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Evaluation of the 2017 updated secondary school English curriculum
of Turkey by means of theory-practice link

Erdem Aksoy®
TED University, Faculty of Education, Ankara, Turkey, erdem.aksoy@tedu.edu.tr

M) Check for updates

ABSTRACT  This study evaluates the 2017 updated secondary school English curriculum of Turkey with the frame
of Stake’s (1967) congruence-contingency model. The study employed a mixed-methods research
design. In this regard, triangulation was employed to provide data diversity. Four different data
gathering tools were used: document analysis, interviews, structured questionnaires and in-class
observations. The questionnaire data were gathered from 96 English language teachers, working in
various cities of Turkey, and the interviews were conducted with seven English language teachers
working at a public school in Ankara. In addition, classroom observations were conducted at four
different classes in the same school. The findings of the study indicated that teachers considered the
updated curriculum suitable and effective. However, in-class observations displayed that there are
important gaps in bridging theory and practice. Thus, if there is a huge gap between what was intended
and what was carried out, then first, an English as a foreign language education policy document
should be prepared, and a unique foreign language-teaching ecosystem to include all stakeholders
should be targeted.

Keywords:  Curriculum evaluation, English language teaching, Foreign language policy, Teacher training

Tiirkiye’de 2017°de giincellenen ortaokul Ingilizce 6gretim
programinin kuram-uygulama bagi kapsaminda degerlendirilmesi

0Z Bu aragtirmada 2017 yilinda giincellenen ortaokul ingilizce dgretim programlarmin Stake’in (1967)
uygunluk-olasilik modeli baglaminda degerlendirilmesi amaglanmstir. Arastirmada karma aragtirma
deseni benimsenmistir ve bu baglamda veri gesitliligi saglamak i¢in iggenleme teknigi kullanilmustir.
Arastirmada dokiiman analizi, goriisme, yapilandirilmis anket ve sinif igi gozlemler seklinde dort
farkl1 veri toplama araci kullamlmistir. Anket verileri Tiirkiye nin farkl illerinde calisan 96 Ingilizce
O0gretmeninden toplanmig, goriismeler Ankara ilinde bir devlet ortaokulunda calismakta olan 7
Ingilizce dgretmeni ile yapilmistir. Diger yandan, sif ici gozlemler aym okulda dért farkli sinif
diizeyinde gerceklestirilmistir. Arastirma sonuglar1 dgretmenlerin giincellenen Ingilizce Sgretim
programlarini uygun ve etkili bulduklarini gostermistir. Ancak siif i¢i gozlemler, kuram-uygulama
bagini saglamada 6nemli problemler oldugunu gdstermistir. Bu nedenle hedeflenen ile uygulanan
arasinda dnemli bir fark mevcut ise éncelikle yabanci dil olarak Ingilizce dil egitimi politika belgesi
hazirlanmasi ve bu dogrultuda tiim paydaslar1 kapsayacak sekilde 6zgiin bir yabanct dil 6gretim
ekosistemi amaglanmasi gerekmektedir.

Anahtar

Sézciikler: Program degerlendirme, Ingilizce 6gretimi, Yabanc dil politikasi, Ogretmen yetistirme

Aksoy, E., (2020). Evaluation of the 2017 updated secondary school English curriculum of Turkey by means

Citation: of theory-practice link. Turkish Journal of Education, 9(1), 1-21. DOI: 10.19128/turje.575392
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INTRODUCTION

In the globalized 21st century, knowing a foreign language is the norm. Nowadays, education systems
are expected to offer a second or even a third language. Individuals are increasingly expected to learn
and use foreign languages in communicative environments. Similar to many other countries, primary
and secondary school education in Turkey is focused on teaching and learning English as a foreign
language (EFL) along with bettering language instruction.

Until 1997, the earliest that English was taught in Turkey was at secondary school. In 1997, with the
introduction of the eight-year compulsory education, English was offered from the fourth grade. As a
result of the changes in other countries, there emerged an interest in starting foreign language education
at an earlier age. Compulsory education was extended from 8 to 12 years, as a result of the Law on
Primary Education (Official Gazette, 2012). In this context, the 4 + 4 + 4 system was introduced, and it
was decided that foreign languages teaching should start in the second grade with two hours of
instruction. Hence, a new foreign language curriculum was prepared and applied in the academic year
of 2013-2014 by the Ministry of National Education (MoNE). In the curriculum, it was stated that the
majority of students in Turkey were unable to use English as a language of communication and that was
related to the status of the language as an academic requirement, rather than a communication tool. The
curriculum was proposed to establish a relationship between the material used and the students’ daily
lives (MoNE, 2013).

