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ABSTRACT

DEVELOPMENT AND IMPLEMENTATION OF A “SCIENCE
CENTER LEARNING KIT” DESIGNED TO IMPROVE STUDENT
OUTCOMES FROM AN INFORMAL SCIENCE SETTING

This study was conducted to develop, implement and measure the effectiveness of a
science center learning kit (SCLK)) designed to facilitate learning outcomes from a science

center in Istanbul.

The SCLK was developed after careful consideration of the suggestions and cautions
raised in the literature. The implementation of SCLK was carried out in Sisli Municipality
Science Center in Istanbul. In order to measure the effectiveness of the SCLK the study
was implemented in two different kinds of schools (public/private) in Istanbul with two
different designs. The effectiveness of SCLK was analyzed by using pre-experimental
design (pre-test post-test design) in the public school with the participation of 21 (6™ and
7™ grade) public school students; and by using quassi-experimental design (pre-test, post-
test, control group design) in the private school with the participation of 56 (7™ grade)

private school students.

Data obtained from the public school sample were analyzed to examine changes in
students’ conceptual understanding about the concepts in force and motion unit, their
personal declarations about their own learning from the visit, and their understanding of
the main ideas of selected exhibits. Paired samples t-test analysis indicated no significant
differences between pre-test and post-test scores of the students in terms of their
conceptual understanding about the concepts in force and motion unit. MOLI scores of the

students indicated that they generally had favorable declarations about their own learning.

Data from the private school sample were used to examine the differences between

students who conducted a visit to the science center with SCLK (experimental group) and
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without SCLK (control group) in terms of the changes in their conceptual understanding on
force and motion, personal declarations about their own learning from the visit and
understanding of the main ideas of selected exhibits. Paired samples t-test analysis
indicated no significant differences between pre-test and post-test scores of the students in
the experimental group in terms of their conceptual understanding about force and motion
unit. Repeated measures ANOVA results showed no significant differences between the
experimental and the control groups in terms of the changes in their conceptual
understanding about force and motion unit. Students in the experimental and control
groups were also similar in terms of their personal declarations about their learning from
the visit (MOLI scores). When compared to the data obtained from the public school,
private school students declared less favorable views concerning their learning from the

visit.

Answers given to the questions in the Understanding of the Big Ideas Questionnaire
were similar in both the public and the private school groups. For both groups results
indicated that few students could correctly identify the main ideas in selected exhibit. The
results also provided evidence on what students considered to be the most interesting and

the most meaningful exhibit in the science center.
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OZET

BiR OKUL DISI FEN ORTAMINDA OGRENCIi KAZANIMLARINI
ARTTIRMAK iCiN TASARLANAN "BiLiM MERKEZi OGRENME
PAKETI"NIN GELISTIRILMESiI VE UYGULANMASI

Bu c¢alismada, Istanbul’da bir bilim merkezini ziyaret eden Ogrencilerin
kazamimlarini  artirmak igin  “Bilim Merkezi Ogrenme Paketi’nin gelistirilmesi,

uygulanmasi ve etkililiginin ol¢iilmesi amaglanmistir.

Bilim Merkezi Ogrenme Paketi, literatiirdeki &neri ve uyarilar temel almarak
gelistirilmistir. Gelistirilen Bilim Merkezi Ogrenme Paketi Istanbul’da bulunan Sisli
Belediyesi Bilim Merkezi’nde uygulanmistir. Paketin etkililiginin 6l¢iilmesi i¢in yiiriitiilen
bu c¢alisma biri devlet ve biri 6zel okul olmak tizere iki farkli okulda ve iki farkli arastirma
deseni ile gerceklestirilmistir. Paketin etkililigi, devlet okulunda 6. ve 7. sinif 6grencileri
olan 21 kisinin katilim ile dl¢iilmiistiir ve 6n deneysel arastirma deseni (6n test-son test
deseni) kullanilmigtir. Paketin etkililigini 6lgmek i¢in 6zel okulda yiiriitiilen ¢alismaya ise
7. siif 6grencileri olan 56 kisi katilmis ve bu ¢alismada Ontest-sontest kontrol gruplu yari

deneysel aragtirma deseni kullanilmistir.

Calisgmanin devlet okulu Ogrencilerinden olusan 6rnekleminden elde edilen
veriler, 6grencilerin kuvvet ve hareket ile ilgili temel kavramlar1 anlama diizeylerindeki
degisimi, bilim merkezi ziyaretindeki 6grenme durumlari ile ilgili kisisel bildirimlerini ve
secilen deneylerdeki ana fikirleri anlama diizeylerini 6lgmek amaciyla analiz edilmistir.
Esli t-testi analizi sonuglari, 6grencilerin “Kuvvet & Hareket: Temel Kavramlar Testi”’nden
uygulama Oncesi ve uygulama sonrasinda aldiklar1 puanlar arasinda anlamli bir fark
olmadigin1 gostermistir. “Ogrenme Durumlar1 Olgegi” puanlart dgrencilerin genellikle

kendi 6grenme durumlart ile ilgili olumlu bildirimde bulunduklarin1 gostermistir.

Calismanin 6zel okul 6grencilerinden olusan 6rnekleminden elde edilen veriler, bilim

merkezi ziyaretini Bilim Merkezi Ogrenme Paketi'ni kullanarak yapan ve bu paketi
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kullanmadan yapan gruplardaki 6grencilerin kuvvet ve hareket ile ilgili temel kavramlari
anlama diizeylerindeki degisimini, bilim merkezi siyaretindeki 6grenme durumlari ile ilgili
kisisel bildirimlerini ve segilen deneylerdeki ana fikirleri anlama diizeylerini karsilastirmak
amaciyla kullanilmistir. Esli t-test analizi sonuglar1 deneysel gruptaki 6grencilerin “Kuvvet
& Hareket: Temel Kavramlar Testi’nden uygulama Oncesi ve uygulama sonrasinda
aldiklar1 puanlar arasinda anlamli bir fark olmadigini gostermistir. Iki yonlii tekrarlamali
varyans analizi sonuglari, deneysel grup ve kontrol gruplar1 arasinda 6grencilerin kuvvet ve
hareket ile ilgili temel kavramlari anlama diizeylerindeki degisim agisindan istatistiksel
olarak anlamli bir fark olmadigin1 gostermistir. Deneysel grup ve kontrol gruplarindaki
Ogrenciler Ogrenme durumlart ile 1ilgili kisisel bildirimleri agisindan da farkh
bulunmamistir (MOLI puanlar1). Devlet okulu 6grencileri ile 6zel okul 6grencilerinin
ogrenme durumlar ile ilgili kisisel bildirimleri kiyaslandiginda, devlet okulu 6grencilerinin

kendi 6grenme durumlari ile ilgili daha olumlu bildirimlerde bulunduklar tespit edilmistir.

Ozel okul ve devlet okuldaki &grencilerin “Ana fikirleri Anlama Olgegi’ndeki
sorulara verdikleri cevaplar benzer bulunmustur. Sonuglar, her iki gruptaki ¢ok az sayida
Ogrencinin secilen deneylerdeki ana fikirleri anlayabildiklerine isaret etmistir. Bu calisma
sonucunda Ogrencilerin bilim merkezinde en ¢ok ilgi ¢ekici bulduklar1 ve en anlamh

gordiikleri deneyler de belirlenmistir.
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1. INTRODUCTION

Science is explained as a way of looking at the environment and accordingly
developing a store of information about it (Shaw, 1972). It is more than the memorization
of facts, and it requires deep understanding about events around the world (Bonner, 2004).
As Shaw (1972) defines it “science is an uncompleted jigsaw puzzle, the pieces (large and
small) which have been put together being the work of countless observers and

investigators” (1972; p.8).

National Research Council in US (1996) stated that the goal of science education is
to improve individuals’ scientific literacy. In other words, it helps to raise individuals who
have an understanding of the nature of science and its relevance to their lives, and are
willing to continue to study science in school or beyond the school walls (as cited in Tuan
et al., 2005). Similar definitions are also made in the new primary school science and
technology curriculum in Turkey. There is a common understanding in many countries that
scientific and technological improvements have special impact on people’s lives, and many
countries have become conscious about having scientifically literate citizens. With a
similar consciousness, Turkey is also aware that increasing the quality of science and
technology courses in the schools is the key to develop scientifically literate citizens. The
main vision of the new (2005) science and technology curriculum of the country is stated
as to help all students to be scientifically literate individuals regardless of individual
differences. This means that all students should develop the abilities of investigation,
critical thinking, problem-solving and decision-making (Talim ve Terbiye Kurulu

Baskanligi [TTKB], 2005).

Briefly, science is a crucial factor in the development of countries and science
education is critical in the development of scientifically literate individuals. To achieve
these aims of science education, different approaches have been developed and supported.
Varied points of view, methods and strategies have appeared in the literature regarding
how to ensure better learning in science. Innovative approaches have been suggested for

instructional designs in order to meet the changing needs of schools (House, 2002).



However, thinking for science learning should not be limited to the experiences of
individuals in schools. Science is defined as the field of study which attempts to describe
and understand the nature of the universe around us (Siepmann, 1999). Science learning
occurs through experiences of individuals. It follows that these learning experiences of
students cannot be limited to what happens in schools. Individuals have a chance to
construct scientific knowledge, attitudes and understanding while watching television,
reading newspaper and books, conversing with friends and family and through interactions
with the Internet. In fact, much of what people come to know about science content and
process results from real-world experiences in a diversity of physical and social contexts.
(Dierking et al., 2003) So, it is clear that individuals may also have valuable learning

experiences outside schools.

Worldwide, apart from the schools, there are wide ranges of informal learning
environments that are also places for science learning. Science centers, zoos, aquaria,
nature centers, and botanical gardens are among the environments listed in the literature.
The science in such places outside the schools is often regarded as exciting, challenging,
and uplifting (Braund and Reiss, 2006). Currently, there is an ongoing debate about the
educational benefits that informal learning environments can offer. Kisiel (2007) points out
that these environments are most traditionally used for the class field trips. Connolly et al.,
2000) state that field trips has a potential for enriching science classes, bringing textbooks
to life, and providing students opportunities for scientific inquiry. In this study, science
learning in one particular informal setting will be studied by the researcher. The setting is a
science center located in Istanbul. In particular, this study addresses the ways that informal
learning environments and schools can work together to support the science learning of the

students in the 7™ grade age group.

Recently, the challenge to teachers and museum educators has been to realize the
potential of museums and improve the quality of learning achieved by pupils (Gilbert and
Priest, 1997). In line with the efforts to improve science learning through school
collaboration with informal settings, the proposed study attempts to develop and measure
the effects of a “Science Center Learning Kit (SCLK)” which was prepared to facilitate
science learning in a specific informal setting, a science center. This selected science

center seeks to provide an informal environment for science learning to K-12 students from



varied schools in Istanbul. The kit seeks to facilitate science learning of 70 grade students
on some basic concepts in the “force and motion” unit of the 7™ grade science and

technology curriculum in Turkey.



2. LITERATURE REVIEW

The literature review begins with a brief overview of how learning is defined in order
to provide a general framework for “learning science in informal settings”. Then, it
continues with an explanation and listing of informal learning environments and
information about science learning in informal settings. In addition, cautions about the
limitations of science learning in informal settings and some suggested ways to increase
the possibility of learning in such settings are discussed. The review ends with some
suggestions for crossing the boundaries between schools and informal settings to support

better science learning with some actualized project examples.

2.1. Whatis Learning?

As Ertmer and Newby (1993) have stated, the way we define learning and what we
believe about the way learning occurs will lead us to different strategies and interventions
intended to facilitate changes in what people know and do. Therefore, it is important for
the purposes of this study, to be aware of how learning is defined while we are aiming to
facilitate learning in an informal setting, specifically in a science center. Basically, it is
possible to talk about three different approaches on learning; behavioral, cognitive and

constructivist (Ertmer and Newby, 1993).

According to the behaviorist approach, learning is defined as change in the form or
frequency of observable performance. It is believed that learning has occurred when a
proper response is given for a specific environmental stimulus. Therefore, what is
important is the consequence of performances (Ertmer and Newby, 1993). As Woolfolk,
(2004) points out the behavioral learning theories are the explanations of learning that
concentrate on external events as the causes of changes observed in individual’s behavior.
Gredler (2001) summarizes three basic assumptions of behaviorism as, observable
behavior rather than internal mental events; the process of learning is behavioral change;
and studying behavior in terms of its simplest elements such as specific stimulus and

specific response. It is believed that responses that are followed with reinforcement are



more likely to be repeated in the future. Because stimulus-response association is
important for this approach, strategies that can strengthen this association are prescribed by
the behaviorists. For the behaviorist, the goal of instruction is to acquire the desired
response from the learner who is provided with a proper stimulus (Ertmer and Newby,
1993). Originating from the works of B.F. Skinner positive and negative reinforcement and
punishment are used for strengthening and weakening a behavior. As Ertmer and Newby,
(1993) points out cues, practice, and reinforcement are important for better stimulus-

response association in behaviorist approach.

As early as the 1920s the behaviorist approach was criticized due to certain
limitations in its explanation of learning. For instance, behaviorists could not explain
certain social behaviors (Mergel, 1998). Moreover, behaviorism was mostly based on
findings of research conducted on animals’ stimulus-response behaviors (Jarvis et al.,
1998). As Fosnot and Perry (2005) points out, although behaviorist approach has
implications for changing behavior, it offers very little about structural change in
understanding. Such critiques resulted in a shift from the behavioral orientation to the
cognitive orientation, where there is an emphasis on the role of mental processing. As
Woolfolk (2004) summarizes behaviorists and cognitivists differ in their assumptions
about what is learned. Cognitivists believe that knowledge is learned whereas behaviorists
believe that the new behaviors are learned. As Ertmer and Newby (1993) explain,
cognitivists search for understanding the ways that information is received, organized,
stored and retrieved by the mind. Knowledge acquisition is perceived as a mental activity
and learners are accepted to be active participants in the learning process. According to
cognitivists, environmental cues are not sufficient for learning to be actualized. Learners’
beliefs, attitudes and values are also accepted to be influential in the learning process. And
learning is considered to be actualized when information is stored in memory in an
organized and meaningful manner. With these beliefs, cognitivists suggest strategies such
as advance organizers, analogies, hierarchical relationships, and matrices for helping

learners relate new information with prior knowledge.

Constructivism is different from the behaviorist and cognitivist approaches which
accept that the world is real and external to the learner. Existence of the real world is not

denied by the constructivists, but they believe that what we know of the world stems from



our own interpretations of our experiences. We “create” meaning instead of “acquiring” it.
So, it can be said that constructing meaning is learning; each learner individually or
socially constructs meaning (Hein, 1991). As Fosnot and Perry (2005) mention,
constructivist theory has its roots from the later work of Jean Piaget just before his death in
1980; and works of Lev Vygotsky and his followers, and also Jerome Bruner, Howard
Gardner, and Nelson Goodman. According to Glasersfeld (1996), constructivism separated
from the other cognitive theories with the influences of Jean Piaget about 60 years ago.
With a differing perspective Piaget claimed that knowledge is not the representation of

external things, instead “mapping of actions and conceptual operations” (1996; p.4.).

Therefore, as Glasersfeld (1996) states, because “learning is a constructive activity
that the students themselves have to carry out” (1996; p.7), educators should not dispense
knowledge but provide opportunities that students can build up knowledge by themselves.
Moreover, constructivist teachers should manipulate their classroom practices by paying
attention to the some suggestions, such as accepting and also encouraging student
autonomy, inquire about students’ understanding of concepts, encourage student inquiry,
provide time for students to construct relationships, and raise students’ curiosity (Ishii,
2003). As Julyan and Duckworth (1996) suggests, students should have the opportunities
of articulating their ideas to construct an understanding. It is better if those asked to the
students are interesting and took their attention; and if they are encouraged to express their
feelings. Thus, teachers of constructivist environments have extra responsibilities to ensure
students’ learning when compared to the teachers preferring traditional ways of teaching
and learning. And, informal learning environments are among the major settings where
teachers can easily use constructivist practices for ensuring better knowledge construction

of the students.

As it can be inferred from the debates and ongoing search for better definitions of
learning, there is a need to understand learning in order to design and provide optimal
environments to ensure learning. This is also the case specifically for science learning. The
best ways to support science learning have been discussed for years and the debates
continue. Recently, new and different questions have appeared about learning
environments. One of those is about science learning outside the school walls, in the

informal arena (Martin, 2004).



2.2. Science Learning in Informal Settings

This part of the review goes over the main points of the literature about science
learning in informal settings. It starts with the definitions of informal learning in science
education, and different terms preferred to be used by different researchers to address
science learning outside the school walls. Then, theories affecting learning in these setting
will be explained further. Limitations of science learning in these setting will be reviewed
with the suggested ways to increase possibilities of learning in these settings. This part of
the literature will be finalized with some suggestions for crossing the boundaries between

schools and informal settings.

A selective review of the literature reveals that different researchers use different
words to address learning environments outside the school walls. For example, the Center
for Informal Learning and Schools (CILS) accepts science centers, zoos, aquaria, nature
centers, and botanical gardens as examples for such informal science institutions (ISI). It is
stated by CILS that the term “museum” is also used alternatively in the literature to refer to
such informal science institutions. But for CILS the term “museum” is more general in that
it also covers history museums, art museums, historic sites; because of this CILS suggests
use of “informal science institution” when referring to institutions with science-related
content area (““What is ISIs?”, n.d.). The Center for Informal Learning and Schools (CILS)
which is a collaboration of the Exploratorium in San Francisco, the University of
California at Santa Cruz and King’s College in London (Martin, 2004), is one of the
leading institutions in the study of informal science learning and institutions, and their
relationships to schools (“The Mission”, n.d.). Griffin (1998) uses the term “museums” a
generic term; including out of school learning settings such as science museums, science
centers, natural history museums, zoos and gardens. Falk (2001) underlines that he and
Lynne Dierking prefer to use “free-choice learning” to refer to the type of learning outside
the school, type of learning which is facilitated by museums, science centers, a wide range
of community-based organizations, and print and electronic media. For them, free choice
learning is primarily driven by the unique intrinsic needs and interests of the learner; it is
free-choice, nonsequential, self-paced, and voluntary. Eshach (2006) prefers to use the

term “non-formal learning”. Eshach (2006) believes that it is not enough to take physical



differences into consideration while making the distinction for a proper term. According to
him informal learning occurs spontaneously in one’s day-to-day routine such as at home, in
yards, parks, streets, or in break times at school. But non formal learning occurs in places
that needs preparation to some extent and visited occasionally. Museums, zoos, aquariums
can be given as examples to these informal settings. To summarize, different researchers
use different words for learning environments outside the school, they address similar
settings to some extent; but among them, there is no common word to use. In this study
“informal science learning” has been used to address science learning in settings outside

the school, such as science centers, zoos, aquaria, nature centers, and botanical gardens.

In order to discuss further about learning in informal settings it’s important to
understand what “informal learning” means. “Informal science learning” is defined in the
policy statement of the Informal Science Education Ad Hoc committee of the National
Association of Research in Science Teaching (NARST). It is stated in their definition that
this term refers to science learning that occurs outside the traditional, formal schooling
(Dierking et al., 2003). Apart from this, “informal science education” is also defined in the
National Science Teachers Association (NSTA) position statement about informal science
education. It is defined as the term referring to “programs and experiences developed
outside the classroom by institutions and organizations that include children’s and natural
history museums, science-technology centers, planetaria, zoos and aquaria, botanical
gardens and arboreta, parks, nature centers and environmental education centers, and

scientific research laboratories” (NSTA Board of Directors, 1999).

As McComas (20006) states it, there is neither a single definition nor a standard list of
the domains where informal learning occurs, and it is believed that informal learning
settings have the potential to shape one’s thinking and teach lessons that can be long
lasting. According to Ramey-Gassert, Walberg and Walberg (1994), museums are informal
settings where learning is intrinsically motivated and proceeds through curiosity,
observation and activity (as cited in Griffin et al., 2005). Personal ownership of the
learning is a fundamental component of learning in museums. They are the places for

active and reflective learning (Griffin, 1998).



Constructivism is believed to be a learning theory that is more relevant than other
learning theories for museums. This theory basically focuses on the learner and personal
meanings learners make according to their prior experiences, knowledge and interests
(Griffin et al., 2005). Hein (1991) also states that the principles of constructivism can be
applied to learning in museums. Hein (1991) explains some learning principles which
emerge from the constructivist approach. It is stated in the principles that learning is an
active process, a social activity and it occurs in the mind. According to these principles
people learn to learn as they learn, and motivation is essential for it. And, previous
knowledge effects new learning (as cited in Griffin et al.,, 2005). Therefore, museum
learning is mostly based on constructivist learning practices where learners’ prior
experiences are being considered, their experiences are crucial, and they are active
constructors of meaning from their experiences. Anderson et al. (2003) also state that the
reasons for referring to constructivist views of learning in science museums can be listed as
recognition of the importance of visitors’ prior knowledge, their alternative conceptions

and the individual nature of construction of meaning from experiences.

If it is the constructivist theory which is more widely accepted nowadays,
understanding how the learner constructs meaning gains more significance. Therefore, in
order to understand learning, it is important to analyze the actions of the learner rather than
probing the nature of the subject to be learned. What is central for this theory is not what is
intended to be taught, rather what people learn (Hein, 1995). Therefore, as Hein (1995)
points it out, in order to understand learning of the students in an informal learning setting
such as a science center, it is important to understand the kind of meaning that students

inferred from the exhibit they see, or anything they try in an that setting.

In addition to constructivism, socio-cultural theory is also accepted to be a relevant
theory for museum learning (Kelly, 2002). According to (Eshach, 2006) one of the main
components of social constructivism is discourse. According to the author, discourse can
take place among children, teachers, parents, or science center explainers. Gilbert and
Priest (1997) state that in an informal learning setting social construction of knowledge
occurs when visitors with varying experiences share their prior and present experiences

through conversation.
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Affecting by any of these theories, there is a most common belief that informal
settings support learning of individuals. In studies conducted by Hood (1995) and Kelly
(2000a, 2001) it is revealed that when visitors are asked why they visit places such as
museums they often answered “to learn” (as cited in Griffin et al., 2005). Moreover, it is
believed that out-of-school experiences have a great potential on learning because they
make an impression on students and increase their understanding of science while showing
that science is more than a subject studied in school (Kisiel, 2006b). According to
Wellington (1990), science centers make cognitive, affective and psychomotor
contributions to science education. He asserts that science centers contribute to cognitive
domain in terms of knowledge and understanding. They also have an influence on affective
domain by developing interest, enthusiasm, motivation, eagerness to learn and excitement.
Lastly, in the psychomotor domain, children can develop their manipulative skills, hand-to-
eye coordination, etc. Their long-term effects on learning are also investigated. Falk and
Dierking (1997) found in their study in which they interviewed one hundred twenty-eight
subjects about their recollections of school field trips that even after many years, nearly
100% of the individuals could recall one or more things learned on the trip, and majority of
what they recalled are related to content/subject matter. According to their results, Falk and
Dierking (1997) suggest that museum field trips are “highly salient and indelible
memories” (1997; p.4), and these memories are the indicators of learning about diverse

topics.

Learning in informal settings is affected by a number of factors. In a study,
Storksdieck and Falk (in review; in prep.) found factors influencing museum learning.
They list these as prior knowledge, interest, motivation, choice and control, within group
social interaction, between group social interaction, orientation, advance organizers,
architecture and the quality and quantity of exhibits. According to them all of these factors
are important and no single factor can explain visitor learning (as cited in Falk, 2004).
Additionally Griffin (1998) states that learning in informal settings is affected by learner’s
prior experiences, current conceptual understanding, expectations, and attitudes. Eshach
(2006) gathers factors affecting out-of-school learning in the literature together and

develops a model for the factors influencing out-of-school learning (Figure 2.1)
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Figure 2.1. Factors influencing out-of-school learning

According to Eshach (2006)’s explanation of the model, there are four factors
which influence out-of-school learning; these are personal, physical, social, and
instructional. All of these four factors have both cognitive and affective components. For
example, personal factors include visitor’s prior knowledge, which is a cognitive
component. At the same time, it includes visitor’s attitude toward science, his/her efficacy

beliefs. As a result, there are numerous factors affecting learning in an informal setting.

Therefore, it is not simple to understand learning in museums; each student will
gather different information and understanding from the same exhibit. The researchers
conducting Museums Actively Researching Visitor Experiences and Learning (MARVEL)
project whose aim is to investigate method by which learning in a museum can be
uncovered, asserts that looking at how and whether visitors are learning is more valuable

than what they have learned (Griffin ef al., 2005).

To sum up, learning in informal settings is explained in different ways and it is not
easy to understand learning in these settings. There is an argument that visits to science
museums do not guarantee learning all the time. There are some possible barriers to
learning in a museum (Griffin, 2004). Although there is an agreement that science
museums, zoos, planetariums, parks, and aquariums are the environments which provide
rich resources for the students, there are still some difficulties about access to such settings
(Melber, 2006). As McComas (2006) states it, informal learning environments can support
school science instruction but they can also cause some misconceptions that may block

science learning. One of the most familiar criticisms about learning science in informal



12

settings is that it is not much possible to talk about true learning in these settings. Instead,
in such environments learning is not real, misconceptions are initiated and it is difficult to
bring together intentions of visiting a science center, which are entertainment and mastery
of scientific concepts and ideas (Braund and Reiss, 2006). Wellington (1990) reported that
parents he interviewed have some criticisms about the role of science centers. They

question whether their children can learn since they appear to be playing.

Some of the studies conducted to examine learning in out of school environments
reveal the factors negatively affecting learning in such places. For instance, according to
Gammon (2001), activities that cannot match to the abilities of the audience, or those that
do not mean anything to the audience can limit learning in museums (as cited in Griffin,
2004). Moreover, there are also constraints related to the teachers. Carter (2001) states that,
teachers usually feel under stress when they take their class to a museum because of
curriculum controls, students’ wants and needs, and some logistical considerations (as
cited in Griffin, 2004). Also, although teachers need to make plan and prepare materials for
such museum visits, lack of time is a limiting factor for them. They assert that the
availability of curriculum resources and resource people make it easier for them to make
field trips (Michie, 1998). In a study conducted by Anderson and Zhang (2003) to
understand the issues, determinants and barriers faced by K-7 teachers when planning and
implementing field trips, it is revealed that 90% of teachers found field trips as highly
valuable educational experiences for their students. However, according to most of the
teachers, it was the combined responsibility of the museum and teacher to provide the
planning at-venue experiences. One-third of the teachers believed that the planning of at-
venue experiences is the responsibility of the museum. Moreover, for post-visit activities
again one-third of teachers believe that these should be provided by the museum
(Anderson and Zhang, 2003). Then, it can be said that many teachers have an expectation

of being provided with prepared learning materials.

Consequently, it can be said that out of school environments cannot guarantee
learning all the time; there are some possible barriers that may affect learning in these
environments. As Griffin (2004) stated, although the majority of museum visitors (so,
students in the school groups visiting museums) enjoy ‘just looking around”, this does not

result in learning (p.64). While it is clear that there are factors that may limit learning in
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out of school environments, it is important to suggest some ways to prevent visitors from
simply looking around in a museum without any purpose or meaning. And, studies provide

a number of suggestions to foster learning in informal settings.

