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Abstract

Science centers are one of the out-of-school learning environments
in science education that have been increasing in numbers in recent
years. Due to their importance for increasing both science-society
communications and the quality of the education in schools,
science centers are one of the focal points for the research
conducted in out-of-school learning context. The study of science
teaching in the field of science centers in Turkey is mostly confined
to the schools or visitors’ opinions about individual trips, yet;
teachers' professional qualifications and needs related to teaching-
learning in science centers are not sufficiently taken into account.
This study is part of BILMER project supported by TUBITAK
(Scientific and Technological Research Council of Turkey) 1001
program and it aims to determine the science and mathematics
teachers’ professional development needs and their experiences for
learning in science centers. In this study, the data were collected
with BILMER Teacher Questionnaire developed for the first time
in Turkey. 355 science and mathematics field teachers working in
66 different provinces of Turkey, mainly in the provinces where
science centers are located, participated in the questionnaire.
According to the data obtained, teachers emphasize the high
educational value of the activities organized in science centers;
although they face various difficulties, they express that they do
not receive enough education according to their professional
qualifications. In addition, it has been determined that teachers
need professional development on how to integrate activities in
science centers, how to collaborate with science center explainers,
and what kind of learning approaches can be used in science
centers. These data were discussed in line with the relevant
literature and suggestions were made for a professional
development training to be given to teachers.
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Introduction

Today, science has become more independent, professionalized and autonomous than the past
due to the scientific knowledge gap between scientists and society as a results of the increase in the
scientific knowledge which is produced and increased exponentially every year (Dursun, 2010). The
growing difference between the perceptions of scientists, science writers and science politicians towards
science and the importance of science, and the perceptions of individuals in the society has led to the
emergence of a new field called “Science Communication (Sless & Shrensky, 2001). Although there are
different approaches and models to science communication, historically, it is seen that there is a
tendency from ‘public understanding of science’ approach to ‘public engagement with science’
approach (Trench et al., 2014). Considering the fact that individuals in the community spend most of
their lives outside of schools (TVs, printed publications, museums, science centers, zoos, aquariums,
etc.), it becomes clear how important the learning environments outside the school are regarding science
communication and engagement with science. Indeed, in many scientific research reports, it is reported
that out-of-school learning environments, such as science center, contribute to the visitors” science
learning and understanding, desire to learn science, career choices, their interest and attitude towards
science, scientific literacy, and the development of psychomotor skills by means of various activities
carried out (science shows, school trip, workshop, planetarium shows, science festivals, sky observation
events, etc.) (Sentiirk, 2015).

In addition to the increase in the gap between science and society in many countries, including
Turkey, especially the majority of secondary and high school students, think that science and
technology-related courses are boring and difficult to learn (Barmby, Kind, & Jones, 2008; Gezer, Kdse,
& Bilen, 2007; House of Lords, 2000; Jenkins & Pell, 2006, Matthews, 2007; Pedretti, 2004; Sjéberg &
Schreiner, 2005). It is emphasized in the literature that one of the most important reasons of this situation
is that science is taught to students as a pile of information without presenting environments that helps
to arouse interest in science (Dal, Ozdem, Oztiirk, & Alper, 2013; Pedretti, 2004). As a matter of fact,
international comparison and evaluation reports such as TIMSS (Third International Mathematics and
Science Study) and PISA (Program for International Student Assessment) show that not only in Turkey
but also globally students' negative attitudes towards science and technology are increasing (OECD,
2006).

Learning according to social constructivism theory can be defined as the process of structuring
information by interpreting the experiences acquired as a result of interaction with the individual's
environment with active mental processes (Koseoglu & Kavak, 2001). In this process, not only the
experiences acquired at school but also the interactions of people with their environment in out-of-
school environments and the dialogue with other individuals affect learning (National Research Council
[NRC], 2009). Out-of-school learning related to science is shaped by many different sources. Scientific
journals, television and radio programs, newspapers, the internet, and personal experiences especially
in the field of health are some of these sources. Science centers are the most important ones in terms of
being interactive and appealing to all segments of society for Science Education among out-of-school
learning environments (Sentiirk & Ozdemir, 2014). In this direction, science centers are used to improve
the quality of both science and society communication and education in schools since the beginning of
the 2000s.

Science centers are environments where entertainment and learning are under the same roof
(Weitze, 2003), where visitors can experience objects by touching and playing (Quin, 1990), and by
associating scientific knowledge with daily life and presenting it to the public (Persson, 2000). The
primary aim of the science centers is to contribute to the development of society's scientific
understanding through the various learning opportunities offered to them (Medved & Oatley, 2000).
The different aims of science centers also include introducing widely accepted scientific principles and
strengthening the understanding of the philosophy of science (Rennie, 2007). All the experiences in the
science center allow visitors to establish connections between the real world and science, to look at the
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world from a scientist's perspective, and to sympathize with science and technology (Dal et al., 2013;
Ramey-Gassert, Walberg, & Walberg, 1994). Although science centers are visited by people from all
walks of life and from all age groups (NRC, 2009), various research and reports indicate that the majority
of science center visitors are students who come with school groups or their families (Sentiirk &
Tahancalio, 2017; Price & Hein, 1991). School groups also constitute the most important target group of
science centers (Rennie & McClafferty, 1995). Therefore, the fact that the activities at the science centers
are also supportive of the learning in the school for students is especially important for the teacher and
teaching program that aims to provide students with specific learning outcomes (Ozdem, Késeoglu, &
Aktas, 2018). The conducted research reveal that the education program carried out in accordance with
the targeted achievements in the science center develops the students” attitudes in the intended way
(Ates, Ural, & Basbay, 2012). Additionally, research have shown that students spend more time with
larger and more interesting models in science centers and can better remember and describe them
scientifically than others (Bozdogan, 2007). Similarly, science teacher candidates defined science centers
as effective environments for students for permanent learning, gaining science literacy, and developing
positive attitudes towards science (Bozdogan, 2008). Therefore, to increase the number of students with
science and technology literacy and to make students gain better understanding on how the natural
world works by associating what they learn with daily life in school, the gains associated with learning
in out-of-school environments, such as science centers, have been among the main objectives of science
courses in many countries (NRC, 2000, 2009).

Research have shown that visits to a science center affect student attitudes positively, make
them gain self-perception, self-confidence, self-efficacy, and personal productivity, as well as improve
communication skills, creativity, and various personal and social skills (Rickinson et al., 2004). While
science center visits have both positive affective and cognitive results for students, it is stated that certain
strategies such as preliminary preparation and post-travel monitoring have greatly influence the
student's gains and learning from these visits (Kisiel, 2005). Scientific research indicates that the
integration of activities in science centers into the classroom by teachers can affect the attitudes of the
students positively towards science, which decreases especially after the age of 11 (Falk & Dierking,
1997; Osborne, Simon, & Collins, 2003; Pace & Tesi, 2004). Teacher’s aim to visit science center, planning,
implementation and post-visit learning are effective in the realization of the targeted gains by the
students. Accordingly, the teacher has to play a central role in the science center experience (Falk &
Dierking, 1997; Hein, 1998).

Although teachers who play a central role consider science centers as an important experience,
they may not be aware of how they can benefit from these learning environments to support learning.
As a matter of fact, it is observed that most of the preparations of the teachers for their visits to the
science centers are mostly technical preparations (transportation, permissions, food needs of students
during the trip, etc.) (Griffin & Symington, 1997). In addition, during this preparatory phase, teachers
often do not define their goals for their visit to the science centers, they rarely plan or implement their
activities; and the activities of the science centers are perceived as an interesting socio-cultural learning
experience but not an opportunity to learn (Cox-Petersen, Marsh, Kisiel, & Melber, 2003; Griffin, 2012;
Griffin & Symington, 1997; Kisiel, 2003; Price ve Hein, 1991). Similarly, it was stated in research that
teachers cannot associate their experience in science center with the curriculum before, during, or after
a visit to a science center and often cannot turn science center visit into an opportunity for learning for
students (Griffin & Symington, 1997; Tuckey, 1992). It is observed that even if they had the intention to
link the exhibitions in science centers and in-class activities and applications, teachers were unable to
achieve these goals because of their other perceptions or concerns (Anderson & Zhang, 2003; Kisiel,
2005).

