman, 1994, Qualitative Data Analysis: An Expanded
Sourcebook, 2™ Edition, Sage Publications, Thousand Oaks, CA.

Miles, M. B., A. B. Huberman and J. Saldafia, 2014, Qualitative Data Analysis: A Method
Sourcebook, 3" Edition, Sage Publications, Los Angeles, CA.

Miller, E. K., 1964, “Advice on Science Fair Projects”, Science, New Series, Vol. 144, No.
3617, p. 369.

Miller, A. J., 2013, Color Me = , http://www.andy-j-miller.com/color-me-/, accessed
at April 2017.

MKAOL(Mustafa Kemal Anadolu Lisesi), 2014, Nisantas: Universitesi Halkla Iliskiler
Birimi okulumuzda seminer diizenledi,
http://mkaol.meb.k12.tr/tema/icerikler/nisantasi-universitesi-halkla-iliskiler-birimi-

okulumuzda-seminer-duzenledi 120404 1.html, accessed at April 2017.

MKAOL(Mustafa Kemal Anadolu Lisesi), 2015, Comenius’la Finlandiya, Polonya,
Almanya ogretmen ve ogrencileri Mustafa Kemal'de,
http://mkaol.meb.k12.tr/tema/icerikler/comeniusla-finlandiya-polonya-almanya-

ogretmen-ve-ogrencileri-mustafa-kemalde 1935118.html, accessed at April 2017.

MKAOL(Mustafa  Kemal Anadolu  Lisesi), 2017a, Okulumuz  Hakkinda,
http://mkaol.meb.k12.tr/tema/okulumuz_hakkinda.php, accessed at April 2017.

MKAQOL(Mustafa Kemal Anadolu Lisesi), 2017b, Haberler,
http://mkaol.meb.k12.tr/tema/icerik.php? KATEGORINO=92326, accessed at April
2017.

Molineux, K., 2014, “Exhibitions Not Based on Collections” In B. Lord and M. Piacente
(Eds.), 2™ Edition, Manual of Museum Exhibitions, pp. 133-142, Rowman and
Littlefield, Lanham.



260

Moore, S., 1958, “Science Fairs Grow Up”, The Science News-Letter, Vol. 73, No. 18, pp.
282-283.

OCR (Orange County Register), 2009, 4 Students Score for St. Margaret’s in State Science
Fair,  http://www.ocregister.com/2009/06/01/4-students-score-for-st-margarets-in-

state-science-fair/, accessed at April 2017.

Ormston, R., L. Spencer, M. Barnard and D. Snape, 2013, “The Foundations of Qualitative
Research”, In J. Ritchie, J. Lewis, C. McNaughton Nicholls and R. Ormston (Eds.),
Qualitative Research Practice: A Guide for Social Science Students and Researchers,

SAGE Publications, Los Angeles, CA.

Owen, R., P. Macnaghten, and J. Stilgoe, 2012, “Responsible Research and Innovation:
From Science in Society to Science for Society, with Society”, Science and Public

Policy, Vol. 39, No. 6, pp. 751-760.

Padovani, V., C.S. Buckler, A.F. Gualtieri and A. Vescogni, 2013, “To Teach is to Learn:
High-School Students, Local University and Informal Science Educators Collaborate

in Communicating Science to the Public”, Evolution: Education and Outreach, Vol.

6, No.1, pp. 1-5.

Patton, M. Q., 1990, Qualitative Evaluation and Research Methods, SAGE Publications,
Beverly Hills, CA.

Paul, J., N. G. Lederman and J. GroB3, 2016, “Learning experimentation through science

fairs”, International Journal of Science Education, Vol. 38, No.15, pp. 2367-2387.

PCS (Poland Central School), 2015, Science Fair Gives Poland Students Experience with
Soft Skills, https://www.polandcs.org/site/, accessed at April, 2017.



261

Pembe, S. and T. Sekmenli, 2014, Istanbul Anadolu Liseleri Taban Puanlar: ve Yiizdelik
Dilim,http://vefalisesi.meb.k12.tr/meb_i1ys dosyalar/34/10/969664/dosyalar/2014 12
/18102936 _stanbulanadoluliseleritabanpuanlarveyzdelikdilim20122014.pdf,
accessed at April 2017.

Peterson, K. D. and T. E. Deal, 2011, The Shaping School Culture Fieldbook, ond Edition,
John Wiley and Sons, San Francisco, CA.

Pushkin, D., 1987, “Science Fair Projects: Some Guidelines for Better Science”, Journal of

Chemical Education, Vol. 64, No.11, pp. 962-963.

Ratcliffe, M., 2001, "Science, Technology and Society in School Science Education." School
science review, Vol. 82, No. 300, pp. 83-92.

Ratinen, I., A. L. Kdhkonen, A. Lindell, A. and M. de Vocht, 2015, “Does RRI Focused
Science Teaching Help Students Incorporate RRI into Their Inquiry-Based Lesson
Plans?”, In The 32" Annual Symposium of The Finnish Mathematics And Science

Education Research Association, Turku, October 29-30.

Reis, G., L. Dionne and L.Trudel, 2015, “Sources of Anxiety and the Meaning of
Participation in/for Science Fairs: A Canadian Case”, Canadian Journal of Science,

Mathematics and Technology Education, Vol. 15, No. 1, pp. 32-50.

Reis, P. and A. R. Marques, 2016, The IRRESISTIBLE Exhibition Development Guide-An
Introduction to Developing Student-curated Exhibitions, IRRESISTIBLE Project,
http://www.irresistible-project.eu/index.php/en/, accessed at March 2017.

Rhee, B. T. and D. J. Kim, 2013, “Summative Evaluation of Children’s Creative
Engagement through Interactive Exhibits: A Case Study on the Participatory
Exhibition of Masterpieces in South Korea”, International Journal of Advanced

Science and Technology, Vol. 59, pp. 1-12.



262

Rogers, H. J., 1956, "Reviewing and Evaluating the North Carolina Science Fairs." The High
School Journal, Vol. 39, No. 5, pp. 303-305.

Sadler, T. D., 2002, “Socioscientific Issue Research and Its Relevance for Science
Education”. In seminar presented to science education graduate students, Gainesville,

FL, University of South Florida.