According to suggestions put fourth by McQuade and Champagne (1995), it is
better when a field trip to a museum has a clear purpose. First of all, teachers should know
this purpose; by this way they can guide students to achieve this goal. Moreover, teachers
want to know the benefits of the time used for the museum visit; because these are the
hours lost from their class time. McQuade and Champagne (1995) suggest that clear
purposes are actually means for assessment, and after a trip each student can be evaluated.
Some follow-up activities can be added according to the effectiveness of the instruction
during the museum visit. Students can be expected to ask questions about the exhibits that
they see in the museum and try to find answers to them in the classroom, or in the
laboratory, or from the library. This might lead students to be curious. And it is expected
that these all result in more learning from the trip (McQuade and Champagne, 1995). Apart
from these, there are also other suggestions in order to get benefit from the learning
opportunities of informal settings. It is recommended for teachers to consider how the
museum experiences of the students will fit with their classroom learning; as Kisiel
(2006b) suggests trips should be essential, not something auxiliary. Further suggestions by
Griffin (2004) emphasize the importance of worksheets. Worksheets are believed to be
necessary on field trips. Although most of the students do not prefer to use worksheets;
they say at the same time that no learning occurs without using worksheets. Worksheet
usage is also recommended by Kisiel (2006b). He states that a worksheet which is prepared
carefully may help to facilitate student observation or student thinking during the field trip.
Suggestions by Anderson and Zhang (2003) include effective pre-planning/pre-lessons,
appropriate curriculum fit, and providing hands-on experiences for the students, and post-

visit activities. All are seen as key factors influencing the success of field trips.

For DeWitt and Osborne (2007), there are four features that can help learners
construct new knowledge in informal settings. One of them is the reduction of novelty
effect which is defined as the effects that unfamiliar settings have on the behaviors and
learning of individuals. Therefore, in order to increase the possibilities of learning, students

should be oriented to the informal setting before they go there. The other features are listed
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as the structure, cognitive engagement that will cause students to think actively, and

collaboration and discussion which reflect social and mediated nature of learning.

Further suggestions from literature point out the importance of providing guidance
to enhance the possibility of learning in museums. This guidance can be provided in
different ways as it has been just stated; informing learners about the general aims of the
museum and expecting them to achieve this aim; using some learning aids during the visit;
making students use what they experience in the museum when they return to the

classroom with some evaluation at the end, etc.

Another important concern that emerges from several studies about learning in such
places is the importance of attempting to bridge the boundaries between the science
museums and the schools. As Braund and Reiss (2006) pointed out, out-of-school contexts
such as science museums should accepted to be complementary rather than as in
competition with it. National Science Teachers Association (NSTA) shows their support
for the development of links between informal institutions and schools. According to the
Association, “informal science education complements, supplements, deepens, and
enhances classroom science studies” (NSTA Board of Directors, 1999). As Kisiel (2006b)
states it, what is tried to be actualized by organizing a school field trip to an informal
setting is to bring the structure and order of a formal classroom setting into an unstructured
place where learners generally are free to choose what they want to do. In order to address
this conflict several strategies are recommended for teachers for organizing effective field
trips (Kisiel, 2006b). To start with, research indicates that the value of trips to informal
settings increases especially when they are integrated to the school learning. Kisiel (2006b)
also makes a similar emphasis. A strong connection between the curriculum and the
organized field trip provides an opportunity for students not only to remember what they
did but also to understand why they did it. Furthermore, Griffin suggests that museum
visits become more meaningful if they are integrated to a unit which is conducted in the
classroom. She also asserts that integration is more powerful when a research question or
topics developed by the students are used (as cited in Hoban, 2005). According to her,
integration provides a purpose for learning from the museum displays. Students know why
they are going to the museum and what they will learn about. Then, museum visits

becomes purposeful things, and it is understood that they are “more than just to add to
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students’ experience bank™ (Griffin, 1999, p.7). It is also found to be important that while
making this integration, students’ topic questions or those that they are required to
investigate should be available in the museum; exhibits should offer experiences and
information that allow students to find answers to the questions at hand. Moreover, it is
also suggested that a topic should not be too narrow; if so, this decreases students’ options

for learning in the museum, and it causes students to have only very specific questions

(Griffin, 1999).

With the aim of bridging the gap between formal and informal Ilearning
environments different studies have been conducted. For example, the School-Museum
Integrated Learning Experiences in Science (SMILES)”- led by Griffin (1998), aims to
integrate school and museum learning. In SMILES students are encouraged to be involved
in planning their own visits, research questions relevant to class topics, and work in groups
(as cited in Griffin, 2004). In SMILES, Griffin examines learning in the museum in three
ways; by collecting students’ personal declaration of knowledge, looking for students’
understanding of the big ideas of an exhibit and looking for student behaviors that indicate
learning is happening (Griffin, n.d.). Apart from this, in a program led by Mcleod and
Kilpatrick an ambassador selected from a school to make connection with a local museum
for a year. It is explained that the effectiveness of the program depends on teachers and the
other staff in the school. If teachers are the ones who want to develop themselves
professionally, schools are willing to provide financial support, centers and schools work
together to develop inquiry based learning opportunities which are connected to the
curriculum the possibility of making students’ learning more meaningful increases

(Mcleod & Kilpatrick, 2002, as cited in Griffin, 2004).

Orion (1993) proposes a model for integrating field trip into a curriculum unit.
According to Orion, field trips support learning through direct experience with concrete
phenomena and materials. This direct experience which is more hands-on helps students
construct understanding of abstract concepts and enhance meaningful learning. Orion
emphasizes using concrete activities in the field trips that cannot be conducted in the
classroom. He suggests that the field trip should not be the first learning activity; before it
there should be a preparatory unit. Orion (1993) proposes a three-part model; a learning

spiral ranging from concrete to abstract (Figure 2.2).
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Figure 2.2. Model for integrating field trips into a curriculum unit

The preparatory unit is said to be designed for making students ready for the field
experience. According to Orion, students should be prepared for the field trip in such a
way that they become ready for the assignment in the trip (cognitive preparation), the area
of the field trip (geographical preparation), and the kind of event they will participate in
(psychological preparation). During the field trip students are directed through the
experiences with some guidance. At the end, a summary unit is implemented to evaluate

students’ learning (Orion, 1993).

What Orion (1993) suggests is in line with what is suggested in many studies for
understanding museum learning. According to them, museum learning can be understood
by combining information from three time periods. First is information about visitors’ pre-
museum history, their prior knowledge, interests, experiences, expectations, and
motivation. Second is information about in-museum experiences, social interactions in
visiting groups, characteristics of the social setting, and presence or absence of advance
organizers. Information about visitors’ post museum experiences, reinforcing experiences
visitors have had after the visit should be examined. (Ellenbogen, 2002, 2003; Falk and
Storksdieck, in prep. as cited in Falk, 2004) Studies conducted to examine learning in
informal settings reveal varied findings about pre-during-post visit periods. For instance, in
the study conducted by Anderson and Zhang (2003), teachers are asked to declare their
opinions about pre- and post-visit activities. According to the majority of teachers, pre-visit
activities were more desirable. As one of the teachers said, telling kids where they are

going, what they are going to do, why they are going, etc is important. However, this
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finding might also be due to the fact that few teachers reported that they offer post field-
trip experiences when they turn back in the classroom. The literature indicates that there is
very little implementation of the post visit activities. Few students are provided with the
chance of using the learning from the visit when they return to school. Although teachers
assert that they plan to do something back at the school, they rarely provide an
environment for using information and experiences gathered during the visit (Griffin,

1999).

In a study that questioned teacher concerns while planning field trips, teachers were
asked to rank a set of thirteen issues from the highest to the lowest priority importance in
terms of their consideration while planning and implementing field-trip visits. Analysis of
this study revealed that for teachers the most important issue is the degree to which the
field-trip experience fit the school-based curriculum. (Anderson and Zhang, 2003) Parallel
with this finding, Xanthoudaki (1998) also has similar results in his study in which he
studied the use of visits for art teaching purposes. The results of the study showed that
visits to the museum and gallery are more likely to be incorporated into the classroom art
practice because of the educational programmes in the informal setting and the school
curriculum requirements. Therefore, providing teachers with the programmes or materials
which are more related to their classroom instruction encourage them to incorporate the
visit experience of the students into the school learning. Another critical assistance to
teachers would be to help them find ways to refer to field-trip experiences after students

have left the museums (Anderson and Zhang, 2003).

The review of the literature indicates that informal learning environments such as
science museums, science centers, botanical gardens, zoos, etc. offer significant
opportunities to strengthen learning and fit well with a constructivist approach. It is also
emphasized that learning in informal settings can be enhanced with planning of students
experiences before, after and during the museum visit. Linking museum learning with the
school learning by making clear connections between the museum experiences and school
curriculum 1is also desirable for enhancing the possibility of better learning in informal

settings.
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3. SIGNIFICANCE OF THE STUDY

As Griffin (2004) states, the valuing of learning in an informal setting can influence
approaches to learning in these settings. By this way, new learning opportunities can be
created in such places or they can be developed further. This study can be considered as
one of these learning opportunities. The aim is to develop a learning kit to facilitate science
learning in a science center in Istanbul. By valuing the possibilities of learning in informal
settings, the researcher has attempted to connect learning in an informal setting with school

learning by integrating it with the 7" grade science and technology curriculum in Turkey.

Falk (2001) explains, in the past a lot of attention has been given to formal education
for facilitating learning. But, recently vast array of non-school science education
institutions are given a growing appreciation. However, informal learning areas are rarely
used for educational purposes in Turkey; specifically science centers are few in number.
There are only three science centers in Turkey; one is in Ankara, the other two are in
Istanbul. This study specifically addresses one of these three science centers, the “Sisli
Municipality Science Center” in Istanbul. Many primary and secondary schools, both
public and private, make visits to this center. The learning kit, which was developed
specifically for the center is planned to be helpful for the visiting schools. It is predicted
that, the learning kit increases students’ learning gains from the science center. Moreover,
it is also intended that the kit would be a model for other such kits as well. Similar science
learning kits about different subjects or for different age groups can be developed in the
future. In addition, the kit can be used for other scientific studies as well for different
research topics. Furthermore, the results which were obtained from this study add to the
literature on learning in informal settings. It is expected that the study report will stimulate

further discussion in Turkey on maximizing the usefulness of informal learning settings.
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4. STATEMENT OF THE PROBLEM

This study attempts to develop science center learning kit (SCLK) to facilitate
learning in a science center in Istanbul and measure its effects through an implementation
with and without SCLK. The kit is related to some of the basic concepts in the “force and

motion” unit of the seventh grade science and technology curriculum in Turkey.

There are two major goals in this study. The first is concerned with the development
of the SCLK. The aim of developing this kit is to guide students’ learning experiences
specific to several exhibits at the science center. The development process covers four

steps;

1. The first step is the identification of the exhibits which are specifically addressed in
the kit.

2. The second step is the identification of the main concepts revealed by the selected

exhibits.

3. The third step is the specification of learning objectives from the 7" grade science
and technology curriculum that they are found to be associated with the identified

concepts.

4. Lastly, the fourth step is the development of the materials and activities to be used
by teachers and students prior to the visit, during the visit and following the visit to

the science center.

The second major goal of the study is to measure the effects of the Science Center
Learning Kit (SCLK) through an implementation in Sisli Municipality Science Center in
Istanbul. Its effects were measured by examining the learning outcomes of the 7t grade
students who completed the visit, and also by comparing the learning outcomes of the
groups who completed the visit with and without the SCLK. In this study “visit” refers to
three phases of the science center visit experience. These are pre-visit experiences, during

visit experiences and post-visit experiences.
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The learning outcomes of the 7t grade students who completed the visit were
examined in terms of their level of conceptual understanding, personal declaration of their
own learning, and understanding of the big ideas underlying the selected exhibits. The
groups of 7™ grade students who completed the visit with and without the SCLK were
compared in terms of their conceptual understanding, personal declaration of their own

learning, and understanding of the big ideas underlying the selected exhibits.

The following research questions and hypotheses are formed on the basis of the

second major goal of the study.

4.1. Research Questions and Hypotheses

The study search for the answers of following research questions:

1. Will there be any change in 7" grade students’ conceptual understanding about

force and motion topic following their visit with SCLK?

2. What is the personal declaration of the 7t grade students who are provided with
SCLK for the visit about their own learning as measured by Modes of Learning

Inventory?

3. What is the degree of understanding of big ideas of the 7" grade students who are
provided with SCLK for the visit?

4. Will the 7" grade students who use the SCLK and students who do not use SCLK
during their visit differ in terms of their understanding of the big ideas in the
exhibits?

5. Will the 7™ grade students who use the SCLK and students who do not use SCLK
during their visit differ in terms of their conceptual understanding regarding the

selected concepts in the “force and motion” unit?

6. Will the 7™ grade students who use the SCLK and students who do not use SCLK
during their visit differ in terms of their personal declarations about their own
learning as measured by MOLI?
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In this study it is hypothesized that,

7™ grade students who are provided with the SCLK for their visit will score higher
then the 7™ grade students who are not provided with SCLK for the visit in terms of
their conceptual understanding regarding the concepts force and motion as

measured by Conceptual Understanding Questionnaire.

7™ grade students who are provided with the SCLK for their visit will score higher
than the 7" grade students who are not provided with SCLK for their visit in terms

of their personal declaration about their own learning as measured by MOLI.

4.2. Variables and Operational Definitions

4.2.1. Dependent Variables

The dependent variables of the study are the learning outcomes of the students from

the science center visit. Learning outcomes of the students from the science center visit

refers to students’ conceptual understanding regarding the concepts in the “force and

motion” unit of the 7" grade science and technology curriculum, personal declaration of

their own learning and their understanding of the big ideas in the exhibits. These three

dimensions that define learning outcomes were measured with three separate instruments:

1.

“Conceptual Understanding Questionnaire-Force & Motion” was used with a
pretest-posttest design to assess students’ conceptual understanding about selected

concepts in the “force and motion” unit prior to and following the visit.

“Modes of Learning Inventory (MOLI)” was used to assess personal declaration of
students on their own learning. MOLI is one part of the Questionnaire for Exit
Surveys. The Questionnaire for Exit Surveys is one of the tools included in the kit
developed for Museums Actively Researching Visitor Experiences and Learning

(MARVEL) Project.
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“Understanding of the Big Ideas Questionnaire” was used to assess students’
understanding of the big ideas in the exhibits. Understanding of the Big Ideas
Questionnaire is based on the work in MARVEL Project. In this study “big ideas”
refers to underlying concepts/theories/explanations of the selected exhibits in the

science center.

Independent Variable

The independent variable of the study is the science center learning experience with

and without SCLK which was designed to guide learning in the science center. The SCLK

was developed by the researcher concerning selected concepts in the “force and motion”

unit of the 7" grade science and technology curriculum in Turkey.

The Science Center Learning Kit (SCLK)

The SCLK was developed after careful consideration of the suggestions and cautions

raised in the literature. The primary bases of the kit are as follows:

1.

The school curriculum should be compatible with the learning experiences of the
students in the science center. In other words, learning experiences of students in an
informal setting should be integrated into the formal school science learning

(Anderson and Zhang, 2003; Bell and Rabkin, 2002; Griffin, 2004).

The visit should have a purpose; students should know why they are going to the
science center (Griffin, 1999; Kisiel, 2006a; McQuade & Champagne, 1995).

Follow-up activities should be provided after a visit; students should be made
aware before or during the visit about how they will use their learning experiences
in the science center when they return back to school (Anderson & Zhang, 2003;

McQuade & Champagne, 1995).

The teaching kit should be user friendly for teachers (Hoban, 2005); it should not

add significantly to the workload of teachers.

Activities which are planned to be conducted in the center should have a meaning

for the students and match their abilities (Gammon, 2001 as cited in Griffin, 2004).
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6. Because it is generally accepted that learning is enhanced when carefully designed
worksheets are used to focus students’ attention, worksheets should be provided for

the students during the visit (Griffin, 2004; Kisiel, 2006b).

7. Visit experiences should encourage students to observe, make predictions, and

confirm or disconfirm their own predictions (Griffin, 1999; Kisiel, 2006a).

By taking these as the primary bases, and considering suggestions made in the
literature about designing field trips, the Science Center Learning Kit is composed of
support materials and suggested activities for teachers who plan to organize field trip to the
science center with their students. Because the kit is about some concepts in the “force and
motion” unit of the 7" grade science and technology curriculum, it specifically addresses

to the students in this grade level and the science teachers who teach at that level.
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5. METHODOLOGY

The study can be separated into two phases;
1. Development of the Science Center Learning Kit (SCLK)

2. Measuring the Effectiveness of the Science Center Learning Kit (SCLK)

5.1. First Phase: Development of the Science Center Learning Kit (SCLK)

Development process of SCLK can be explained in four steps:

5.1.1. Step 1: Specification of the Exhibits Which are Specifically be Addressed in
the Kit

The study started with the identification of the exhibits which are addressed in the
SCLK. The implied selection includes four exhibits that were seen to be compatible with

7™ grade science and technology curriculum requirements (Appendix A):

e [ Exhibit-The Express Road: The system includes two inclined planes; one is in
the form of a straight path and the other is in the form of a curved path. Each of the
two identical balls is taken to the top point of each of the inclined planes, and at the
same time they are allowed to roll down the paths. Before leaving the balls visitors
are expected to predict which ball reaches to the end of the inclined plane first.
Although the road in the shape of a curved path is longer than the other, the ball

reaches to the end first on that inclined plane.

o 2" Exhibit-Transfer of Momentum: The system of this exhibit composes of five

identical balls hanged with very thin strings to the top. All the balls stay in the same
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height from the ground. When one of the balls is moved away from the other and
then released, it strikes to the balls and one ball at the other end goes out. When
two balls are moved away and released, two balls go out at the other end. When
same thing is made with three balls, three balls go out at the other end. Similar
movements are observed when it is made with different number of balls. This
movement of the balls is explained in terms of energy conservation and transfer of

momentum.

3" Exhibit-Giant Scissor: This is system of a lever. In one side of the lever there is
a spring which is difficult to compress. Visitors are required to compress this spring
by applying force from different points in different distances to the pivot. Visitors

are asked from which point it is easier for them to compress the spring.

4™ Exhibit-Your Weight in the Space: In this system there is a balance put on a
ground. And there is a platform on which there are pictures of different planets (the
Earth, Jupiter, Mercury, and Mars) and the Moon. Near these pictures there are
small screens. Visitors are wanted to stand on it and see their weight on the screens
near each planet and the Moon. By this way they see how their weight changes in

different planets and the Moon.

Step 2: Identification of the Main Concepts Revealed with the Selected
Exhibits

After these four exhibits were selected, the main concepts revealed in each were

identified. For the identification of the concepts, school visits to the center were observed

by the researcher. When school groups come to the science center, each exhibit is

explained to the groups of students by the mentors in the center. These explanations of the

mentors about the exhibits gave more idea about the main concepts mentioned in each

exhibit. Moreover, the researcher discussed all the exhibits with one of the physics

professors in the Bogazici University and went over the underlying principles and the

concepts revealed in each exhibit. With the help of these methods the main concepts and
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the ideas explained in the exhibits were identified as mass and weight, gravity, force,
energy (its conservation and transfer), velocity, and acceleration. These main concepts
which are covered in SCLK exist in the second unit of the 7 grade science and technology
curriculum, namely “Force and Motion”. Some of the selected concepts, such as mass,
weight, force, gravity, velocity are introduced and covered in the “Force and Motion” of
the 6™ grade science and technology curriculum. Thus, the grade level which all of these
concepts can be best understood with their relationship with each other is considered to be
7™ grade. There is an explanation in the beginning of the 7" grade “Force and Motion” unit

in the curriculum. It is stated that;
Students are provided with knowledge and experience about “speed, measurement of
force, showing force with directional line segment, difference between mass and
weight, balance of forces”. Now the students are in the level of learning the
intersection of “force” and “motion”, “energy” concept; so transfer and conservation

of energy. Moreover, they will learn about springs and simple machines, and they

will infer how a frictional force result is energy lost (TTKB, 2005, p. 204).

th . .
So, some concepts from 6 grade science and technology curriculum were also used

in design of activities and materials that exist in the SCLK.

5.1.3. Step 3: Specification of the objectives addressing the identified concepts from

the 7™ grade science and technology curriculum

In order to integrate learning experiences of students in science center to school
learning, some of the objectives in “Force and Motion” unit of the 6™ and the 7" grade
science and technology curriculum were linked with the selected exhibits. In Appendix A,
the selected exhibits and the objectives they are linked with can be seen. The objectives to

be addressed in SCLK are as listed in the following:



Table 5.1 . Objectives to be addressed in SCLK

6th Grade Objectives

1. Related to a moving along a straight line with constant velocity students,

calculate speed of an object by using distance traveled and elapsed time,

show the graphical representation of the relationship between distance traveled
and elapsed time, and interpret this graphic,

explain the relationship among distance traveled, elapsed time and speed and
apply it for different situations.

2. Related to the direction and measurement of force students,

state unit of force as “Newton” and use it,

state the direction of force applying on an object and show it by drawing.

3. Related to weight students,

observe the existence of force between masses in the Earth from events around
them,

name the force between masses in the earth and the Earth as gravitational force,

name gravitational force acting on a mass as weight,

explain how weight of an object with the same mass will be different in
different planets

differentiate mass and weight.

7th Grade Objectives

1. Related to force, work and energy students,

realize moving objects having kinetic energy,

discover relation of kinetic energy with speed and mass,

state that objects have gravitational potential energy due to their positions,

discover that gravitational potential energy depends on weight and height of an
object,

explain with examples that kinetic energy and potential energy can be
transferred into one another,

from transfer of energy, reach at a conclusion that energy is conserved.

2. Related to the simple machines students,

name kits which are used to change a force’s direction and/or magnitude as
simple machines,

realize that it is possible to obtain exit force larger than entrance force by using
simple machines,

state that while doing work using simple machine will not cause energy saving
but it will simplify the work being done.

3. Related to frictional force’s resulting in energy loss students,

realize that frictional force cause decrease in kinetic energy,

explain decrease in kinetic energy with transfer of energy,

make a generalization that air and water resistance result in decrease in kinetic
energy.

27
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5.1.4. Step 4: Development of the Materials and Activities

Development step also includes the production of materials and activities which were
used prior to, during and after the visit to the science center. SCLK therefore includes the

following materials:

5.1.4.1. Materials developed for 1* part of the visit: Preparatory materials. Preparatory

materials developed for the kit are “guiding booklet for teachers” and “Presentation for
advance organization of the visit”. They are explained in the detail in the following

paragraphs:

e Guiding booklet for teachers: The aim of preparing this booklet is to guide science
and technology teachers’ of 7" graders to conduct visits to the science center with their
students. Because the concepts covered in the SCLK are from the “Force and Motion” unit,
students’ experiences in the science center can be integrated to their school learning,

specifically in this unit.

Introduction section for the “Guiding Booklet for Teachers” is given in Appendix B.
The guiding booklet also includes appendices on exhibits selected for SCLK and the
objectives associated with the main ideas underlying the selected exhibits (presented in
Appendix A), presentation for prior organization of the visit (presented in Appendix C),

worksheet (Appendix D), enjoy & learn cards (Appendix E), authentic tasks (Appendix F).

As Kisiel (2003), pointed out, organizing field trips is actually not an easy task for
teachers. There are many variables, such as getting parental permission, funding for
transportation, scheduling that may affect teacher’s goals for the visit. Therefore, it is
important to provide teachers ready and easy-to-use materials that they can benefit in a
field trip. By taking such suggestions and cautions raised in the literature, the guiding
booklet covered in SCLK was prepared in a way that it can simplify teacher’s work while
organizing field trip to the science center. With the simple directions and explanations in

the booklet the teacher can easily use SCLK. The booklet starts with general information
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about SCLK and its components. It covers detailed information about the selected exhibits,
and how they are connected with the objectives of the “force and motion” unit in the 7"
grade science and technology curriculum. Photographs of the selected exhibits are included
in the booklet. All the other materials of the SCLK are also covered in the booklet in order

to help teachers reach them easily, whenever they need.

e Presentation for prior organization of the visit: Students may feel anxious when they
enter an unfamiliar location; this may cause students’ involving in off-task activities. This
is known as “novelty effect” in the literature. Because of decreasing anxiety levels of the
students when they are exposed to an unfamiliar setting, teachers are suggested to prepare
students for the visit beforechand (Eshach, 2006). In order to prevent this situation, a

preparatory PowerPoint presentation is included in SCLK (Appendix C).

The PowerPoint presentation was prepared to be used in class by teachers, before
going to the science center. The presentation starts with the general information about Sisli
Municipality Science Center. Some photographs of science centers from other countries
are also covered in the presentation. It provides answers for the following questions that

can be raised by some students:
v" Why shall we visit the science center?
v" What shall we see in the center?
v What shall we do in the science center?

v" How shall we use our science center experiences when we turn back to school?

Also, information about the follow-up activity is covered in the presentation, because
students may not be accustomed to implement activities related to their science center
experience when they turn back to school. Students are also reminded in the presentation
that they are required to study in group. Moreover, “study plan” is included in the
presentation. It is thought that these can help students to be ready for different during and

after visit experiences.



30

5.1.4.2. Materials developed for the ond part of the visit: During-visit materials. In SCLK

during-visit materials are “worksheet” and “Enjoy & Learn cards”. Both of these materials

are explained in detail in the following paragraphs:

o Worksheet: As Ausubel (1977) mentioned, worksheets, as advance organizers, help
students organize their visit and provide support for the acquisition of new knowledge (as
cited in Kisiel, 2003). Taking its availability as one of the requirements of science center

visit, worksheet is also included in the SCLK (Appendix D).

In the worksheet there is one question about each of the four exhibits selected for
SCLK. It is planned by the researcher that questions in the worksheet help students to
observe the exhibits in detail. In each question students are asked to give an answer to a
question and write which exhibit they use to answer this question. They also asked to tell
the concepts/principles that are revealed by the exhibit by trying to remember what they
have learned in school. Students’ going back to what they have learned in the school is
very important because this helps them to remember their pre-existing knowledge and their
experiences that they consider to be related with the exhibits in the center. According to
Ferguson (1998), when visitor can connect exhibits to their previous experiences, they gain

meaning for the visitor.

Apart from these, Connolly et al. (2006) mentioned that having fill-in-the-blank
questions in the worksheets does not promote learning in an informal setting. When this is
the case, students start to search for the correct word that they can find in an exhibit label.
On the other hand, students should be encouraged for inquiry and exploration with the
open-ended questions covered in the worksheets. Therefore, the questions covered in the
worksheet in SCLK were prepared in a way that they did not directly ask what happens in
an exhibit. Instead there is a question that students can answer by using one of the exhibits
in the center; then students were asked to write by using which exhibit they can answer this
question. Moreover, in order to make further thinking about the concepts revealed in the
exhibit students are asked to write the concepts and principles revealed in that exhibit by
trying to remember what they have learned about these concepts/principles in the school.

Worksheet should be provided for each student before their visit started; and they should
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be collected before leaving the science center.

e Enjoy & Learn Cards: These are small colorful cards which give information about
the underlying principles of the selected exhibits. They cover pictures, drawings, tables and
formulas about the underlying principles of the exhibits. Enjoy and learn cards (Appendix

E) should be distributed to the students while they are explained the exhibit about it.

5.1.4.3. Materials developed for 3™ part of the visit: Follow-up activities. Lastly, follow-

up activities covered in SCLK are four authentic tasks which are described in detail in the

following paragraphs:

o Authentic Tasks: Authenticity is one of the critical terms in science education. As
Braund and Reiss (2006) explained, in an authentic school science environments, students
should be provided with experiences that are more in line with the activities that scientists
and technologists do in real world. And, such experiences can be student-directed tasks and
open-ended enquiries. When compared to the classrooms, museums provide contexts
which are very similar to the environments experienced by scientists (Gilbert and Priest,
1997). Parallel with what is suggested in the literature; in this study authentic learning
environments were provided for the students. First of all, integrating science center visit is
an authentic experience in its nature. Additionally, as a follow-up activity four different
authentic tasks, each of which is specific for one of the exhibits selected for SCLK were

prepared for the students.

All of the four tasks are serving to a common assignment which is building up a
playground in Istanbul. Each group will be responsible for a task related to one part of the
playground. In some of the tasks students are required to propose scientific solutions to the
problems that architects of the playground could not handle. In some of the tasks students
are required to design a poster for advertisement of some parts of the playground; and what
is special for this poster is to make explanations made for that part of the playground by
basing them on scientific principles. In the following, each of the four tasks is summarized

and they can be found in Appendix F in detail:
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Taks-1: Slide in a Pool. Architects of the playground had a difficulty while
designing a slide coming into a large pool. They had to decide either of the top of which
slides a ball can slide faster. Architects are expecting scientific explanations for their

problems that they can decide on one of these two designs.