As a result, it can be said that teachers are not sufficiently conscious of how they can benefit
from science centers (Cox-Petersen et al., 2003; Cox-Petersen & Pfaffinger, 1998; Griffin & Symington,
1997; Kisiel, 2003; Ramey-Gassert et al., 1994; Tal, Bamberger, & Morag, 2005). Due to these reasons, in
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recent studies, attention is paid to the need for professional development programs and models, which
include various basic elements such as field knowledge and pedagogical field knowledge, which will
integrate the science center environments to in-class teaching (Pecore, Kirchgessner, & Carruth, 2013).
However, it is observed that the impact of these programs on teachers or the number of published
studies on which out-of-school learning environment is successful is limited (Melber & Cox-Petersen,
2005). In these studies, it is emphasized that there should be professional development opportunities
for teachers that focus on science center regarding supporting learning and associating it with the
curriculum.

According to Astor-Jack, McCallie, and Balcerzak (2007), the main purpose of professional
development programs is to enhance the learning of students by enriching the teacher's research-based
science teaching practices. According to Melber and Cox-Petersen (2005), the aim of teacher professional
development programs should be generally (1) communicating with scientists and conducting scientific
research with them, (2) enriching the scientific knowledge of teachers, and (3) developing inquiry-based
science lessons in line with national science education standards. Garet, Porter, Desimone, Birman, and
Yoon (2001) examined many out-of-school learning professional development programs and stated that
these programs contain some common components, and that the programs containing these
components positively affect teachers' knowledge and skills as well as their classroom performance.
According to the researchers, these components are: (1) field knowledge (both scientific content and
pedagogical field knowledge), (2) learning by doing and hands-on experiences, (3) transferring
experiences gained in professional development education to classroom activities. In some recent
studies, it is emphasized that these professional development programs should include at least 30 hours
of training and constructive learning approaches should be taken as the basis in the implementation of
the training (Adey, Hewitt, Hewitt, & Landau, 2004; Joyce & Showers, 1995; Holliday, Lederman, &
Lederman, 2013). On the other hand, a good and effective teacher professional development program
(PDP) should be capable of responding to the professional needs of teachers. PDP of a good quality
should first start with needs analysis studies to determine the deficiencies of teachers’ knowledge and
to complete these deficiencies, the necessary professional support should be provided taking the school
environment in which teachers work into account (Angadi, 2013). When investigating how this support
should be sought, a limited number of studies are being carried out by science centers and museums,
which provide professional development programs for teachers (for example; Exploratorium, San
Francisco Museum; Boston Science Museum, Denver Natural History Museum). It has been reported
that the majority of out-of-school learning centers in the United States are providing professional
development programs for teachers and that many teachers participate in professional development
programs offered by such environments (Center for Informal Learning and Schools, 2004). Since 1984,
it has been observed that the Exploratorium Teacher Institute has implemented different professional
development programs for teachers. Although the content of these programs is not shared with the
researchers in detail, it is emphasized that in these types of professional development programs,
teachers should work interactively with each other, with science educators and Museum teachers to
enrich their knowledge in science and technology, participate in practical classroom activities in schools
and take training on teaching strategies. In Turkey, there are no studies investigating the professional
development needs of teachers for learning in science centers and how to be included in a training
program according to these needs.

In the direction of these needs and discussions, some research were carried out on a teacher's
professional development model to increase the effectiveness of science centers in science-society
communication and science education in Turkey within the scope of BILMER project (TUBITAK 1001
programs, No: 114K646). In order to establish an effective professional development model within the
scope of the project, and to determine the professional development needs and expectations of teachers,
science center trainers and managers, needs analysis studies were carried out in Turkey. Regarding
relevant international literature, it is seen that out-of-school learning environments like science
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museums and teachers' roles, experiences and perceptions related to field trips to these environments
are particularly investigated (Chin, 2004; Clarke-Vivier & Lee, 2018; Cox-Petersen et al., 2003; Griffin &
Symington, 1997; Morentin & Guisasola, 2015; Olson, Cox-Petersen, & McComas, 2001; Tal et al., 2005;
Tal & Steiner, 2006). The aim of this paper, which is part of BILMER project, is to determine the
experiences and opinions of the teachers about the science center by the first time developed in Turkey
"BILMER Teacher Questionnaire”, and to discuss these findings in terms of the basic elements that
should be included in the model of teacher professional development. Therefore, the research questions
studied in this study are as follows:

1- What are the opinions of teachers of science and mathematics field about the professional
development activities?

2- What are the opinions and experiences of teachers of science and mathematics in science
centers?

3- What are the professional development needs of science and mathematics teachers about
learning in science centers?

The data obtained from BILMER Teacher Questionnaire are discussed in line with the relevant
field literature and recommendations are made on the general characteristics of professional
development training in accordance with the needs of teachers in Turkey.

Method

Type of Research

This study was carried out with survey method of quantitative research methods. Survey
research is carried out with a large number of participants. Survey research can be conducted to
determine the characteristics of the participants such as their interest, skill, opinion, attitude, and the
ability for a subject or situation (Biiyiikoztiirk, Kili¢ Cakmak, Akgiin, Karadeniz, & Demirel, 2014). In
this study, data were obtained by using the BILMER Teacher Questionnaire developed to determine the
profiles of physics, chemistry, biology, mathematics and science teachers, their professional
development status, their experience in science centers, and their professional development needs
especially for science centers.

Research Group

Since it is aimed to work with teachers in the fields of Science and Mathematics in line with the
research questions of the study and the objectives of the BILMER project, Physics, Chemistry, Biology,
Mathematics and science teachers who work in Turkey constitute the universe of the study. In this
regard, the questionnaire as a result of the interviews with the General Directorate of Teacher Training
and Development, were sent to teachers who especially work in the 18 provinces (Ankara, Antalya,
Bursa, Canakkale, Elazig, Eskisehir, Gaziantep, Istanbul, Izmir, Karaman, Kayseri, Kocaeli, Konya,
Malatya, Mersin, Sakarya, Samsun, Trabzon) where there is a science center or scheduled to open
science center in Turkey. For this reason, typical case sampling, one of the purposeful sampling
methods, was used as sampling method. This sampling method requires the identification of a typical
situation from a large number of situations in the universe related to the research problem and the
collection of information on the sample (Patton, 2014). On the other hand, BILMER Teacher
Questionnaire was also announced to teachers online because teachers could organize a field trip to the
science centers in the surrounding provinces even if there were no science centers in their provinces and
to reach a sufficient number of participants primarily through the BILMER website
(www.bilmer.gazi.edu.tr) and through the Ministry of National Education. Because of the participants
who can be reached as a result of these interventions, another preferred method of sampling in the study
is the convenient sampling. In this sampling method, the researcher wants to work on the most
accessible and maximum sample until s/he reaches a group s/he needs (Biiyiikoztiirk et al., 2014).
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As a result of these sampling procedures, BILMER Teacher Questionnaire was completed by
439 teachers. Of the 439 teachers, 84 of them were determined that they are not in the branches of the
project (English teacher, history teacher, Turkish teacher, etc.), which was not taken into the data
analysis, and finally 355 teachers were included in the study. The demographic information of the
teachers participating in the study is presented in the table below (Table 1).

The majority of the teachers who participated in the study (n=355) were 20 years old and over.
The majority of teachers are graduates of the Faculty of Education (63.7%). Again, the majority of
teachers work in public schools, but it is seen that they have a range of 1-20 years of professional
experience (81%). It was observed that about half of them have done postgraduate studies (53.2%). In
addition, n = 179 (50.4%) participants were from provinces with a science center and n = 176 (49.6%)
participants were from other provinces in the study. Approximately 33% of teachers organized a field
trip to science centers, while the majority did not. This table shows that the teachers participating in the
research have quite different characteristics and experiences and the data are obtained from a diverse
group of teachers.