Sadler T. D., A. Amirshokoohi, M. Kazempour and K. M. Allspaw, 2006, “Socioscience
and Ethics in Science Classrooms: Teacher Perspectives and Strategies”, Journal of

Research in Science Teaching, Vol. 43, No. 4, pp. 353-376.

Saldafia, J., 2011, Fundamentals of Qualitative Research: Understanding Qualitative
Research, Oxford University Press, New York City, NY.

Saldafia, J., 2013, The Coding Manual for Qualitative Researchers, 2™ Edition, Sage
Publications, Los Angeles, CA.

Schank, H., 2015, The Science Fairs Aren’t So Fair,
https://www .theatlantic.com/education/archive/2015/03/why-science-fairs-arent-so-

fair/387547/, accessed at March 2015.

Schwartz, D., 2006, “Art, History, and Science Museums: A Cross Cultural Conversation-
Brooklyn Historical Society”, Exhibitionist, Vol. 25, No. 2, pp. 21-23.

Science Exhibition, 1946, Science, Vol. 104, No. 2710, pp. 544-554.

Science Fair in Spain, 1964, The Science News-Letter, Vol. 85, No. 18, pp. 279-279,
www.jstor.org/stable/3946934, accessed at April 2017.

Sherburne, E. G. and E. Gibbes Patton, 1971, “In Support of Science Fairs.” The American
Biology Teacher, Vol. 33, No. 6, pp. 361-361.



263

Siegel, E., 2006, “Art, History, and Science Museums: A Cross Cultural Conversation-New
York Hall of Science”, Exhibitionist, Vol. 25, No. 2, pp. 19-20.

Simon, N., 2010, The Participatory Museum, Museum, Santa Cruz, CA.

Simpson, D., C. Chadbourne, J. Kennedy, M. Roper, S. Smith, S. Boren, P. Kuttner, L. Bell,
2006, “The Latest in Exhibit Trends (From the Designers’ Perspective)”, Exhibitionist,
Vol. 25, No. 2, pp. 46-54.

Steven, S. Y., L. M. Sutherland and J. S. Krajcik, 2009, The Big Ideas of Nanoscale Science
and Engineering, NSTA Press, Arlington, VA.

Stocklymayer, S. M. and L. J. Rennie, 2017, “The Attributes of Informal Science Education:
A Science Communication Perspective”, In P. G. Patrick (Ed.), Preparing Informal
Science Educators: Perspectives from Science Communication and Education.

Springer, pp. 526- 545, Springer International Publishing, Cham.

Strauss, V., 2001, Science-Fair Hypothesis Fraying,
https://www.washingtonpost.com/archive/politics/2001/02/20/scie...g/8c99e0fb-cae§-
4a9d-91b9-a015a4d300ef/?utm_term=.06c03272aada, accessed at April, 2017.

Sutcliffe, H., 2011, A Report on Responsible Research and Innovation, MATTER and
European Commission, https://ec.europa.eu/research/science-

society/document_library/pdf 06/rri-report-hilary-sutcliffe en.pdf, accessed at April
2017.

Sahin, S., 2012, “Bilim Senliklerinin 10. Sinif Ogrencilerinin Kimya Dersine Yonelik
Tutumlarma Olan Etkisi”, Usak Universitesi Sosyal Bilimler Dergisi, Vol. 5, No. 1,
pp. 89-103.

Sahin, E. and N. Onder Celikkanli, 2014, “The Impacts of a Secondary School Science
Exhibition on the Students in Charge”, Necatibey Egitim Fakiiltesi Elektronik Fen ve
Matematik Egitimi Dergisi, Vol. 8, No. 2, pp. 71-97.



264

Temple University, 2014, Enrichment Activities for Gifted High School Students,
https://engineering.temple.edu/nano-outreach/high-school-students, accessed at April

2017.

The Catholic Voice Online Edition, 2015, Around the Diocese, Vol. 53, No.
2,http://www.catholicvoiceoakland.org/2015/06-22/aroundthediocese.htm, accessed
at April 2017.

Tirre, F., L. Kampschulte and I. Parchmann, 2015, "Ein Science Camp zu Wissenschaft und
Wissenschaftskommunikation:  Schiiler présentieren (ihre) Nanoforschung",

ChemKon, Vol. 22, No. 4, pp. 179-186.

Topgu, M. S., E. Z. Mugaloglu and D. Giiven, 2014, "Fen Egitiminde Sosyobilimsel
Konular: Tiirkiye Ornegi", Kuram ve Uygulamada Egitim Bilimleri, Vol. 14, No. 6,
pp. 1-22.

Topeu, M. S., 2015, “Sosyobilimsel Konular ve Ogretimi”, Uluslararas: Sosyal ve Egitim
Bilimleri Dergisi, Vol. 2, No. 4, pp. 231-233.

Tortop, H. S., 2013a, “Bu Benim Eserim Bilim Senliginin Yo6netici, Ogretmen, Ogrenci
Goériisleri ve Fen Projelerinin Kalitesi Odagindan Goriiniimii”, Adiyaman Universitesi

Sosyal Bilimler Enstitiisti Dergisi, Vol. 6, No. 12.

Tortop, H. S., 2013b, “Science Teachers’ Views About the Science Fair at Primary
Education Level”, Turkish Online Journal of Qualitative Inquiry, Vol. 4, No. 2, pp.
56-64.

Tortop, H. S., 2014, “Examining of the Predictors of Pre-service Teachers’ Perceptions of
the Quality of the Science Fair Projects in Turkey”, Necatibey Egitim Fakiiltesi
Elektronik Fen ve Matematik Egitimi Dergisi, Vol. 8, No. 1, pp. 31-44.

TUBITAK, 2013a, Ortadgretim Proje Yarismasinda Odiiller Sahiplerini Buldu,
https://www .tubitak.gov.tr/tr, accessed at April 2017.



265

TUBITAK, 2013b, TUBITAK 'in 50 Yillik Oykiisii, https://www .tubitak.gov.tr/tr, accessed at
April 2017.

TUBITAK, 2013c, 4006 — TUBITAK Bilim Fuarlar: Destekleme Programi Usul ve Esaslari,
https://www .tubitak.gov.tr, accessed at July 2018.

TUBITAK, 2014a, Competitions in Three Different Categories for University Students,
https://www.tubitak.gov.tr/en, accessed at April 2017.