Task-2: Seesaw. There are different characters in this park that will entertain visitors
of the playground in the opening ceremony. One of them is cute little mouse and the other
is the lovely monkey. In the opening ceremony these two should stay in balance on a long
seesaw. Owners of the playground want to have a special design of a seesaw, which is
supported with scientific explanations. They tell that the best design will be used while
building up the seesaw in the playground.

Task-3: Cheerful Seal’s Balls. The other area which is being designed for the
playground is the place where another character of the playground “Cheerful Seal” can
play balls with the visitors. While designing this area, architects of the playground faced

with a problem; they need a solution for that problem supported with scientific problems.

Task-4: Planet Area. Planet area in the playground was completed; now poster for
advertising this area is being prepared. An advertisement author started to prepare a poster
but he left it without completing. Owners of the playground are searching for someone
who can complete this poster. While completing it, what is critical is requiring answers for

the questions held by “Curious Squirrel” in the poster.

Each task should be assigned to one of the groups after students complete their
science center visit. Then students should be expected to study for their task in group and
on the day of presentation each group should be ready for presenting their work to other
groups. While groups presenting their works, it is important to create a discussion
environment among the students. Each task can be solved by using one of the four exhibits
covered in SCLK. At the end of the presentations, all of the four exhibits seen in the
science center, underlying principles of these exhibits and their connection to what they

learned in the school should be repeated.
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It is planned that these tasks as follow-up activities will provide students an
opportunity to connect what they experienced in the science center with daily life. The idea
of connecting real life with science center experience is consistent with what George Hein
(2004) points out in a figure explaining Dewey-inspired educational model applied to

museum (Figure 5.1). According to him, it is important to connect museum experience

Reflection,
/ Inquiry \

Initial Museum
Experience

with the life outside the museum.

New Problem,
Interest

[ —

From Life
(Previous Knowledge) \‘\\

Application
to Life

Figure 5.1. Dewey-inspired education model applied to museums

5.2. Second Phase: Measuring the Effectiveness of the Science Center Learning Kit
(SCLK)

5.2.1. Sample

This study was implemented in two different kinds of schools in Istanbul. One of the
schools was a public school that functions within a joint protocol with Bogazi¢i University
Faculty of Education. The other is a private school. Both of the schools were selected due

to its convenience for the researcher.

The sample of the study consisted of 21 students (6 and 7" graders) from the public
school, and 56 students (7™ graders) from the private school. However the actual number
of students who participated in this study extends beyond the specified number (24

students from the public school and 74 students from the private school). Three students
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from the public school and 18 students from the private school were excluded from
analysis due to missing data. The details for the missing cases are explained in the

following paragraphs.

The sample from the public school included student from three different grade levels
(12 students from 6™ grade, 9 students from 7" grade and 3 students from 8" grade), who
were selected by their teachers and the administrator of the school. Although the selection
was expected to include only the 7" grade students, (the grade level that matches the
content and objectives specified for the exhibits selected for the SCLK), the selection was
made among the most hardworking and volunteering students. In its final form the sample
included only 21 students (12 students from 6™ grade and 9 students from 7™ grade formed
the sample of the study), because 8" graders were reported to be missing during major
parts of the implementation process. There was no control group. Therefore, all of the
students selected for the study completed the field trip to the Science Center with SCLK.

The visit was carried out by the researcher.

The sample from the private school consisted of 56 students from the seventh grade.
Although six classes of seventh graders were initially involved in the study, the actual
number is much lower due to large amount of absentee during the science center visit. The
private school included both the experimental and the control groups. Table 5.1

summarizes the number of the students in each class.

Table 5.2. Sample of the study (private school)

Experimental vs Teacher Number of the
Control students
Class-1 Experimental Teacher-A 17
Class-2 Control Teacher-A 21
Class-3 Control Teacher-B 18
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5.2.2. Design

The study aims to determine the effectiveness of SCLK by 1) examining the learning
outcomes of students who were provided with the SCLK during their visit and 2)
comparing the learning outcomes of students who made their visit with SCLK with the

students who made their visit without SCLK.

The learning outcomes of students who were provided with the SCLK during their
visit were examined using data from both the public and the private school. However,
comparisons between students who made their visit with SCLK with the students who
made their visit without SCLK were only based on the data from the private school.
Therefore the effectiveness of SCLK was analyzed using pre-experimental design (pre-test
post-test design) and quassi-experimental design (pre-test, post-test, control group design)

for the public and private school respectively.



Table 5.3. Design of the Study
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5.2.3. Instruments

The instruments which were used in the study were designed to assess students
learning outcomes from the science center visit in terms of students’ conceptual
understanding about force and motion topic, personal declaration of their own learning and

their understanding of the big ideas underlying the selected exhibits.

5.2.3.1. Conceptual Understanding Questionnaire-Force & Motion (CUQ-Force &
Motion). The Conceptual Understanding Questionnaire-Force & Motion (CUQ-Force &

Motion) (Appendix G) was designed in a selected response assessment format by the

researcher. It was used to assess conceptual understanding of 7t grade students about
mass, weight, gravity, force, energy (its conservation and transfer), velocity, acceleration
concepts which are covered in “Force and Motion” unit of the 6™ and 7" grade science and

technology curriculum.

CUQ-Force & Motion is composed of four parts. There are eight fill-in the blank
questions in the first part and nine binary choice questions in the second part. Third part of
the CUQ-Force & Motion consists of five matching items, forth part consists of fourteen
multiple choice questions. Totally 36 questions of the questionnaire were in “knowledge”

and “application” levels.

The questionnaire was given to the whole sample as a pre-test in the beginning of the
study before students had no experience related to the science center visit. Questionnaire

was also administered to the students at the end of their field trip experience.

Validity and Reliability Analysis of the CUQ-Force & Motion Questionnaire

For the content validity of the questionnaire all the questions were prepared
according to the objectives selected from the “force and motion” unit in the 6™ and 7"
grade science and technology curriculum. The objectives which are addressed in the SCLK
and aimed to be measured with the CUQ-Force & Motion were listed previously in “First

Phase: Development of Science Center Learning Kit” part. In order to cover questions
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which address all the objectives from each level proportionally a test plan (Appendix H)
was developed by the researcher firstly. For each objective in the test plan there are
questions either in “knowledge” or in “application” or in both levels. Then, the questions
were developed according to this test plan. This is also an evidence for the content validity

of the instrument.

Reliability analysis of the questionnaire was conducted with the data obtained from
that original study. Cronbach’s alpha and item-total correlation coefficients were computed
in order to find the internal consistency of CUQ-Force & Motion. Reliability analysis was
conducted with both the pre-test and the post-test scores of the students participating to the
study from the public and the private school. Firstly, alpha coefficient was found to be
0.779 with the pre-test scores and 0.731 with the post-test scores. Item-total statistics were
also analyzed. Items with item-total correlation coefficients lower than 0.15 were
reviewed. It was found that items 6, 10, 17, 23, 24 and 27 have item-total correlation
coefficient lower than 0.15. In order to come up with a more reliable questionnaire, these
items were removed from the questionnaire and second reliability analysis was carried out.
After removing these 6 items from the questionnaire, Cronbach’s alpha was found to be
0.818 with the pre-test scores and 0.786 with the post-test scores. Again, item-total
statistics were analyzed. It was found that items 11 and 26 have lower item-total
correlation coefficients according to analysis made with the post-test scores. 26™ item’s
item-total correlation coefficient is very close to 0.15. Therefore only 11™ jtem was
removed and another reliability analysis was carried out with the remaining 29 items. At
the end, Alpha coefficient was found to be 0.810 with the pre-test scores and 0.789 with
the post-test scores (Table 5.3).

Table 5.4. Reliability Analysis of CUQ-Force & Motion

Cronbach's Alpha Based
'
Cronbach's Alpha on Standardized Items N of Items
Re.hablhty Statistics 0.810 0877 29
(with pre-test scores)
Reliability Statistics
(with post-test scores) 0.789 0.864 29
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Statistics based on pre-test scores

Statistics based on post-test scores

Corrected Item- | Cronbach's Alpha
Total Correlation | if Item Deleted
Q1 0.245 0.808
Q2 0.420 0.807
Q3 0.644 0.798
Q4 0.329 0.806
Q5 0.556 0.799
Q7 0.662 0.787
Q8 0.594 0.799
Q9 0.124 0.811
Q12 0.328 0.805
Q13 0.285 0.807
Q14 0.422 0.803
Q15 0.134 0.811
Ql6 0.283 0.807
Q18 0.252 0.809
Q19 0.539 0.805
Q20 0.632 0.803
Q21 0.360 0.807
Q22 0.235 0.809
Q25 0.435 0.803
Q26 0.312 0.806
Q28 0.445 0.804
Q29 0.167 0.823
Q30 0.473 0.802
Q31 0.243 0.820
Q32 0.451 0.802
Q33 0.453 0.802
Q34 0.397 0.807
Q35 0.517 0.801
Q36 0.563 0.792

Corrected Item- | Cronbach's Alpha
Total Correlation | if Item Deleted
Q1 0.446 0.780
Q2 0.535 0.784
Q3 0.509 0.779
Q4 0.186 0.788
Q5 0.472 0.778
Q7 0.644 0.762
Q8 0.478 0.780
Q9 0.197 0.787
Q12 0.342 0.783
Q13 0.174 0.788
Q14 0.164 0.788
Q15 0.239 0.786
Ql6 0.301 0.784
Q18 0.397 0.785
Q19 0.657 0.780
Q20 0.399 0.785
Q21 0.364 0.785
Q22 0.256 0.787
Q25 0.487 0.778
Q26 0.137 0.789
Q28 0314 0.792
Q29 0.414 0.782
Q30 0.620 0.774
Q31 0.298 0.795
Q32 0.225 0.786
Q33 0.390 0.782
Q34 0.219 0.797
Q35 0.602 0.775
Q36 0.385 0.779
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As Table 5.4 shows, according to pre-test scores items with lower item-total
correlation coefficient are items 9 and 15. However, when item-total statistics were carried
out with the post-test scores, it was found that item-total correlation coefficient of these
items increased. According to the item-total statistics based on post-test scores, the only
item whose item-total correlation coefficient low is 26" item; since it is very close to 0.15
this item was not removed from the questionnaire. At the end of these analyses, CUQ-

Force & Motion took its final version.

5.2.3.2. Modes of Learning Inventory (MOLI). Modes of Learning Inventory (MOLI), is

one part of the Questionnaire for Exit Interviews. It measures personal declaration of

visitors’ own learning. Although questions are interview questions in that questionnaire,

they were used in written format rather than as interview questions in this study.

Questionnaire for Exit Interviews is one of the tools in a kit developed in Museums
Actively Researching Visitor Experiences and Learning (MARVEL) Project. The aim of
that project is developing a set of “tools” for measuring aspects of learning. MARVEL
Project is a collaboration between the University of Technology, Sydney (UTS); the
Australian Museum, Sydney; the Royal Botanic Gardens, Sydney; and Environmetrics Pty
Ltd. The project team is composed of Janette Griffin, Linda Kelly, Janelle Hatherly and
Gillian Savage (Griffin et al., 2005). The kit contains three tools; “Observation Study”,
“Listening Study” and “Exit Interviews”. In this study, parts of “Exit Interviews” were

translated into Turkish and adapted according to the design of the study.

Exit Interviews were suggested to be used when there is a need to,

<\

to measure the main messages visitors are getting
to measure how visitors view their own learning

quantitative measures reported as percentages

AN

data reported by demographic category (with children/without children, first time

visitors/repeat visitors etc.)
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Modes of Learning Inventory (MOLI) was developed by Environmetrics Pty Ltd
(Gillian Savage) which is an independent social and market research consultancy in North
Sydney (“Market Intelligence”, n.d.). MOLI measures visitors’ own impressions and
expressions of their learning from a particular exhibit. In other words, this tool gives
information about “whether the visitors themselves consider that they have been learning
and how they have been learning. MOLI measures the process of learning rather than the

content” (Griffin et al., 2005).

In the adaptation process of MOLI, firstly items were translated into Turkish by an
expert in English Teaching Department, and then items written in Turkish were translated
into English by another expert in the same department. Then these items in English were

compared with the items in the original inventory.

MOLI comprises of 10 items which are all five-point Likert type. While adapting
into Turkish one of the items in the original scale was separated into two items. Because of
this, Turkish version of MOLI comprises of eleven items. Moreover, in the Turkish version
of MOLI items are all four-point Likert type. They are scored as 1 point for “no, never”, 2
points for “just a very little”, 3 points for “some, but not a lot”, 4 points for “yes, a lot”.

The scale includes items such as:
“I discovered things that I didn’t know”

“I was reminded of the importance of some issues”

Reliability Analysis of MOLI

Reliability analysis of MOLI was conducted with the current study. In order to find
the internal consistency of MOLI Cronbach’s Alpha and item-total correlation coefficients
were computed. The reliability analysis results indicated a reasonable internal consistency

for the scale.



Table 5.6. Reliability Analysis of MOLI

Cronbach's Alpha

Cronbach's Alpha Based on
Standardized Items

N of Items

0.887

0.888

11

As Table 5.5 shows an alpha coefficient was found to be 0.887. Item-total statistics

were also analyzed. Items with item-total correlation coefficients lower than 0.15 were

reviewed.

Table 5.7. Item-total statistics of MOLI

Corrected Item-Total | Cronbach's Alpha if
Correlation Item Deleted
item1 0.692 0.874
item?2 0.724 0.871
item3 0.512 0.883
item4 0.578 0.879
item5 0.585 0.879
item6 0.741 0.869
item7 0.527 0.882
item8 0.783 0.865
item9 0.741 0.868
item10 0.066 0.908
item11 0.792 0.865

As Table 5.6 shows the only item with item-total correlation coefficients lower than
0.15 is item 10. When the item was examined closely, although it seemed to show some
divergence from the other items this item was not removed from the inventory, primarily
because the divergence was not considered to extend beyond the overall nature of the

scale, and secondly because the lower correlation might be in part due to the reverse nature

of the item.
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5.2.3.3. Understanding of the Big Ideas Questionnaire. Understanding of the Big Ideas

Questionnaire contains two open-ended questions which are in the Questionnaire for Exit
Interviews; they measure visitors’ understanding of the big ideas in the selected exhibits in
the science center. In other words, these two questions were used to directly tap visitors’
views of the important ideas in the exhibits (Griffin ef al., 2005).

These two open-ended questions are as in the following:

1. “What do you think are the main messages that the < name of the exhibit > is trying

to communicate?”’

2. “What was the most interesting thing you saw in the < name of the exhibit>? What

made it interesting for you?”

The present study uses the two open-ended questions included in the “Questionnaire
for Exit Interviews” after being adapted in a number of ways. In the “Questionnaire for
Exit Interviews” these two open ended questions were interview questions. However, in

this study, students were required to answer them in written format.

“Understanding of the Big Ideas Questionnaire” which was used in this study
includes additional items to elaborate the two questions covered in “Questionnaire for Exit
Interviews”. In addition to the second question students were also required to specify the
most meaningful exhibit for them by giving their reasoning. Moreover, the first open ended
question was asked for each of the four exhibits selected for SCLK with an additional
multiple choice question. In this multiple choice question, students were required to answer
how much they observed each of the four exhibits. In the original form, the first open
ended question is stated as, “What do you think are the main messages that the < name of
the exhibit > is trying to communicate?”. This statement was repeated for the exhibits on
“the express road”, “giant scissors”, “transfer of momentum” and “your weight in the
space”. For example, when questioning the exhibit on “the express road”, the item was

reformulated as indicated in Figure 5.2. The main ideas in the remaining three exhibits

were questioned in a similar way.
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1. Asagidaki sorulan altta resmi werilen a. Asafidakilerden hangisi sana en
Bilim Merkezi'ndeki “Ekspres Yol® adh uygun? (Yalnizca birini isaretleyin.)
deney iinitesini dikkate alarak o . o
cevaplandinniz. [ Deney linitesine gdyle bir goz attim.

[ Deney tinitesini dikkatlice inceledim.

[ Deney tinitesini kendim de yaparak denedim

b. Sence bu deney iinitesinin vermek
istedigi esas mesajlar nedir?

Figure 5.2. An example for a question in Understanding of the Big Ideas Questionnaire

5.2.3.4. Questions on Prior Science Center Experiences. Before the MOLI and

Understanding of the Big Ideas Questionnaire, participants were also required to answer
four questions for getting information about their previous science center visit experiences
(Appendix K). These four questions are dependent to one another. Because of this,
participants were not required to answer all the questions. For instance, if the participant’s
answer is “no” for the first question, he/she is not required to answer the following

questions.

5.2.4. Procedure

As it was mentioned previously, the study was implemented in two different kinds of

schools. In this section the implementation of the study in these two schools is explained.

5.2.4.1. Study Implementation in the Public School. In the public school 21 6™ and 7"

grade students participated in the study. Although the intended sample was limited to 7"
graders both 6™ and 7™ grade students were included in the study, because the researcher

had to meet the terms desired by the school administration.
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The implementation process in the public school was conducted by the researcher. The
science teacher did not want to participate in the implementation process although initially
a meeting was organized in an attempt to include the science teacher within the research
procedure. The school had only one science teacher and during the meeting she was
informed about the study, the SCLK and how it is used for the science center visit. All the
steps that are carried out by the researcher during the implementation process are given in

the following action flow:
e Pre-Measurement (May 17, 2007)

CUQ-Force & Motion was administered to 18 students by the researcher as a pre-test

of the study
e Intervention

May 21, 2007: The power-point presentation was made by the researcher to the
students, on the day of the science center visit, before the visit. This presentation can be
regarded as an orientation for the visit. Follow-up tasks were also distributed to the
students while they were informed about the follow-up activity. They decided on the

groups by their own.

May 21, 2007: 24 students visited the science center as suggested in SCLK.
Worksheets were distributed to the students; each student had one worksheet while touring
the exhibits. Then, they were separated into groups by the museum staff who explained the
exhibits to the students in these small groups. “Enjoy & Learn Cards” about four exhibits
covered in SCLK were given to the museum staff guiding the groups in the center and they
distributed the cards to the students while they were explaining the four exhibits. After tour
was completed, students were given extra time to complete their worksheets and the

worksheets were collected by the researcher before leaving the center.

May 24, 2007: A discussion was made with the students about their visit to the
science center; their feelings, likes and dislikes, opinions about the pre-visit activity and
using worksheets were taken by the researcher. Their presentation day was identified as 4™

of June, 2008; they told that they would prepare their tasks until this date.

June 4, 2007: Although this date was specified as the presentation date with the
students, since they did not complete their tasks, the presentation date was postponed to 5™

of June.



46

June 5, 2007: The follow-up activity was implemented with some limitations. Only
one group became ready on this day. All the others completed their tasks on the time that
we specified for their presentations. The group who had taken 3™ task was not at school.
Therefore, the 3™ task was given to one of the students who was actually in another group
but took no responsibility in that group. One group declared that they had completed their
task but forgotten at home. Because of this they did their task at school. Another had
worked on their task before, but hadn’t answered the questions in their task; this group also
completed their task at school. Groups made their presentations after they completed their

tasks.
e Post-Measurements

June 8, 2007: Conceptual Understanding Questionnaire-Force & Motion, Modes of
Learning Inventory and Understanding of the Big Ideas Questionnaire were administered
to 13 students by the researcher. Students were requested to write their opinions about this

implementation.

June 13, 2007: For the missing students another data collection date was organized
by the researcher. On this date, Conceptual Understanding Questionnaire-Force & Motion,
Modes of Learning Inventory and Understanding of the Big Ideas Questionnaire were

administered to 3 students again by the researcher.

To summarize, one control group composing of 21 students formed the public school
sample of the study. CUQ-Force & Motion was firstly implemented to the students. Then,
they completed the visit to the science center by using SCLK. After the implementation
process completed students were administered CUQ-Force & Motion again. They also
completed two additional questionnaires; MOLI and Understanding of the Big Ideas
Questionnaire. Apart from these, the researcher requested students who are willing to write

their positive and/or negative comments about their science center visit experience.

5.2.4.2. Study Implementation in the Private School. 56 students participated in the study

in the private school. The implementation process in the private school was conducted by
the researcher, because the science teachers did not volunteer to take part in the study.

They only administered the questionnaires to the students but all the other implementation
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was conducted by the researcher. The following action flow summarizes the steps in the

implementation process in the private school:

e Pre-Measurement

CUQ-Force & Motion was administered to the 7" grade students in six classes by

their science teachers as a pre-test of the study.
e Intervention

May 29, 2007: On the day of the science center visit, the power-point presentation
was made as a pre-visit activity by the researcher to the group of students in the
experimental group; the group who would make their visit to the science center with

SCLK. This presentation can be regarded as an orientation for the visit.

May 29, 2007: In the morning, students in the experimental group visited the science
center as suggested in SCLK. There were totally 21 students; 2 students from class-1, 2
students from class-2 and 17 students from class-3. Worksheets were distributed to the
students; each student had one worksheet while touring the exhibits. Then, they were
separated into groups by the museum staff who explained the exhibits to the students in
these small groups. “Enjoy & Learn Cards” about four exhibits covered in SCLK were
given to the museum staff guiding the groups in the center and they distributed the cards to
the students while they were explaining each of these four exhibits. After they completed
their tour students were given extra time to complete their worksheets and then the
worksheets were collected by their teacher and the researcher together. While turning back
to school, group tasks were given to the groups of students. Groups were formed by their

science teacher.

In the afternoon, students in control group visited the science center as they usually
did. There were totally 53 students; 14 students from class-4, 21 students from class-5 and

18 students from class-6.

June 11, 2007: The follow-up activity was implemented with some limitations. There
were many students who were absent on this date; two groups were not at school so could
not present their tasks. Except one student the others were not ready enough for the
presentation. Five groups made a presentation; presentation of the 1%, 2" and 4" tasks

were made.
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e Post-Measurements

CUQ-Force and Motion, MOLI, and Understanding of the Big Ideas Questionnaires

were administered to the students by their teachers.

To summarize, CUQ-Force & Motion was administered to the whole group by their
teachers. Then, on the day of the visit the researcher made the presentation to the students
in the experimental group before going to the center. One group visited the science center
with SCLK and the other two groups visited the center without SCLK. At the end of the
implementation CUQ-Force & Motion was administered to the students for the second
time. In addition to CUQ-Force & Motion, MOLI and Understanding of the Big Ideas

Questionnaire were also administered to the students in three groups.
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6. DATA ANALYSIS AND RESULTS

6.1. Analysis Done on the Research Questions and Hypothesis

The evaluation of SCLK was carried out using both quantitative and qualitative data.
Quantitative data were obtained from Conceptual Understanding Questionnaire-Force &
Motion and Modes of Learning Inventory. Qualitative data were obtained as a result of
Understanding of the Big Ideas Questionnaire and the four questions about participants’

prior science center experiences.

Data obtained from public school are based on within group comparisons. On the
other hand, data obtained from private school are based on both within-group and between-
group comparisons. The way of analyzing data and results for each hypothesis and research
question will be given separately for both public and private school respectively. It is
important to emphasize that the study does not aim to make comparison between the public
and the private school data. However, for some cases comparisons were made when it was
necessary to get information about the difference between the public and private school

data.

Research Question-1: Will there be any change in 7™ grade students’ conceptual
understanding about force and motion topic following their visit with SCLK?

The difference between pre and post test scores obtained from Conceptual

Understanding Questionnaire-Force & Motion was analyzed using paired samples t-test.

Results for the data obtained from the public school are summarized in the following
paragraphs. The public school sample of the study consists of 21 students. They all made
their visit to the science center by using the materials and the guidelines provided with
SCLK. Among those 21 students some students could not take pre-test and post-test. The

missing cases in either one or both of the pre and post measures were excluded from
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analysis. Descriptive statistics were carried out in order to get information about the

students’ CUQ-Force & Motion pre and post test scores.

Table 6.1. Descriptive statistics about CUQ-Force & Motion scores of participants who are

provided with SCLK for their visit (Public School Group)

Mean n Std. Deviation
CUQ-Force & Motion Pre-test 9.5000 13 6.15765
CUQ-Force & Motion Post-test 10.8846 13 5.69047

As shown in Table 6.1, the mean of scores of the students in the pre-test is M=9.5
and the standard deviation of the scores is SD=6.2. The mean of scores of the students
makes a little shift in the post-test; it was found to be M=10.9 and SD=5.7. In order to
determine whether the difference between the means of pre and post-test scores is

significant or not, paired samples t-test was used.

Table 6.2. Differences between the pre-post tests mean scores in terms of

CUQ-Force & Motion (Public School Group)

Std. Std. Error
Mean | Deviation Mean T df | Sig. (2-tailed)
CUQ (pre-test) —
-1.38462 | 2.93083 0.81286 -1.703 12 0.114
CUQ (post-test)

As a result of the analysis, it was found that there is no statistically significant
difference between pre-test scores (M=9.5, SD=6.2) and post-test scores (M=10.9 and
SD=5.7) of the students who are provided with SCLK for the science center visit,
t (12) =-1.703, p=0.114 (Table 6.2).

About the first research question, results for the data obtained from the private

school are given in the following paragraphs:

The private school sample of the study consists of 56 students. 17 of those 56

students made their visit to the science center by using the materials and the guidelines
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provided with SCLK. Among these 17 students some students could not take pre or post-
test. The missing cases in either one or both of the pre and post measures were excluded
from analysis. Table 6.3 shows the details of descriptive statistics about the scores of the

participants in the experimental group.

Table 6.3. Descriptive Statistics about CUQ-Force & Motion scores of participants who are
provided with SCLK for their visit (Private School Group)

Mean n Std. Deviation
CUQ-Force & Motion Pre-test 21.7083 12 497475
CUQ-Force & Motion Post-test 23.0417 12 5.43331

As Table 6.3 shows, the mean of scores taken from the pre-test is M=21.7 and
standard deviation is SD=4.9. In the post-test the mean of scores increased to M=23.04 and
the standard deviation SD=5.4. There is not much difference between the pre and post test
mean scores of the students who are provided with SCLK for their science center visit. In

order to test this statistically, paired samples t-test was used.

Table 6.4. Differences between the pre-post tests mean scores in terms of

CUQ-Force & Motion (Private School Group)

Std. Std. Error
Mean Deviation Mean t df Sig. (2-tailed)

CUQ (pre-test) —

-1.33333 5.90583 1.70487 -0.782 11 0.451
CUQ (post-test)

Paired samples t-test analysis showed that there is no statistically significant
difference between pre-test results (M=21.7, SD=4.9) and post test results (M=23.04,
SD=5.4) of the students in the experimental group, t(11)=-0.782, p=0.451 (Table 6.4).
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Research Question-2: What is the personal declaration of the 7" grade students who are
provided with SCLK for the visit about their own learning as measured by Modes of

Learning Inventory?

Scores obtained from Modes of Learning Inventory indicate students’ personal
declaration of their own learning. It was implemented to the participants at the end of the
study. MOLI consists of 11 questions, among which 10™ is a reverse item. Possible scores

that can be taken from MOLI ranges from 11 to 44.

MOLI was administered to 16 among 21 students in public school. There are 15
valid scores whose mean score and standard deviation were computed. In the following

paragraphs, results obtained from the public school are summarized:

Table 6.5. Descriptive Statistics about the MOLI scores of participants who were provided
with SCLK for their visit (Pubic School)

n Minimum | Maximum| Mean |Std. Deviation

MOLI Score 15 20 43 36.80 6.405

The mean of the scores was found to be M=36.80 and the standard deviation
SD=6.405. The minimum score taken from MOLI is 15 and the maximum score is 43 out

of 44 (Table 6.5).

For each item of MOLI there are four possible answer choices. In order to find the
frequency of answers given for each item by the students, frequencies of answers were

calculated.