Table 1. Frequency and Percentages of Demographic Features of the Teachers

® (%)

Gender

Male 183 51.5

Female 172 48.5
Age

20-39 228 64.2

40-59 126 35.5

60 and above 1 0.3
Education Level

Bachelor's Degree 166 46.8

Graduate continues / Graduate 189 53.2
Graduate School

Faculty of Education 226 63.7

Faculty of Science / Faculty of Arts and Sciences 123 34.6

Other 6 1.7
Type of school

Public school 303 85.4

Private school 52 14.6
Branch

Science (Science, Physics, Chemistry, Biology) 283 79.7

Mathematics 72 20.3
Work Year/Experience

1st year-10 years 143 40.2

11-20 years 145 40.8

Over 20 years 67 18.9
Cities with Science Centers

SC available 179 50.4

SC not available 176 49.6
Participants organize school trip to Science Center

Yes 118 33.2

No 237 66.8
Total 355 100
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Data Collection Tool and Data Analysis

In order to enable the science and mathematics teachers working in the secondary and high
schools benefit from the opportunities of science centers in their classes more, the relevant field for
determining the educational needs and the needs of the science center and outside of the school
(Langreo, 2007; Sentiirk, 2015) and also (OECD, 2010) has been examined in detail and a draft
questionnaire consisting of 29 questions, including multiple choice, Likert type and open-ended
questions, has been developed. In the first part of the teacher questionnaire, consisting of two parts,
teachers’ demographic characteristics (profile) and their professional development status and needs
were asked, and in the second part, their opinions on trips to science centers and their professional
development needs were questioned. The draft questionnaire was sent to five academicians from
various universities who are experts in the field of survey development and feedbacks were received
on the validity of the view and scope of the project. As a result of these feedbacks, the draft questionnaire
was shared with a teacher who conducted class trips to science centers and the content of the
questionnaire in the form of “necessary”, “not required, because”, “not understood/corrected” was
discussed. At the last stage, a linguist examined the questionnaire in terms of compliance with the
Turkish grammar rules. Feedbacks received after these corrections and questionnaire items have been
revised, some questions have been edited, removed or added. Consequently, 24 questions were
determined and BILMER teacher questionnaire was finalized.

In the BILMER Questionnaire, which contains questions in different ways, the data of multiple
choice questions containing opinions are given as frequency and percentage, while the data for likert
type rating questions are analyzed by means of descriptive analysis by calculating mean, standard
deviation, frequency and percentage. In some of the questions, if the participants selected the option “I
have no idea” or “do not know”, or left the relevant question blank (for example, Table 4 and Table 5),
the answers of these participants were excluded from the data set and analyzed.

Results

In this section, the findings obtained from the BILMER Teacher Questionnaire are presented
under three headings by discussing the data on the questions that show the status of the teachers
regarding their professional development needs. First, teachers’ opinions on professional development
activities are presented. Then, the experiences of teachers about science centers and finally the findings
related to the need for professional development in science centers are discussed.

Opinions of Teachers on Professional Development Activities

In BILMER Teacher Questionnaire, questions were asked about the participation status of the
teachers in the professional development education, the reasons why the teacher can or cannot
participate in the professional development education, the level of appreciation of professional
development activities and the impact of the education they receive on their professional development.

The answers of the teachers to the question "in the last three years have you attended any

professional development training?" are given in Table 2.

Table 2. Attendance of Teachers’ Professional (in-
service) Training Program in the Last Three Years

(f) (%)
Yes, I attended 259 73.0
No, I did not 96 27.0
Total 355 100

According to Table 2, the majority of teachers (n=259, 73.0%) in the last three years from
professional development training/activities (course/workshop/seminar, etc.) are observed to
participated in any one of them.
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The answers of the teachers to the question "What is the most important reason why you can't
participate in any professional development training/activity?" are given in Table 3.

Table 3. The Reasons Why Teachers Do Not Participate in Professional Development Training

(f) (%)
Professional development trainings / activities coincide with my working hours 75 26.3
There is no professional development program suitable for my needs 56 19.6
I don't have enough time because of my family responsibilities 39 13.7
Since my budget is not enough 25 8.8
I can't get enough support from the school administration (permission etc.) 20 7.0
Professional development trainings / activities are quite expensive 17 6.0
I did not benefit from the professional development activities I participated in before =~ 14 49
Since professional development trainings / activities are not among my priorities 1 0.4

According to Table 3, teachers stated that they could not participate in any professional
development training/activity, since the professional development trainings overlap with their working
hours (26.3%), due to lack of a professional development program suitable for their needs (19.6%) and
due to lack of adequate time due to family responsibilities (13.7%). Only one of the teachers who
completed the survey stated that s/he did not prioritize these training as a reason of a lack of
participation in professional development training.

In literature; It is emphasized that teachers feel that their self-efficacy increases and / or needs
to be appreciated as they receive feedback from the people around them (European Commission, 2014).
In this context, teachers’ responses for the level of professional development education they receive and
who is appraised and appreciated are given in Table 4.

Table 4. The Importance Given by The Stakeholders to The Professional Development Trainings of
The Teachers

No A little Very I don’t know
cares (1) Caring (2) Cared (3) /No answer
X SS ® ) (f) (%) () (%) ® (%)
School Manager/Principle ~ 2.07 075 63 247 111 435 81 31.8 100 28.2

Students 1.99 074 67 272 113 459 66 268 109 30.7
Colleagues 193 065 68 247 157 571 50 182 80 225
Educational Supervisors 1.79 0.74 60 395 64 421 28 184 203 572
Student Families 1.74 075 94 450 76 36.4 39 18.7 146 41.1

When the percentages in Table 4 are examined, when I don’t know / No answer options are
excluded, it is observed that the professional development education received by the teachers is
evaluated as “very important” by other people in the range of 18.2% and 31.8%, in fact, with a low
percentage. It is seen that the percentage of teachers is neglected by the relevant stakeholders is between
24.7% -45.0%. When the arithmetic means of the answers given by the teachers' views are considered,
the professional development they receive is firstly considered by the school principals, and lastly by
the families.

The answers given to the question of how effective the professional development activities of
teachers are in the professional development are given in Table 5.
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Table 5. The Effect of Teachers' Professional Development Training

Not at all Less  Moderately Very Noidea/
effective effective effective effective No
(1) 2) 3) 4) Answer
X S ) (W @O ) @O (w0 @O (W @ (%)
Master education about teaching 5 -/ 0y ¢ 43 9 64 29 207 9% 686 215 606
profession
Courses / seminars / workshops
. 336 086 8 38 30 142 50 23.7 123 59.3 144 40.6
to improve PCK
D .
octorate education about 333 1.00 6 111 3 56 12 222 33 59.1 301 848
teaching profession
Courses / seminars /workshops 5, 07 17 53 23 111 67 324 106 512 148 417
to improve content knowledge
Symposium, conferenceand 55 (o0 4 g8 33 147 82 366 105 469 131 36.9
seminars on teaching & learning
To actively participate in social
networks related to professional 3.20 0.88 8 3.7 41 192 67 313 98 45.8 141 39.7
development of teachers
Participate in professional
.. 1
communication networks related 5\ oo o 151 19 139 41 209 59 431 218 614

to professional development of
teachers

When the percentages of the answers given to the questions about which of the training
examples that teachers participated in were effective in their professional development, if  have no idea
/ do not know responses are not taken into consideration and responses are examined according to the
percentages of those who think that they are very effective, the first three most effective education are
found to be (1) master education related to teacher profession (2) courses / seminars / workshops aimed
at improving the knowledge in field; and (3) doctoral education related to the teaching profession.

Opinions and Experiences of Teachers about Science Centers

In this section, the findings were discussed related to the frequency of organizing school trip to
the science center, the difficulties and obstacles they encountered while organizing trips to the science
center, the educational value of trips and the reasons for arranging school trips to the SC as perceived
by teachers.

In Table 6, the answers given by the teachers to the question "Are you organizing class trips to
the science centers?".

Table 6. The Frequency and Percentage of School Trips to The Science Center of Teachers

Teachers Teachers Total
in cities with SC  in cities without SC
(n=179) (n=176) (n=359)

(f) (%) €3] (%) (f) (%)

I arrange once a year 66 36.9 26 14.8 92 25.9
I arrange once a semester 14 7.8 2 1.1 16 4.5
I arrange more than two times a year. 8 4.5 2 1.1 10 2.8
Total (Field trip to SC) 88 49.1 30 17.1 118 332
Inever do 91 50.9 146 82.9 237  66.8
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Of the teachers participating in the study, 33.2% organized trips, 66.8% did not organize any
trips, 25.9% held once a year, 4.5% held at least once every semester, and only 2.8% held class visits to
more than two annually. Approximately half (49.1%) of teachers in provinces with science centers
organized trips at least once, while 17.1% of teachers in provinces without science centers organized
field trips to science centers.