The curriculum covers the objectives expected to be achieved by the students for each course, the gains
representing the knowledge, skills and attitudes that are intended to be acquired by the students, in line
with these objectives, and the explanation of the teaching and evaluation methods, techniques and
strategies to be used in the process of transferring these to the students. The curriculum also covers the
learning objectives that indicate the level of knowledge and skills that the students must achieve at each
grade level. In this way, it guides the teachers and parents informing about what language knowledge
and skills children are expected to acquire (MoNE, 2018). As Daloglu (1996) stated, the most important
issue to teach EFL is to establish a good curriculum with well-identified objectives. In particular, in the
context of academic English, its success is only possible with a well-grounded curriculum.

2017 Curriculum Reform and English Language Teaching Curriculum Update

All courses in the EFL curriculum for primary and secondary schools in Turkey were updated in 2017,
and they were put into practice throughout the country in 2018. The MoNE based the curriculum update
on considerations encompassing the following aspects: (MoNE, 2018): Research on skills that students
must have in order to continue their education; Comparison and evaluation studies about curricula of
countries with the best educational practices; National examinations; International examinations.

As a basis for the comprehensive curriculum development study, low scores from national-international
examinations and the reasons behind meeting the expectations of higher education systems, together
with the expectations of the market, have been put forward. It was further stated that international
comparisons are used to analyze different education systems and to determine the ways of developing
the Turkish education system based on these findings. For instance, one of the ways of analyzing
educational systems was the comparison of the educational practices and curricula of different countries,
based on the results of international evaluations. When the updated English curriculum was examined,
an emphasis was given on the four fundamental language skills of listening, speaking, reading and
writing (MoNE, 2018), as shown in Table 1.
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Table 1.
Fundamental points of the proposed curriculum
Levels  Hours/ . . - .
(CEFR)  week Grades Skill focus Main activities/strategies
2 listening & speaking
listening & speaking .
1 3 e . . TPR (Total physical response) /
(A1) 2 hours :/_ery I'|m|ted readl_ng & writing Arts and Crafts/ Drama
4 istening & speaking
very limited reading & writing
listening & speaking
5 limited reading
2 very limited writing
(A1) 3 hours listening & speaking Drama / Role play
6 limited reading
limited writing
7 primary: listening & speaking
3 4 hours seponda_ry_: reaglmg & wr|t|_ng Theme-based
(A2) 8 primary: listening & speaking

secondary: reading & writing

As can be seen in Table 1, the curriculum focuses on all four skills, and emphasis is given to listening
and speaking in the second, third, and fourth grades. It can also be seen that in grades five to six, listening
and speaking are emphasized and reading and writing are introduced at a limited level. Teaching
methods, such as drama and role play, are emphasized. For grades seven to eight, the use of all four
skills is encouraged with an emphasis on theme-based instruction. It is evident from the updated
curriculum that it fosters the use of communicative language teaching (CLT) with a focus on values
education.

Another salient feature of the curriculum is that the principles and descriptors of the Common European
Framework of Reference for Languages: Learning, Teaching, Assessment (CEFR) are closely followed.
The new curricular model emphasizes language use in an authentic communicative environment. As no
single language teaching methodology is seen as flexible enough to meet the needs of learners at various
stages and to address a wide range of learning styles, an eclectic mix of instructional techniques has
been adopted, drawing on an action oriented approach in order to allow learners to experience English
as a means of communication, rather than focusing on the language as a topic of study (MoNE, 2018,
p.3). In addition, in order to impress on students, the role of English as a means of relaying needs and
wants, voicing opinions and beliefs, building relationships, and so on, the new curricular model focuses
on language learning as communication. In other words, learners/users engage in activities which require
actual communication between peers or between students and their teacher, such as creating a game as
a group and then playing it with classmates, rather than rehearsing prepared material (p.4).

Curriculum Evaluation

Systematic and continuous evaluation of any curriculum and identification of the strengths and
weaknesses is extremely important for the effective teaching of English. In addition, systematic
curriculum evaluation will provide a better implementation of curricula and provide guidance to teachers
and students. In this regard, the evaluation process may be defined as the process of collecting, editing
and fine-tuning the data (Ornstein & Hunkins, 2016). According to Varis (1997), curriculum evaluation
has an important and permanent place in its development. Since the process requires teamwork, group
working techniques and coordination are included. Assumptions are made for the training of qualified
students and in-class (inside and outside school) activities are compared; specific method trials are
attempted, and the richness of the methods is highlighted. Processes and results are evaluated
continuously and shaped according to the feedback; new assumptions are tried out to develop one or
more of the structural elements. Thereby, the continuity of curriculum development is ensured. A
continuous assessment process is required to observe the implementation of the new curricula. As

3
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Goziitok (2001) and Ultanir (2003) suggested, questioning and evaluating the implementation of the
prior curricula is the starting point for curriculum development.