53

Table 6.6. Frequency Distribution of the MOLI scores of participants who were provided
with SCLK for their visit (Public School)

. MOLI Valid
Score | Frequency | Percent
20 1 6.7
&
24 1 6.7
=)
E 36 1 6.7
g TN Mean =36 8 ‘
@ Std.Dev, 26405 | 137 3 20.0
|1
38 3 20.0
24 \ 39 1 6.7
41 3 20.0
. _./ . 42 1 6.7
20 25 30 35 40 45
43 1 6.7
MOLI Score
Total 15 100.0

As Table 6.6 indicates frequency distribution of the MOLI scores of the students in
the public school is skewed right; all the scores taken from MOLI is equal and more than
20. The possible maximum score which can be taken from MOLI is 44 and there is one
student who took 43 which is very close to the possible maximum score. Moreover there

are five students whose scores are more than 40 (Table 6.6).

In order to get further information about students’ personal declaration about their

own learning, analysis was done for each item separately.

Item-1: “I discovered things that I didn’t know”
Table 6.7. Frequency distribution for item-1 (public school)

ITEM-1 | “no, never” | “no, not atall” | “yes but very little” “yes, a lot”
Frequency | 0 0 5 11
Percent 0 % 0% 31.2% 68.8 %

The result for the first item indicates that all of the students think that they
discovered new things. Among them about 70 per cent of the students stated they

discovered a lot of things and about 30 per cent discovered very little.



Item 2: “I learnt more about things I already knew”

Table 6.8. Frequency distribution for item-2 (public school)

ITEM-2 | “no, never” | “no, not at all” | “yes but very little” | “yes, a lot”
Frequency | 0 1 4 11
Percent 0% 6.2 % 25 % 68.8 %

Frequency distribution of the answers given to the second item indicates that except
one student, all the other students (93.8%) think that they learnt more about things they
already knew.

Item-3: “I remembered things I hadn’t thought of for a while”
Table 6.9. Frequency distribution for item-3 (public school)

ITEM-3 “no, never” | “no, not at all” | “yes but very little” | “yes, a lot”
Frequency | 1 3 5 7
Percent 6.2 % 18.8 % 312 % 43.8%

According to answers given to the third item students who remembered things they
hadn’t thought of for a while (25%) are more than the percentage (75%) of students who
indicated that the visit did not help them to remember things they hadn’t thought of for a

while.

Item-4: “I shared some of my knowledge with other people”

Table 6.10. Frequency distribution for item-4 (public school)

ITEM-4 “no, never” | “no, not at all” | “yes but very little” | “yes, a lot”
Frequency | 2 2 8 4
Percent 12.5% 12.5 % 50 % 25 %

Frequency distribution of answers given to the 4™ item indicates that sharing of
knowledge existed between students in large proportion; 75 per cent of students declared

that they shared some of their knowledge with other people.



Item-5: “I got curious about finding out more about some things”

Table 6.11. Frequency distribution for item-5 (public school)

ITEM-5 “no, never” | “no, not at all” | “yes but very little” | “yes, a lot”
Frequency 0 2 2 12
Percent 0% 12.5% 12.5% 75 %

Answers given to the 5" item indicates that 87.5 per cent of the students became

curious about finding out more about some things. On the other hand, there are also

students who did not become curious about anything as a result of the visit.

Item-6: “I was reminded of the importance of some issues”

Table 6.12. Frequency distribution for item-6 (public school)

ITEM-6 “no, never” | “no, not at all” | “yes but very little” | “yes, a lot”
Frequency 0 1 5 10
Percent 0% 6.2 % 31.2% 62.5 %

Frequency distribution of the answers given to item-6 shows that except one student,

all the other students (n=15) were reminded of the importance of some issues.

Item-7: “I got a real buzz out of what I learnt”

Table 6.13. Frequency distribution for item-7 (public school)

ITEM-7 “no, never” | “no, not at all” | “yes but very little” “yes, a lot”
Frequency 0 2 2 11
Percent 0% 13.3% 13.3% 73.3%

According to the frequency distributions of the answers given to the 7" item,
majority (13 students) stated that they got an excitement out of what they learnt. Only two

students (13.3%) declared that what they learnt did not create an excitement on them.



Item-8: “It was pleasant to be reminded”

Table 6.14. Frequency distribution for item-8 (public school)

ITEM-8 “no, never” | “no, not at all” | “yes but very little” | “yes, a lot”
Frequency 2 0 5 9
Percent 12.5 % 0% 31.2 % 56.2 %

Frequency distribution of the answers given to the 8" question was also computed.
According to this distribution except one student, all other 14 students thought that it was
pleasant to be reminded of their prior understanding related to what they experience in the

science center.

Item-9: “It was pleasant to learn more”

Table 6.15. Frequency distribution for item-9 (public school)

ITEM-9 “no, never” | “no, not at all” | “yes but very little” | “yes, a lot”
Frequency 1 0 2 13
Percent 6.2 % 0% 12.5% 81.2%

Again according to the frequency distribution of the answers given to the 9" item,

except one student all the other students (n=15) stated that they enjoyed learning more.

Item-10: “It was all very familiar to me”

Table 6.16. Frequency distribution for item-10 (public school)

ITEM-10 “no, never” | “no, not at all” | “yes but very little” | “yes, a lot”
Frequency 1 6 6 3
Percent 6.2 % 37.5% 37.5% 18.8 %

Number of the students who found things very familiar is nearly the same as the
number of the students who did not. For 56.3 per cent of the students the visit contained
stuff that was familiar and for 43.7 per cent of the students the contents of the visit did not

seem to be familiar.
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Item-11: “Some of the things I learnt will be very useful to me”

Table 6.17. Frequency distribution for item-11 (public school)

ITEM-11 “no, never” | “no, not at all” | “yes but very little” | “yes, a lot”
Frequency 1 0 3 12
Percent 2.9 % 0% 18.8 % 75 %

According to the frequency distribution of the answers in the last item, there is only
one student who thought that the things he/she learnt would not be very useful for him/her.
On the other hand, all the other students (n=15) stated that some of the things they learn

would be very useful for them.

All in all, frequency distribution of the answers given to 11 items of MOLI indicates
that students generally have favorable declarations about their own learning. The
percentages of the answers marked as “3” and “4” are more than the percentages of

answers marked as “1” and “2” in these 11 items.

In the private school MOLI was administered to 13 students who were provided
with SCLK for their visit. In the following sentences results obtained from the private

school are given.

Table 6.18. Descriptive Statistics about the MOLI scores of participants who are provided
with SCLK for their visit (Private School)

n Minimum | Maximum| Mean Std. Deviation

MOLI Score 11 13 35 25.00 7.629

The mean of the MOLI scores of the students who were provided with SCLK was
found to be M = 25. The minimum score taken from MOLI is 13 and the maximum score

is 35 (Table 6.18).
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Table 6.19. Frequency distribution of the MOLI scores of participants who are provided
with SCLK for their visit (Private School)

Frequency

[~
1

-
1

10 15

20 25
MOLI Score

30

33

40

Mean =235
Stel. Dev. =7 629
M =11

‘ MOLI Score | Frequency Valid Percent

‘13 1 9.1
‘ 14 1 9.1
‘19 1 9.1
‘21 1 9.1
‘24 1 9.1
‘26 2 18.2
‘32 2 18.2
‘33 1 9.1
‘35 1 9.1
‘Total 11 100.0

The frequency distribution of the MOLI scores of the private school students who

were provided with SCLK for their visit shows that, students’ scores ranges from 13 to 35.

The possible minimum score that can be taken from MOLI is 11, and there are two

students whose scores are very close to the minimum score.

In order to get further information about students’ personal declaration about their

own learning, answers given for each item of MOLI was also analyzed separately.

Item-1: “I discovered things that I didn’t know”

Table 6.20. Frequency distribution for item-1 (private school)

ITEM-1 “no, never” | “no, not at all” | “yes but very little” | “yes, a lot”
Frequency 3 3 6 1
Percent 23.1% 23.1% 4.2 % 7.7 %

According to the frequency distribution of the answers given for the first item, the

number of the students who stated that they discovered things that they did not know (n=6)

is very close to the number of students who stated that they discovered new things (n=7).




Item-2: “I learnt more about things I already knew”

Table 6.21. Frequency distribution for item-2 (private school)

ITEM-2 “no, never” | “no, not at all” | “yes but very little” “yes, a lot”
Frequency 2 3 7 1
Percent 15.4% 23.1% 53.8 % 7.7 %

Except one student, 53.8 per cent of the students stated in the second item that they

learn more about things that they already knew. On the other hand, five students stated that

the visit did not add to what they already knew.

Item-3: “I remembered things I hadn’t thought of for a while”

Table 6.22. Frequency distribution for item-3 (private school)

ITEM-3 “no, never” | “no, not at all” | “yes but very little” “yes, a lot”
Frequency 3 3 4 3
Percent 23.1% 23.1% 30.8 % 23.1%

According to the frequency distribution of the answers for this item, the numbers of

the students who have favorable or unfavorable opinions on that item are about the same.

Item-4: “I shared some of my knowledge with other people”

Table 6.23. Frequency distribution for item-4 (private school)

ITEM-4 “no, never” | “no, not at all” | “yes but very little” “yes, a lot”
Frequency 5 4 3 1
Percent 38.5% 30.8 % 23.1% 7.7 %

The number of the students who shared some knowledge with other people (n=4) is

about half of the number of the students who declared that they made no sharing of

knowledge with others (n=9).
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Item-5: “I got curious about finding out more about some things”

Table 6.24. Frequency distribution for item-5 (private school)

ITEM-5 “no, never” | “no, not at all” | “yes but very little” “yes, a lot”
Frequency 5 4 3 1
Percent 38.5 % 30.8 % 23.1% 7.7 %

According to the frequency distribution of the answers given to the 5™ jtem, the
number of the students who got curious about finding out more about some things is same

as the number of the students who did not get much curious, and their number is lower than

the students who never got curious about finding out more about some things.

Item-6: “I was reminded of the importance of some issues”

Table 6.25. Frequency distribution for item-6 (private school)

ITEM-6 “no, never” | “no, not at all” | “yes but very little” “yes, a lot”
Frequency 4 4 4 1
Percent 30.8 % 30.8 % 30.8 % 7.7 %

Frequency distribution of the answers of the 6™ item shows that only one student
thinks that he/she was reminded of the importance of some issues. On the other hand, 61.6
per cent of the students stated that they were not reminded of the importance of some

issues. And, there are still four students who think that they were reminded but very little.

Item-7: “I got a real buzz out of what I learnt”

Table 6.26. Frequency distribution for item-7 (private school)

ITEM-7 “no, never” | “no, not at all” | “yes but very little” “yes, a lot”
Frequency 2 1 7 3
Percent 15.4 % 7.7 % 53.8% 23.1%

Answers given to the 7" item indicate that a large proportion of students (about 80%)
enjoyed what they learnt. However, there are also students who stated that they did not

enjoy what they learnt (23.1%).



Item-8: “It was pleasant to be reminded”

Table 6.27. Frequency distribution for item-8 (private school)

ITEM-8 “no, never” | “no, not at all” | “yes but very little” “yes, a lot”
Frequency 7 2 3 1
Percent 53.8 % 15.4% 23.1 % 7.7 %

Frequency distribution of the answers for the 8 item shows that except four students
q Y p

the others (n=9) did not find being reminded of their prior understanding related to what

they experienced in the science center pleasant.

Item-9: “It was pleasant to learn more”

Table 6.28. Frequency distribution for item-9 (private school)

ITEM-9 “no, never” | “no, not at all” | “yes but very little” “yes, a lot”
Frequency 4 4 3 2
Percent 30.8 % 30.8 % 23.1% 15.4 %

According to the frequency of answers, 61.8 per cent of students found learning more
unpleasant. On the other hand, there are students (23.1%) who found learning more
pleasant but not much, and there are only two students who found learning more very

pleasant.

Item-10: “It was all very familiar to me”

Table 6.29. Frequency distribution for item-10 (private school)

ITEM-10 “no, never” | “no, not at all” | “yes but very little” “yes, a lot”
Frequency 1 3 4 3
Percent 9.1 % 273 % 36.4 % 273 %

Majority of the students (about 70%) stated in their answers that it was all familiar to
them. There is only one student to whom things are not familiar and three students to

whom things are not much familiar.
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Item-11: “Some of the things I learnt will be very useful to me”

Table 6.30. Frequency distribution for item-11 (private school)

ITEM-11 “no, never” | “no, not at all” | “yes but very little” “yes, a lot”
Frequency 4 3 5 1
Percent 30.8 % 23.1% 38.5 % 7.7 %

Frequency distribution of the answers for that item indicates that the proportion of
those who think positive about that item is about the same to the proportion of the students
who think negative. About 54 per cent of the students stated that some of the things they
learn will not be very useful to them. On the other hand, about 46 per cent of students

stated that some of what they learn will be very useful to them.

All in all, frequencies of the answers given to each item indicate that large proportion
of students in the private school have unfavorable opinions about their own learning. In
most of the items the number of students who marked cither “no, never” or “no, not at all”

is more than the number of the students who marked “yes, but very little” and “yes, a lot”.

Moreover, when each item of MOLI was analyzed in terms of the scores for the
groups who are provided with SCLK for their visit it was discovered that there is a
difference between the scores of students in the public school and the scores of the students
in the private school. Students in the public school seem to have more favorable
declaration about their own learning. Because of this, further analysis was made based on
the scores given to each item of MOLI by the students in the public school and the private
school. In order to test whether there is any significant difference between MOLI scores of

students in the public school and the private school, t-test for independent groups was used.

Table 6.31. Difference between two groups of students who are provided with

SCLK in terms of MOLI scores

t-test for Equality of Means

Sig. Mean Std. Error
t df | (2-tailed) | Difference Difference

Equal variances assumed 4282 | 24 0.000 11.800 2.755
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As a result of the t-test analysis it was found that there is a significant difference
between the MOLI scores of subjects in the public school (M=36.80, SD=6.4) and in the
private school (M=25.00, SD=7.6) in favor of the public school, t(24)= 4.282, p=0.000
(Table 6.31).

Research Question-3: What is the degree of understanding of big ideas of the 7™ grade

students who are provided with SCLK for the visit?

Analyses of the results for the third research question starts with the data obtained

from the public school, and results for the data obtained from the private school follows it.

In the first question, students were asked the most interesting thing they saw in the
science center. They were also required to answer what made it interesting for them. 16
students gave an answer to that question. Some students gave the names of more than one
exhibit. When their answers were analyzed, it was found that “meteor” is the most
interesting exhibit for majority of the students. Then, “experiment with sand” follows
“meteor” as the second interesting exhibit. Figure 6.1 shows all the exhibits which were

found to be interesting by the students.
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Figure 6.1. Exhibits which were found to be interesting by the students in the public school

Students who found meteor as the most interesting exhibit explained their reasons

b 1Y

as “seeing for the fist time”, “its coming from the space” and “having an interest toward

topics about space”.
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Students’ answers for that first question were also analyzed in terms of the
explanations they made about what makes the exhibits interesting for them. Three of the
13 students indicated that they thought that the exhibit was interesting because they saw it
for the first time. This implies that students find an exhibit interesting if they see it for the
first time. Similarly, two of the 13 students stated that they found an exhibit interesting

because they were interested in that content (space).

Additionally, in some of the answers (6/20) students stated that they found an
exhibit interesting because they found it pleasant or different. For example,
“newton'un toplari ¢cok hosuma gitti — I found Newton's balls pleasant”
“en giizel sey: meteor uzaydan gelmesi hogsuma gitti — the most beautiful thing is meteor, |

liked its coming from the space”

In the second question, students were required to answer the most meaningful
exhibit they saw in the in the science center and explain why it was meaningful for them.
16 students gave an answer to that question. Among them, there is one irrelevant answer
(“hareket ve kuvvet bu iinitede nerdeyse hepsi bu iinitenin i¢indeydi”’). Moreover, some
students gave the names of more than one exhibit as an answer of the question. When their
answers were analyzed, results showed that “express road” and “transfer of momentum”
exhibits were the most meaningful exhibits for the students. Figure 6.2 shows all the

exhibits which were found to be meaningful by the students.
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express road transfer of momentum  your weight in the giant scissor experiment with planetarium
space electricity

Figure 6.2. Exhibits which were found to be meaningful by the students in the public

school
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15 students made an explanation about their reasons for finding an exhibit
meaningful. Their answers for the second question were also analyzed in terms of the
explanations they made about their reasons for finding an exhibit meaningful. Majority of
the answers (n=10) seemed to provide irrelevant information and generally referred to the
contents of the exhibits rather than the reasons for finding the exhibit meaningful. For
example,

“Clinkii yercekimi heryerde ayni degildir — Because greavity is not same everywhere.”
“Makasin ucundan bastirmak tabiki daha kolaydir- Of course it is easier to apply a force
to the end point of the scissor.”

’

“Egimi anlatmasi —Its explaining slope.’

)

“Cok mantikli geldi — It is more meaningful for me.’

Moreover, a few of the students (n=5) could provide reasons for finding an exhibit
meaningful. These were scattered answered such as,
“Ogretmenimiz giizel anlattig1 icin — Because our teacher explained well.”’
“Hergiin kullandigimiz elektrigi gormek anlamli geldiginden — Because I find seeing

electricity that we use in our daily life meaningful.”

In addition to these two open ended questions students’ understanding of the big
ideas were also analyzed in terms of their answers to the additional four questions covered
in the “Understanding of the Big Ideas Questionnaire”. Each of these four questions is
related to one of the four exhibits selected for SCLK. In the first part students in the public
school and the students in the private school were asked how much they observed this
exhibit. They were required to select one of the three answers choices which are: “1=I
glanced at the exhibit”, “2=I investigated the exhibit carefully”, “3=I tried the exhibit by
doing myself”. Their answers’ frequencies were calculated. In the second part of the
questions, students were asked the main messages that can be understood in these exhibits.
Students’ answers were categorized as being concrete observation (correct/incorrect or
incomplete), abstract generalization (correct/incorrect or incomplete), isolated concept or

irrelevant.
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1. The Express Road
In the first part of the question about the “Express Road” exhibit, 16 students

expressed their opinions about how much they observed this exhibit.

Table 6.32. Frequency distribution of the answers to the question about “Express Road”

(Public School)

Valid 104
Frequency | Percent > a—
1 I glanced at the g 6
2 12.5 )
exhibit @ 4
[T
2 I investigated the 27
5 31.2 0
ibi T T T
exhibit carefully 1 3 3
3 I tried the exhibit by
9 56.2
doing myself
Answers about the Express Road
Total 16 100.0

Frequency distribution of the answer choices in the first of the question about the
“Express Road” shows that nine of the 16 students tried the exhibit by doing themselves.
While five students declared that they investigated the exhibit carefully, only two students
stated that they glanced at the exhibit (Table 6.32).

In the second part of the question about the “Express Road” students were required
to answer the main messages that can be understood in this exhibit. 16 of the 21 students
gave an answer to this part of the question and their answers were categorized as being
concrete observation, abstract generalization, isolated concept or irrelevant. There are five
answers which are concrete observations of the students. Among them, majority are either
incorrect or incomplete. The following answers of the students can be given as examples of
answers in that category:

“Diiz kaydiraktan topun yavas kaymasi ve egik kaydiraktan daha hizli kaymasi — Sliding
easily in a flat slide, and sliding hard in an inclined slide” (correct)
“Egimli yoldami yoksa dik yoldami top daha hizli iner — Does a ball slide in a flat or

inclined road” (incomplete)
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“Egik diizlemi fazla olan seylerin iizerinden gegenler daha fazla — those passing on the

planes which are more inclines are further” (incorrect)

On the other hand, there are also answers which reflect abstract generalization. All of
these abstract generalizations are either incomplete or incorrect. The following answers can
be given as examples for answers in this category for the “Express Road” exhibit.

“Bir yolun egimi ne kadar ¢oksa o yolda ilerlemek o kadar kolaydir — the big the slope of a
road, the easier to move on that” (incomplete)
“Bir cismin dik degil de egimli bir yolda daha hizli hareket etmesi — An object’s moving

faster in an inclines road rather than a perpendicular road” (incorrect)

There are also five “isolated concepts” given as an answer to the first question.
Answers categorized as “isolated concepts” are the ones which are somehow related to the
core concepts or exhibits but do not communicate meaningful explanations. Also, they
remain detached from the underlying principles. For example,

“Ivme ve siirtiinme kuvveti — acceleration and frictional force”

“Bence egik diizlemle alakalrydi — In my opinion it was related to the inclined plane”.

2. The Transfer of Momentum
The second question in the Understanding of the Big Ideas Questionnaire” was
about the “Transfer of Momentum” exhibit. Frequencies of 16 students’ answers to that

part of the question were calculated.
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Table 6.33. Frequency distribution of the answers to the question about“Transfer of

Momentum” (Public School)

Valid 12
Frequency | Percent > 10
8-—
1 I glanced at the T
1 6.2 2 &
exhibit @
o 47
2 I investigated the 4 250 2+
5. ]
exhibit carefully o T T T
1 2 3
3 I tried the exhibit
11 68.8
by doing myself Answers about the Transfer of Momentum
Total 16 100.0

Frequency distribution of the answer choices in the first part of the question about
the “Transfer of Momentum” shows that large proportion of students (11/16) tried the
exhibit by doing themselves. There is only one student who stated that he/she glanced at
the exhibit. The other students (n=4) declared that they investigated the exhibit carefully
(Table 6.33).

In the second part of the question about the “Transfer of Momentum” students were
asked the main messages that they understood from this exhibit. Among 16 answers five
were categorized as concrete observation of the students. Two of these answers are correct
and the others are incomplete, such as:

“Burda bir top ¢ekilince ona esit sonda baska bir topun ¢ekilmesi — when a ball is pulled,
another ball which is equal to it is pulled from the other end” (correct)
“Bir agirligi kaldirdiginda obiiriiniinde yani karst tarfataki bir tanesinin hava kalktigi —

When you moves up a weight, a weight from the other side moves up” (incomplete)

There are nine answers which were categorized as abstract generalization. None of
these abstract generalizations are correct; they are either incorrect or incomplete, such as:
“Enerjinin aktarimast — Transfer of energy” (incomplete)

“Verilen kuvvet kadar kuvvet alinmasi — Taking force in the amount of given force”

(incorrect)
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Additionally, there is one answer which is irrelevant:
“Bence bu harika ¢ok sevdim oyuncak gibi kuvvetin hi¢ bitmemesi — [ think this is

wonderful I liked very much, like a toy, force is never ending”

Lastly, there is one answer which was found to be isolated:

“Enerji akiminin esit olmasi — energy transfer’s being equal”

3. The Giant Scissor
The third question was about the “Giant Scissor” exhibit and was composing of two

parts. Frequencies of students’ answers to that part of the question were calculated.

Table 6.34. Frequency distribution of the answers to the question about “Giant Scissor”

(Public School)

Valid
Frequency| Percent > 6
1 |I glanced at the g 4
2 12.5 =
exhibit @
[ 7=
2 I investigated the
7 43.8
exhibit carefully 0 | T T
1 2 3
3 I tried the exhibit
7 43.8 . .
by doing myself Answers about the Giant Scissor
Total 16 100.0

According to the frequency distribution of the answer choices in the first part of the
question about the “Giant Scissor” the number of the students (n=7) who stated that they
tried the exhibit by doing themselves and the number of the students (n=7) who stated that
they investigated the exhibit carefully is same. Apart from them, there are two students

who declared that they glanced at the exhibit (Table 6.34).

In the second part of the question about the “Giant Scissor” students were expected
to write the main messages that the exhibit was revealing. At the end of the analyses of

their answers qualitatively, it was found that there are three isolated answers given by the
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students, which are:

“Kuvvet — Force”

“Oradaki agirlik, kuvvet séz konusuydu. Ama ¢ok begenmedim — It was about weight and
force, but I don’’t like it much”

“Bence bu deney bize hareket ve kuvveti gosterir — In my opinion this exhibit shows us

force and motion”.

Among the answers five of them are categorized as concrete observations of the
students. While two of these five answers are correct, the others were decided as being
either incorrect or incomplete answers. The following statements exemplify students’
answers which were set in this category:

“Nereden daha ¢abuk indigini gosterdi yani bir an bastan birde ortadan basildiginda en
bastaki daha kolay basildigint 6grendim —It showed that from which part it was pressed
down easily. In other words, when it was pressed down from its one end, then from the
middle, I learned that it is easier to press it down from its one end” (correct)

“Makasa bastirtlan yerin ¢okmesi ve ucunun ¢okmemesi — The point which is pressed
down goes down and its end does not go down” (incorrect)

“Destek noktasina uzak olan daha kolay basiyor — The one which is far from the fulcrum

presses down more easily” (incomplete)

The other six answers given to this question were determined to be abstract
generalizations of the students. Majority of the answers in this category were decided to be
either incorrect or incomplete, such as:

“Kuvvet destek noktasindan ne kadar uzaktaysa, o kadar kolay kuvveti uygulayabilir — The
farther the applied force to the fulcrum, the easier to apply that force” (correct)

“Bence tahterevallinin kaldirma kuvveti — In my opinion, it is lifting force of a lever”
(incorrect)

“Daha az kuvvet harcayarak daha fazla is yapmak — Doing more work by using little

force” (missing)
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4. Your Weight in the Space
The last question of the Understanding of the Big Ideas Questionnaire was about
the “Your Weight in the Space” exhibit; it was again composing of two parts. Frequencies

of students’ answers to that part of the question were calculated.

Table 6.35. Frequency distribution of the answers to the question about “Your Weight in

the Space” (Public School)

Valid 10
Frequency, Percent > 5
1 I glanced at the 5 &=
1 6.2 =)
exhibit D 4
(5™
2 I investigated the 0 62 27
56. I |
exhibit carefully 0 T T T
1 2 3
3 I tried the exhibit
6 375 Answers about the Your Weight in The Space
by doing myself
Total 16 100.0

According to the frequency distribution of the answer choices in the first part of the
question about the “Your Weight in the Space” majority of the students (n=9) stated that
they investigated the exhibit carefully. There is only one student who declared that he/she
glanced at the exhibit. Other six students stated that they tried the exhibit by doing
themselves (Table 6.35).

In the second part of the question about the “Your Weight in the Space” students
were required to answer the main messages that they understood from the exhibit. When
their answers were analyzed qualitatively and the answers were separated into different
categories it was found that there were four answers which are in the concrete observations
category. The number of the answers which were defined to be incorrect is equal to the
number of the answers which incorrect, such as:

“Bazi insanlar kendi kilolarini bildiklerine ragmen diger evrelerde kilolarini ol¢cemiyorlar.
Bunu kolaylastirmak icin — Although some people know their weight, they could not

measure it in the other cosmos. In order to simplify this” (incorrect)
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“Kilomuzun her gezegende farkli olmasi — Our weight is different in every planet”

(correct)

The other 11 answers were put into the abstract generalization category. Two of
these 11 answers were found to be correct; the other answers are either incorrect or
incomplete. The following student statements exemplify the answers in this category:
“Gezegen ne kadar biiyiikse bizim kilomuz o kadar fazladir. (o gezegende) Bu da o
gezegenin yercekimi ivmesine baglidir — The larger a planet the heavy we are in that
planet. This depends on the gravitational acceleration of that planet” (correct)
“Yercekiminin farkliligi — Difference of gravitation” (incomplete)

“Kilomuzun her yerde ayni olmadigr ama agirligimizin aynt oldugu — Our kilos are not

same everywhere but our weight is same everywhere’ (incorrect)

Among the answers given to this question there is also one answer that can be
categorized as an “isolated concept”:

“Bence bu tinitede bana agirligi anlatti — In my opinion, this unit explained me the weight”

The following paragraphs include results for the data obtained from the private
school. In the private school 37 students gave an answer to the first question which asks
students the most interesting thing they saw in the in the science center and what made it

interesting for them.
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Figure 6.3. Exhibits which were found to be interesting by the students in the private

school
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When students’ answers for the first question analyzed, it was found that “skeleton of
a baby whale” was the most interesting exhibit for 13 students. There is one irrelevant
answer (“astronomy”). And, some students gave more than one exhibit name. Moreover,
while all the exhibits were interesting for one of the students, two students stated that there
is nothing interesting for them in the center. Figure 6.3 shows all the exhibits which were

found to be interesting by the students.