When the reasons why teachers did not organize a trip to the science center were questioned;
The frequency and percentages of teachers who have previously organized or not organized a trip are
given in Table 7.

Tablo 7. The Difficulties and Challenges Teachers Face When Organizing Trips to The Science Center

Teachers Teachers do not
organizing a class organize a class trip
trip (n=118) (n=237)
(f) (%) (f) (%)
Difficulties in obtaining the necessary permissions 80 67.8 156 65.8
Transportation fee 66 55.9 158 66.7
Lack of adequate time when considering school curricula or 61 517 121 511

academic year
The curriculum is not compatible with this type of trip 56 47.5 77 32.5
The lack of noteworthy science centers which are not at the

. . . . 53 449 122 51.5
appropriate distance for a field trip
Teach.ers are not given a training on how to do a field trip to 50 441 126 530
the science center
Inad.eq_uacy_of support provided by the school 45 381 9 18.8
administration
Teacher's attitude / unwillingness 40 33.9 66 27.8
Disciplinary problems / behavior problems of students 38 32.2 75 31.6
Create extra workload 35 29.7 60 253
Entrance fee to SC 33 28.0 81 34.2
;l::;}gers lack of self-confidence in organizing class trips to 23 195 35 14.8

Similar results were generally obtained when examining the most important difficulties and
barriers faced by teachers who organize or does not organize a field trip to a science center. The main
problems faced by teachers in both groups of participants are the difficulties in obtaining the necessary
permits and transportation fees. Considering the school curriculum or the school year, the main
problems of teachers organizing trips to the science center are inability to create appropriate time (51.7%),
that the curriculum is not compatible with this type of trip (47.5%) and that noteworthy science centers
are not at the appropriate distance for a field trip (44.9%). Teachers were not given any training on how
to make a field trip to the science center (53.2%), %), noteworthy science centers are not at the
appropriate distance for a field trip (51.5%) and the lack of appropriate time considering the school
curriculum or academic year (51.1%) are the other important problems of teachers who do not organize
trips. In both groups, teachers' lack of self-confidence in organizing a trip to the science center was the
least major problem.

It can be said that the teachers have a common view that their field visits to science centers are
valuable in terms of education. When the teachers who organize (n = 118) a field trip were asked to
evaluate their trips to the science centers in terms of their benefits, the majority of the teachers stated
that these trips were very valuable or above average (65.2%) in terms of education. When the teachers
(n =237) who did not organize a field trip were asked to evaluate their class trips to the science centers
in terms of their benefits, the majority of the teachers stated that these trips were very valuable or above
average (76.7%) in terms of education (Table 8). In other words, teachers in both groups stated that
despite all difficulties and obstacles, the educational value of science centers is high.
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Table 8. The Educational Value of Trips to The Science Center from The Perspective of The Teachers

Teachers Teachers
organizing a trip (n=118) do not organize a trip (n=237)
(f) (%) (f) (%)
Very high 41 34.7 107 45.1
A little above the middle 36 30.5 75 31.6
Middle 35 29.7 44 18.6
A little under the middle 5 4.2 4 1.7
Very low 1 0.8 7 3.0

Finally, the teachers were asked about the reasons for organizing a field trip to science center
regarding their views and experiences about science centers. The frequencies and percentages according
to the teachers organizing and not organizing trips are given in Table 9.

Table 9. The Reasons of Teachers Organize A Class Trip To Science Center

Teachers Teachers do not
organizing a trip  organize a trip
(n=118) (n=237)

® (%) ® (%)
102 86.4 215 90.7

To develop students' positive attitudes and increase their
interest towards science
To give the opportunity for students to show how the

89 75.4 185 78.1
concepts they learn in the classroom are used in real life
An env1r(‘)n‘rr‘1ent where my students can actively participate 85 7.0 154 65.0
in the activities
Students are given the opportunity to play a real scientific 84 719 154 65.0
instrument / model
Tc? ensure that my students are aware of developments in 5 441 130 549
science and technology
An environment with me.ltena.ls and exhibitions to help 49 415 99 418
students understand subjects in the classroom
Students are given the opportunity to take them out of school 35 29.7 50 211
It .allows me to build a better teacher-student relationship 33 28.0 59 4.9
with my students

i t i k tudent int ted

Science center experience keeps my students more intereste 1 2.3 59 249

in curriculum issues
There is no laboratory possibility in the school 23 19.5 57 241
Compulsion/obligation (due to factors such as school

8 6.8 22 9.3
management, parent, etc.)

According to Table 9, teachers who organize class trips (n = 118) and teachers who do not
organize class trips (n=237), the five most important reasons for organizing class trips are (1) to develop
positive attitudes and interest of students towards science, (2) to provide students with the opportunity
to demonstrate how the subjects they have learned in the classroom are used in real life in the science
center, (3) science centers are an environment where students can actively participate in activities, (4) to
give students the opportunity to play with real scientific instruments / models in science centers and (5)
to make students aware of developments in science and technology. The teachers in both groups saw
that they did not do these field trips because of necessity as a last reason.

Teachers Professional Development Needs for Learning in Science Centers
This section aims to reveal the professional development needs of teachers in science centers;
the content of the professional development programs that the teachers participated before, the
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frequency of the activities aimed at some related learning achievements in the education programs in
the science centers, the need for professional development education for science centers and the need
for in-service training courses supported by the Ministry of National Education (MONE), the analysis
of the answers to the questionnaire questions were investigated.

Firstly, the teacher's responses to the question of which of the science centers they received a
professional development training to improve their knowledge and skills were analyzed. Results are
given in Table 10.

Table 10. The Content of The Professional Development Programs That Teachers Participated Before

I got training. I didn't get training.

® (%) ® (%)

A professional development training for science centers 86 24.2 269 75.8
What is science? The nature of science and science teaching 38 10.7 317 89.3
Scientific content related to the exhibition / workshop in science 34 9.6 31 90.4
centers
The importance and design of science festivals and workshops 31 8.7 324 91.3
Developm‘er}t and 1mp1ementat19n of the versions of the science 2% 73 329 9.7
center exhibits that can be used in class
Developi impl ing 1 lans for 1 ing i

eveloping and implementing lesson plans for learning in 24 6.8 131 93.2
science centers
L ine theori hi . lications i )

earning t e(?rles, teaching .strategles and applications in out 71 59 334 941
of-school settings such as science centers
Science-society communication and its importance 20 5.6 335 94.4
Discourse analysis 4 1.1 351 98.9

Only 24.2% of the teachers have been observed to receive some training when asked whether
they have received any professional development training related to the knowledge and skills in
relation to science center directly in their professional life (Table 10). However, the questionnaire also
questions whether teachers receive professional development in relation to the content that should be
involved in a professional development in relation to learning in science centers. In the in-service
programs attended by teachers, the first three subjects; What is science, nature of science and science
teaching (10.7%), scientific content related to exhibition / workshop in science centers (9.6%), and the
importance and design of science festivals and workshops (8.7%).

The results of teachers’ opinions on the frequency of the activities that aim to achieve some

learning outcomes in the curriculum are presented in Table 11.

Table 11. Teachers' Opinions About The Frequency of
Activities in Science Centers Aimed at Learning Outcomes

® (%)
Often 173 48.7
Sometimes 97 27.3
Always 69 19.4
Rarely 13 3.7
Never 3 0.8

According to Table 11, approximately half of the teachers (n=173, 48.7%) thought that the
teaching activities aiming some related learning outcomes in the curriculum should be done frequently,
while 97 teachers (27.3%) thought that those activities should be done occasionally, 69 of the teachers
(19.4%) stated that they should always do this, and 13 teachers (3.7%) rarely mentioned those activities
and 3 teachers (0.8%) stated that those activities should not be done at all.
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Additionally, in the questionnaire used in the study, the teachers were also given ideas
about the professional development education topics they needed to make more efficient use of
the opportunities in science centers in their teaching. Findings on teacher opinions are presented in
Table 12.

Table 12. Professional Development Training Needs of Teachers About Science Centers

I don'tneed Ineedsome Ireally need
1) (2 (3)
X 8 O (e ) (0 @ (%

Knowledge of development and application of

lesson plans that integrate the opportunitiesin 2.67 0.53 11 3.1 9% 27.0 248 699
science centers into curriculum

In the framework of the school-science center
cooperatllo.n, the knowledge ’Ehat teac}}ers will hed 056 14 39 100 282 241 679
work efficiently and harmoniously with the

science centers’ explainers.