The extent to which the competences targeted by an updated curriculum on paper are reflected in realized
implementation is extremely important, in terms of strengthening the theory-practice link and shedding
light on the work to develop the curriculum. Many studies show that curriculum updates carried out
under the name of reform are not reflected in the implementation and remain limited to being on paper
(Cheserek & Mugalavi, 2012; Wang, 2006). EFL curriculums of countries where English is taught as a
foreign language show that curriculum change is seldom transferred to real class implementations
(Hamid & Honan, 2012; Yaacob, 2006). However, as Varis (1997) stated, in curriculum development,
evaluation should keep an important and permanent place. Processes and results should be evaluated
continuously, and new assumptions should develop one or more of the structural elements, according to
the feedback received. Thus, this will ensure the continuity of the curriculum development mechanism.

Studies on the evaluation of previous English teaching curricula, in Turkey, usually focused on teachers’
opinions and perceptions (Buyikduman, 2005; Demirlier, 2010; Er, 2006; Erbakan, 2001; Erbilen Sak,
2008; Erdogan, 2005; Kandemir, 2016; Dinger & Saracaloglu, 2018). However, studies that focused on
the alignment between policy and practice in the Turkish context were extremely limited (such as
Dinger, 2013). In one salient study, Yiicel, Dimici, Yildiz and Biimen (2017) analyzed the
implementation of English language curricula published over the last 15 years. They found out that the
communicative approach was adopted in secondary school curricula but could not be practiced as
suggested by other studies and that in the 2011 secondary school program the interests and needs of the
students were ignored in content and objective design. In addition, as the updated English curriculum
was first implemented in 2018, very few studies in the literature were observed to be evaluating the
updated version. A study by Yiice (2018) tried to find out the compatibility of the secondary education
ninth grade updated English language teaching program, to the principles of the CEFR. The results
showed that the outcomes of the 9th grade English language teaching program were not completely
compatible with the proficiency descriptors of the CEFR, and issues such as course materials, course
hours, self-assessment and in-service training activities for the teachers, affected the implementation of
the program negatively. However, the activities of the EFL program were appropriate for and suited to
the students’ language levels and ages. In another study, Erdem and Yiicel Toy (2017) wanted to
determine the needs for the foreign language oriented 5th grade English curriculum. According to the
findings of their study, the problems most frequently encountered by English teachers of the foreign
language oriented 5th grades were the size of the classes, the lack of a prepared curriculum for 2016-
2017 academic year and the lack of a course book. Finally, Agcam and Babanoglu (2018) compared the
primary school and secondary school English curricula of 2017 through an analysis of the intended
learning outcomes and found out that primary school English course objectives were extensively
designed to address students’ lower- rather than higher-order cognitive skills. The current study,
expanding the findings in the previous research, was designed to find out if there is such a gap between
theory and practice; in other words, to evaluate the updated secondary school English curriculum of
Turkey, based on Stake’s evaluation model of congruence-contingency.

Stake’s Congruence-Contingency Model

According to Stake (1967), in order to evaluate, an educator needs to gather certain data, and these data
are likely to be from several different sources. The purpose might be description or judgment, but in
each case, three bodies of information should be tapped into. In the evaluation report, it can be helpful
to distinguish between antecedents, transactions and outcomes data.

According to Stake (1967), there are two principal ways of processing descriptive evaluation data:
finding the contingencies among antecedents, transactions, and outcomes and finding the congruence
between “intents” and “observations”. The data for a curriculum are congruent if what was intended
actually happens. The model is shown in Figure 1.
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Intended antecedents congruence Observed antecedents
Intended transactions congruence Observed transactions
Intended outcomes congruence Observed outcomes

Figure 1. Stake’s congruence-contingency model

Stake’s model is useful for demonstrating the realization level of the features and targets expected in a
curriculum. Therefore, Stake’s congruence-contingency model was adopted within the scope of the
present research. It considers all three levels of congruence and contingency as intended and observed
antecedents, transactions and outcomes. Antecedents is about the readiness and introductory statuses of
the students and the learning environment. Thus, antecedents are not the focus of this study. Similarly,
since outcomes refer to the degree of student learning or success, they were also not targeted in this
research. Instead, this study targeted on congruence and contingency among the intended and observed
transactions. In this context, the 2017 updated secondary school English language curriculum in Turkey,
put into practice in 2018, was examined through the secondary school English teachers’ opinions and
classroom observations. The reason for considering the secondary school level in the research was that
different expectations for grades five to six and seven to eight can be observed in the curriculum
structure. While drama/role-play techniques were proposed for grades five to six, a theme-based
structure was proposed for grades seven to eight. On the other hand, for the former, limited reading and
very limited writing was suggested; however, for the latter grades, teaching all the skills with a theme-
based approach was suggested. For these reasons, the evaluation of the secondary school English
curriculum was considered to be salient.