Students who found baby whale skeleton as the most interesting exhibit explained
their reasons as “because it is giant”, “because it is real”, “because of having an interest in
whales”, “because of loving animals”, “its being very large although it is a baby whale”,
“and “its bone and length”. Five students did not make any explanation about what made

that “skeleton of a baby whale” interesting for them.

Students’ answers for the first question were also analyzed in terms of the
explanations they made about why they found an exhibit interesting. The most frequent
answer (6/37) for finding an exhibit interesting is in terms of its having an unexpected
result. The following two statements exemplify that situation; they are about “Transfer of
Momentum Exhibit” exhibit:

“Ctinkii iki top ¢ekince diger taraftan da iki top gittigini bilmiyordum — I do not know that
two balls will go out at the other end when two balls are released from one end.”
“Ciinkii iki topu birakinca tek topun hareket edecegini zannediyordum — I was expecting

that one ball will move from the other hand when two balls are released.”

Students made similar emphasis about unexpected results in their explanations about
finding “Skeleton of a Baby Whale” interesting. The following are example statements of
students:

“Yavru olmasina ragmen ¢ok biiyiiktii — Although it is baby, it was too large.”
“Bebek balinanin ¢ok biiyiik oldugu igin ilgimi ¢ekti. Hayvanlar: severim. — Because baby

whale is very large I found it interesting. I love animals.
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Additionally, some (6/37) students stated an exhibit interesting because they found
it entertaining and pleasant. For example,
“Yangin sondiirme aleti iging ve 6greticiydi — Fire extinguishing is both entertaining and
informative.”
“Televizyonda daha once gérmiistiim ve ¢cok merak etmistim. Burada yapmak hosuma gitti

1

— I saw it on the television before and I wondered. I enjoyed making it here.’

35 students gave an answer to the second question that students were asked the most

meaningful exhibit they saw in the in the science center and why it was meaningful for

them.
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Figure 6.4. Exhibits which were found to be meaningful by the students in the private

school

When students’ answers were analyzed, it was found that the exhibit related to fire
extinguishing was found to be the most meaningful one by the students. For four students
all the exhibits were meaningful. On the other hand, one student stated that none of the
exhibits were meaningful. Three answers could not been understood by the researcher
(“balon, gezegenlerle ilgili olan, iskeletler- yildizlar”). Figure 6.4 shows all the exhibits
which were found to be meaningful by the students. Only two students explained their
reasons for finding fire extinguishing meaningful for them. They stated that it is

meaningful because it makes people conscious.

Students’ answers for the second question were also analyzed in terms of their

reasons for finding an exhibit meaningful. Among 29 students who specified “the more
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meaningful” exhibit 13 students did not make any explanation about why they found it
meaningful; two of these 13 students specifically wrote that “I don’t know the reason”.
Among the explanations they made, most frequent reasons were related to their learning
about this topic at the school (n=2) and its (fire extinguishing) making people conscious

(n=2).

Apart from these analyses of the answers for two open-ended questions, students’
understanding of the big ideas was also analyzed in terms of their answers to the additional

four questions covered in the “Understanding of the Big Ideas Questionnaire”.

1. The Express Road
38 students expressed their opinions about how much they observed the “Express
Road” exhibit. Students’ answers for the first part of the question were analyzed by using

frequency distribution of their answers.

Table 6.36. Frequency distribution of the answers to the question about “Express Road”

(Private School)

Valid i
Frequenc Percent
quency > 15-
1 I glanced at the z
9 23.7 £ 10
exhibit @
bk -
2 I investigated the
20 52.6
exhibit carefully 0 | T T
1 2 3
3 I tried the exhibit
9 237 Answers about the Express Road
by doing myself
Total 38 100.0

Frequency distribution of the answer choices in the first of the question about the
“Express Road” shows that majority of the students (20/38) investigated the exhibit
carefully. The number of the students who stated that they tried the exhibit by doing
themselves (n=9) and those who stated that they glanced at the exhibit (n=9) is same
(Table 6.36).
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In the second part of the question about the “Express Road” students were expected
to write the main messages that can be understood in this exhibit. Among 56 students 21
students gave an answer to that part of the question and their answers were categorized as
being concrete observation, abstract generalization, isolated concept or irrelevant. Among
the given answers there is one irrelevant answer:
“Hicbirseyi dis goriiniisiine bakarak degerlendirmemeliyiz — We should not evaluate

anything by looking at its appearance”

There are two answers categorized as “isolated concepts”, such as:

“Hiz — Velocity”

Apart from these, 4 answers were categorized as concrete observation. Among them,
there is no correct observation; all of them are either incorrect or incomplete. The
following answers of the students were categorized as being concrete observation:

“Ivmeli yolda top daha hizli — the ball is faster in an accelerated road” (incorrect)

“Hangi yolun daha hizli oldugunu 6grenmek — to learn which road is faster” (incomplete)

There were also answers which were categorized as abstract generalization. Answers
of 8 students were in the abstract generalization category but all of these answers were
either incorrect or incomplete, such as:

“Egim ile yol arasindaki iliski — the relation between the road and slope” (incomplete)
“Yolun fkisa olmasi hizi degistirir — The road’s being short changes the velocity”

(incorrect)

There were also students who specifically expressed that they did not know the
answers. 6 students either put question mark or wrote “I don’t know” for the answer of that

part of the question.

2. The Transfer of Momentum
The second question in the Understanding of the Big Ideas Questionnaire” was
about the “Transfer of Momentum” exhibit. Frequencies of 16 students’ answers to that

part of the question were calculated.
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Table 6.37. Frequency distribution of the answers to the question about “Transfer of

Momentum” (Private School)

207
Valid > 15-
Frequency| Percent g
£ 10
1 I glanced at the 2
13 342 .
exhibit
2 I investigated the o T T T
9 23.7 1 2 3
exhibit carefully
3 I tried the exhibit Answers about the Transfer of Momentum
16 42.1
by doing myself
Total 38 100.0

Table 6.37 summarizes frequency distribution of the answer choices in the first part
of the question about the “Transfer of Momentum”. According to the Table 6.37, 42.1 per
cent of the students tried the exhibit by doing themselves. 34.2 per cent of the students
stated that they glanced at the exhibit, and 23.7 per cent of the students declared that they

investigated the exhibit carefully.

In the second part of the question about the “Transfer of Momentum” students were
required to answer the main messages that can be understood in this exhibit. When 18
answers were analyzed qualitatively, it was found that two answers were categorized as
concrete observation, where all the answers are either incorrect or incomplete. The answers
categorized in this category are stated in the following:

“Bir top digerini vurursa diger késedeki topda gider — When a ball strikes to another ball,
a ball on the other side also moves” (incomplete)
“Bir yerden kuvet veriyorsun o transfer olarak obiir taraftan ¢ikiyor — When you give force

from one side it is transferred and leaves from the other side” (incorrect)

Moreover, there were four students who specifically wrote “I don’t know” or put
question mark as an answer of that question; and two answers as “isolated concepts”, such
as:

“enerji — energy”
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There are also abstract generalizations among the answers. 13 answers were put
under the category of abstract generalization; all of the answers are either incorrect or
incomplete. The following student statements exemplify the answers in this category:
“Enerji birbirine aktarma — Transfering energy between one another” (incomplete)

“Kuvvet trasferi — Force transfer”

Lastly, there was also one irrelevant answer among the students’ answers for this
question:

“Ogrenmek - Learning”

While analyzing students’ answers for the question about the “Transfer of
Momentum” exhibit both in the public and the private school, it was realized that the
answers were given as they were titles of a topic; students could not give meaningful
generalizations in their answers. For example, most of the students gave answers such as,

“energy transfer”, “force transfer”, and “power transfer”.

3. The Giant Scissor
The third question of Understanding of the Big Ideas was about the “Giant Scissor”
exhibit. Students’ answers for the first part of that question were analyzed by using

frequency distribution of their answers.

Table 6.38. Frequency distribution of the answers to the question about “Giant Scissor”

(Private School)

]
(=]
1

Valid

—
on
1

Frequency| Percent

Frequency
3

1 I glanced at the
12 31.6
exhibit =7
2 I investigated the ] T T T
16 42.1 1 2 3
exhibit carefully
3 I tried the exhibit 10 263 Answers about the Giant Scissor
by doing myself .

Total 38 100.0
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Frequency distribution of the answer choices in the first part of the question about
the “Giant Scissor” indicates that majority of the students (n=16) stated that they
investigated the exhibit carefully. According to their answers choices 12 students glanced
at the exhibit. The other 10 students declared that they tried the exhibit by doing
themselves (Table 6.38).

In the second part of the question about the “Giant Scissor” students were required to
answer the main messages that can be understood in this exhibit. Their answers were
analyzed qualitatively. At the end of the analyses, it was found that there is one irrelevant
answer:

“Bilgimizi artirmak — improve our knowledge”

Moreover, there were four students that specifically expressed either by putting
question mark to the answer part or writing “I don’t know” that they didn’t know the

answer.

Furthermore, there are 6 isolated answers, such as:
“Kaldira¢ — Lever”

“Kuvvet — Force”

Only one student gave an answer which was categorized as being concrete
observation which is an incomplete answer:
“En koseden basarsak kuvveti ¢ok basit asagi indirebiliriz — when we press down from the

end point, we can easily wind down the weight” (incomplete)

The other 12 answers were put into the abstract generalization category. Majority of
these answers were identified to be either incomplete or incorrect, such as:
““F.x=P.y formiiliiniin kanitt — Proof of F.x=P.y formula” (correct)
“Uzaklik arttik¢a yiikii daha rahat kaldiririz — It is easier to lift a weight as the distance
increses”’ (incomplete)

“Tele yapilan basing — the pressure exerted on a wire” (incorrect)
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4. Your Weight in the Space
The last question of the Understanding of the Big Ideas Questionnaire was about
the “Your Weight in the Space” exhibit. Students’ answers for the first part of that question

were analyzed by using frequency distribution of their answers.

Table 6.39. Frequency distribution of the answers to the question about “Your Weight in

the Space” (Private School)

Valid 20—
Frequency| Percent
q y & 157
1 I glanced at the g
10 25.6 g 10
exhibit @
[5S 5_
2 I investigated the
10 25.6
exhibit carefully o T T T
1 2 3
3 I tried the exhibit
19 48.7
by doing myself Answers about the Your Weight in The Space
Total 39 100.0

According to the frequency distribution of the answer choices in the first part of the
question about the “Your Weight in the Space” the number of the students who stated that
they investigated the exhibit carefully (n=10) is similar to the number of the students who
glanced at the exhibit (n=10). Other 19 students stated that they tried the exhibit by doing
themselves (Table 6.39).

In the second part of the question about the “Your Weight in the Space” students
were asked the main messages that they understood from that exhibit. When their answers
are analyzed qualitatively, 14 answers were put into the concrete observation category.
Among them, majority were found to be correct, while others are either incomplete or
incorrect, such as:

“Kiitlenin her gezegene gore degismesi — Mass changes in every planet” (incorrect)
“Agirlik gezegenden gezegene degisir — Weight changes in every planet” (correct)
“Agwrlik her yerde farkhidir — Weight is different everywhere” (incomplete)
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The other five answers given to that question were put into the abstract
generalization category. All of the answers given to that category were found to be
incomplete, such as:

“Yercekimi ivmesinin her gezegende farkli olabilecegi — Gravitational acceleration is

different in every planet” (incomplete)

Moreover, there were two students who pointed out either by putting a question
mark, or by specifically writing “I don’t know”that they did not know the answer. Apart
from these, there are six isolated answers, such as:

“Ivme degisir — acceleration changes”

“Kilo farkliliklar: — kilo differences”

It was also found that there is one irrelevant answer:

“Ogrendiklerimizi pekistirmek — solidifying what we learned”

In general, what was investigated in the answers of the students is that they made
some abstract generalizations. However these abstractions did not necessarily indicate that
the students could induce generalizations from their observations. Rather the answers
seemed to be written without real meaning and implied that the students gave an immediate
response using the connotation of the titles of the exhibits (especially in the “transfer of
momentum” and “your weight in the space” exhibits). So they might not be really
abstractions of the students. If specific observations were written, these answers might

indicate more meaningful understanding.

To summarize, the results obtained from the private school seemed to show a number
of differences from the results obtained from the public school in terms of the answers
related to the four exhibits. In the first part of the questions students in the public school
and the students in the private school were asked how much they observed this exhibit.
Frequency tables indicate that public school students seemed to try out the exhibits more
frequently than private school students. When the frequency tables are studied it is seen
that students in the public school most frequently stated that they investigated the exhibits
and they tried them by doing themselves. On the other hand, when the frequency tables of

the answers of the students in the private school were investigated, it was seen that they did
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not show a common build up in any of the three answer choices. On the contrary answers
were spread out among the three answer choices. In the second part of these four questions,
students were asked the main messages that can be understood in these exhibits. For both
of the groups (public/private) students’ answers were categorized as being concrete
observation (correct/incorrect or incomplete), abstract generalization (correct/incorrect or
incomplete), isolated concept or irrelevant. In order to get a better picture of the
understanding of the big ideas of the students in the public school and the students in the
private school, number of the correct, incorrect, incomplete, isolated and irrelevant

answers given by the students were calculated (Table 6.40).

Table 6.40. The number of the correct, incorrect, incomplete, isolated and irrelevant

answers given by public school and private school students

CONCRETE ABSTRACT -

OBSERVATION GENERALIZATION _ 2

14 = =
= & Z

= = zZ

Incorrect/ Incorrect/ E g 5 2

Correct Correct = N = =

Incomplete Incomplete =] Z »n =

! ~

Q

=

Answers about the Question related to the “Express Road” Exhibit
PUBLIC 1 4 0 6 5 0 16
PRIVATE 0 4 0 8 2 1 15
Answers about the Question related to the “Transfer of Momentum” Exhibit
PUBLIC 2 3 0 9 1 1 16
PRIVATE 0 2 0 13 2 1 18
Answers about the Question related to the “Giant Scissor” Exhibit
PUBLIC 2 3 2 4 3 0 14
PRIVATE 0 1 4 8 6 1 20
Answers about the Question related to the “Your Weight in the Space” Exhibit

PUBLIC 2 2 2 9 1 0 16
PRIVATE 9 5 0 5 6 1 26

Table 6.40 summarizes the results for the 3™ research question. Understanding of the
Big Ideas Questionnaire was administered to 16 students in the public school, and 40

students in the private school. Looking at the total number of the answers of the private
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school students in Table 6.40, one can see that the proportion of the given answers (15/40,
18/40, 20/40, 26/40) is very less when compared to the number of the students taking this
questionnaire. The number of the correct answers given by private school students is the
highest in the question about “your weight in the space” exhibit. In the public school, the
highest number of correct answer is in the questions about “giant scissor” and “your weight
in the space” exhibits (Table 6.40). These two exhibits were found to be meaningful by the
students in the public and the private school. As it can be seen it Table 6.40, both public
school and private school students made abstract generalization in the questions about the
“express road” and the “transfer of momentum” exhibits but all of their abstractions were
found to be either incorrect or incomplete. None of the students in the public school and
the private school could make correct abstract generalizations about the main messages
that these two exhibits are revealing. However, these two exhibits were found to be the

most meaningful exhibits by the students in the public school.

Research Question-4: Will the 7" grade students who use the SCLK and students who do
not use SCLK during their visit differ in terms of their understanding of the big ideas in
the exhibits?

Students’ answers for the questions about the four exhibits selected for SCLK were
separated in to categories as being “concrete observation”, “abstract generalization”,
“isolated concept”, and “irrelevant”. Then, frequencies of the answers of the students in
each category were computed for control group and the experimental group separately. The

results are summarized in Table 6.41.
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Table 6.41. Frequency and percentage distribution of “big ideas” categories of the students

in the control group and the experimental group

CONCRETE ABSTRACT 7 = = g
OBSERVATION GENERALIZATION = z > 5
> = z 2
< = 2]
N
Incorrect/
Correct Correct Incorrect/ 5 z =
Incomplete Incomplete =
~
Answers about the Question related to the “Express Road” Exhibit
Exp. 0 4 0 3 1 0 8
Group (0%) (50%) (0%) (37.5%) (12.5%) | (0%) (100%)
Control 0 0 0 5 1 1 7
Group
(0%) (0%) (0%) (71.43%) (14.3%) | (14.3%) | (100%)
Answers about the Question related to the “Transfer of Momentum” Exhibit
Exp. 0 1 0 6 1 1 9
Group (0%) (11.1%) (0%) (66.7%) (11.1%) | a1.1%) | (100%)
Control 1 1 0 8 1 0 10
Group
(0%) (10%) (0%) (80%) (10%) (0%) (100%)
Answers about the Question related to the “Giant Scissor” Exhibit
Exp. 0 1 3 3 3 1 11
Group
(0%) (9.09%) (27.27%) | (27.27%) (27.27%) | (9.09%) | (100%)
Control | 0 0 5 3 0 9
Group
(11.1%) | (0%) (0%) (55.5%) (33.3%) | (0%) (100%)
Answers about the Question related to the “Your Weight in the Space” Exhibit
Exp. 2 2 0 3 3 1 11
Group
(18.18%) | (18.18%) | (0%) (27.27%) (27.27%) | (9.09%) | (100%)
Control 3 0 2 3 0 15
Group
(46.67%) | (20%) (0%) (13.33%) (20%) (0%) (100%)

As Table 6.41 shows the number of the answers in each category are very few.
Therefore no statistical analysis except frequencies could be used to analyze the data in this
research question. Comparison of the groups was based on descriptive statistics. According
to the frequencies of the answers given for the “Express Road” exhibit neither students in

the experimental group, nor students in the control group could give any correct answer for
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the question. Half of the students in the experimental group (n=4) could state their concrete
observation which are either incorrect or irrelevant. Three students in the experimental
group and five students in the control group made either incorrect or irrelevant abstract
generalizations. Again, students in the experimental and the control groups could not give
any correct answer to the second question about the ‘“Transfer of Momentum”.
Experimental group is better in abstraction in their answers to the third question which is
about the “Giant Scissor”. Three students in the experimental group had answers in the
abstract generalization category. On the other hand none of the students in the
experimental group could make abstract generalizations in their answers. None of the
students in the experimental and control group could give correct answer in the abstract
generalization category to the question about “Your Weight in a Space” exhibit. Number of
the students who could state correct concrete observation (n=7) in the control group is
more than the number of the students who could give answers in the concrete observation

category (n=2) in the experimental group.

Hypothesis-1: 7" grade students who are provided with the SCLK for their visit will
score higher then the 7" grade students who are not provided with SCLK for the visit in
terms of their conceptual understanding regarding the concepts force and motion as

measured by Conceptual Understanding Questionnaire.

In order to test this first hypothesis, whether there is any difference between groups
in terms of students’ performances in CUQ-Force & Motion should be tested. Repeated
measures ANOVA was used in order to test whether there is any significant difference

between the groups’ performances in terms of CUQ-Force & Motion scores.
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Table 6.42. Descriptive Statistics about CUQ-Force & Motion of the participants

Experimental-Control Std.

Group Mean Deviation N
CUQ-Force & Motion ‘Experimental group 21.7083 4.97475 12
(Pre-test) ‘Control group-1 17.2333 6.87092| 15

‘Control group-2 21.0833 6.50466 12

‘Total 19.7949 6.40900 39
CUQ-Force & Motion ‘Experimental group 23.0417 5.43331 12
(Post-test) ‘Control group-1 16.6000 755976/ 15

‘Control group-2 20.1667 6.81687 12

‘Total 19.6795 7.10216 39

Table 6.42 shows mean and standard deviation of scores of students in each group
and both in pre-test and post-test. In the pre-test the mean of scores of the students in the
experimental group (M=21.7083) is higher than the mean of scores of the students in the
first control group (M=17.2333) and the mean of scores of the students in the second
control group (M=21.0833). Because of this, the mean scores in the post-test were also
calculated for each group. The mean scores in the post-test were found to be M=23.0417
for experimental group, M=16.6000 for the first control group and M=20.16.67 for the
second control group. The mean values of the groups indicate that there is no improvement
in students’ performances in the control groups in terms of CUQ-Force & Motion; on the
contrary there is a decline in their performances. On the other when the mean values of the
pre and post test scores of the students in the experimental group are compared, there
seems to be a small shift (towards higher mean from pre to post test) in the students’

performance in the experimental group.

In order to test whether there is any significant difference between the groups and

also to test their pre-post difference, repeated measures ANOVA was carried out.
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Table 6.43. Repeated measures ANOVA results on CUQ-Force & Motion pre-post test

scores of participants

Type III Sum

Source of Squares Df |Mean Square F Sig.
factorl Pre-Post Measures 0.101 1 0.101 0.006 0.939
factorl * GROUP 18.457 2 9.229 0.542 0.586
Error(factorl) 612.908 36 17.025

The results obtained from repeated measures ANOVA test indicate no significant
changes from pre to post measures (factorl) when the experimental and control groups are
analyzed as a whole group. As it can be followed from the first row of the Table 6.43, there
is no statistically significant difference between pre and post performances of the students
in three groups in terms of CUQ-Force & Motion scores, F(1.36)=0.006, p=0.930.
Moreover, no significant interaction (between pre-post measures and the study groups) was
observed when the changes from pre to post measures were analyzed for the three groups
(factor] *GROUP). Second row of the Table 6.43 shows that, the changes from pre to post
measures is not significantly different for the experimental group and the control groups;
which implies that there is no effect of the treatment, F(2.36)=0.542, p=0.586. Therefore,
results did not support the first hypothesis.

Hypothesis-2: 7" grade students who are provided with the SCLK for their visit will score
higher than the 7" grade students who are not provided with SCLK for their visit in
terms of their personal declaration about their own learning as measured by MOLI.

In order to test the second hypothesis, the mean scores obtained from MOLI were
compared. The comparison was made between the groups who are provided with and
without SCLK for their visits. Opposite to what is hypothesized by the researcher, the
mean score of the experimental group was found to be smaller that the two control groups

(Table 6.43)



Table 6.44. Descriptive Statistics about MOLI scores of the participants

N | Mean | Std. Deviation |Std. Error | Min. Max.
Experimental group 11 25.00 7.629 2.300 13 35
Control group-1 14 28.79 7.051 1.885| 16 40
Control group-2 11 28.91 3.562 1.074] 23 35
Total 36 27.67 6.476 1.079] 13 40

In order to test whether this difference between the mean scores of the experimental

group and the control groups is statistically significant or not, One Way ANOVA between

independent groups was used.

Table 6.45. One Way ANOVA results on MOLI scores of the participants

Sum of

Squares Df Mean Square F Sig.
Between Groups 112.734 2 56.367 1.373 0.268
Within Groups 1355.266 33 41.069
Total 1468.000 35

According to one way ANOVA results, it was found that there is no statistically
significant difference between the groups who are provided with and without SCLK in
terms of MOLI scores, F(2,33)=1.373, p=0.268 (Table 6.45). Therefore, results did not
support the second hypothesis.

6.2. Analysis Done on the Questions about Participants’ Prior Science Center

Experiences

Apart from the three questionnaires, there were also four questions asked participants
about their prior science center experiences. Analyses of the first, the second and the fourth
questions were based on the descriptive statistics; frequencies of the given answers were

calculated. Analysis of the third question was made qualitatively.
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Analysis done on the questions about participants’ prior science center experiences

starts with the analysis of the results for the data obtained from the public school.

First Question: Before this visit have you ever visited a science center?

Analysis of this first question was based on the frequency distribution of 16 students’

answers for the first question.

Table 6.46. Frequency table&histogram for the answers of the first question

(public school)
QUESTION-1 2 12:
Frequency Valid Percent E 5
“Yes” 10 62.5% g 4
“No” 6 37.5% S U

When the frequencies of the answers given to the first question were calculated, it
was found that while 10 students visited the science center before; six students declared

that they haven’t visited the science center before (Table 6.46).

Second Question: If your answer is “Yes” for the first question: Did you find this visit

different from the previous ones?

According to the answers given to the first question only 10 students who said “yes”
should have answered this question. However, three students who said “no” for the first

question also gave an answer to the second question.

Table 6.47. Frequency table&histogram for the answers of the second question

(public school)
QUESTION-2 > 10
-
Frequency Valid Percent § (o
= 4
“Yes” 10 76.9 % £ ]
0 T T
“No” 3 23.1 % Mo Yes
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Frequencies of the answers for the second question were calculated. It was found that

10 of the 13 students found this visit different from their previous visits (Table 6.47).

Third Question: If your answer is “Yes” for the second question: What do you think makes

this visit different from the others?

11 students gave an answer to the 3™ question. Their answers are as in the following:
“Bence bu gezide daha da ¢ok bilgilendik. Ciinkii bu sefer bize rehberlik yapan bir
abla oldu - Learning more because of some who made guidance for us”

“Daha zevkli — More enjoyable” (this answer is stated by two students)

“More informative — Daha bilgili”

“Bir de daha once bu kadar deneyler gormemistim - I haven’t seen so many
experiments before

“Anketler — Questionnaires”

“Geziye gitmeden once bize verilen ¢alisma kagitlar: farkliydi - Worksheets given
before going to the center”

“Bu sefer bence ordaki deneyleri daha iyi kavradik - Better understanding of the
exhibits”

“Bizi serbest birakinca deneyleri yapabilme firsatimiz oldu - Having a chance to
try the exhibits by ourselves when we were free”

“Gezi oncesinde ve sonrasinda ¢alismalar yapildi - Activities done prior to and
after the visit”

“Sorular vardi. Sorular bu konuyu bizim kavramamizi sagladi. En farklist buydu.
Simdi daha iyi anlyyorum. Oradakilerin ne ige yaradigint - Questions which helped
us to understand the topic and the exhibits better”

“Ayr1 projeler — Projects”

“Ayri bilgiler — Information”

“Daha fazla uygulama yaptik — More practice”

Among these 11 students who answered this question two students gave their

opinions about what made this visit different from the previous ones in terms of the

exhibits in the science center. They stated in their answers that previously, there were no

experiment with electricity, giant scissor, fire extinguishing, and rotating exhibit upstairs.
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Fourth Question: If your answer is “Yes” for the second question: When you are expected
to make a comparison between this visit and your previous visits, in which one did you

learn more?

Nine students (100%) who answered the fourth question indicated that the present
visit was better than the previous ones. Their frequency distributions are shown in Table

6.48.

Table 6.48. Frequency table&histogram for the answers of the fourth question

(public school)
QUESTION-4 > 12:
Frequency Valid Percent E 51
“This visit” 9 100 % E ;:
“Previous visits” 0 0% ° This vist

As shown in Table 6.48, analysis of these answers revealed that all the students
answering this question learned more from this visit when compared to their previous

Visits.

Analysis of these four questions was based on all the answers given to each question.
However there are some inconsistencies in the answers of the students. For instance, one of
the students indicates that he hasn’t visited the science center before. In the second
question, the same student tells that he didn’t find this visit different from the previous
ones. Again, the same student tells in the third question, according to him what makes this
visit different from the previous ones is that this visit was more enjoyable, more
informative, and he added that he hasn’t seen such more experiments before. Similar
inconsistencies were also discovered in some of the other student responses. However,
because one could not decide which one was answered by mistake, all the answers for each

question were analyzed by the researcher.

Analysis done on the questions about participants’ prior science center experiences

were also done for the results of the data gathered from the private school.
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First Question: Before this visit have you ever visited a science center?
Among 56 students 40 students answered this question. Analysis of the answers was

based on their frequency distribution.

Table 6.49. Frequency table&histogram for the answers of the first question

(private school)

QUESTION-1 > 37

Frequency Valid Percent E 207

“Yes” 14 35 % g1
“Nov 26 65 % T e ves

As a result of the analysis of the answers given to the first question, it was found that
while 14 students visited the science center before, 26 students declared that they haven’t

visited the science center before (Table 6.49).