TUBITAK, 2014b, Uluslararast Proje Yarismasinda Biiyiik  Bagar,
https://www.tubitak.gov.tr/tr, accessed at April 2017.

TUBITAK, 2015a, TUBITAK 46. Ortaégretim Ogrencileri Arastirma Projeleri Final
Yarismasi, https://www.tubitak.gov.tr/tr, accessed at April 2017.

TUBITAK, 2015b, TUBITAK 'tan Robot Bilim Senligi Etkinligi,
https://www.tubitak.gov.tr/tr, accessed at April 2017.

TUBITAK, 2015c, 18. Ulusal Gokyiizii Gozlem Senligi, https://www.tubitak.gov.tr/tr,
accessed at April 2017.

TUBITAK, 2016, 11. Ortackul Ogrencileri Arastrma Projeleri  Yarismasi,
https://www.tubitak.gov.tr/tr, accessed at April 2017.

TUBITAK, 2017, Lise Ogrencileri Arastirma Projeleri Yarismasi-Gegmis Yillar-Basvuran
Tiim Projeler, https://www .tubitak.gov.tr/tr/yarismalar/arastirma-projeleri-

yarismalari/icerik-basvuran-tum-projeler, accessed at April 2017.

Tiirkmen, H., 2010, “Informal (simif-dis1) Fen Bilgisi Egitimine Tarihsel Bakis ve
Egitimimize Entegrasyonu”, Cukurova Universitesi Egitim Fakiiltesi Dergisi, Vol. 3,

No. 39, pp. 46-59.



266

TVO (Terakki Vakfi Okullar1), 2017a, Tarihge, https://www.terakki.org.tr, accessed at April
2017.

TVO (Terakki Vakfi Okullar1), 2017b, 2016-2017 Osretim Yilinda Gérev Yapacak
Kadromuz,  https://www.terakki.org.tr/lise/egitim-ogretim/egitim-kadrosu/terakki-

lisesi--levent/, accessed at April 2017.

TVO (Terakki Vakfi Okullari), 2017c, Lisede Yasam, https://www.terakki.org.tr/lise/lisede-

yasam/bir-gun-nasil-geciyor/, accessed at April 2017.

TVO (Terakki Vakfi Okullari), 2017d, Robot Kuliibiimiiz 11. Uluslararast MEB Robot
Yarismasi 'nda Sampiyon, https://www.terakki.org.tr/lise/haberler--etkinlikler/basari-
ve-oduller/robot-kulubumuz-11-uluslararasi-meb-robot-yarismasinda-sampiyon/,

accessed at May 2017.

Ulusoy, K., 2016, “Student Views Related to the Science Fest Actualized in High School
History Lessons (The Case of Turkey)”, Journal of Education and Training Studies,
Vol. 4, No. 11, pp. 79-86.

Venturi, M., E. Bertozzi and B. Pecori, B, 2015, “How Can RRI Become a Permanent Aspect
of Science Teaching”, In The 11th Conference of the European Science Education

Research Association (ESERA), Helsinki, August 31-September 4.

von Schomberg, R., 2013, “A Vision of Responsible Research and Innovation”. In R. Owen,
J. Bessant and M. Heintz (Eds), Responsible Innovation: Managing the Responsible
Emergence of Science and Innovation in Society, pp. 51-74, John Wiley, London.

Wartinger, P. H., 1999, Student Science Projects and Science Fairs: How to Maximize
Benefits to Students and Minimize Burden to Teachers, M.S. Thesis, State University
of New York.

Watson, J. S., 2003, “Examining Perceptions of the Science Fair Project: Content or

Process?”, School Library Media Research, Vol. 6, pp. 1-15.



267

White, H. A., F. W. Morthland, J. P. Hailman, P. H. Kolpfer, L. L. Brandon and J. H. Kraus,
1963, “Science Fairs”, Science, New Series, Vol. 141, No. 3586, pp. 1132-1136.

Wolf, R. L. and B. L. Tymitz, 1979, Do Giraffes Ever Sit? A Study of Visitor Perceptions at
the National Zoological Park, Smithsonian Institution, Smithsonian Institution,

Washington, DC.

Yager, E. R., 1996, Science/Technology/Society as Reform in Science Education, State
University of New York Press, Albany, NY.

Yasar, S., and D. Baker, 2003, “The Impact of Involvement in a Science Fair on Seventh
Grade Students”, In The Annual Meeting of the National Association for Research in
Science Teaching, Philadelphia, PA, 2003, March 23-26, National Association for

Research in Science Teaching.

Yeh, M. K., H. C. Hsieh, S. H. Chang, R. Chen, and H. Y. Tsai, 2011, "Problem-based
Learning Achievement of K-12 Students Participating in a Nanotechnology Hands-on

Works Exhibition in Taiwan", International Journal for Cross-Disciplinary Subjects

in Education, Vol. 2, No. 3, pp. 480-486.

Yeh J. H., 2017, “Museum Science Teaching: Educators’ Personal Epistemologies and
Created Learning Experiences” In P. G. Patrick (Ed.), Preparing Informal Science
Educators: Perspectives from Science Communication and Education. Springer, pp.

105- 126, Springer International Publishing, Cham.

Yildirim, H. 1. and O. Sensoy, 2017, "Bilim Senliklerinin 6. Sinif Ogrencilerinin Fen
Bilimleri Dersine Y6nelik Tutumlarina Etkisi", Tiirk Egitim Bilimleri Dergisi, Vol. 14,
No. 1, pp. 23-40.

Yilmaz, A. and 1. Morgil, 1992, “Tiirkiye’de Fen Ogretiminin Genel Bir Degerlendirilmesi,
Sonuglar1 ve Oneriler”, Hacettepe Universitesi Egitim Fakiiltesi Dergisi, No. 7, pp.
269-278.



268

APPENDIX A: THE CHAPTER 9. DEVELOPING AN INTERACTIVE
EXHIBIT WORKSHEET OF THE MODULE NANO AND HEALTH

Chapter 9 - Developing an Interactive Exhibit
Week-1 Activity Sheet

.’ Discuss the questions below in your group and answer the questions.

Week 1:
1. Have you ever been to an interactive exhibition? Describe that exhibition.
a. What was it about?

b. How was interaction provided?

¢.  What were its positive and negative aspects?