The knowledge of examples and application of

various teaching strategies related to learning  2.59 0.56 12 34 122 344 221 623
process in science centers

Infqrmatlon about out-of-school learning 259 060 20 56 131 369 202 569
environments such as science centers

The approach and application knowledge about
students.' unde.rstandmg of wha’f science is, 251 061 22 62 131 369 202 569
developing attitudes towards science and

scientific thinking skills

According to table 12, the first three of the professional development education subjects that
teachers need most are (1) knowledge of development and application of lesson plans (n=248, 69.9%)
that will enable the facilities in science centers to be integrated into teaching programs, (2) in the
framework of the school-science center cooperation, teachers knowledge of how to work efficiently and
harmoniously with instructors (n=241, 67.9%) and (3) examples and application of knowledge on
various teaching strategies related to the learning process in science centers (n=221, 62.3%).

In the questionnaire, another question asked in parallel with teachers’ needs for science centers
is about teachers’ opinions on the provision of in-service training courses with MNE to teachers so that
teachers can benefit more from the opportunities of science centers. The results of the teachers’
responses to this question are given in Table 13.

Table 13. The Teachers’ Demand for MNE Supported
in-service Training Courses About Science Centers

(f) (%)
Absolutely 226 63.7
Must be 88 24.8
Should never 18 5.1
Undecided 17 4.8
Not to be 6 1.7

As can be seen from the data in Table 13, the majority of teachers who have expressed their
views on “definitely presented” and “must be presented” for in-service courses related to science
centers in relation to their professional developmental needs are the majority (n=314, 88.5%).
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Discussion

In using science centers as a learning-teaching context, it is vital that teachers carefully plan field
trips and activities according to the objectives that they aim to achieve for their students (Morentin &
Guisasola, 2015). On the other hand, although it is accepted that the use of science centers in science
teaching has strengths, it is emphasized that it is not easy to increase the awareness of prospective
teachers (Chin, 2004) and teachers about how to learn in such different learning environments with
traditional teaching programs and techniques (Tal et al., 2005). From this point of view, teachers' needs,
thoughts and roles that they perceive themselves are important in determining the content of these
professional development programs (Clarke-Vivier & Lee, 2018; Tal & Steiner, 2006). In light of these
reasons, ,in this study; in accordance with the answers of 355 teachers from science and mathematics
fields who have been working in the state or private schools in the 66 different provinces of Turkey,
especially the ones which contain science centers (n=18), (1) the teachers’ experience, age, education
status, gender (2) the experiences of the teachers on the science centers and (3) their needs related to the
professional development programs to be organized in order to benefit from the opportunities of those
centers for the education were determined by means of the questions of BILMER Teacher Questionnaire
developed for the first time for contributing to national field literature with a wide and heterogeneous
participation. The findings obtained in accordance with teachers’ responses provide important
information to make effective use of Science Education from science centers. Those results shed light on
the basic characteristics of a qualified professional development program to be developed in science
centers.

In recent years, the importance of 'Teachers Professional Development' programs aiming to
improve teachers” skills in different areas is increasing day by day (Garet et al., 2001; NRC, 2009;
National Science Teachers Association [NSTA], 1998). This is because it is emphasized in the relevant
literature that the teachers should be provided opportunities for them to comprehend the scientific
information which changes and improves fast and they also should participate in the opportunities they
are provided (Melber & Cox-Petersen, 2005). In this context, when the teachers’ responses to the
question “have you attended any professional development training in the last three years?” are
examined, the majority (73.0%) of them, in the last three years at least has participated in any of the
professional development education/activities (courses/workshops/ seminars, etc.) (Table 2). On the
other hand, the teachers pointed out that the obstacles for them to participate in any professional
development training/activity are the coincidence with working hours, lack of a suitable professional
development program and lack of sufficient time for family responsibilities constitute (Table 3). In
addition, teachers' opinions will give an idea to the relevant stakeholders in terms of the main variables
in the process of organizing professional development programs in our country. The fact that there are
teachers who cannot attend the training because they cannot find professional development programs
suitable for their needs indicates that the needs of teachers are not taken into consideration in the
trainings given in Turkey. This finding supports the importance of the need analysis approach in this
study before determining what should be done in a professional development model to be developed
for teachers.

A sense of appreciation by others (stakeholders) has a positive effect on Teachers Job
Satisfaction and teaching practices. According to the findings of this study, the percentage of the
professional development trainings that they participated in was sufficiently cared for by the school
principal, students, colleagues, inspectors and student families ranged from 18.2% to 31.8% (Table 4).
Unfortunately, one finding that should not be ignored is that almost half of the teachers (7.9%) think
that their participation in professional development training is not particularly considered by the
student families. Because in the studies carried out in the field, it is emphasized that teachers need to
get feedback from the people around them and/or should be appreciated in order to increase their self-
sufficiency (European Commission, 2014).
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The purpose, characteristics, and quality of professional development programs offered to
teachers have different effects on them (Neathery, 1998). In this context, when we examine the answers
to the question of which teachers participate in the training and how effective they are in their
professional development, and the first three most effective training activities are taken into
consideration; it is observed that the responses are courses/seminars/workshops for teacher training,
participation of teachers in professional communication networks related to professional development,
and development of field/field education knowledge (Table 5). Those results are similar to the findings
of studies in the literature, which emphasizes the importance of teaching field knowledge (both
scientific content and pedagogical field knowledge), which are components of professional
development programs that positively affect teachers” knowledge-skills and classroom performance
(Garet et al., 2001).

Although the US National Research Council's reports in 1996 and 2000 suggest that class trips
can be used as a way of teaching research, inquiry, and science (NRC, 1996, 2000); today class trips are
still not considered as a learning experience (DeWitt & Storksdieck, 2008). As a matter of fact, it was
found that more than half of the teachers (66.8%) had no excursions, and only a small number of teachers
(33.2%) had visited a science center at least once. When we questioned why teachers does not organize
visit the science centers in Turkey, based on the findings in Table 7, similar results about the most
important difficulties and barriers faced by teachers were generally obtained according to teachers who
organize or does not organize a field trip to a science center. The two main problems faced by teachers
in both groups of participants are the difficulties in obtaining the necessary permits and the
transportation fee. The third main problem of the teachers who organize the trip is the lack of time
considering the curriculum or the academic year, whereas the third reason indicated by the teachers
who do not organize a trip to the science center is not taking any education about how to make a class
trip to the science center. These results also show parallelism with the study by Morentin and Guisasola
(2015), where teachers have to deal with financial pressures, time constraints and the obligation to train
curricula, which significantly limits their willingness to do field trips. Despite all difficulties and limited
opportunities, the vast majority of teachers in our country - even teachers who do not even organize
trips - are of the opinion that class trips to science centers are high and above average in terms of
education (Table 8). The teachers, who think that the value of science centers in terms of education are
important, also emphasized that science centers are very important in developing positive attitudes
towards science and increasing students’ interest by actively participating in teaching the subjects they
have learned in class and in showing how they are used in real life and allowing them to play with
scientific instruments/models to the truth (Table 9).

In recent years, out-of-school learning environments, such as science centers, are not seen as an
alternative to school learning, but as a tool that should be integrated into school curricula. Braund and
Reiss (2006) claimed that that the participation in classroom activities could be increased by associating
the science presented in out of school learning such as the science museums, science centers, historical
museums, natural museums, etc. with what is presented in the school. In Turkey, it is stated that this
type of out-of-school learning environment has just been introduced (Tagdemir, Kartal, & Ozdemir,
2013). On the other hand, according to the findings obtained as a result of this study, it is observed that
the majority of the teachers in Turkey have not received professional development education — which
will support almost all of them to benefit from the educational activities of the science center efficiently
(Table 10). For example, it is an interesting conclusion that 75.8% of the teachers have not received
training on how to make a field trip to science center and 93.2% have not received training on
developing and implementing lesson plan related to learning in science centers. However, when Table
11 is examined, 68.1% of the teachers expressed their opinions indicating that teaching activities aiming
some learning outcomes should be carried out in the science center programs frequently and at all times.
In the relevant literature, it is stated that the reason teachers are not able to make use of science centers
in their classrooms (Griffin & Symington, 1997; Ramey-Gassert et al., 1994; Tal et al., 2005) is that
teachers were not offered any professional training on how to make use of out of school learning
environments (Melber & Cox-Petersen, 2005). Moreover, most teachers have very few opportunities to
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engage in learning experiences in outside the classroom during their undergraduate education, as a
result, they do not have pedagogical knowledge of how science centers can effectively be used in
teaching by associating opportunities with the curriculum (Morentin & Guisasola, 2015).