Second Question: If your question is “Yes” for the first question: Did you find this visit
different from the previous ones?

20 students gave an answer to the second question. Six students who told that they
haven’t visited the science center before stated their ideas in the second question.

Frequencies of the answers were calculated.

Table 6.50. Frequency table&histogram for the answers of the second question

(private school)

QUESTION-2 2 157

Frequency Valid Percent g 107

“Yes” 5 25 % g
“No” 15 75% TN v

According to answers of 20 students, 15 of them did not find this visit different from
their previous visits (Table 6.50). Only five students stated that they found the visit

different when compared to their previous visits. However the students showed
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inconsistencies in their answers, because six students who stated that they had not visited a

science center before (in question-1) compared their current visit with previous visits.

Third Question: If your answer is “Yes” for the second question: What do you think makes
this visit different from the others?
Only five students gave an answer to that question. The following are the answers

given to that question:

“Okulla gitmem — Visiting the center with the school”

o “Degisik buluglar — Different discoveries”

e  “Daha giizel anlatilmis olmasi — Being explained better”

e  “Daha begenmem — Admiring more”

e “Daha ¢ok kisiyle gitmek — Going to the center with more people”

o  “Deneylerin asil amacinin 6grencilerin derslerine yardimci olmast - Because
exhibits’ main goal is supporting students’ lessons”

o “Istediklerime bakamamam — Not being able to look at the exhibits that I wanted”

e  “Daha az goresellige dayanmasi - Being based on less visuals”

Fourth Question: If your answer is “Yes” for the second question: When you are expected
to make a comparison between this visit and your previous visits, in which one did you

learn more?

Only nine students answered this question. Two of these nine students previously

stated that they haven’t visited the science center before.

Table 6.51. Frequency table&histogram for the answers of the fourth question

(private school)

QUESTION-4 > il

S o

Frequency Valid Percent g o

“This visit” 3 333 % £
“Previous visits” 6 66.7 % - Pr;ﬁ;;ﬂhis'visn
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Table 6.51 shows the results according to analysis of these 9 answers given o the
fourth question. Only 3 students stated that they learned more in this visit. On the other

hand, other 6 students stated that they learned more in their previous visits.
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7. DISCUSSION AND CONCLUSION

This study was designed and conducted with two major goals. The first goal is
concerned with the development of a kit which guides student learning experiences
specific to several exhibits at the science center in Istanbul. Therefore, the Science Center
Learning Kit (SCLK) was developed after careful consideration of the suggestions and
cautions raised in the literature. The second major goal of the study is to measure the
effects of the (SCLK) though an implementation in a science center in Istanbul. Its effects
were measured by examining the learning outcomes of the 7" grade students who
completed the visit, and also by comparing the learning outcomes of the groups who
completed the visit with and without the SCLK. The learning outcomes of these groups
were compared in terms of their level of conceptual understanding about force and motion
unit, personal declaration of their own learning, and their understanding of the big ideas
underlying the selected exhibits. In the study both quantitative and qualitative data

obtained from 21 public school students and 56 private school students were used.

The study was implemented in two different kinds of schools in Istanbul with two
different research designs. The effectiveness of SCLK was analyzed using pre-
experimental design (pre-test post-test design) and quassi-experimental design (pre-test,

post-test, control group design) for the public and private school respectively.

In the public school, CUQ-Force & Motion was administered to the students in the
experimental group. Then, students made their visit to the center as suggested in SCLK.
After this guided science center visit experience of the students (which covers the pre-
during-post visit experiences), CUQ-Force & Motion was administered to the students
again. Additionally, MOLI and Understanding of the Big Ideas Questionnaires were also

administered to the students and their opinions about the implementation were taken.

Similarly, in the private school, CUQ-Force & Motion was administered to the whole
group by the teachers. Then, one group visited the science center with SCLK and the other
two groups visited the center without SCLK. At the end of the implementation CUQ-Force

& Motion was administered to the students in these three groups for the second time. In
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addition to CUQ-Force & Motion, MOLI and Understanding of the Big Ideas

Questionnaire were also administered to the students in three groups.

The study questioned the degree of change in the 7™ grade students’ conceptual
understanding about force and motion topic following their visit with SCLK. The study
also aimed to investigate whether 7" grade students who use the SCLK and students who
do not use SCLK during their visit differ in terms of their conceptual understanding

regarding the selected concepts in the “force and motion” unit.

In order to determine the degree of change in conceptual understanding of the 7™
grade students who are provided with SCLK for the visit, the students were administered
“CUQ-Force and Motion” prior to and following their visit. In the public school, the mean
of scores of the students in the pre-test was M=9.50. After their visit experience as
suggested in SCLK the mean of scores of the students made a little shift, and the mean of
scores increased to M=10.88. However, there was no statistically significant difference
between pre-test scores (M=9.50; SD=6.16) and post-test scores (M=10.88; SD=5.69) of
the students who are provided with SCLK for the science center visit, t(12)=-1.703,
p=0.114. Similar measurements were also made in the private school. The mean of scores
of students in the experimental group was M=21.71 in the beginning. Then, this group of
students made their visit to the center as suggested in SCLK. After the visit, CUQ-Force
and Motion was administered again and their mean score was found to be M=23.04.
Similar to the results in the public school, no statistically significant difference was found
between pre-test results (M=21.71, SD=4.97) and post test results (M=23.04, SD=5.43) of
the students in the experimental group, t(11)=-0.782, p=0.451.

In CUQ-Force & Motion public school students’ mean scores were lower than the
private school students’ mean scores. The reason for this may be due to the fact that in the
public school 6™ grade students (n=12) also participated to the study; their numbers were
more than the 7™ grade students (n=9) participating in the study. Because SCLK was
prepared to address 7t grade students, CUQ-Force & Motion was prepared in the 70 grade
level. So, 6™ grade students did not know majority of the subjects covered in the
questionnaire. Therefore, it is not unexpected to see higher CUQ-Force & Motion mean

scores in the public school.
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In order to test the first hypothesis, repeated measures ANOVA was used to examine
whether there is any significant difference between the experimental and control groups’
performances in terms of CUQ-Force & Motion scores. The results did not support the first
hypothesis. It was found that there is no statistically significant difference between the
experimental group and the control groups. The results implied that the treatment was not
effective in improving the conceptual understanding of the students, F(2.36)=0.542,
p=0.586. The reason behind this result may depend on the fact that SCLK could not be
used in the way suggested. There are primary bases of the kit and everything covered in the
kit were prepared by taking these bases into consideration. Therefore, SCLK should be
used by applying everything suggested in the kit. However, throughout the implementation
both in the public and the private school, some of the steps suggested in the SCLK could
not be applied in the way suggested. For example, there were four authentic tasks in the kit
were expected to be used as a follow-up activity. They should have been completed by the
student groups in the public and the private schools, and then students should have
presented what they did to their friends on the day specified. As, Connolly, et al. (2006)
stated when students turn back to school after visiting the center, they are expected to have
a wealth of information. And, it becomes important to focus on students’ experiences on a
class time. However, majority of the groups were not ready on the day specified for
creating this classroom environment for the presentations. Thus, extra time was given to
them, after a little preparation they presented their work to their friends. Because students
did not make enough preparation and they were not willing to do the tasks, well-prepared
products could not be produced. Also, no discussion environment could be established;
they could not adequately reflect on what they had experienced in the center. Groups
simply made their presentations and some students listened while others did not. Therefore,
students could not solidify what they saw in the center. Moreover, they could not make the
connection between what they saw in the center, what they prepared in the authentic tasks
and what they learned in the school. In other words, students in the experimental groups
were treated different from the control group by using SCLK but since it could not be used
properly, the results showed no difference. As a result, no significant results were obtained
in terms of the CUQ-Force & Motion scores, and no significant increase could be observed

between pre and post-test results of the students both in the public and the private schools.
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Another reason for not observing the significant difference between pre-test results
and post-test results of the students who were provided with SCLK may depend on
students’ reluctance to complete the questionnaires. The study was implemented at the end
of the semester both in the public and the private school. Because of this, majority of

school exams had finished and students were already in a “holiday” mood.

The reason behind students’ having low performance during the implementation may
be due to the fact that students did not have enough competencies which were required for
completing most of the activities in SCLK. For example, in order to complete the group
task, students should have competencies required for group work; they should be
successful in scheduling their time that they could have given the task on time. Apart from
these, although some of them previously had visited an informal setting, they were not
accustomed to have a guided tour. For example, in the center students were required to
complete a worksheet, yet majority of the students may not have the necessary
competencies for completing a worksheet individually and properly by investigating the
exhibits carefully. They may not have sufficient experiences which are required for the
development of such competencies. Therefore, it is apparent that teachers are critical in the
implementation; they should have scaffolded their students to complete their group tasks or
complete the worksheets in a proper way. The other side of the coin is that, teachers may
not have enough experience in and knowledge about the informal settings such that they
themselves lack the competencies required to guide their students in these settings. Or,
they might not believe in the value of these settings and related activities. This is more
parallel to the views put forth by Kisiel (2003) who points out that the teachers’ perception
of what happens in a classroom setting conflicts with what happens in an informal setting.
Certainly, teachers have the skills of teaching in a classroom environment. When they
organize a field trip to an informal setting, they are actually placed in an environment
where they are not much familiar with. Therefore, teachers’ experiences about the informal
learning environments are also important to increase the effectiveness of such settings in

learning.

Apart from testing conceptual understanding of the students, the study also aimed to
examine the personal declaration of the 7" grade students who are provided with SCLK for

the visit about their own learning as measured by MOLI. It was also investigated whether
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the 7™ grade students who use the SCLK and students who did not use SCLK during their

visit would differ in terms of their personal declarations about their own learning.

With the intention of examining the personal declaration of the 7™ grade students
who were provided with SCLK for the visit about their own learning, descriptive statistics
were used to analyze data from both the public and the private school. In the public school,
students got higher scores from MOLI; the mean of their scores was found to be 36.80
where 44 is the possible highest score. This implies that, students in the public school were
frequently in agreement with favorable declarations about their own learning as measured
by MOLI. Analysis about students’ personal declaration about their own learning was also
done for each item of MOLI separately. These item-specific analyses also showed that
students generally have favorable declarations about their own learning. The same analyses
were done according to the MOLI scores of the students in the private school. The mean of
scores of the students in the private school were found to be lower than the mean of scores
of the students in the public school. Analyses done for each item of MOLI also showed
that large proportion of the students in the private school have unfavorable declerations
about their own learning. This result stimulated a need for further analyses, in order to
examine whether there was any significant difference between the scores of students in the
public school and the scores of the students in the private school. The results indicated a
significant difference between the MOLI scores of students in the public school (M=36.80,
SD=6.41) and the students in the private school (M=25.00, SD=7.62) in favor of the public
school, t(24)=4.282, p=0.000. The reason behind this result may depend on the fact that
while private school students were accustomed to different kinds of activities such as field
trips, projects or group works, public school students were not familiar with such
experiences. As Braund and Reiss (2006) pointed out, students appeared to be more
enthused when they visited or were taught in places where science is explained in new and
exciting ways. For sure, when we say “science centre experience” we look at it as a whole
with pre-during-post visit experiences; and the students in the public school are not used to

have frequent experiences with such activities as suggested in SCLK.

The study also investigated the differences in personal declarations of 7" grade

students who used the SCLK and students who did not use SCLK during their visit. The
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results indicated no statistically significant difference between the MOLI scores of groups
who completed the visit with and without SCLK, F(2,33)=1.373, p=0.268. The reason for
this may depend on several factors. Firstly, as it was mentioned previously, because the
study was implemented at the end of the term, the students were not willing to do the
activities covered in SCLK. For example, majority of the students did not prefer to read the
“enjoy & learn” cards distributed to them throughout their visit. Moreover, majority of the
students did not do their group task which they should have prepared and presented to the
other groups. In short, students did not get involved in the science center visit and this
resulted in similar outcomes for the students in the experimental and the control groups.
Second reason for not observing significance may be due to their teachers’ attitude.
Teachers in the private school were not willing to be a part of the study; they did not want
to lead many of the activities, such as presentation prior to visit or group presentations
about the tasks. Therefore, all the activities were led by the researcher. This may cause
students to feel that all the work they were expected to make was something independent
of them and they did not feel themselves responsible for learning and also doing all the

activities properly.

According to Michie (1998) teachers found field trips as valuable experiences for
the students. However, school administrators are generally believed to be the barriers for
teachers’ organizing field trips. What is required is school administrators’ understanding
the value of field trips (as cited in Anderson et al., 2006). However for the present study,
the school administrator in the public school seemed to reveal an example quite contrary to
what Michie (1998) proposes. The school principle was willing and personally led the

organization of the field trip in the public school.

When mean of the MOLI scores of the students were compared, it was found that
the mean score of the students in the experimental group was lower than the mean score of
the students in the control group. This may be due to the fact that students in the private
school had to study a lot by doing tasks, completing the worksheets, making presentations,
etc. On the other hand, students in the control group visited the center just for fun. When
other factors such as unwilling teachers, who did not want take any responsibility for the
implementation, giving students with extra load at the end of the term after their exams had

finished, etc. are considered it is possible that having a science center visit for fun was
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favored to having a science center visit that requires the completion of several tasks as
experienced by the students in the experimental group. Apart from these, students’
opinions about learning and their motivation to learn were not known at the beginning of
the study. The reason for having this kind of difference between the mean scores of the
students in the control group and in the experimental group may be due to the fact that
students in these three groups may normally have this difference in their modes of

learning.

In addition to the conceptual understanding and the personal declarations of learning,
the degree of understanding of big ideas of the 7" grade students who are provided with
SCLK for the visit was probed. The understanding of the big ideas in the exhibits was
examined in order to understand whether there was any difference between the 7™ grade
students who use the SCLK and students who did not use SCLK during their wvisit.
Majority of the questions in this questionnaire were open-ended questions that asked
students their ideas, opinions or understanding. Notable results were obtained at the end of

the analyses.

To start with, in the first question, students were asked the most interesting thing
they saw in the science center. They were also required to answer what made it interesting
for them. Public school students found meteor interesting. Majority of them stated that
meteor was interesting because of “seeing it for the fist time”, “its coming from the space”
and “having an interest toward topics about space”. Private school students found skeleton
of a baby whale interesting. They explained their reasons as “because it is giant”, “because

2 (134

it is real”, because of “having an interest in whales”, because of “loving animals”, “its
being very large although it is a baby whale”, “and “its bone and length”. As it can be
inferred from the answers, there are some similarities in the answers of students in the
public and private schools. The results may be interpreted by using these similarities, such
that students found things interesting when they see something they are interested in,
something real or something for the first time and something unexpected. As Griffin
(1998) states, one of the unique contributions that informal learning setting make is
confronting visitors with real things. It is believed that visitors can use these real objects in

the setting to extend their perceived realities and pre-existing mental constructs (Dierking,

1996 as cited in Griffin, 1998). Moreover, one of the conspicuous results private school
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students gave for finding skeleton of a baby whale interesting is its being giant. This is
consistent with the study conducted by Anderson, et al. (2002) about young children and
the nature of their learning through museum experiences. According to their findings large-
scale exhibits can be readily recalled by children. They found that for children such large-
scale objects and exhibits have a strong attracting and holding power. It was reported by
Anderson et al. (2002) that in their study children frequently recalled large-scale animal
models, similar with the finding in the current study where majority of the students found

skeleton of a baby whale interesting.

Students’ answers for finding something interesting or meaningful were also
interpreted in terms of the reasons they gave. In the private school students declared that
they found something meaningful when the exhibit is related to what they learn at the
school (n=2) and when it serves as a means to increase conscientiousness such as a fire
extinguisher (n=2). Public school students could not provide relevant information for that
question. But among the answers of the private school students there was an emphasis on
school curriculum. Students indicated that when they see something in the center about
what they learn related to that topic at the school they found it meaningful. Although
numbers of the students giving such answers are not many, such kind of an explanation
among students’ answers support the significance of the curriculum connection of the field
trips. As being one of the primary bases of SCLK, learning experiences of students in an
informal setting should be integrated into the formal school science learning (Anderson

and Zhang, 2003; Bell and Rabkin, 2002; Griffin, 2004).

Public school students found the “express road” and the “transfer of momentum” as
the most meaningful exhibits in the center. These two exhibits are the ones which were
tried by the students by themselves most frequently. According to their answers, 56.2 per
cent of the students tried the “express road” exhibit by themselves and 68.8 per cent of the
students tried “transfer of momentum” exhibits by themselves. This is consistent with the
words of Piaget (1964, p.176) who stated that “to know an object is to act on it” (as cited in
Rudmann, 1994). Rudmann (1994) declared that in order to internalize what they learn
individuals must physically manipulate objects. He suggests organizing longer visits by
providing objects for manipulation. Again parallel with this idea, some of the private

school students participating the study (n=3) complained about not trying the exhibits.
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Three students stated in their answers to the question about the “Express Road” that they
were not allowed to try the exhibits by themselves. Among these three students one also
gave similar answer to the question about the “Transfer of Momentum”, and stated that she
could not try the exhibit by herself. These complains of the students may reflect their

willingness to try the exhibits for better understanding.

In the Understanding of the Big Ideas Questionnaire students were also asked the
main messages that they understood in the four exhibits covered in SCLK. When the
answers of the students in the public and the private school were analyzed, it was noticed
that students used the term “kilo” instead of “weight” in their answers to the question
about the “your weight in the space”. This may be due to the fact that in the title of the
exhibit “kilo” is used instead of “weight”; so students might have used that title as a cue
while writing their answers. Additionally, while explaining the main ideas revealed in the
“Express Road” exhibit, students in the public school used the term “straight” (diiz) in their
answers for the inclined plane which is perpendicular to the ground. However, this road is

also inclined.

At the end of the implementation in the public school, while administering the
questionnaires, students’ were requested to give their thoughts about their science center
experience. The opinions of the 13 students who told their opinions showed that they

generally have positive feelings about the implementation (Appendix L).

7.1. Limitations

Kisiel (2007) calls attention to the fact that school field-trip experience is a complex
phenomenon. Factors such as teacher perceptions of field-trip pedagogy, teacher prior
experiences, student prior experiences, school support of field trips, museum policies, etc.
may have an influence on it. Because of this it is unavoidable to encounter some
limitations during the implementation of the study. In this part limitations of the study will

be discussed.
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First of all, the results of the study could not be generalized to the all 70 grade
students, because the sample size of the study is very small. In the public school the study
had to be conducted also with the participation of the 6™ grade students; the number of the
7™ grade students were less than the number of the 7" grade students. Apart from this,
sample of the study were not selected randomly. Selection of the schools was done
conveniently by the researcher. Participants from the public school (n=21) were selected
by their teachers and the administrator of the school. Participants in the private school
(n=56) were selected by the science teachers of the school. Another constraint is again
about the participation of the 6" grade students. Because the questionnaires and the tasks
were not in their level, they had difficulty, especially while they were having CUQ-Force
& Motion. This also resulted in inadequate data about their level of conceptual

understanding.

Another limitation of the study is about the science teachers in the public and the
private school. In the design of the study, science teachers of the participating group of
students should be a part of the study and that they should lead all the activities suggested
in SCLK. Teachers should have conducted all the activities and managed their students as
if this science center visit was a part of their science course in the school. However, this
was not the case both in the public and the private school. In the public school the teacher
was not willing to take part in the study. The researcher managed the study, and at the
same time implemented all the activities and used materials with students as suggested in
SCLK. The teacher did not come to the science center and she did not observe any of the
activities prior to and after the visit. Similarly, in the private school teachers did not want
to get involved in the study a lot. Except one teacher, others did not follow the steps in the
study adequately. But they implemented all the questionnaires at the beginning and at the
end of the study. Although she did not want to lead the activities suggested in SCLK, only
one teacher took part in all parts of the study with the researcher. Because students did not
see their teacher as an authority who is conducting the steps as part of their science course,
they might have felt that this implementation was something independent of them and
might not have paid enough attention to the implementation. The importance of teacher
presence and teacher guidance is indicated by Kisiel (2007) who points out that even the
fill-in-blank worksheet can support the learning experience of students with proper teacher

guidance. As such, lack of teacher involvement might have decreased the effectiveness of
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the treatment. Therefore, as Kisiel (2007) suggested, helping teachers to become aware of
the characteristics of informal learning environments and their role in facilitating learning
can contribute to move beyond a traditional tour in an informal setting. This can also
increase the use of tools such as SCLK and any kinds of materials that support learning in

an informal setting.

The researchers’ dual role seemed confuse students’ minds in the public school. The
researcher acted as both the person who was conducting the science center visit by using
the materials and the activities suggested in SCLK like a teacher, and also being a person
who was administering the questionnaires for collecting data to measure the effectiveness
of the implementation by using SCLK. Therefore some students had a difficulty to
differentiate which parts belong to the research and which parts belong to the real science
center visit experience for them. This is more explicit in their answers to the question,
“what do you think makes the visit different from the others?”. Some of the students gave
answers about the activities that they experienced and materials that they used, but some
made comments about the questionnaires which were administered to them for collecting
data. The following are some examples from the students’ answers to that question:

o “Anketler — Questionnaires”

e  “Bu sefer bence ordaki deneyleri daha iyi kavradik - Better understanding of the
exhibits”

e “Gezi oncesinde ve sonrasinda ¢alismalar yapildr - Activities done prior to and

after the visit”

Another limitation is about the time of implementation. The study was implemented
at the end of the term both in the public and the private school. In the private school, the
study was implemented after all the science exams were over. Therefore, students,
especially the ones in the private school, were not willing to have any task, do any test or
make anything about a science course. The other limitation about timing can be discussed
in terms of the period given to the students for completing the authentic tasks. The students
may be expected to complete the tasks in a longer period taking care that these tasks should
be used as a follow up for the science center experience. All in all, these limitations about

timing might have also decreased the effectiveness of the treatment.
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There are also some limitations about the implementation of the study. At the
beginning of the study, three control and three experimental groups and three science
teachers were identified in the private school. On the day of the science center visit, most
of the students changed their mind and did not want to come to the science center. Two of
the classes were excluded from the study because very few students from these two classes
joined in the visit to the science center. Therefore the researcher had to decrease the
number of both the control and experimental classes. As a result of these, the number of

students participating to the study from the private school decreased to 56.

There are also limitations about the collection of the data. Students gave some
inconsistent answers to the questions about their prior science center experiences. For
example, 15 students out of 20 students from the private school sample indicated that they
did not find this visit different from their previous visits. Only five students stated that they
found the visit different when compared to their previous visits. However, there were a
number of inconsistencies in students’ answers to consecutive questions. For example six
students who stated that they had not visited a science center before (in question 1)
compared their current visit with their (nonexistent) previous visits. Similarly, in the public
school six students stated that they hadn’t visited the science center before. Among them,
three students made a comparison between this visit and their (nonexistent) previous visits;
while one student stated that he/she found this exhibit different from the others, other two
students stated that they found no difference between the visits. Despite such
inconsistencies, all answers were considered during the analysis. However, the existence of

such inconsistencies cautions about careful interpretation of results.

It is better to mention that some of these limitations such as teachers’ staying away to
involve in the study, time of implementation, students’ lower motivation to complete the
activities and the taks included in the kit, and researcher’s dual role throughout the

implementation are also drawbacks of the study.

All in all, the current study showed the difficulties of conducting a research in an
informal setting and understanding learning in informal settings. According to Osborne and
Dillon (2007), it is not easy to study learning of science in informal settings. For them,

“while the study of learning science in formal contexts has at least reached the foothills of
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knowledge and understanding, researchers working in informal contexts are still in the
plains gazing at the mountain in far distance”. Therefore, although the current study has
some limitations about the implementation, it can contribute to our understanding of

learning in informal learning environments.

7.2. Recommendations for Further Research and Implications

This study was conducted in order to develop Science Center Learning Kit (SCLK)
and measure its effectiveness in terms of students’ conceptual understanding about the
force and motion unit, their personal declaration of their own learning, and their
understanding of the big ideas underlying the selected exhibits. Although results did not
support the effectiveness of SCLK, further research with better implementation can
increase its effectiveness, and provide necessary feedback to make revisions in the kit.
Therefore, SCLK can be used as a model for developing similar kits specific for different

content areas and for different grade levels.

SCLK could be used by the researchers for different kinds of studies and by the
educators (teachers, curriculum developers, museum educators) for educational purposes.
It might be possible to measure the effectiveness of the kit more accurately with a larger
sample and better implementation. As the results of the study indicated, in order get
benefits of the kit, it should be implemented as suggested and by taking its bases into

consideration.

In order to get generalizable results the study should be carried out again with larger
number of sample consisting of only 7" grade students. And the teachers should also be
integrated into the study such that they should lead all the activities and they should

integrate the science center visit into their science course.

In order to increase students’ motivation towards completing tasks suggested in the
SCLK, they should receive credits for their work and their performances should be made
more public. Their products can be displayed in a poster; they can make their presentation

to a larger group composing of their friends, teachers and maybe parents.
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Majority of the results indicated that SCLK 1is not effective in terms of students
learning outcomes. However, the results may not be due to the kit, but implementers of the
kit. Having teachers who would be more motivated and willing to use such kits for their
visits to informal settings, and to use informal learning settings by integrating them into

their science classes should be selected in the following possible research studies.

For further research, Turkish teachers’ attitudes towards using such kits as developed
in this study and their opinions about using informal learning environments in science
learning can be studied. As it is seen in this study, teachers are critical factors to make use
of informal learning environments in their science courses. The results of the study
conducted by Kisiel (2007) suggest that teachers may not be aware of research-based
pedagogical practices that can support learning in informal settings. Moreover, teachers’
comments in their study implied that their concerns about logistics and student control may
have considerable influence on teacher’s conception of successful field trips. Therefore,
teachers’ conceptions of organizing field trips and integrating them into the science courses
at schools can be studied. Teacher characteristics can also be considered as a variable when
examining and planning for effective practices about using the science centers as part of a

science course and when trying to provide students a wider science learning environment.

It is also important to examine teachers’ attitudes when introducing this kit for
classroom use. Ne notable extention of the present research would be to understand why
teachers stay away from implementing SCLK, and how it would be possible to change
these attitudes so that they become more open to use and adopt the kit in principle.
Subsequently, they can manipulate it according to their teaching environments and the

characteristics of the students.

School age children spend two-thirds of their waking lives outside formal schooling.
Instead of ignoring critical influences of out-of-school contexts on children, one should
realize how important students’ experiences in these environments are for their knowledge,
understanding, and also for their beliefs, attitudes and motivation to learn (Braund and
Reiss, 2006). Worldwide, informal learning environments such as science centers,
planetariums, aquaria, botanical gardens are often used effectively as part of science

courses in the schools. In Turkey there are limited numbers of such environments which
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are used for educational purposes. In order to improve student gains from these
environments, it is important to create a pool of educational resources such as educational
programs, learning kits (like the one developed in this study) and teaching materials
specifically designed for these environments. If and when teachers are supplied with a
number of resources that can help them improve student gains from informal settings, they
may feel better equipped to integrate students’ experiences in informal science
environments (such as science centers) into their learning experiences in the schools. That
way teachers can help students feel that science is not only a course in the school; it is in
their daily lives and they can use what they learn in school in a science center, in a

botanical garden, or somewhere else.
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APPENDIX A: EXHIBITS SELECTED FOR SCLK AND THE
OBJECTIVES ASSOCIATED WITH THE MAIN IDEAS
UNDERLYING THE SELECTED EXHIBITS

1 THE EXPRESS ROAD (EKSPRES
YOL)

7" Grade Science and Technology
Curriculum Objectives

Related to force, work and energy
students,
v’ realize moving objects having
kinetic energy,
v' discover relation of kinetic energy
with speed and mass.