2. Please do some research on the internet and brainstorm ideas for how you might design
your exhibition product. Write your ideas below.

Figure A.1. The chapter 9 worksheet page 1. (Akaygun et al., 2016)
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RRI 3. Please do some Internet research and brainstorm individually or as a group about the ideas
for an exhibition product related to Responsible Research and Innovation in
Nanotechnology Applications. Write your ideas below.

a. Which Nanoscience and Nanotechnology Application have you selected? Why?

b. How will you integrate Responsible Research and Innovation into the Nanoscience and
Nanotechnology Applications? Explain.

l You have 3 weeks to design and develop the exhibition product. Make a plan to develop your
. . exhibition and write the steps of including dates.

Date To Do

H

Date To Do

-
o

Wi N WS W N
NBBSS’S?G’;GS'Q

-
-

Figure A.2. The chapter 9 worksheet page 2. (Akaygun et al., 2016)
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Chapter 9 - Developing an Interactive Exhibit
Week 2 - Activity Sheet

Q’ Discuss the questions below in your group and write your answers.
Week 2:

RRI 5. How are you planning to integrate Responsible Research and Innovation into the
Nanoscience and or Nanotechnology Application you have chosen? Explain, keeping in
mind each aspect of
RRI.

Science Education:

Gender Equality:

Figure A.3. The chapter 9 worksheet page 3. (Akaygun et al., 2016)
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6.
Sketch the design of your exhibition product and write your explanation below your sketch

b. List the materials you will need to develop this product.

---------

Figure A.4. The chapter 9 worksheet page 4. (Akaygun et al., 2016)
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.
||| T ae——
Date:

Chapter 9 - Developing an Interactive Exhibit
Week 3 - Activity Sheet

Discuss the questions below with your group and answer them.

Week 3:
7. Present your exhibition product to the class. Write the feedback you receive from the class
in the space below.

Figure A.5. The chapter 9 worksheet page 5. (Akaygun et al., 2016)
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.
||| TOaem—
Date:

2

Chapter 9 - Developing an Interactive Exhibit
Week 4 - Activity Sheet

Discuss the questions below in your group and answer them,

Week 4

8. How you will revise your exhibition product in light of the feedback you received? Explain.

9. What you have learned from designing and developing your product?

10. What difficulties did you face in designing and developing your product?

Figure A.6. The chapter 9 worksheet page 6. (Akaygun et al., 2016)
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APPENDIX B: PRE-INTERVIEW PROTOCOL FOR TEACHERS

Would you introduce yourself briefly? What is your branch? How many years have you been

teaching?
1.

What is an exhibition? Do you know about the types of exhibitions?
Do you have any knowledge about the interactive exhibit?
Do you visit exhibitions in your daily life? Is there any exhibition that

impressed you?

Have you ever visit a science exhibition?

. What do you think the unique characteristics of a scientific exhibition are?

Have you ever visited a student-created exhibition (project, science fair,
etc.)?
Do you have any experience on developing an exhibit or project with a group

of students?

What kind of exhibits did you see before?

. What kind of exhibits do you think you and your students will develop?

What kind of sources do your students benefit from in the exhibit

development process?

What kind of role do you think you will have in the exhibit development
process?
Do you want to receive any kind of support before and during the exhibit

development process?

What do you think your students should pay attention to in the exhibit

development process?

. What do you think you should pay attention to while guiding along the exhibit

development process?



275

a. Do you think your students will face any difficulties in the exhibit
development process?
If yes, ask
What kind of solution do you think to offer if you face such difficulty?

b. Do you think you will face any difficulties in guiding along the exhibit
development process?
If yes, ask
What kind of solution do you think to offer if you face such difficulty?
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APPENDIX C: POST-INTERVIEW PROTOCOL FOR TEACHERS

a. What is an exhibition? Do you know about the types of exhibitions?
b. Do you have any knowledge about the interactive exhibit?

c. What do you think the unique characteristics of a scientific exhibition are?

a. Have you ever visited a student-created exhibition (project, science fair,
etc.)? Yes/No.
If yes, ask 2.b.

b. You have visited the student-created exhibition organized by the Project
IRRESISTIBLE. What are the similarities and differences between this

exhibition and the previous ones?

a. Do you have any experience on developing an exhibit or project with a group
of students? Yes/No.
If yes, ask 3.b.

b. You experienced to develop an exhibit together with your students under the
Project IRRESISTIBLE. If you think about this process from the beginning
what have you experienced? Can you tell a bit?

(Introductory speech for students on exhibitions, the phase of finding an idea,
planning stage, developing stage and exhibiting stage)

c. What are the similarities and differences between the current experience of
exhibit development under the Project IREESISTIBLE with your previous

experiences in this sense?

a. What kind of exhibits did you see in the exhibition organized by the Project
IRRESISTIBLE?

b. What kind of exhibit did you together with your students prefer to develop?
Why?
(Topic, type of exhibit)
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When do you consider the themes of your students’ exhibits, do you think
they might be impressed by anything in the stage of finding an idea? Could
they be impressed by something they learned in the module or in the field
trips?

Did your students change their idea about the exhibit they were planning to
do in the stages of planning and developing an exhibit? Why?

What kind of sources did your students benefit from in the exhibit

development process?

What was your role in the exhibit development process?
Did you need any kind of support before or during the exhibit development
process? What kind of?

What did you ask for students to pay attention to in the exhibit development
process?
. What did you pay attention to while guiding along the exhibit development

process?

Did your students face any difficulties in the exhibit development process?
If yes, ask

What kind of solution did they find when they face such difficulty?

Did you face any difficulties in guiding along the exhibit development
process?

If yes, ask

What kind of solution did you find when you face such difficulty?

Could your students make their exhibits interactive? How?
Could your students integrate Responsible Research and Innovation in their

exhibit? How?
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APPENDIX D: PRE-INTERVIEW PROTOCOL FOR STUDENTS

Would you introduce yourself briefly? Which school are you going to? What is your grade

level?

1.

What is an exhibition?

Do you visit exhibitions in your daily life? Is there any exhibition that
impressed you?

Do you have any knowledge about the interactive exhibit?

Do you know about the types of exhibitions?

Have you ever visit a science exhibition?

. What do you think the unique characteristics of a scientific exhibition are?

Have you ever visited a student-created exhibition (project, science fair,
etc.)?
Do you have any experience on developing an exhibit or project individually

or with a group of friends?