Although the literature on science education in out-of-school learning generally focuses on
parents, students and adult visitors (Ash, 2003; Borun, Chambers, & Cleghorn, 1996; Cox-Petersen et al.,
2003; Falk & Dierking, 1997; Griffin & Symington, 1997; Melber, 2003), some professional development
programs are also offered for teachers in many out-of-school learning environments (e.g.
Exploratorium, San Francisco Museum; Boston Science Museum, Denver Natural History Museum). In
2013, it was emphasized by Angadi that in determining the content of those professional development
programs, firstly a need analysis of teachers’ requirements should be carried out and the necessary
professional support should be provided by taking into consideration the school environments in which
the teachers are working (Angadi, 2013) according to the results of those studies. In this study, it was
determined that one of the most important reasons for teachers not to participate in professional
development training was the lack of in-service courses for their professional needs (Table 3). On the
other hand, when the need for professional development training for science centers is questioned
(Table 12), teachers have expressed their opinions on i) the need for the development and application
of lesson plans that integrate the opportunities in science centers into curriculum, ii) how teachers can
work efficiently and harmoniously with Science Center trainers, and iii) the need for examples and
application information on various teaching strategies related to the learning process in science centers
(over 60%).

Conclusion

The educational values of science centers, exhibitions at the Science Center, workshops, science
shows, etc. depend on the degree of preparation made by the teachers before they see the activities (Cox-
Petersen & Pfaffinger, 1998). In case those preparations can be associated with the curriculum, the
increase on the students’ participation in classroom activities and on their attitudes for science is
observed (Braund & Reiss, 2006). By considering all of the abovementioned issues, it can be said with
no doubt that the most important task is to make effective use of the opportunities of science centers in
teaching in schools. On the other hand, if there is no effective professional development related to out-
of-school learning environments such as science centers, it is impossible for teachers to realize the
educational importance of the opportunities in science centers and make use of them in their classrooms
(Melber & Cox-Petersen, 2005). At this point, it should not be forgotten that teachers should be aware
of how they can benefit from science centers and they should be subjected to professional development
training related to learning (Cox-Petersen et al., 2003; Melber & Cox-Petersen, 2005).

In addition to the different emphases and contents within the literature related to the contents
of those professional development programs (field knowledge, pedagogical field knowledge,
developing sample applications in class, how to organize a successful class trip, etc.) (Birman,
Desimone, Garet, & Porter, 2000; Garet et al., 2001; McLeod & Kilpatrick, 2001; NRC, 1996; Loucks-
Horsley, Hewson, Love, & Stiles, 1998; McLeod & Kilpatrick, 2001; Smith, McLaughlin, & Tunnicliffe,
1998), the most important issue may be the consideration of the needs of the teachers for their
professional development (Angadi, 2013). In this study, it was concluded that despite the difficulties
experienced by teachers in Turkey, they are aware of the high educational value of the activities
organized in science centers and they demand the provision of in-service training activities for those
centers. Based on the findings of this study, it was determined that the teachers prioritize the issues that
should be included in the professional development package, one of which is to make more efficient
use of the opportunities in science centers: (i) the development and application of lesson plans that
integrate the opportunities in science centers into curriculum, (ii) knowledge of how teachers will work
efficiently and harmoniously with explainers of science centers within the framework of school-science
center cooperation and (iii) examples and application of various instructional strategies related to the
learning process in science centers.
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Suggestions

The science centers are aimed to be spread to 81 provinces of Turkey within the scope of the
project “Target is 2023” by the Ministry of Science, Industry and Technology. As a natural consequence
of it, the necessity of investing in this direction has gained prominence through this research, which will
constitute the basic interface of communication between science centers and students today and in the
future. The fact that many teachers in Turkey has graduated without being aware of the science centers
and they even have not known how to organize a successful class trip to science center supports that
claim (Tasdemir et al., 2013). Unfortunately, the teacher trainings offered at universities cannot provide
teachers with all of the competencies they need during their careers. Therefore, in-service professional
development is essential and professional development training should be organized to help teachers
develop their practice continuously (European Commission, 2014). In doing so, teachers’ needs should
be taken into account.

Considering the results of this research, it is thought that the most important way to spend an
important resource and make effective use of the community from the science centers where the
investment is made is to provide professional training to teachers in this field. For this purpose, scientific
research need to be emphasized on the development of teachers” professional development programs
which take into account the needs of the teachers in Turkey. In line with the results of this research, the
following suggestions may be presented:

o First of all, all teacher candidates must take a specific number of courses which will contain
several contents related to the out-of-school learning environments.

¢ Regarding the teacher training policies, bureaucratic arrangements should be designed and put
into practice to lead up the teachers from benefiting from science center efficiently and to
eliminate the difficulties they face.

¢ By encouraging the teachers to develop curriculum-compatible course plans before, during and
after their class trips. (DeWitt & Osborne, 2007), the interests and needs of the teachers revealed
by this research or by the similar researches should be considered in the professional
development programs to be presented. Professional development programs for science centers
in Turkey should contain the following: (i) the development and application of lesson plans that
integrate the opportunities in science centers into curriculum, (ii) information on how teachers
will work efficiently and harmoniously with explainers of science centers within the framework
of school-science center cooperation and (iii) some examples and information on practice of the
several teaching strategies related to the learning processes in the science centers. Teachers’
professional development programs should contain both theoretical and practical applications
(Joyce & Showers, 1995), and the constructivist learning approaches should be taken into
consideration in those applications (Adey et al., 2004; Holliday et al., 2013). Teachers' education
should be constructivist because it is an open-ended process where the teacher acquires ideas,
understand them and situate them in his/her context. This could be possible only when theory
and action were taken simultaneously and constructed in teachers' mind (Keiny, 1994).
Although teachers generally prefer less content for theoretical presentations in professional
education, they should participate in practical activities involving theoretical approaches to
learning in science centers. In-service training programs for teachers about learning in science
centers should include at least 30 hours of theoretical and practical training as mentioned in the
literature for effective professional development programs (Guskey & Yoon, 2009; Lauera,
Christopherb, Firpo-Triplettb, & Buchtingb, 2014) and they should be operated interactively
with the explainers of the Science Center particularly in the centers (Kanli, Yanis, & Koseoglu,
2019; Késeoglu, Kanls, Ozdem Yilmaz, & Cigdemoglu, 2018).
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e In order to benefit from science center facilities, teachers should be offered in-service training
courses certified by public institutions such as Ministry of National Education (MONE), Turkish
Academy of Sciences (TUBA), universities and science centers.

Acknowledgement

This study is based upon work supported by The Scientific and Technological Research Council
of Turkey, 1001-Scientific Technological Research Project Support Program under Grant 114K646
entitled BILMER Project: A Teacher Explainer Professional Development Model to Increase the
Effectiveness of Science Centers in Science and Society Communication in Science Education.

208



Education and Science 2020, Vol 45, No 203, 191-213 F. Koseoglu, S. Tahancalio, U. Kanly, & Y. Ozdem Yilmaz

References

Adey, P., Hewitt, G., Hewitt, J., & Landau, N. (2004). The professional development of teachers: Practice and
theory. Dordrecht: Kluwer.

Anderson, D., & Zhang, Z. (2003). Teacher perceptions of field-trip planning and implementation. Visitor
Studies Today, 6(3), 6-11.

Angadi, G. R. (2013, April). Best practices in teacher professional development. International Journal of
Education & Psychological Research, 2(2), 8-12. Retrieved from
http://ijepr.org/doc/V2_Is2_May13/ij2.pdf

Ash, D. (2003). Dialogic inquiry in life science conversations of family groups in a museum. Journal of
Research in Science Teaching, 40, 138-162.

Astor-Jack, T., McCallie, P., & Balcerzak, E. (2007). Academic and informal science education
practitioner views about professional development in science education. Science Teacher Education,
91(4), 604-628.