Research Objectives

The primary aim of this study was to evaluate the updated secondary school English language
curriculum, in terms of intended and observed transactions, to examine the alignment between policy
and practice.

The research questions of the study are:

How do teachers perceive the updated curriculum regarding its objectives, content, generation of
learning experiences and assessment?

How is the updated English curriculum implemented in classrooms?

METHODOLOGY

The present study employs a mixed-methods research design. This study is an instrumental case study
aiming at providing information on EFL teaching in the context of secondary education in Turkey and,
consequently, making suggestions to address identified problems by examining the case of a secondary
school in Ankara. The researcher is interested in studying the particular case, only as a means to some
larger goal (Fraenkel, Wallen & Hyun, 2012). As data gathering tools, documents, interview form,
questionnaire and in-class observation form were utilized. The different data collection tools allowed
triangulation in order to enhance the reliability of results. The data from multiple sources were analyzed
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together. The reason behind the triangulation was that the strengths of the various data gathering tools

would complement each other and offset each method’s respective weaknesses. (Fraenkel, Wallen &
Hyun, 2012).

Participants and Sampling

For the online questionnaire, the snowballing sampling method was considered, through which all
voluntary participants in various provinces of Turkey were targeted. For the interviews and observations,
one public secondary school in Ankara employing intensive English language teaching was chosen. This
was believed to be a suitable school with mostly experienced English language teachers (minimum 15
years of experience) and students from various socio-economic backgrounds. The selected school is an
urban school, and it employs an English intensive education at the fifth-grade level. Demographic
information on the teachers responding to the online questionnaire is given in Table 2.

Table 2.
Participants in the online guestionnaire
Variable Category f %
Gender Male 21 22
Female 75 78
0-25 15 16
Ade 26-40 63 66
g 41-50 14 15
51 and above 4 3
Public 92 96
Type of school Private 4 4
English language teaching 79 82
Undergraduate department Others 17 18
Yes 2 2
Graduate degree No 94 98
0-5 42 44
Experience 6-10 27 28
P 11-15 9 9
16 and more 18 19
. Yes 73 76
Knowledge about the new curriculum document Partly 23 24

An overview displaying demographic data of the participants in the interviews is shown in Table 3.

Table 3.
Participants in the interviews
Variable Category f %
Gender Male 1 14
Female 6 86
Age 0-25 1 14
26-40 4 57
41-50 2 29
51 and above
Undergraduate curriculum type English language teaching 4 57
Others 3 43
Graduate degree Yes 7 100
No - -
Experience 0-5
6-10 - -
11-15 - -
16 and more 7 100
Attendance to in-service training  Yes 1 14
No 6 86

Participants for the interviews comprised seven English language teachers working at a public
elementary school all with a minimum 15 years of teaching experience. None of them had a graduate
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degree and the majority had not attended any kind of in-service training. As shown in Table 3, most of
the interviewees were aged between 41 and 50 and they were all above 26 years of age.

Data Collection Tools

As data collection tools, a semi-structured interview form, classroom observation forms and a structured
online questionnaire were employed; additionally, documents were analyzed. Data collected from the
documents, interviews, and questionnaires were used to make inferences about the theory-practice link,
by establishing connections with data gathered from the in-class observations.

Document Analysis

For this study, the 2017-updated curriculum document of MoNE acted as the main document as well as
the course books and supplementary materials/resources delivered by MoNE. Sample lesson plans of
the observed teachers and the electronic tools they used also acted as documents. The document analyses
provided the grounds for the online questionnaire, semi structured interview form, and in-class
observation form: The documents provided by MoNE entailed the components that needed to be
considered in the actual instructional practice as evidence if the curricular changes had been
implemented sufficiently.