What kind of exhibits did you see before?
If students have previous experience on developing an exhibit, ask: What
kind of exhibit(s) did you develop before?
What kind of exhibit do you plan to develop with your group friends in this

work?

. What kind of sources do you planning to benefit from in the exhibit

development process?

If students have previous experience on developing an exhibit, ask:
What kind of role did you have in your previous experience of developing a

project, an exhibit etc.?

. What kind of role do you plan to have while developing an exhibit with your

group friends in this work?
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c. Do you want to receive any kind of support before and during the exhibit
development process?

. What do you think you should pay attention to in the exhibit development process?

Do you think you will face any difficulties in the exhibit development process?

If yes, ask

What kind of solution do you think to offer if you face such difficulty?
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APPENDIX E: POST-INTERVIEW PROTOCOL FOR STUDENTS

IS

&

What is an exhibition?
Do you know about the types of exhibitions?
Do you have any knowledge about the interactive exhibit?

What do you think the unique characteristics of a scientific exhibition are?

Have you ever visited a student-created exhibition (project, science fair,
etc.)? Yes/No.
If yes, ask 2.b.
You have participated the student-created exhibition organized by the Project
IRRESISTIBLE. What are the similarities and differences between this

exhibition and the previous ones?

Did you develop an exhibit or project with a group of friends or individually
before this project? Yes/No.

If yes, ask 3.b.

You experienced to develop an exhibit together with your group friends or
individually in the Project IRRESISTIBLE. If you think about this process
from the beginning what have you experienced? Can you tell a bit?
(Teacher’s introductory speech on exhibitions, the phase of finding an idea,
planning stage, developing stage and exhibiting stage)

What are the similarities and differences between the current experience of
exhibit development under the Project IREESISTIBLE with your previous

experiences in this sense?

What kind of exhibits did you see in the exhibition organized by the Project
IRRESISTIBLE?

What kind of exhibit did you prefer to develop? Why?

(Topic, type of exhibit)

How did you come up with this idea?
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. When do you consider the theme of your exhibit, do you think you might be
impressed by anything in the stage of finding an idea? Could you be
impressed by something you learned in the module or in the field trips?

Did you change your idea about the exhibit you were planning to do in the
stages of planning and developing an exhibit? Did you develop the exhibit
you were planning to in the beginning? Why?

What kind of sources did you benefit from in the exhibit development

process?

What was your role when you were developing the exhibit with your group
friends or individually?
Did you need any kind of support before or during the exhibit development
process? What kind of?

What did you pay attention to in the exhibit development process?

Did you face any difficulties in the exhibit development process?
If yes, ask
What kind of solution did you find when you face such difficulty?

Do you think you could make your exhibit interactive? How?
Do you think you could integrate Responsible Research and Innovation in

your exhibit? How?
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APPENDIX F: THE TIMELINE OF THE FIELD NOTES TAKEN IN
EACH SCHOOL

Table A.1. The timeline of the field notes taken in each school.

School Number of Weeks Number of Date the

of Observation Observation Observations Done

SH1 4 5 02/25/16
03/03/16
03/10/16
03/24/16

SH2 4 6 02/26/16
02/29/16
03/04/16
03/11/16
03/14/16
03/18/16
03/25/16

SH3 6 6 02/18/16
02/24/16
03/02/16
03/09/16
03/16/16
03/28/16




APPENDIX G: THE TIMELINE OF THE WORKSHOP ON
EXHIBITION AND CoL MEETINGS HELD IN EXHIBIT
DEVELOPMENT PROCESS

Table A.2. The timeline of the workshop and CoL meetings held in the exhibit
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development process.
Organization Type Date
The Workshop on Exhibition 01/16/16
1" CoL Meeting 02/20/16
2" CoL Meeting 03/12/16
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APPENDIX H: AN EXAMPLE TRANSCRIPTION OF INTERVIEWS

WITH PARTICIPANTS

Ongoriisme_SH2S2 Notlar:

B.A. | Merhabalar, hosgeldiniz.

T.B. | Merhaba.

B.A. | Kisaca kendinizi tamtabilir misiniz?

T.B. | 11. Simiftayim.

B.A. | Hihy, peki su an sizinle daha 6nceki varsa deneyimlerinize yonelik ve
ayrica su an biliyorsunuz bir sergi tiriinii gelistireceksiniz buna dair varsa
ongoriilerinize yonelik bir goriigme yapmak istiyorum. Hazirsanmz
baslayabiliriz.

T.B. | Tabii ki.

B.A. | Sizce sergi nedir?

T.B. | insanlarin kendi yaptig1 seyleri, kendi yaptig1 yeni projeleri baskalarina
gostermeye dayali ve bunu tanmitmaya dayali ve varsa da bu dolasanlarin
iste yeni seyler 6grenmeye ve iste bu konu ile ilgili daha derin bir seyleri
kesfetmeye dayah gibi bir proje gibi bir sey, proje.

B.A. | H1 hi, tamam. Peki giinliik yasaminizda sergi gezer misiniz?

T.B. | Evet. Bu hafta sonu tekne fuarini1 gezdim. Ondan 6nceki hafta da oyun fuar
vardi onu gezdim.

B.A. | Himm bayag siki takipgisisiniz o zaman fuarlarin.

T.B. | Evet.

B.A. | Guzel. Peki simdiye kadar bunlarin arasindan sizi etkileyen bir sergi
yada iste fuar vesaire oldu mu?

T.B. | Oyun fuan etkilemisti. ilk turnuva seyimi kazanmistim. Onun disinda ben
de 2-3 sergide sey yaptim. 7 ve 8. Simifta TUBITAK, ondan sonra da ilk
senede FLL (First Lego Liege)'de gibi sergilerde kendi projemi sunma
imkani buldum.

B.A. | Onlar da etkileyiciydi sizin igin. Peki ee az 6nce bahsettiginiz, ilk
soylediginiz sizi etkileyen sergi i¢in ne demistiniz?

T.B. | Oyun fuar.

B.A. | Evet oyun fuar. Orada sizi etkileyen sey neydi?

T.B. | Eee sadece bakmak degil de bir etkilesim igindeydik. Yani imm kargilikl,
nasil desem? Onlarin gosterdigi seyleri deneme imkamm olmustu. Ciinki
diger fuarlarda 6yle bir sey yoktu. Mesela tekne fuarina gittiginiz zaman
tekneyi deneyemezsiniz ©.