Ates, A., Ural, G, & Basbay, A. (2012). “Mevlana Toplum ve Bilim Merkezi” uygulamalarinin
ogrenenlerin bilime yonelik tutumlarina etkisi ve 6grenme siirecine katkilari. Uluslararas: Egitim
Programlar: ve Ogretim Calismalart Dergisi, 1(2), 83-97.

Barmby, P., Kind, P. M., & Jones, K. (2008). Examining changing attitudes in secondary school science.
International Journal of Science Education, 30(8), 1075-1093.

Birman, B., Desimone, L., Garet, M., & Porter, A. (2000). Designing professional development that
works. Educational Leadership, 57(8), 28-33.

Borun, M., Chambers, M., & Cleghorn, A. (1996). Families are learning in science museums. Curator, 39,
123-138.

Bozdogan, A. E. (2007). Students interests towards science fields about exhibitions in science centers:
Feza Gursey science center in Turkey. Natural Science Education, 2(19), 5-17.

Bozdogan, A. E. (2008). Fen bilgisi 6gretmen adaylarinin bilim merkezlerini fen 6gretimi agisindan
degerlendirmesi: Feza Giirsey bilim merkezi ornegi. Uludag Universitesi Egitim Fakiiltesi Dergisi,
11(1), 19-41.

Braund, M., & Reiss, M. (2006). Validity and worth in the science curriculum: Learning school science
outside the laboratory. The Curriculum Journal, 17, 213-228. d0i:10.1080/09585170600909662

Biiyiikoztiirk, $., Kili¢ Cakmak, E., Akgiin, O.E., Karadeniz, S., & Demirel, F. (2014). Bilimsel arastirma
yontemleri (17t ed.). Ankara: Pegem Yayinlari.

Center for Informal Learning and Schools. (2004). Informal science institutions and schools: A landscape
study. San Francisco, CA: Author.

Chin, C. C. (2004). Museum experience - a resource for science teacher education. International Journal of
Science and Mathematics Education, 2(1), 63-90.

Clarke-Vivier, S., & Lee, ]. C. (2018). Because life doesn’t just happen in a classroom elementary and
middle school teacher perspectives. On the benefits of, and obstacles to, out-of-school learning.
Issues in Teacher Education, 27(3), 55-72.

Cox-Petersen, A. M., & Pfaffinger, J. A. (1998). Teacher preparation and teacher-student interactions at
a discovery center of natural history. Journal of Elementary Science Education, 10, 20-35.
doi:10.1007/BF03173782

Cox-Petersen, A. M., Marsh, D. D., Kisiel, ., & Melber, L. M. (2003). Investigation of guided school tours,
student learning, and science reform: Recommendations at a museum of natural history. Journal of
Research in Science Teaching, 40(2), 200-218.

Dal, B., Ozdem, Y. Aktas, N., & Alper, U. (2013). Building capacity for public understanding of science:
A report on the role of science centres. Bilgi Strateji, 5(8), 57-69.

209



Education and Science 2020, Vol 45, No 203, 191-213 F. Koseoglu, S. Tahancalio, U. Kanly, & Y. Ozdem Yilmaz

DeWitt, J., & Osborne, J. (2007). Supporting teachers on science-focused school trips: Towards an
integrated framework of theory and practice. International Journal of Science Education, 29(6), 685-
710.

DeWitt, J., & Storksdieck, M. (2008). A short review of school field trips: Key findings from the past and
implications for the future. Visitor Studies, 11(2), 181-197.

Dursun, C. (2010). Diinyada bilim iletisiminin gelisimi ve farkl1 yaklasimlar: Toplum i¢in bilimden
toplumda bilime. Kurgu Online International Journal of Communication Studies, 2, 1-31. Retrieved
from http://www.kurgu.anadolu.edu.tr

European Commission. (2014). The teaching and learning international survey (TALIS) 2013: Main findings
from the survey and implications for education and training policies in Europe. Retrieved from
https://ec.europa.eu/assets/eac/education/library/reports/2014/talis_en.pdf

Falk, J. H., & Dierking, L. D. (1997). School field trips: Assessing their long-term impact. Curator, 40, 211-
217.

Garet, M. S, Porter, A. C., Desimone, L. B., Birman, B. F., & Yoon, K. S. (2001). What makes professional
development effective? Results from a national sample of teachers. American Educational Research
Journal, 38(4), 915-945.

Gezer, K., Kose, S., & Bilen, K. (2007). 6. sinif 63rencilerin fen bilgisine yonelik tutumlar: (Buldan 6rnegi).
Paper presented at the Buldan Symposium, Pamukkale University, Faculty of Education, Denizli.

Griffin, J., & Symington, D. (1997). Moving from task-oriented to learning-oriented strategies on school
excursions to museums. Science Education, 81, 763-779.

Griffin, K. A. (2012). Learning to mentor: A mixed methods study of the nature and influence of Black
professors’ socialization into their roles as mentor. Journal of the Professoriate, 6(2), 27-58.

Guskey, T. R., & Yoon, K. S. (2009). What works in professional development?. Phi Delta Kappan, 90(7),
495-500.

Hein, G. E. (1998). Learning in the museum. London: Routledge.

Holliday, G. M., Lederman, N. G., & Lederman, J. S. (2013). Comfort and content: Considerations for
informal science professional development. International Journal of Science Education, Part B,
Communication and Public Engagement, 4(4), 356-375. d0i:10.1080/21548455.2013.855834

House of Lords. (2000). Chapter 6: Science education in schools (3rd report of the select committee on
science and technology). United Kingdom Parliament. Retrieved from
http://www.publications.parliament.uk/pa/ld199900/ldselect/ldsctech/38/3809.htm#a53

Jenkins, E. W., & Pell, R. G. (2006). The relevance of science education project (ROSE) in England: A
summary of findings. The Relevance of Science Education. Retrieved from
http://www.ils.uio.no/english/rose/network/countries/uk-england/rose-reporteng.pdf

Joyce, B., & Showers, B. (1995). Student achievement through staff development: Fundamentals of school
renewal (27 ed.). White Plains, N.Y: Longman.

Kanli, U, Yanis, H., & Koseoglu, F. (2019). Etkili bir bilim merkezi gezisi siirecinde 6gretmen ve bilim
merkezi egitmenlerinin rolleri ve bir uygulama 6rnegi. In F. Koseoglu (Ed.), Okul duvarlarinin
dtesine 6grenme yolculugu: Bilim-teknoloji merkezleri ve bilim miizeleri (pp. 287-307). Ankara: Nobel
Yaymevi.

Keiny, S. (1994). Constructivism and teachers’ professional development. Teaching and Teacher Education,
10(2), 157-167. doi:10.1016/0742-051x(94)90010-8

Kisiel, J. (2003). Teachers, museums and worksheets: A closer look at a learning experience. Journal of
Science Teacher Education, 14(1), 3-21. doi:10.1023/A:1022991222494

210


https://ec.europa.eu/assets/eac/education/library/reports/2014/talis_en.pdf

Education and Science 2020, Vol 45, No 203, 191-213 F. Koseoglu, S. Tahancalio, U. Kanly, & Y. Ozdem Yilmaz

Kisiel, J. (2005). Understanding elementary teacher motivations for science fieldtrips. Science Education,
89(6), 936-955.

Koseogluy, F., & Kavak, N. (2001). Fen 6gretiminde yapilandiric1 yaklasim. Gazi Egitim Fakiiltesi Dergisi
21(1), 139-148.

Koseoglu, F., Kanli, U,, Ozdem Yilmaz, & Cigdemoglu, C. (2018). BILMER project: A teacher and
explainer professional development model to increase the effectiveness of science centers in science
and society communication and science education (SOBAG, Project No: 114K646). The Scientific
and Technological Research Council of Turkey (TUBITAK). Retrieved from
https://trdizin.gov.tr/publication/show/pdf/project/ TVRINUIUWTI=

Langreo, S. (2007). Needs and expectations of teachers about the science museum of Castilla-La
Mancha. Journal of Science Communication, 6(4), 1-10.

Lauera, P. A., Christopherb, D. E., Firpo-Triplettb, R., & Buchtingb, F. (2014). The impact of short-term
professional development on participant outcomes: A review of the literature. Professional
Development in Education, 40(2), 207-227. doi:10.1080/19415257.2013.776619

Loucks-Horsley, K., Hewson, P., Love, N., & Stiles, S. (1998). Designing professional development for
teachers of science and mathematics. Thousand Oaks, CA: Corwin Press.