“Parmaklarimizin yardimiyla araliktan topu yukar: dogru ¢ekmeye ¢alisin, toplardan birini
diiz digerini ise egimi olan araliktan yukariya ¢ekin ve sonra toplardan her ikisini de ayni
anda birakin. Egik diizlemden asagi kayan topun asagiya daha c¢abuk ulastigini
goreceksiniz. Egik diizlem bir sikloid ozelligi tasir. Nesneler en fazla egik diizlemlerde hiz
kazanir ve kisa yolun diiz olan olmasina ragmen egik olandan asagiya daha ¢abuk ulasir.”
(Sisli Bilim Merkezi)
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2 TRANSFER OF MOMENTUM
(MOMENTUM TRANSFERI)

7" Grade Science and Technology Curriculum
Objectives

Related to force, work and energy students,
v' realize moving objects having kinetic
energy,
v" discover relation of kinetic energy with
speed and mass,

S —— : v’ state that objects have gravitational

= ,J: potential energy due to their positions,

e i v' discover that gravitational potential

=ik - : energy depends on weight and height of
TR - an object,

—'—‘—‘ ;;,%;;f-:: == v’ explain with examples that kinetic energy

and potential energy can be transferred

L into one another,

v' from transfer of energy, reach at a
conclusion that energy is conserved.

Related to frictional force’s resulting in energy
loss students,
v' realize that frictional force cause decrease
in kinetic energy,
v’ explain decrease in kinetic energy with
transfer of energy,
v' make a generalization that air and water
resistance result in decrease in kinetic
energy.

“Toplardan birini ¢ekin ve sonra serbest birakin. Diger uctaki toplardan yalnizca
birinin hareket ettigini gozlemleyeceksiniz. 3 topu ¢ekip serbest biraktiginizda ayni
sekilde diger uctan 3 tane top hareket edecektir. Sizce 5 topu ¢ekip birakirsaniz ne
olur? Hareket halindeki bir cismin momentumu kiitlesinin ve hizinin ¢carpimina esittir.
Toplardan biri oniindeki topa ¢arptiginda, momentumunu bu ikinci topa aktarir ve
momentumun aktarildig top ilk topun hiziyla hareket eder. Ayni sekilde 2 veya 3 top
cekip birakildiginda, aktarilan momentum 2 veya 3 katina ¢ikar ve boylece kag top
cekilip birakildiysa diger ucgtan ayni sayida top hareket eder. 5 top c¢ekilip
birakildiginda da momentum 5 katina ¢ikar ve diger ugtan 5 top hareket eder. Bu
duurumda ortadaki top kendini yeniden gruplandirmak durumundadir.” (Sisli Bilim
Merkezi)
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3 GIANT SCISSOR (DEV MAKAS)

7" Grade Science and Technology
Curriculum Objectives

Related to the simple machines
students,

v' name Kkits which are used to
change a force’s direction
and/or magnitude as simple
machines,

v’ realize that it is possible to
obtain exit force larger than
entrance force by using simple
machines,

v’ state that while doing work
using simple machine will not
cause energy saving but it will
simplify the work being done.

“Kolay is yapmak.

Stwrasi ile 1,2,3,4 noktalarindan bastirarak makasi kapatmaya ¢alisin. Makasi hangi
noktada en az kuvvetle kapatabiliyorsunuz?

NEDEN?

Kol kuvvetimizi arttirmaya yarayan aletlere kaldirag¢ denir. Eger bir destek noktaniz
ve bir kaldira¢ kolunuz varsa, az kuvvetle ¢ok is yapabilirsiniz. Arsimet “Bana bir
destek noktasi gosterin diinyayr yerinden oynatirim’’, demisti. Makas, cimbiz,
tahtaravalli, masa, pense, kerpeten, el arabasi, ceviz kiracagi gibi aletlerin hepsi
birer kaldira¢ ornegidir. Cevrenizde baska hangi kaldira¢ ornekleri var? Bize
bildirin. Siz de yeni bir kaldirag tasarlayabilir misiniz?

(Kaldiraglarda, yiikiin bulundugu nokta ile destek noktasi arasindaki uzakhiga yiik
kolu, destek noktasi ile kuvvetin uygulandigi nokta arasindaki uzaklhiga da kuvvet
kolu denir.)

Kaldirag prensibini anlatiyor: YUK X YUk Kolu = Kuvvet x Kuvvet Kolu”
(Sisli Bilim Merkezi)
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4 YOUR WEIGHT IN THE SPACE
(UZAYDA KIiLONUZ)

6" Grade Science and Technology
Curriculum Objectives

Related to weight students,

v’ observe the existence of force between
masses in the Earth from events around
them,

v" name the force between masses in the
earth and the Earth as gravitational force,

v name gravitational force acting on a mass
as weight,

v' explain how weight of an object with the
same mass will be different in different
planets,

v’ differentiate mass and weight.

“Once, ayakli kumanda levhasindaki sari renkli ayar diigmesine basarak teraziyi
stifirlayin. Sonra teraziye ¢ikinve diinyada, eger olabilseydiniz Merkiir, Ay, Mars ve
Jiipiter gezegenlerinde kagar kilo oldugunuzu goriin.

NEDEN?

Her gezegenin cekim ivmesi birbirinden farklidir. Ornegin, diinyanmin cekim ivmesine
genellikle yer ¢ekimi (g) denir ve ayin veya baska bir gezegenin ¢ekim ivmesinden
farklidir. Cisimlerde sabit olan (degismeyen) kavram kiitledir (m). Bir cismin agirligt
(W) ise kuvvet olarak tamimlanmr (W = mxg ). Bu nedenle, sabit olan kiitle, her
gezegende farkli olan ¢ekim ivmeleri ile ¢arpildiginda bulunan kuvvetler birbirinden
farkly olacagi icin o cismin farkl gezegenlerdeki agirligi da farkli olur.” (Sisli Bilim
Merkezi)




APPENDIX B: GUIDING BOOKLET FOR TEACHERS:
INTRODUCTION SECTION

BILIM MERKEZI OGRENME ARACI
OGRETMEN EL KITABI

(Giris Bolumu)
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Giris: “Bilim Merkezi Ogrenme Araci”

Bilim Merkezi Ogrenme Araci, okul gruplarinin Bilim Merkezi’ne gezisi sirasinda
orencilerin 6grenmelerini kolaylagtirmak amaciyla 6gretmene rehberlik etmesi

icin gelistirilmigtir.

Aragta Bilim Merkezi'ndeki deney unitelerinden 7. sinif Fen ve Teknoloji
Dersi'ndeki “Kuvvet ve Hareket Unitesi’nde islenen belli kavram ve olaylarla
iligkili olan deney uniteleri kullanilmigtir. Bu baglamda ara¢ ozellikle 7. sinif

ogrencilerine ve fen ve teknoloji 6gretmenlerine yonelik hazirlanmistir.

“Kuvvet ve Hareket Unitesi”nde islenen temel kavram ve olaylar gosteren ve
Bilim Merkezi Ogrenme Aracrnin kapsamina alinan dért deney iinitesi:

1. Ekspres Yol

2. Dev Makas

3. Momentum Transferi

4

. Uzayda Kilonuz

Bu deney unitelerinin her biri Fen ve Teknoloji Dersi “Kuvvet ve Hareket”
unitesindeki belli kazanimlar ile eslestirilmistir. Boylece ogretmenlerin Bilim
Merkezi’'ne gezilerini kolaylikla dersleriyle iligkilendirebilecekleri
dusunulmektedir. Kitapgigin birinci ekinde bu dort deney Unitesinin agiklamasi,
ogretim programindaki kazanimlarla iliskileri ve Bilim Merkezi Ogrenme

Aracr'nda ogrencilerin o deney unitesi ile ilgili kazanimlar yer almaktadir.
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Bilim Merkezi Ogrenme Araci ii¢ bolimden olugmaktadir:

Bolum-1: Bilim Merkezi Gezisine Hazirlik

Bilim Merkezi’'ne hazirlik agamasinda o6gretmenin kullanabilecegi iki temel
materyal bulunmaktadir.
1. PowetPoint Sunum (kitapgigin ikinci eki): Ogrencileri Bilim Merkezi
gezisine ve gezi baglaminda yapilacak etkinliklere hazirlamak amaciyla
kullanilabilir. Kesinlikle Bilim Merkezi gezisi oncesinde yapilmasi

onerilmektedir.

2. Ogretmen El Kitabi: Ogretmenin Bilim Merkezi'ne gezi baglaminda
yararlanmasi amaciyla tasarlanmigtir. Gezi oncesi, gezi suresinde ve
sonrasinda gergeklestirilecek tum etkinlikler agiklamalariyla birlikte bu

rehber kitapta bulunmaktadir.

Boluim-2: Bilim Merkezi Gezisi

Gezi baglamadan once, ogretmen, oOgrencilerine gezinin bu asamasinda
kullanilacak galisma kagitlarini (kitapgigin ligiincii eki) dagitmahdir. Ogrenciler,
gezi suresince caligma kagitlarinin doldurulup, gezi tamamlandiktan sonra

ogretmene geri verilmesi gerektigi konusunda yonlendirilmelidir.

Ayrica, aracin amacina uygun olarak segilen deney Uniteleri ile ilgili geligtirilen
“eglen ve ogren kartlari” (kitapcigin dordiincu eki) geziden once rehberlere
ogretmen tarafindan verilmelidir. Boéylece, rehberler deney uinitelerini agiklarken

ogrencilere o deney unitesiyle ilgili karti dagitabilirler.
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Bilim Merkezi Gezisine Yardimci Calisma Kagidi: Ogrencilerin “Kuvvet ve
Hareket Unitesi” ile ilgili deney iinitelerini daha iyi anlayabilmeleri, bu
unitelerin altinda yatan fen ilkelerini yorumlayabilmeleri igin geligtirilen

gesitli sorulardan olugmaktadir.

“Eglen ve Ogren” Kartlari: Ogrencilerin, “Kuvvet ve Hareket Unitesi” ile
ilgili deney uniteleri hakkinda daha fazla bilgiye sahip olmalari amaciyla
gelistirilmistir.

Boliim-3: Bilim Merkezi Gezisi Sonrasi

Ogrencilerin Bilim Merkezi'ne gezi sirasindaki 6§grenme ve deneyimlerinin ders

ici ogrenmeler ile iligkilendirilmesi ve Bilim Merkezi'ndeki deneyimlerin daha

anlamli hale getirilmesi igin tasarlanmigtir.

1.

Tanitim ve Tasarim Gérevleri (kitapgigin besinci eki): Ogrencilerin Bilim
Merkezi'ndeki 4 deney unitesini kullanarak giinlik yasantidaki bazi
problemleri ¢ozmelerini hedefleyen gorevlerdir. Ogrenciler gruplar
halinde c¢alisarak kendi gruplarina verilen gorevi gerceklestirmeye
calisacaktir. Gorevler gergeklestirildikten sonra her gruptan ¢aligmalarini
diger gruplarla so6zli ya da poster sunumu yoluyla paylagmasi

istenecektir.

Sunum Kontrol Listesi (kitapgigin altinci eki): Ogrencilerin sunumlarini
belli bir takim kriterler gercevesinde hazirlayabilmesi igin gelistirilmigtir.
Boylece gruplardan nasil bir sunum yapmalari beklendigi daha agik ve

net bir bicimde ortaya konmus olacaktir.
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APPENDIX C: PRESENTATION FOR THE PRIOR ORGANIZATION
OF THE VISIT

v el i i e e s e e vl vl s e v v v i e i vl vl ke e i i e el i e sk e sl e e vl e e i vl il vl e e e i e

BIiLIM MERKEZ INE

o T P NN v
5 Ontario-Bilint Mefkezi

Sizlerle hep birlikte
“Bilim Merkezi"ne
gidecegiz.

s i i i e e s e sl e s e e sie s e i e sl i i e e e e sie sl e s e sk e e ke deded

_ FARKLI ULKELERDEKI
BILIM MERKEZLERINDEN ORNEKLER

»

v i i v e vl s e v e i vl e e i sl i ke v i e i v ol ke e i e ke el e sk v vl e el e e el e e e e

Bilim Merkezi'ne geziyi yapmaktaki
amacimiz nedir?

»

v i i i i i v i e e e i i e e e e i i i i o i ok sl e e e e i e vk e i e i i ke i e e ke e ke e e e



Kuvvet ve Hareket Unitesi'nde

isledigimiz konulart hatirlamak Deney initelerinin yardimiyla

sinifta 6grendigimiz kavramlarin
somut gozlemlerini yapmak

|| Egik diizlemde cisimlerin

hareketini gosteren

deneyler

Newton'un salincaginda

toplarin hareketi...
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v i i v e vl s e v e i vl e e i sl i ke v i e i v ol ke e i e ke el e sk v vl e el e e el e e e e

Bilim Merkezi'nde Neler Gérecegiz?

»

v i i v s vl ke e s e i sk e e i sk ke vk i e o sk ol ke kel e ke el e ke ke ol ke el ol v el e ke e e

Giines Sistemi'ne kisa bir
gezinti...

Tahterevallide
sallanmamizi saglayan
fen...

e e sl i e i i v e e i e e e e e e e i i i i e e sl e e e i e e e e e e e i e e e e e e e e

Bilim Merkezi'nde Neler Yapacagiz?

CALISMA PLANIMI

s i i i e e s e s e e e s ke i e sl ke i e i ke e i sl ke i e el ek sk e s ke deded



1. Galisma gruplarini
olusturalim

2. Merkeze gidelim
B!

7. Grup galismalarina
baslayarak
gorevlerimizi
tamamlayalim

3. Calisma kagitlarimiz
ogretmenimizden
alalim

-

SON. 6rup galismamizi
sunalim l

6. Grupga
ogretmenimizden
gorevlerimizi alalim

4. Merkezi gezelim
5. Calisma kagitlarimizi J
doldurup 6gretmenimize
geri verelim

v e e v e e v v ek e vl vl e v i e e ek e e vk e e ok vl e e il e e sl e e ek vl ke ek v e ok

CALISMA KAGITLARI?. ..

Gezi dncesi her birimiz gretmenimizden ayri bir ¢aligma
kagidi alacagiz.

Caligma kagitlarimizi gezi sirasinda bireysel olarak
cevaplandiracagiz.

Gezi sonrasi galigma kagidimiz Ggretmenimize teslim
edecegiz.

[ e i e e e s e e i e e sl o ook ke ol sk ol ok e ke sl e o e sl ok i e ol ol e ol e ek i e el ok ok e ke e o e o

v el i i e e s e e vl vl s e v v v i e i vl vl ke e i i e el i e sk e sl e e vl e e i vl il vl e e e i e
GRUP GOREVLERT?...

Grup gorevlerimizi gezi sonunda dgretmenimizden
ogrenecegiz.

Bir oyun parkinin “tasarim ve tanitim"i ile ilgili olan
gorevimizi grup arkadaglarimizla birlikte bize verilen
sorulari cevaplandirarak verilen siire iginde tamamlayacagiz.

Grup arkadaglarimizla birlikte tamamladigimiz gorevi diger
gruplarla paylasacagiz.

v i i e e i e i i i i s e i e i i i i v sk e i e e i e e e e i i i i i i i vl i ke i ke ok ke e e e ke

GRUP GOREVIMiZ

Tanitim ve Tasarim Gérevlerimiz Neler Olacak?

2. Tahterevalli

4. Gezegen Alani

b,.o"ﬁa . . .
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v i i v e vl s e v e i vl e e i sl i ke v i e i v ol ke e i e ke el e sk v vl e el e e el e e e e
CALISMA GRUPLARI?...

Bilim Merkezi'ne gezi dncesi 4 grup
olusturacagiz.

Gezi sirasindaki ve sonrasindaki
galigmalarimizin gogunu bu grupla
yliriitecegiz.

v i i v s vl ke e s e i sk e e i sk ke vk i e o sk ol ke kel e ke el e ke ke ol ke el ol v el e ke e e

e e e e e e e s e e e e e el e e sl sl ol el ol e sl e sl sl el e e ol e sl ol el e e e e e e e e ok o

BILIM MERKEZI'NDE GEZI?...

Bilim Merkezi'ndeki abla ve ajabeyler bizleri gruplar halinde
deney iinitelerinin her biri hakkinda bilgi vererek
gezdirecek.

Gezi sirasinda deney initeleriyle ilgili aklimiza takilan
sorulari sormakta serbest olacagiz.

Gezi sirasinda ya da sonrasinda galigma kagrtlarimizi
doldurabilecegiz.

Bilim merkezinde kesmak uygun bir dovroms dedildir.

Deney diizenekleri hakkinda bilgi verilicken dinlemeye
ozen gostermeliyiz.

LAt Rt S S S s s s 8 0 8 8 0 20 0 8.0 88030 8 8088020083800 000 0 0 0 0000 0 0 01

v i i v e vl s e v e i vl e e i sl i ke v i e i v ol ke e i e ke el e sk v vl e el e e el e e e e

GRUP GOREVIMiz

Tanitim ve Tarasim Gérevleri ne demek?

Isranbulda Dinyahin enbuyik ve enczqir oyur parkiarindan biri
Kurulmakitadir, Parktakiialanarinifier biri ustalikia planianmakia;
fiim ayrintilar disunilerek insa edimekiedir. Oyun parkiny
SanIpIErInienlcok oren.Verdigr oyur parkindaki i oyuncakiariyi
bilimsel bir cerevede fasarlanyiasialn Lsie bulasanada sizlere
Ihitiyag duydlacakiir

Oyun parkinn mimariars karsilastikiar) bir fakim problemilere
S/zjer/e paylasacak, cozum bulmakiarsizlerdenlyaraimisieyecesiir,
Bu.problenilerinifeniikelerine dayandirilarak ¢ozulmess onem:
fasimaktaair,

Oyun parkini sahipleri parkiakii cesitiioyur alarniarin fanitar
rekiam afis/ers olisturmanizi isteyeces; fanitilan oyun alaniarim
agiklamalaringa ren prensiplerine qore yapmaniz oreni rasiyacakiir,

v i i i i i v i e e e i i e e e e i i i i o i ok sl e e e e i e vk e i e i i ke i e e ke e ke e e e

GRUP GOREVIMiz

im ve Tasarim Gorevlerimizi Nasil Tamamlayacagiz?

Gaorevin fanitimina giris
sayfasi Gorevle ilgili
yanitlanmas:

gereken sorularin

bulundugu sayfa



v el i i e e s e e vl vl s e v v v i e i vl vl ke e i i e el i e sk e sl e e vl e e i vl il vl e e e i e

GRUP CALISMALARI?...

Grup olarak ders diginda bir araya
gelerek dgretmenimizin verdigi gorevleri
tamamlayacagiz.

Gruplar gérevlerini verilen siire iginde
tamamlayacak ve belirtilen zamanda
diger gruplara sunacak.

v v i ke e s e sk e ke sk e v ke sk i s e ok vl sl ke el e ke el e ke e sl e el sl e vl el ok e ke 'i

v i e v i e i i e i i v e e i i i vl e vl e e i i e e e e e e i i vie i i e ke e e e e e ke

HOS VE BOL
OGRENMELERLE DOLU
BIRGEZ|I OLMASI
DILEGIYLE...

s i e s ke i e i i e i i i e i i e i e e sie i i e i e ke sie e e sie sl e ke sie sk sieie sk ke e e
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v i i v e vl s e v e i vl e e i sl i ke v i e i v ol ke e i e ke el e sk v vl e el e e el e e e e

GRUP SUNUMLART?...

Grup ¢alismalarimizi s6zlii ya da
poster olarak sunacagiz.

Sunumlarimizi hazirlarken “kontrol
listesi“nden yararlanacagiz.

v i i v s vl ke e s e i sk e e i sk ke vk i e o sk ol ke kel e ke el e ke ke ol ke el ol v el e ke e e
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APPENDIX D: WORKSHEET

AD-SOYAD: s

BILIM MERKEZI GEZISI CALISMA KAGIDI

1. Fok topu kaydiraktan asagi biraktiginde en kisa sirede havuzra dismesi isteniyor.
i. Sence top hangi kaydirakta havuza en kiza sirede didger?
Bl ;

ii. Bu soruyu  cevaplandirirken  Bilim  Merkezi'ndeki hangr  deney unrtesinden
yararlandin?

iii. Sence bu deney dnitesi ile anlatiimak istenen kavramdalaylar nelerdir? (Okuisa
Wuwver  ve  Hareker  Cinitesi®  nde  islediklerinizi dikkate  alarak
cevaplandirab livsin ]

2. Kiigik bir fare ile maymunun bir tahferevallide dengede durmasi gerekiyor.
i. Butahterevallinin denge noktasi nerede almalidir?
Al Fareye daha yakin almah
B} Maymuna daha wakin almall
C) Fare ile maymunun tam artasinda almali

ii. Bu soruyu cevaplandiricken  Bilim  Merkezi'ndeki  hangi  deney  Onitesinden
yararlandin?

iii. Sence bu deney dnitesi ile anlahilmak istenen kavram/olaylar nelerdir? (Chuida
‘Kuwet ve Hareket Unitesinde islediklerinizi dikkate alarak cevaplandirabilirsin)
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Eder farkh gezegenlere gidebilseydi 120 kg'hk yaveo bir fil ogadidakilerden
hangizinde en adir alurdu?

A) JTipiter

Bl Merkir

) Mars

Bu soruyu  cevaplandirirken  Bilim  Merkezi'ndeki hangi  deney Unitesinden
yararlandin?

. Sence bu deney dnitesi ile anlatilmak istenen kaveamdolaylar nelerdir? (Chwica

‘Wuwvet ve Hareke? Linifesinde Fledikierinizi ditkate alarak cevaplandirabiiirsin}

Asadida ézdes toplarin aymi yikseklikten asilmasiyla olusturulan bir dizenegin
resmini gériyersunuz. Fok toplardan birini belli bir yikseklige kadar g¢ekip sonra
serbest biraktigmda bu top digerferine ¢arpiyor ve diger ugtaki itk top ayni
yitkseklikte diga firliyor.

i. Fok daha fazla savida topu gekip biraksa ne olur? Cizerek gosterin,

<8
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I o

GO

ii. Cizimlerini yaparken Bilim Merkezi'ndeki hangi deney dnitesinden yararlandin?

iii. Bu deney Unitesi ile agiklanmak istenen kavram/olaylar nelerdir? (Ohulda Kuvee?
ve Hareke? Lnitesinde gledikierinizi dikkate alarak cevaplandwab irsin )
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APPENDIX E: ENJOY & LEARN CARDS

The Card about the “Express Road” Exhibit

Oyuncak araba sekildekiyokuglardan birakilyar,
2. sekildekiyokug daha dik. Sizce araba
hangisinde daha gok bz kazamir?

1. ekl

Azagidaki sekilde efik dizlemde kay makta
olan cisriﬂn hizindaki ve ivmesindeki
dedigimi girebilirsiniz:

F= gsinf= g§= [%]ﬁ

Oyun parklarindaki hiz trenlerini farkh egimlere sahip pek gok
. egik dizlemden olugan sistemler clarak diginebilic miyiz?
. 9 4

L &
.‘, a

Kirmizi ok: Hiz vektard
Mhavi ok: Tvme vektird

Ivme hizin zamanla degisimdir. Diizgin ‘ i
hizlanan dogrusal harekette hareketli iz Yondaki sekilde ise fop en basta egimi yuksek bir
noktadan egimi daha az olan bir noktaya dogru

dizenli ve sirekli olarak arttirir. Hizdaki b [

harek et rk hiz rtmak tadir m gim
diizgiin artis nedeniyle sabit ivmeye sahip o o R erR ez I ok fac kg ivmes M elegiin| |
|

olur

derecesine gore deqismek tedir

The Card about the “Transfer of Momentum” Exhibit

NEWTON’UN BESIGI

Newton’un Begidi 1967 ynlinda Ingiliz aktor Simon
Prebble tarafindan +icat edilmigtir. Newton
yasal arim1 kullandgindan bilm adami we
matematikci Isaac Newton amiswna bu adh almistar.

Su anda halka agik
gosterimde olan, e
teknoloji gnster1-'|er1nde
h.l‘l‘la'l'lllﬂ'l [I.l'lya’dak1 en

binsik Begigi
thras w tarafindan
tasarl amigtar.

boyndaki -et_?'l baglarla
tawana asilmigtir. e size denerken ojremip aym Zzsonda cok zewk
Iit cok zey Sgremip aym 2 ol

Toplarin ye abi leceginiz iki -] orneqis
s sl .cans:neg-lnne}he'mns radl e tm

ksekli§i 1 m’dir- http: ffwew_school -for-champions
i i Ilttg'ffl-n.nker—fendt de fph14e/noradle m

Eglenceli bir oyuncak olarak da
| kullamilar.
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The Card about the “Giant Scissor” Exhibit

KALDIRAS BAGINTISI

Kaldiraglar sizz gok odir cisimlri Dengede olan bir kaldiragta her zaman;

hareket ettirebilne kolaylid sadlayan
bazit makinelerdir, Viki kaldi rabilnek duet % ket fole T Yitk s Vil kol
igin ne kadar kavvet wyaulanmam z

qerektidgi sizin destek noktasing olan BASIT MAKINELER
uzakhdim za gére dedigir. KALDIRAC

 — \\

E KUVVET

Uyqulanan kavwvetin destek noktasinaalan
uzakhiding KUWVET KOLU, yik ile destek
arasindaki uzakhda VUK HOLY derir.

Gunliik yazantamizda Gunluk yesantunizda Kaldiracin etrafinda déndial nokta: DESTEK
karsilashigimz Srnckderi kargilazhigimiz ormckden
tahterevall kerpeten, vh Fraohd ke, ef arabas,
Il

| ‘ Giinliik
1 -“Q yasantimizda
g \ e T <g== karsilashigim:
""*'-E-.—..J srmekleri: oz,
Kdirek, v

The Card about the “Your Weight in the Space” Exhibit

Neden uzayin derinliklerine dogru ugmak yerine yeryiiziinde kalabildiginizi diigindiiniz mii?

Yergekimi, kiutlesi bulunan
maddelerin birbirlerine dogru
ivmelenme egilimidir. “Kitle

YERCEKIMI

gekimi” olarak da adlandirilir —

Vergeh smi < _
.
T s S
g O halde, Evren'deki tim cisimler yergekiminden dalay ™

birbirlerine dogru ivmelenirler, Ancak gindelik iki egvarin
birbirine uyquladidi bu kidtle gekim kuvwetini dlgmek —_— )
guniimiiz teknolojizi ile miimkin degildin, -

Kiitlem Yergekimi Agirligim
. erle (kg) ivmesi (M)
ulurdu, (m/s%)
Dinya | 45 kg 9.8 441 N
Merhaba. Ustte agirlik tablomu Ay 46 kg 1.63 73,350
gérebilirsiniz. Farkh gezegenlere Merkiir i 37 166,5 M
gidebilsem kitlemde herhangi bir degisiklik Jipiter : oy 22.88 10206 M

olmayacak ama agirhgim gezegenin gekim
ivmesine gdre nasil da farkhlasacak fark
ettiniz mi?
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APPENDIX F: AUTHENTIC TASKS

TASARIM & TANITIM GOREVLERI

Istanbul'da Diinya'nin en biiyiik ve en &zgiin oyun parklarindan
biri kurulmaktadir. Parktaki alanlarin  her biri ustalikla
planlanmakta; tim ayrintilari diginiilerek insa edilmektedir.
Oyun parkinin sahipleri oyun parkindaki tiim oyuncaklarin bilimsel
bir gercevede tasarlanmasina ¢ok 6nem vermektedir. Iste bu
asamada sizlere ihtiya¢ duyulacaktir:

1.Oyun parkinin  mimarlari  karsilagtiklart  bir  takim
problemlere sizlerle paylasacak, ¢oziim bulmakta sizlerden
yardim isteyecektir. Bu problemlerin fen ilkelerine
dayandirilarak ¢éziilmesi 6nem tasimaktaktadir.

2. Oyun parkinin sahipleri parktaki gesitli oyun alanlarini
tanitan reklam afisleri olusturmanizi isteyecek, tanitilan
oyun alanlarinin agiklamalarinda fen prensiplerine gére
yapmaniz dnem tasiyacaktir.