B.A. | Evet.

T.B. | Anca goriiyorsunuz. Ama onda deneme imkanim oldu. O yiizden de
etkilemisti beni.

B.A. | Aslinda bak bu iyi bir fikir. Oyle bir ortamda yapilabilir tekne fuarlarinda
da denenebilecegi yani gelen ziyaretgilerin deneyebilecegi. Peki ee daha
once etkilesimli sergi diye bir kavram duydunuz mu?

T.B. | Etkilesimli sergi. Mesela bir ¢ikarim yapabilirim.

B.A. | Duymadimiz ama bir g¢ikarim yapacak olursamz?

T.B. | Etkilesim deyince karsilikli oldugundan dolay: fuari gezenlerin de bu arada
hani sorular yoneltip karsiiginda bir sey ¢ikartabildigi sergi midir bilmem.

B.A. | Hi hi olabilir. Peki sergi gesitleri hakkinda bilginiz var mi?

T.B. | Yok

B.A. | Hi hi. Mesela az once soylediklerinizden belki 6rnek verecek olursaniz,
kendi deneyimlerinizden.

T.B. | Sergi ¢esitleri icin mi?

B.A. | Hih.

Figure A.7. An example transcription of interviews with participant page 1.



T.B. | Pek ¢ok konuda yani nasil desem pek ¢ok konuda sergi ¢esidi yapilabilir.
Yani pek ¢ok cesidi olabilir. Ciinkii ee insanlarin bakmak istedigi ve gormek
istedigi pek ¢ok konu olabilir. Bilimsel agidan, deniz tekne gibi iste bir cok
hobiler iizerine yapilabilen pek ¢ok sergi olabilir.

B.A. | Hi hi peki ¢ok giizel. Peki daha once bilim sergisi gezdiniz mi? Mesela iste
bilim merkezlerinde olabilir.

T.B. | Yok bilim merkezlerinde gezmemistim de bir kere annem ve babamla,
annem Ogretmen bu arada da, onlarin 6grencileri ile buraya insan
anatomisi fuar: gelmisti, oray1 gezmistim.

B.A. | Himm, ¢ok giizel. Peki ee sizce bir bilim sergisinin kendine 6zgii
ozellikleri var midir? Varsa nelerdir? Onu diisiinecek olursaniz mesela.
Diger gittiginiz sergilerle karsilastirabilirsiniz belki.

T.B. | Tek farki diger sergilerde o kadar tanitim yani sadece gostermek
tizerineyken bilim sergisinde biraz daha nasil desem ona gittiginde orada
duran gorevli vardy, etrafimda durup bize anlatmigt: yani. Ciinkii diger
sergilerde de belirli bir fikrimiz olabilir. Ciinkii orada bir hobi iizerine yani
bildigimiz bir sey iizerine gidiyoruz fakat bilim sergisinde genelde 6gretme
amagh oldugundan dolay:

B.A. | H1 hi 6gretme amaci giider diyorsunuz.

T.B. | Evet.

B.A. | Cok giizel. Peki daha once bir 6grenci grubunun hazirladig iste proje
olabilir, okulda bilim senlikleri olabilir vesaire bir sergiyi gezdiniz
mi?

T.B. | Ben hazirladim ama belirli bir seyi gezmedim.

B.A. | Yani kendinizin katildiklar: vardi.

T.B. | Evet.

B.A. | Kagina siniflarda demistiniz?

T.B. | 7-8 bir de 9-10.

B.A. | Himm bayag) bir deneyiminiz var.

T.B. | 9da FLL.

B.A. | Hi hi. Peki bunlar biraz detaylandirabilir misiniz?

T.B. | Ne gibi?

B.A. | Mesela bireysel miydi grup arkadaslariyla mi1?

T.B. | Grup arkadaslariylaydi. 7-8'de TUBITAK'ta. 7'de tam katilamadim. Sadece
gosterme amagli. O yiizden fazla jiiri de gelmedi insan da gelmedi. Sadece
orada uzaktan pek etkileyici bir sey degildi.

B.A. | Olsun.

T.B. | Ama 8'de jiirilere ve insanlara anlatma, oradaki gezen insanlara...

B.A. | Ziyaretgilere...

T.B. | Ziyaretgileri hani

B.A. | Anlatma firsatimiz oldu.

T.B. | Tam ziyaretgi miydi onu da bilemiyorum su an. Cok eski olunca. Onlara
anlatma tek kisi oldugum i¢in 6gretmenim de anlatmami desteklemedigi
i¢in tek bagima yapmak zordu ama 9 ve 10. Sinifta jirilere grup olarak
gittigimizden dolay lizerimden bayagi bir yiik kalkt1.

B.A. | Hi hy, giizel. Orada belki biraz daha rahat hareket ederek anlattiniz
irtinlerinizi. Peki konular1 neydi? Hatirhyor musunuz?

T.B. | 7'de Geri Doniisiim ile ilgiliydi, 8'de de kalori yakmakla ilgili bir sey

yapmistik. Yani gene saglik konusundaydi. 9°da depremzedelerde ve ingaat
¢alisanlarina 6zel bir frekansh bir kurtarma telsiz, telefona o telsizden
eklenecek bir projemiz vardi. 10’da gorme engelliler icin periyodik tablo

Figure A.8. An example transcription of interviews with participant page 2.
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yaptik.

B.A. | Hihy, ¢ok giizel. Peki daha 6nce ne tiir sergi iiriinleri ile karsilagtimiz?

T.B. | Biraz acabilir misiniz?

B.A. | Mesela ornek verelim. Diyelim ki iste body anotomy sergisine gittiginiz
zaman oradaki sergilenen iiriin neydi?

T.B. | Sergi iiriinleri yaniii... nasil cevap verecegimi tam bilemedim.

B.A. | Yadaiste aiyorum orada muhtemelen...

T.B. | Sergi liriinleri tamam sdyleyeyim bazilarinin gelistirmis oldugu projeler
veya body anotomy’de de insan modelleri, adaleleri lizerinden sergi
yapmislardi. Tamamim gezemedim onun. Ama digerlerinde tirtin satmak
amaciylayd fakat oyun fuarina gittigimde de orada benim de bulundugum
seyler de kendi projemizi kendi yapacagimiz tiriiniimiizi bagkalarina
sergilemek ve onlarin tamtimini gergeklestirmek icin gitmistim.