Matthews, P. (2007). The relevance of science education in Ireland. The Relevance of Science Education.
Retrieved from http://www.ils.uio.no/english/rose/network/countries/ireland/irl-matthews-rose-
report.pdf

McLeod, J., & Kilpatrick, K. M. (2001). Exploring science at the museum. Educational Leadership, 58(7),
59-63.

Medved, M. O., & QOatley, I. K. (2000). Memories and scientific literacy: Remembering exhibits from a
science centre. International Journal of Science Education, 22(10), 1117-1132.

Melber, L. M. (2003). Partnerships in science learning: Museum outreach and elementary gifted
education. Gifted Child Quarterly, 47(4), 251-258.

Melber, L. M., & Cox-Petersen, A. M. (2005). Teacher professional development and informal learning
environments: Investigating partnerships and possibilities. Journal of Science Teacher Education,
16(2), 103-120.

Morentin, M., & Guisasola, ]. (2015). The role of science museum field trips in the primary teacher
prepartation. International Journal of Science and Mathematics Education, 13(5), 965-990.

National Research Council. (1996). National science education standards. Washington, DC: National
Academy. Retrieved from http://download.nap.edu/cart/download.cgi?&record_id=4962&free=1

National Research Council. (2000). Inquiry and the national science education standards: A guide for teaching
and  learning. Washington DC: The National Academy Press. Retrieved from
http://download.nap.edu/cart/download.cgi?and record_id=9596and free=1

National Research Council. (2009). Learning science in informal environments: People, places, and pursuits.
Committee on learning science in informal environments. Washington, DC: The National Academies
Press. Retrieved from http://download.nap.edu/cart/download.cgi?and record_id=12190and
free=1

National Science Teachers Association. (1998). An NSTA position statement: Informal science education.
Journal of College Science Teaching, 28, 17-18.

Neathery, M. F. (1998). Informal learning in experiential settings. Journal of Elementary Science Education,
10(2), 36-49.

OECD. (2006). PISA 2006 science competencies for tomorrow’s world. Paris: OECD.

OECD. (2010). TALIS 2008 technical ~ report. Paris: OECD. Retrieved from
https://www.oecd.org/education/school/44978960.pdf

211


https://trdizin.gov.tr/publication/show/pdf/project/TVRjNU9UWTI=
https://www.oecd.org/education/school/44978960.pdf

Education and Science 2020, Vol 45, No 203, 191-213 F. Koseoglu, S. Tahancalio, U. Kanly, & Y. Ozdem Yilmaz

Olson, J. K., Cox-Petersen, A. M., & McComas, W. E. (2001). The inclusion of informal environments in
scienceteacher preparation. Journal of Science Teacher Education, 12, 155-173.

Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: A review of the literature and its
implications. International Journal of Science Education, 25(9), 1049-1079.
d0i:10.1080/0950069032000032199

Ozdem Y., Y., Koseoglu, B., & Aktas, N. (2018). Bilim merkezleri icin gelistirilen adli tip atolyesi ve
Ogretmen ve egitmenlerin atolye hakkinda goriisleri. Baskent University Journal of Education, 5(1),
11-26.

Pace, S., & Tesi, R. (2004). Adults' perception of field trips taken within grades K-12: Eight case studies
in the New York metropolitan area. Education, 125(1), 30-40.

Patton, M. Q. (2014). Nitel arastirma ve degerlendirme yontemleri (M. Biitiin & S. B. Demir, Trans.). Ankara:
Pegem Akademi.

Pecore, ]. L., Kirchgessner, M. L., & Carruth, L. L. (2013). Changes in science content knowledge and
attitudes toward science teaching of educators attending a zoo-based neuroscience professional
development. The Clearing House: A Journal of Educational Strategies, Issues and Ideas, 86(6), 238-245.
doi:10.1080/00098655.2013.826527

Pedretti, E. (2004). Perspectives on learning through research on critical issues-based science centres
exhibitions. Science Education, 88(S1), 34-47.

Persson, P. E. (2000). The changing science center: Sustaining our mission into the 21st century. The
Association of Science-Technology Centres. Retrieved from
http://www.astc.org/pubs/dimensions/2000/jan-feb/changing.html

Price, S., & Hein, G. E. (1991). More than a fieldtrip: Science programmes for elementary school groups
at museums. International Journal of Science Education, 13(5), 505-519.

Quin, M. (1990). What is hands-on science, and where can I find?. Physics Education, 25, 258-262.

Ramey-Gassert, L., Walberg, H. J., & Walberg, H. J. (1994). Reexamining connections: Museums as
science learning environments. Science Education, 78, 345-363.

Rennie, L. J. (2007). Developing scientific and technological literacy through community projects. In B.
Choksi & C. Natarajan (Eds.), The epiSTEME reviews: Research trends in science technology and
mathematics education, 2 (pp. 179-196). Delhi: Macmillan India Ltd.

Rennie, L. J., & McClafferty, T. P. (1995). Using visits to interactive science and technology centres,
museums, aquaria, and zoos to promote learning in science. Journal of Science Teacher Education,
6(4), 175-185.

Rickinson, M., Dillon, ]J., Teamey, K., Morris, M., Choi, M. Y., Sanders, D., ... & Benefield, P. (2004,
March). A review of research on outdoor learning. Shrewsbury: National Foundation for
Educational =~ Research and King's College. Retrieved from  http://www. field-
studiescouncil.org/documents/general/NFER/A_review_of_research_on_outdoor_learning.pdf

Sjoberg, S., & Schreiner, C. (2005, March 8-11). Young people and science - attitudes, values and
priorities: Evidence from the ROSE project. European Commission Public Opinion. Retrieved from
http://www.ec.europa.eu/public_opinion/flash/fl_239_en.pdf

Sless, D., & Shrensky, R. (2001). Conversations in a landscape of science and magic: Thinking about
science communication. In S. Stocklmayer, M. Gore, & C. Bryant (Eds.), Science communication in
theory and practice (pp. 97-105). Dordrecht:Kluwer Academic Publishers.

Smith, W. S., McLaughlin, E., & Tunnicliffe, S. D. (1998). Effect on primary level students of in-service
teacher education in an informal science setting. Journal of Science Teacher Education, 9(2), 123-142.

Sentiirk, E. (2015). Field trips to science centers: Teachers’ perspectives, roles and reflections (Unpublished
doctoral dissertation). Middle East Technical University, Ankara.

212



Education and Science 2020, Vol 45, No 203, 191-213 F. Koseoglu, S. Tahancalio, U. Kanly, & Y. Ozdem Yilmaz

Sentiirk, E., & Tahancalio, S. (2017, January 31). Uygulamal: bilim merkezi 2016 yili ziyaret¢i sayisi.
Retrieved from https://tbm.metu.edu.tr/system/files/ziyareci_istatistik_ubm_2016.pdf

Sentiirk, E., & Ozdemir, O. F. (2014). The effect of science centres on students’ attitudes towards science.

International Journal of Science Education, Part B: Communication and Public Engagement, 4(1), 1-24.
doi:10.1080/21548455.2012.726754

Tal, R., Bamberger, Y., & Morag, O. (2005). Guided school visits to natural history museums in Israel:
Teachers’ roles. Science Education, 89(6), 920-935.
Tal, T., & Steiner, L. (2006). Patterns of teacher-museum staff relationships: School visits to the

educational centre of a science museum. Canadian Journal of Science, Mathematics and Technology
Education, 6(1), 25-46. d0i:10.1080/14926150609556686

Tasdemir, A., Kartal, T., & Ozdemir, M. A. (2013). Using science centers and museums in teacher
training. The Asia Pacific Education Researcher, 127, 298-308.

Trench, B., Bucchi, M., Amin, L., Cakmakci, G., Falade, B., Olesk, A., ... & Polino, C. (2014). Global
spread of science communication: Institutions and practices across continents. In M. Bucchi & B.

Trench (Eds.), The routledge handbook of public communication of science and technology (2" ed., pp.
214-230). New York: Routledge.

Tuckey, C. J. (1992). Schoolchildren's reactions to an interactive science center. Curator: The Museum
Journal, 35(1), 28-38.

Weitze, M. D. (2003, June). Science centers: Examples from the U.S. and from Germany. Paper presented at
the conference “From the itinerant lecturers of the 18th century to popularizing physics for the 21st
century”, Pognana sul Lario, Italy.

213