Bu oyun parkinin diger pek gok oyun parkindan farkli olarak bir
takim kahramanlari da var. Bunlar:

1¥ Neseli Fok

It Minik Fare

1t Heyecanh Fil

I* Merakli Sincap
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GOREV-1
EGLENCE HAVUZUNDA BIR KAYDIRAK

Istanbul'da Diinya'nin en biiyiikk ve en &zgiin oyun parklarindan
biri kurulmaktadir. Parktaki alanlarin her biri ustalikla
planlanmakta; tim ayrintilari disiniilerek insa edilmektedir.
Oyun parkinin sahipleri oyun parkindaki tim oyuncaklarin bilimsel
bir cergevede tasarlanmasina ¢ok 6nem vermektedir. Iste bu
asamada sizlere ihtiyag duyulacaktir.

Oyun parkina bir eglence havuzu yapilmasi planlanmaktadir.
Eglence havuzunda olmazsa olmazlardan biri de havuzun igine
dogru uzanan bir kaydirak.

Oyun parkinin mimarlari tasarim sirasinda karsilagtiklar: bir
probleme ¢oziim dretip, bu ¢oziime gére bir kaydirak planlamak
zorundadir.

Sizden bu probleme ¢o6ziim ireterek oyun parkinin mimarlarina
yardim etmeniz talep edilmektedir.
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£)
A
1) @ Oyun parkinin mimarlarinin problemine ¢6ziim Gretirken yalnizca hangi
kaydirag: tercih etmeleri gerektigini 6nermeniz yeterli degil.

Sizden d&nerdiginiz kaydiragi tercih etme sebebinizi savunan bir agiklama da

beklemektedir. Buna gére,
a. Sizce hangi kaydiragi tercih etmeliler?

b. Neden? (Litfen tercihinizi hangi fen ilkelerini temel alarak yaptiginiz:
belirterek nedenleriyle birlikte agiklayiniz.)

2) Bu problemi ¢ozerken Bilim Merkezi'nde gérdiiginiiz hangi diizenekten
yararlandiniz?

a. Sizce bu diizenekte agiklanmak istenen nedir?

3) Bu diizenek size okulda “Kuvvet ve Hareket Unitesi” nde isledikleriniz
arasindan en ¢ok hangi kavram/olay: hatirlatti? Neden?
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GOREV-2
TAHTEREVALLI

Istanbul'da Diinya'nin en biiyiik ve en 6zgiin oyun parklarindan
biri kurulmaktadir. Parktaki alanlarin  her biri ustalikla
planlanmakta; tim ayrintilari digsiinilerek insa edilmektedir.
Oyun parkinin sahipleri oyun parkindaki tim oyuncaklarin bilimsel
bir cergevede tasarlanmasina ¢ok 6nem vermektedir. Iste bu
asamada sizlere ihtiyag duyulacaktir.

Oyun parkinda olmasi istenilenlerden biri de Minik Fare ve
Sevimli Maymun'un Oyun Parki'nin agildigi giin konuklara pek gok
gosteriyi sergileyecekleri bir tahterevalli.

Minik Fare ve Sevimli Maymun gdsteri sirasinda tahterevalli
Gzerinde birlikte dengede kalip izleyicilere hos anlar
yasatacaklar. Bunun igin o&zel bir tahterevalli tasarimi
gerekmektedir.

-
-

(B

I

Minik Fare Sevimir maymun
Oyun parkinin sahipleri en giizel tahterevalli tasarimini oyun
parkinda kullanilacaklarini belirtiyorlar.

Sizin tasariminizin oyun parkinda kullanilmasi igin belirtilen
kriterlere uygun bir tahterevalli tasarlamaya ¢alisin.
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1) Tahterevalliyi tasarlarken bilim merkezinde gérdigiiniiz hangi diizenekten
yararlandiniz?

a. Sizce bu diizenekte agiklanmak istenen nedir?

2) Okulunuzda Fen ve Teknoloji Dersi'nde islediklerinize gére bu tahterevallinin
galisma prensibini hangi konu/kavram/formiil ile agiklayabilirsiniz?
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GOREV-3

NESELI FOK'UN TOPLARI

Istanbul'da Diinya'nin en biiyilk ve en 6zgiin oyun parklarindan
biri kurulmaktadir. Parktaki alanlarin her biri ustalikla
planlanmakta: tim ayrintilari diginiilerek insa edilmektedir.
Oyun parkinin sahipleri oyun parkindaki tim oyuncaklarin bilimsel
bir cergevede tasarlanmasina ¢ok 6nem vermektedir. Iste bu
asamada sizlere ihtiyag duyulacaktir.

Oyun parkinin mimarlarinin tasarladigi 6zgiin alanlarindan biri de
"Neseli Fok'un Toplari Alani“dir. Negseli Fok toplarla oynamayi
gok seviyor. Bunu dikkate alan mimarlar, oyun parkini ziyaret
eden gocuklarin Negseli Fok ile birlikte oynayabilecegi bir alan
tasarlamiglar. Ancak tasarlama asamasinda bir problemle
karsilagmiglar, bu probleme ¢6ziim bulamadiklarindan sizlere
ihtiyaglar: var.

Neseli Fok




135

"ZIUILII|2q DYO[4 N IZIWBIpJIpUDADP 2ULID|2Y|I
uz; 16uoy nznunwinzo3 2jdaqes ng aipapyauy2.2b
pp ZiuowdoA owo150 J1q |25Wil|iq DJID|US UISI 1S2W|IgD|O

cuapap
¢ano au opuilbipoag diya5 doy jaop o4 1282p (2
cuapap| ¢Janje au opuibipo.aiq diyas doy 5n yo4 112521 (q
cuapap| ¢anjo au opuibipjouaig diyad doy 1 yoq 11282 (o
"uli24506 uaze vAowzoA apuidiq
g I[ULIAD 24I|dIq D[ZIULID|WIZIS 1ZIUIGDADD U4 4N|
‘UR)JDP|150 DJD[US 1ZIULI2UG WNZo5 P61 2|1 wa|qoud

puy{! 2WNzo3 znunbnp|ng uizis uiuLBIBWIW uuyaod undo (2 nq 1Gipowp|ng wnzo5 wulojowiw uwuted undp (T

.................. {qpap|o _w_m_._.u; .“HH
24 T) uopwinanp 131 nq nbngsnp 2411125 wiunjaod undo 22z1g
sperolopi)
28053nA oyop oy g upsuo doyg wes we ppsIn wadiq IT
No20Abudrs wopoy 2813253NA
Ao uoy3n 428ip doy uppoy 1814xouig diyo3 uoydn uig I
SHPIDfe 2u PIUDIG dixyoS doy pjzoy
uspurg oo HoSop ppag woAwdis oApaoy apxuesynA
Ao dey sy pyesdn wadip pounpounrg diyod uopoy adiyesy
g Hpeq  puniq  uopuoydes 116 prapiies ed  yosoN

o




136

1) Oyun parkinin mimarlarinin sizden ¢ézmenizi istedigi probleme g¢o6ziim liretirken
bilim merkezinde gérdiigiiniiz hangi diizenekten yararlandiniz?

a. Sizce bu diizenekte agiklanmak istenen nedir?

2) Okulunuzda Fen ve Teknoloji Dersi'nde “Kuvvet ve Hareket Unitesinde
islediklerinize gore Neseli Fok'un toplarinin hareketini hangi konu/kavram ile
agiklayabilirsiniz?



137

GOREV-4

GEZEGEN ALANI

Istanbul'da Diinya'nin en biiyilk ve en 6zgiin oyun parklarindan
biri kurulmaktadir. Parktaki alanlarin her biri ustalikla
planlanmakta; tim ayrintilar digsiinilerek ingsa edilmektedir.
Oyun parkinin sahipleri oyun parkindaki tiim oyuncaklarin bilimsel
bir cercevede tasarlanmasina ¢ok onem vermektedir. Iste bu
asamada sizlere ihtiyag duyulacaktir.

"Gezegen Alani” oyun parkinda tasarlanip yapimi tamamlanan ilk
6zgin mekanlardan bir tanesidir. Su anda da bu alanin tanitim
afisleri hazirlaniyor.

Bir reklam yazari tanitim igin gizimleri biyiik 6lglide yapip
gerisini tamamlayamadan birakmis. Oyun parkinin sahipleri
sizden bu eksik kalan tanitim afisini tamamlamanizi istiyor.
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Arka sayfada reklam yazarinin eksik biraktigi iki sayfadan olusan bu
afisi gorebilirsiniz.

Reklam yazar: afiste oyun parkinin iki kahramam ‘Merakli Sincap”
ve ‘Minik Fare’yi reklamin ana karakterlerleri olarak kullanms.
Afiste Minik Fare Merakli Sincapa Oyun Parkinda arkadaslariyla
birlikte neler yaptiklarindan bahsetmektedir. Merakli Sincap Minik
Fare'ye Oyun Parkindaki Gezegen Alani ile ilgili ¢esitli sorular
sormaktadir.

Eksik birakilan bu reklam afisini tamamlarken "Merakli Sincap‘in
sorularini__yamitlamaniz bdyidk énem tasimaktadirlll Oyun parkinin
sahiplerinin sizden ‘Merakli Sincap'in” sorularini dikkate alip, bu
sorularin cevaplarini afiste kullanmanizi istemelerinin sebebi Merakili
Sincap gibi oyun parkini hic gérmemis Kkisilerin de aklina benzer
sorular gelebilecegini disdnmeleridir.

, Litfen “Gezegen Alani"ni tanitan bu reklam afisini, oyun parkinin
sahiplerinin sizden istedigi gibi Merakli Sincap'in sorularini yanitlayarak
tamamlayn.




139

OYUN P ARKINDA KURULAN GEZEGEN ALANI
DAHA GORMEDINIZ MI?

MARS

MERKLUR
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1) Merakl Sincap'in sorusuna cevap ararken ve reklam afisini hazirlarken Bilim
Merkezi'ndeki hangi diizenekten yararlandiniz?

a. Sizce bu diizenekte agiklanmak istenen nedir?

2) Okulunuzda Fen ve Teknoloji Dersi'nde islediklerinize gore sizce Sincap hangi
konuyu anlayamamis olabilir? Onun sorusunu cevaplandirmak igin hangi
konu/kavram/formiilii kullandimiz?
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APPENDIX G: UNDERSTANDING OF THE BIG IDEAS
QUESTIONNAIRE-FORCE&MOTION
KUVVET VE HAREKET: TEMEL KAVRAMLAR TESTi

BOLUM-1

Liitfen asagidaki ciimlelerde bos birakilan yerlere uygun kelimeleri yazarak eksik kalan ifadeleri

tamamlayiniz.

1. Her gezegenin blyukligine gore degisen bir
yercekimi ivmesi (g) oldugundan ..............
gezegene gobre degisir. Ama ..o uzayin
her yerinde aynidir.

2. Tahterevalli, basit makinelerden ....................
ornek olarak verilebilir.

3. Asagidaki resim basit sarkacin hareketi ile
birlikte enerji degisimini gdstermektedir. Sarkacin
baslangigta sahip oldugu enerji sekildeki gibi
degismektedir.

O O/ i

PE= 10j PE=2j PE= 0j
KE = 0j KE=... KE=....

4, Cift tarafli bir kaldiragta yik kolu kaldirag
uzunlugunun 3/5'i kadardir. Buna gére, 70 N'luk
yuk ... N'luk kuvvet ile dengelenebilir.

yaman

Sekilde hiz-zaman grafigi verilen aracin ...............
no’lu aralik(lar)da kinetik enerjisi degismistir.

6. e , kitlesi bulunan maddelerin
birbirlerine dogru ivmelenme egilimidir.

1. Asagida hiz trenin farkli konumlarda
numaralandiriimig sekli verilmistir. Resme gore
clmlelerdeki bosluklari doldurunuz.

........ konumunda hiz treninin potansiyel enerjisi,
......... konumunda da kinetik enerjisi en buyUktar. 2
konumunda .............. enerjisi azalir, .......c.o.....
enerjisi artar. ................ konum(lar)nda trenin hem
potansiyel hem de kinetik enerjisi vardir.

8. Sirtlinmesiz egik diizlem kaymakta olan topun
sahip oldugu enerji ile ilgili bos birakilan yerleri
tamamlayiniz.

PE= 50
KE= 0J

PE=25J




BOLUM-2
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Asagidaki ciimlelerin basindaki bosluga ifadenin dogru oldugunu diisiiniiyorsaniz “D”, yanlig

oldugunu diisiiniiyorsaniz “Y” yaziniz.

........ 9. Dinya'daki kltlesi 52 kg olan bir
astronotun Mars'taki kitlesi 52 kg’dan daha azdrr.

........ 10. Eger bir siricli kullandigi arabanin
hizini 2 kayina cikarir, daha sonra da durmak igin
frene basarsa, arabayl durdurmak icin gereken
mesafe hizlanmadan énce durabilecedi mesafenin
2 kati olacaktir.

........ 11. Agacta duran bir elma potansiyel
enerjiye sahiptir. Ayni daldaki biylk bir elma,
hemen yanindaki daha kiglk elmaya gére daha
fazla potansiyel enerjiye sahiptir.

........ 12. Hareketli bir cismin belli bir siire hizi
degismezse bu slire boyunca ivmesi sifir olur.

........ 13. Dinya'daki 52 kg kutleli bir cismin Ay,
Mars ve Jipiterdeki kitleleri sirasiyla 8.6kg,
18.6kg ve 1229 kg olmasinin sebebi her
gezegenlerin  sahip oldugu farkli  yergekimi
ivmesidir.

Yukaridaki sekilde dzdes toplarin ipler yardimiyla
tahta cubuga asildigi bir sistem goriilmektedir. Bu
sistemde en sagdaki iki top belli bir ylukseklige
kadar cekip birakilirsa soldan diger ugtaki en son
top daha blyiik bir hizla havaya ylikselir. Bu
yukseklik iki topun cekip birakildigi yikseklikten
daha fazla olur.

15. ve 16. sorulari asagidaki sekle gore
cevaplandirnniz.

A

........ 15. Egik dizlemin siirtinmesiz ylizeyinde
kaymakta olan cisim en fazla ivmeye A noktasinda
sahiptir.

........ 16. Egik dizlemin sirtinmesiz ylizeyinde
kaymakta olan cisim en az ivmeye C noktasinda
sahiptir.

........ 17. Cismin hizi ivmesinin en az oldugu
noktada en biyuktr.



BOLUM-3

Liitfen agagidaki eslestirme sorularini yanitlayiniz.
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A sltunundaki her bir tanim B sltunundaki kavram ya da olaya aittir. Bu tanimlarin hangi kavram ya da olaya
ait oldugunu, sol taraftaki rakamlarin yanindaki bosluga uygun harfleri yazarak eslestirin.

18. Bir maddenin icerdigi madde miktaridir.

19. Enerjinin bir formdan digerine dénusebilecegini; ancak yoktan var, vardan

da yok edilemeyecegini agiklayan kanundur.

20. Hizin zamana gére degisim hizi olarak tanimlanabilir.

21. Harekete karsi koyan, cismin kinetik enerjisinde azalmasina sebep olan

kuvvete verilen isimdir.

22. Her gezegenin birim kitleye uyguladidi yergekimi kuvvetidir.

BOLUM—4

a.Kitle
b. Agirlik
c. Sirtinme kuvveti

d. Potansiyel enerji
e. lvme
f. Enerjinin korunumu

g. Kinetik enerji

h. Kuvvet kazanci

i. Yercekimi ivmesi

Asagidaki ¢oktan se¢meli sorulari dogru oldugunu diisiindiigiiniiz yalnizca bir sikki isaretleyerek

yanitlayiniz.

23. Asagidaki bilgilerden hangisi yanlistir?

A. Gezegenlerin cekim kuvveti Dinya'nin
cekim kuvvetinden buyik olabilir.

B. Kiitle her yerde aynidir, degismez.

C. Ekvatordan kutuplara gidildikge agirlik
artar.

D. Bir cismin aydaki Kkutlesi, Dinya’daki
kltlesinin altida biridir.

24. ve 25. sorulari agagidaki sekle gére
cevaplandiriniz.

@,

T

Q

Top yatay ile olik agisi olan egik dizlemden
sekildeki gibi asagiya dogru yuvarlanmaktadir.

24. Topun ivmesi egik diizlemden asagiya dogru
kayarken,

A. azalmaktadrr.

B. degdismez.

C. artmaktadir.

25. Egik diizlem daha dik olsa, topun ivmesi,
A. daha fazla olur.
B. aynikalr.
C. dahaazolur.

26. Asagidakilerden hangisi basit makinelerin
kullanilis amaglarindan olamaz?

A. Kuvvetten kazang saglamak

B. Kuvvetin dogrultusunu degistirmek

C. lIsten kazang saplamak

D. YUki dengede tutmak

27. ivme, hizin birim zamandaki degismesidir.
Buna gbére asagidaki grafik  asagidaki
hareketlerden hangisi i¢in dogru olabilir?

ivme
A

———>»/aman

Yiksekten disen bir kutu

Otoyolda sabit hizla giden bir araba

Sabit hizla giderken ani fren yapan
otobus

D. Duran bir top

O w>



28.

ih

gm

iplerle tavana asilmis X, Y ve Z cisimleri sekildeki
gibi dengededir. Cisimleri dengede tutan ipler
kesildiginde yere esit bUlylklikteki  kinetik
enerjilerle ulastiklarina goére, cisimlerin Kkutleleri
mx, My ve mz arasindaki iliski asagidakilerden
hangisindeki gibidir?

A. Mx =My =Mz
B. my>myx>m;z
C. mz>mx>my
D. my=my>m;z

29. Agirh@r 6nemsiz bir ¢ubuk destek noktasi
Uzerinde iken G aguirlikli cisim F kuvveti ile
dengede tutuluyor. F kuvvetinin siddeti sabit
kalmak sartiyla daha fazla yik dengelemek igin
hangi islem yapilamaz?

G

X uzunlugunu arttirmak
y uzunlugunu azaltmak
Kuvveti gubuga dik uygulamak
X ve y yi ayni oranda arttirmak

oo w>

30. Kitle dlglimiinde kullanilan esit kollu terazinin
calisma prensibi asagidaki basit makinelerden
hangisine benzer?
A. Egik diizlem
B. Cikrik
C. Makara
D. Kaldirag
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31. Asagidaki bosluklara yazilmasi gereken uygun
ifadeler nelerdir?
I Yizeyi diiz egik dizlemlerde kayan cismin
IVMESI ..ovvveeeieiiie
[Il. Ylzeyi egimli egik dlzlemlerde kayan
cismin ivmesi ....................

A. degisir-sabittir
B. sabittir-degisir
C. degisir-degisir

32. Asagida agirlikla belirtilenlerden hangisi
yanhstir?
A. Kitleye etki eden yergekimi kuvvetidir.
B. Yercekimi kuvveti azaldikga agirlik da
azalrr.
C. Agirlik her yerde aynidir, degismez.

33. Sekildeki basit sarkacin bir slre sallandiktan
sonra durmasinin sebebi nedir?

| g
A. Yercekiminin basit sarkacin ucundaki
topu asagi dogru cekmesi
B. Ruzgérin topun hareketiyle ayni yénde

esmesi
C. Topun bir slre sonra enerjisini
kaybetmesi

D. Topun hava ile slrtlinmesi

34.

[

Dinamometre

Dinamometre
[K] cisim &
Sekil- | M skl
Yukaridaki sistemler dengededir. ~ Sekil-I'deki
dinamometrenin gosterdigi deger, Sekil-1I'deki
dinamometrenin  gésterdigi  degerden  daha
biyuktdr.
Bu durum asagidakilerden
aciklamasinda kullaniimaz?
A. Bazi basit makineler  kuvvetten
kazandirir.
B. Buylk kuvvet gerektiren isler klguk bir
kuvvetle yapilabilir.
C. Basit makineler cismin agirhigini azaltir.
D. Basit makinler kuvvetin  yonini
degistirebilir.

hangisinin
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35. Asagidaki sekilde bos birakilan yerlerdeki eneriji cesitleri nelerdir?

i T -
@ ] ,7 . v+ &4 o
i .I....._. __l ] o . -'— ———— l'
Kimyasal enerji Kinetik enerji = | oo | i Isi enerjisi

Kinetik enerji-Kinetik ener;ji
Potansiyel eneriji-Kinetik ener;ji
Kinetik eneriji-Isi enerjisi
Kimyasal enerji-Kinetik enerji

oW

36. soruyu asagidaki agiklamayi dikkate alarak cevaplandiriniz.

Egik diizlemin Gzerindeki cismin agirhgi W ile gdsterilmektedir. EGik diizlemin yiizeyinde koordinatlari kesik
cizgilerle belirtilmigtir.

1 no’lu ok agriligin egik diizleme paralel olan bilegenini gbstermektedir, bu paralel kuvvet cismin egik
diizlemden agagi dogru ivmelenmesine neden olmaktadir.

2 no’lu ok agriigin egik diizleme dik olan bilesenini gdstermektedir, bu kuvvet edik diizlemin cisme
uyguladigi tepki kuvveti ile dengededir.

36.a) Buna gore cisim daha dik srtlinmesiz bir 36.b) Buna gore cisim daha dik bir egik diizlemin
edik duzlemin Uzerine yerlestirilse, cismin Uzerine yerlestirilse, cisim egik dizlemden
agirhginin - egik  dlzlemin yizeyine paralel A. daha biyuk bir ivme ile kayar.
bileseni (yukaridaki sekildeki kirmizi ok), B. daha kuglik bir ivme ile kayar.
A. daha blyik olur C. cismin ivmesi degismez, ayni hizla kayar
B. aynikalr

C. daha kiigtik olur
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: TEST PLAN

APPENDIX H
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MODES OF LEARNING INVENTORY

APPENDIX I
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APPENDIX J: UNDERSTANDING OF THE BIF IDEAS
QUESTIONNAIRE

ANA FIKIiRLERI ANLAMA OLCEGI

Asadidaki sorulari Bilim Merkezi'nde qérdiigiiniiz resmi verilen deney (initelerini dikkate alarak
cevaplandiriniz

1. Bilim Merkezi’nde en ¢ok ilgini ceken sey neydi? Onu senin igin ilging kilan neydi?

1. Asaqidaki sorulan altta resmi verilen Bilim 3. Asafidaki sorulan altta resmi verilen Bilim
Merkezi'ndeki “Ekspres Yol adh deney Merkezi'ndeki “Dev Makas” adh deney
iinitesini dikkate alarak ¢cevaplandinnz. iinitesini dikkate alarak ¢cevaplandinniz.

a. Asafidakilerden hangisi sana en a. Aga;l:kilerden hangisi sana en
uygun? {Yalnizea birini igaretleyin.) uygun? {Yalnizea birini igaretleyin.)
[ Deney linitesine goyle bir gdz athm. [ Deney iinitesine gdyle bir goz attim.
[ Deney linitesini dikkatlice inceledim. [ Deney iinitesini dikkatlice inceledim.
[ Deney linitesini kendim de yaparak denedim [ Deney {initesini kendim de yaparak denedim
b. Sence bu deney {initesinin wvermek b. Sence bu deney {initesinin wvermek

istedifi esas mesajlar nedir? istedifi esas mesajlar nedir?




2. Asafidaki sorulan altta resmi verilen Bilim
Merkezi’'ndeki “Momentum Transferi® adl

deney iinitesini dikkate alarak cevaplandinniz.

a. Asagidakilerden hangisi sana en
uygun? (Yalmzca birini igaretleyin.)

[ Deney Unitesine gtyle bir goz athm.
[ Deney iinitesini dikkatlice inceledim.
[ Deney Unitesini kendim de yaparak denedim

b. Sence bu deney fnitesinin vermek
istedigi esas mesajlar nedir?
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4. Asafidaki sorulan altta resmi wverilen Bilim
Merkezi'ndeki “Uzayda Kilonuz® adh deney
iinitesini dikkate alarak cevaplandinniz.

a. Asagidakilerden hangisi sana en
uygun? {Yalmzea birini igaretleyin.)

[ Deney iinitesine gbyle bir oz athm.
[ Deney iinitesini dikkatlice inceledim.
[ Deney iinitesini kendim de yaparak denedim

b. Sence bu deney iinitesinin vermek
istedigi esas mesajlar nedir?
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QUESTIONS ON PRIOR SCIENCE CENTER

APPENDIX K

EXPERINCES
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APPENDIX L: PUBLIC SCHOOL STUDENTS’ OPINIONS ABOUT
THE IMPLEMENTATION

v' Cok giizeldi. Cok sey 6grendim. Ama bazi sorularin cevabini merak ediyorum.

v' Bence slayt seklinde hazirlanmasi giizel oldu. Gorevleri ¢ok begendim. Kendi
gbrevimi de ¢ok giizel yaptim. Bilim merkezi ¢ok giizeldi.

v' Testlerin uygulanmasini sevmedim bilim merkezinde rehberlik olmasini sevdim,
sizin verdiginiz projeyi yapmak giizel ve zevkliydi.

v’ Bilim merkezine gittik ve ¢ok zevkli gecti. Bilmedigim konular1 daha iyi 6grenme
firsatin1 Miray abla bize sagladi. Ona ¢ok tesekkiirler. (thank you) Bir de bosuna
gidip gelmedik. Geldigimizde Miray abla bize zevkli testler verdi. Testlerle
ogrenmemizi ve daha da kuvvetlenmesini sagladi. Tesekkiirler Miray Abla

v' Hepsi ¢ok zevkliydi. Ama bazi sorular vardi ki ¢ok kaziklardi. Grupga cok
zorlandik. Bazen uykum geldi ama yine de eglendim. Fenle ilgili farkli konularda
degisik c¢aligmalar yaptik. Cok eglendim ve keyif aldim. Tesekkiirler Miray
Ablacim :)

v Ben ilk 6nce Bilim Merkezi'ni ¢ok begendim. Ablamiz bize eslik etti. Bize sunum
hazirladi. Bu bence ¢ok harika oldu. Ciinkii daha iyi 6grendik. Belki abla olmasaydi
bazi seyleri anlayamazdik.

v' Bence gegen seneyle ayniydi testlerde ¢ok sikiciydr ama en azindan ders kaynadi
bilim merkezide tipa tip ayniydi higbir yenilik yoktu

v' Bence giizeldi gezi sirasinda verilen calisma kagitlarini arastirirken daha iyi
anladim. Biitiin geziler umarim bdyle olur.

v" Bence bu gezi ¢ok giizeldi. Ben daha once gitmistim ama deneyleri pek fazla
inceleyememistim. Simdi hem daha giizel kavradim hemde bizi serbest birakinca
deneyleri deneme firsatimiz oldu. Test etkinlikleri de gilizeldi.

v Bence bu gezi harikaydi. 5. siniftaki gezide giizeldi ama 6gretmen biz nereye gitsek
yok suna ellemeyin yok buna ellemeyin diyordu. Ama bu gezi daha giizeldi. Ciinkii
serbest kaldik. Cok eglenceliydi. Ablaya ¢ok tesekkiir ederim.

v Bence ilk yapilan testler hem eglenceli, hem de seviyemize goreydi. Ama bu test
hem seviyemize uygun degil, hemde sikiciydi. Bir daha bdyle bir yere gittigimizde
anket yapilmasinm isterim, ama fen, sosyal, tlirkge, matematik yani ders igerikli

olmayan.
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v Ben bu ¢aligmalar1 begendim. Gitmeden Once ve gittikten sonra yapilan ¢alismalar
bizim ilerde unutmamamizi saglar.

v Ben genellikle bir geziden sonra goriisleri yazip anket uygulanmasi biraz sagirtici.
Ama giizel. Bizlerde olan ve orada o6grendiklerimizi pekistirme firsati oluyor.
Ayrica biz bir geziye gittigimizde orada 6grendiklerimizi hemen unutuyoruz. Bu

bizim i¢in daha kavrayici oldu. Tesekkiirler.
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