B.A. | H1 hi ¢ok giizel. Peki daha 6nce bir ¢ok deneyiminiz oldugundan bahsettiniz
ve neler gelistirdiginizi de anlattiniz. O yiizden sunu gegiyorum.

T.B.

B.A. | Peki imm bu ¢alismada su an grup arkadaslarinizla ne tiir bir sergi
iiriinii yapmay diisiiniiyorsunuz? Var mi aklimzda bir fikir?

T.B. | Suan belirli 2-3 tane fikrimiz var ama hani tam net degil.

B.A. | Neyler olsun? Belli olmayanlar: da 6grenebilirim?

T.B. | Yani daha dogrusu hoca 6gretmenimizin ilk basta bizi bir hani 2-3 fikrimiz
var dedi ama 6nce sizden ¢ikmasi lazim dedi. Ona gore sey yapacagiz ve biz
de sadece iste 6grenciler arasinda..

B.A. | Tamam olsun. Ne yani. Kabataslak diisiindiigiiniiz sey ne?

T.B. | $imdi pek seyim yok, ona ben pek destek olmadim suan. O yiizden pek bir
sey diyemem.

B.A. | Peki tamam. $oyle sorayim o zaman. Diyelim ki sergi iirtiniine karar
verdiniz ve bir tiriin gelistireceksiniz. Bu siire¢ boyunca ne tiir kaynaklar
kullanmay diisiiniirsiiniiz?

T.B. | Imm giinliik hayatta kullandigimiz kaynaklar. Ciinkii mesela ayriyeten
biiyiik masrafli ya da o kadar teknolojik seyler kullanmak istemeyiz. Ciinkii
bu eee iiriin sadece titopik bir deger kazanir. Ama giinliik hayatta
kullandigimiz basit bir sey olursa gergeklestirilmesi daha kolay oldugu igin
daha da rahat gerceklestirebiliriz.

B.A. | Giinliik hayatta kullanilan malzemeleri kullanmay: diigiiniiyorsunuz. Peki
bilgi mesela diyelim ki o iiriinii gelistirirken bir bilgiye ihtiya¢ duyarsimz
bu bilgiye nereden erigsmeyi diistiniiyorsunuz? Ne tiir kaynaklar kullanmay1
diisiiniiyorsunuz bunun igin?

T.B. | Onceden aragtirilmig ise makaleler. Genelde evet makale agirhikh gidiyoruz.

B.A. | Hi hi, makaleleri kullanirsiniz.

T.B. | ...mmm...

B.A. | Peki su an bu kadar geliyor akliniza.

T.B. | Evet.

B.A. | Olur.

T.B. | Clinkii makalelerde biraz daha bilimsel oldugu igin. Mesela internet veya
bagka tiirlii kaynaklarda pek gergek tam kesin, gergeklik pay
vermedigimizden dolay: sadece makaleleri goz 6niinde bulundururuz
muhtemelen.

B.A. | Hihj, ok giizel. Peki daha énce grup arkadaslarimizla proje ya da sergi
iiriinii gelistirirken nasil bir rol iistlenmistiniz?

T.B. | Uriinii gelistirmede yardim, sey 6nceden deneyimim oldugu i¢in sunumda

Figure A.9. An example transcription of interviews with participant page 3.
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da epey bir katkim olmugtu ama iiriinii gelistirme de, 10’daki periyodik
tabo ve 9'daki o depremzedelere yatigimiz telefon i¢in gipte de, eee
teknolojik kisimlar tistlenmistim. Bu programi yaratma gibi bir de iste
sunumda. Ciinkii iiretiminin bir parg¢asinda oldugum i¢in o kismi sundum.

B.A. | Hi hi Peki su an bu ¢alismada nasil bir rol iistlenmeyi diigiiniirsiiniiz?
Mesela iste daha ¢ok su su kisminda yer almay: isterim gibi.

T.B. | Genelde bunun sunum agamasinda olmak isterdim. Ciinkii gelecek herhalde
sorulari biraz daha yetkin oldugumu diigiiniiyorum.

B.A. | Hi1 hi cevaplandirma agisindan.

T.B. | Evet.

B.A. | Hihy, cok giizel. Peki sergi iiriinii olusturma siireci éncesinde ya da bu
siire¢ boyunca herhangi bir anlamda destek almak ister misiniz?

T.B. | Destek almak ister misiniz?. Imm..

B.A. | Mesela herhangi bir konuda destege ihtiyaciniz olacagim distiniiyor
musunuz? Oyle de sorulabilir.

T.B. | Destege ihtiyacimiz olacagini diigiiniiyorum ama nasil bir proje
yapacagimiza bagl.. Sonugta biraz daha bilgi gerektiren bir seyse sonugta
nanoteknolojide su an gordiigiimiiz glimiis nanopargacikalrin insan
viicuduna ne tiir zararlan oldugu konusunda hala bir bilgimiz yok. O
yiizden bu nanoteknolojilerin su an gelismekte olan bir bilim dali oldugu
icin genelde baz tiniversitelerden ya da bazi aragtirmalardan destek
alacagimiz diigiiniiyorum.

B.A. | H1 hy, cok giizel. Peki sergi iiriinii olusturma siirecinde nelere dikkat
etmeniz gerektigini diigiiniiyorsunuz?

T.B. | Daha dnce yapilmamig olmasi, 6zgiin olmasi yani. Yararl olmasi dncelikle.
Ve dedigim gibi fazla iitopik degil de yapilabilecek bir sey olmasi.

B.A. | Hihu PeKi bu siirecte herhangi bir zorlukla karsilasacaginizi
diisiiniiyor musunuz?

T.B. | Yeni bir iiriin iiretmede bence her sekilde bir zorlukla karsilagacagimzi
diigtiniiyorum. Giinkii yeni bir iiriin liretmek gergekten zor ve bunun her
bir agidan degerlendirilip dyle yapilmasi gerekiyor. Bu yiizden her agidan
degerlendirmek epey zorluklu, bas agritici bir siireg.

B.A. | Peki her agidan degerlendirmek derken neyi kastediyorsunuz?

T.B. | Bunun gevresel faktorleri, gevreye yarari veya zarari ya da insana zararlari
veya yararlari, bunun nasil kargilanacagy, nasil direk yagama
gegirilebilecegi ya da bunu daha iyisi olabilecegi ya da daha 6nce olmusg
seyler gibi.

B.A. | Hi hy, cok giizel. Peki diyelim ki bu kapsamli diigiinme kisminda zorluk
yasiyorsunuz. Bu zorlugu agsmak i¢in nasil bir ¢6ziim énerirsiniz? Nasil
bir ¢6ziim bulmay diisiiniiyorsunuz?

T.B. | Bukonu hakkinda bilgi sahibi olan insanlara damigarak bunun bagka
acilardan zorluklarin onlardan 6grenebiliriz.

B.A. | Hi hi daha bilgi sahibi kigilere damigmak seklinde.

T.B. | Evet.

B.A. | Peki daha dnceki deneyimlerinizde bir zorlukla karsilasmis mydimiz?

T.B. | Evet. Sunumda 8 ve 9’da bu iiriiniin yapiminda bana ¢ok fazla katkida
bulunan arkadaslarim seminere gelmemisti. O ylizden 8'de tek
basimaydim. 9'da da grup olmama ragmen genelde hani art1 sorular bana
geldiginden dolayl biraz zorlanmistim.

B.A. | Peki su an oyle bir zorluk yasamamak i¢in ne yapmay diigiiniiyorsunuz?

T.B. | Herkesin bu iste bir katkisi olacagim diisiiniiyorum. Ciinkii buradaki

Figure A.10. An example transcription of interviews with participant page 4.
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arkadagslarimin hepsi cidden ¢aligkan ve bunu yapmak i¢in gelmis insanlar.
Ciinkii hocamiz burada bize boyle bir sey, boyle nanoteknoloji alaninda bir
aragtirma gorevi oldugunda buna biz biiyiik bir istekle geldik buraya.
Hepsini de tamidigim i¢in bir sorun olacagini diisiinmiiyorum.

B.A. | Gorev paylasimi iyi olursa o zaman bir sorun olmayacaktir.

T.B. | Evet.

B.A. | Giizel. Peki benim sormak istediklerim bu kadar. Tesekkiir ederim. Sizin
eklemek istediginiz bir sey var mi?

T.B. | Yok tesekkiirler.

B.A. | Tamam.

Figure A.11. An example transcription of interviews with participant page 5.
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APPENDIX I: AN EXAMPLE OF FIELD NOTES

03032016 KAL SH102 Field Notes

SHiTh.: Bir iiriin yapmak zorunda degilsiniz. Birden fazla yapabilirsiniz.

SHiT1.: Uriinleri yeniden bir gozden gegirelim. Sonra SAl unsurlann nasil entegre ederizi konusacagiz.
*Ogrenciler Etik unswrunu nasil dahil edebileceklerini soruyorlar.

SHiTh: Sizin iiriiniiniiz insanlik igin yararle mu zararlome?

Grup 1

Algipan: Nano boya ve normal boya

Su tabancast ile iki yiizeye de kir stkma

SHiSs5: Cam olsun daha iyi gozlemleriz.

*Toplumsal Paydas Katilom = ziyareti kendi gelip yaptyor.

Diger boyutlart ya da nedeni (kir tutmayan yiizeyin arkasmdaki neden) poster ile agtklamak
SHiTx: Kendisinin ulagmast ve 6 maddeyi diigiindiirmesi

SHT3: Yonetigim = kurallart kimler koymustur?

SH1S4: Hig asagrya inmediginde canl hiicrelere bir sey olmadign géstermek. 72772

Grup 2:

NPler zararls olabilir mi? Bunu gostermek.

Kan: Su+Kormuzt gida boyast

NP: Demir tozu

Viicudun ortasma miknatis.

Etik—> Bilgilendirmeyi amaglyoruz

Toplumsal paydas katilom:=> Toplu

Buiiriiniin demir tozu devinimi iizerine tartigilyor.

Bir ggrenci ITW'deki iirinleri ek vererek “Tamamen otomatik degildi. Elle manipiilasyon vard.. Yar otomatik.”

Grup 4-5:

Devre: Ust boliim kanserli hiicre, alt bliim saglik hiicre

Devrenin tamamlanmast hiicrenin dlmesini temsil ediyor.

Bir bilgi yanigmast da hazirlamay planltyorlar. PPT kullanmay diigiinityorlar.

Etik—> 6zgin bir fikir olmas

Toplumsal paydag katilomi=> ziyaretgi

Cinsiyet esitligi=> Bir kiz bir erkek sunum yapmast

Yonetigim=> Yoneten ve yonetilenlerin bir arada galigmast: Sgretmen-sgvenci-okul idaresi
Ogretmenleri bu isin ne kadar igerisinde var?
Bir tiriin geligtirdiniz. Bu iiriiniin kullanommna kimler karar verecek?
Uygulanabilirlii as d

*Bir dgrenci: Bu bir sergi iiriinii. Bunu sergi esnasinda nasil gésterebilirsiniz ki?

SHiT:: Okul idaresi bunu yapmaniza izin vererek destek oluyor.
Grup 6:

Figure A.12. Example of field notes page 1.
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Fikir 1:
Biiyiiklitk ve olgek
Fikir 2:
Hastaliklt ve sagliklt hiicre
1ki ayrt cam kiire
Ana tema: Fiber ipliklerle sagliklt hiicreyi koruma
Su gegisi igin kitrenin alt kismu agik olacak
Erisime agtklk—>Halka agik bir sergi
Fen efitimi—>
Etik=> Cevreye zarar vermeyen bir iiriin. Zararlart olsa bile insanlara yararlt bir sey yapmaya galisrken gikan zararlar ve bunlan
telafi etmeye galistyorlar.
*  Fikir bulma agamasmda sgrenciler modiil derslerinde sgrendiklerini ve Bogazigi Universitesi laboratuvar gezisinde sgrendiklerini
gozden gegiriyor.
Comment: Bilimsel bir konuyu SAl bakis agist ile deggerlendirme becerisi kazanma
Comment: Oretmenin dgrencilerle sosyobilimsel konular iizerine tartigma becerisinin gelismesi

Figure A.13. Example of field notes page 2.