Structured Online Questionnaire

A structured questionnaire consisting of two sections was designed, informed by the updated English
curriculum. The first section collected demographic data while the second section elicited the teachers’
opinions about various dimensions of the updated curriculum. The questions within each section of the
guestionnaire were formed based on the main components and expectations stated in the curriculum. All
questions were first, categorically defined as “yes”, “no”, and “partly”, and the participants were then
asked to write about their opinions. Thus, detailed responses of the participants were targeted. The draft
guestionnaires were then sent to three academics in the field of English language teaching, to check for
the suitability of the questions. The questions were fine-tuned, based on the suggestions of the experts,
and the questionnaire was then piloted with five English language teachers working in Ankara. The
suggested fine tunings were employed, based on the opinions of these teachers, and the questionnaire
was finalized. There are nine items in the first section, ten items about the objectives of the curriculum,
13 items about the content, eight items about the learning experiences, eight items about evaluation, and
22 items about the implementation process.

Semi-structured Interviews

Interviews with seven English language teachers were conducted in a public secondary school in
Ankara. Although the school is an urban school, in the heart of Ankara, various students from the nearby
rural districts attend this school. The reason behind the selection of this school was that all the English
language teachers were experienced in teaching English to secondary school level students, and that the
school utilized an English-language intensive education for especially, the fifth-grade level. A semi-
structured interview form consisting of 11 questions was composed, based on the information gathered
through document analyses. Interview questions were first sent to three experts in the field of English
language teaching to examine for suitability, and the necessary fine tuning was made based on the
feedback gathered from these experts. Subsequently, the interview questions were piloted with two
English language teachers working at a secondary school in Ankara. As a result, the questions were
finalized. Interviews were conducted with seven English language teachers at the selected secondary
school in May 2019. All interviews were tape-recorded with the permission of the participants and then
transcribed. Each interview lasted around 30 minutes. Interviews were conducted in Turkish, as it is the
native language of all the participants.
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Classroom Observations

Classroom observations were carried out to reveal the alignment between policy and practice (Carless,
2004). An observation form consisting of 20 items was developed based on the key indicators of the
updated secondary school English curriculum. The form was sent to three English language teaching
academics to check for the suitability of the statements. The items were categorically defined as “yes”,
“no”, and “partly”, and an open-ended section was added next to each item for further comments and
details. Thus, the form served both as a checklist defining key dimensions, as suggested in the
curriculum, as well as a detailed form to gather comments on each item. One-hour classroom
observations were carried out at each classroom level (grades five to six and seven to eight). The aim of
the observation form was to figure out if there was a gap between theory-practice link in terms of the
intended and observed curriculum implementation. Thus, the form consisted of items that the updated
curriculum required such as the implicit use of grammar in classes and the researcher checked whether
each requirement was fulfilled in different classes. The same observation form was used at all grades.
The observer identified himself as a researcher but stuck to non-participant observation as he did not
interfere in classroom practice.

Data Collection Procedures

Data were collected over a two-month period. First, documents were collected and analyzed to examine
the updated curriculum and to develop the data collection tools, then the online questionnaire was sent
to English language teachers working in various cities of Turkey. Interviews with teachers were
conducted in May 2019. Classroom observations were then carried out to determine the alignment
between intended and observed transactions of the curriculum. The observations were carried out in four
different EFL classrooms. Each class was observed once, and each observation lasted for one hour; a
total of four lessons were observed.

Data Analysis

Data regarding the online questionnaire were analyzed by means of descriptive statistics. Data from the
interviews were analyzed using content analysis. Teachers’ answers to the interview questions were first
transcribed and sent back to the participants for clarification. Then they were analyzed using the NVivo
software. As for the coding process, a pattern-coding method was used (Miles & Huberman, 1994).
Consent was obtained from the TED University Ethical Committee for the suitability of the study in
terms of ethical codes and guidelines, No: 27535802-020/, Date: 09.05.2019. Further consent was
gathered from the Provincial Directorate of National Education-Ankara, No: 14588481-605.99-
E.7723497, Date: 16.04.2019. Data regarding classroom observations were analyzed through frequency
analyses.

FINDINGS

In the following sections, the findings are reported for the structured online questionnaire, the semi-
structured interviews, and the classroom observations separately. For the questionnaire, the teachers’
views on the dimensions examined (curriculum objectives, content, teaching-learning process,
assessment and implementation process) serve as guiding principles to present the findings. The results
for the interviews are reported in terms of perceived strengths and weaknesses. The results concerning
classroom observations focus on to what extent curricular requirements were considered in actual
instructional practice.

Turkish Journal of Education TUR 2020, Volume 9, Issue 1 www.turje.org


http://www.turje.org/

AKSOY; Evaluation of the 2017 updated secondary school English curriculum of Turkey by means of theory-practice link

Findings Regarding the Structured Online Questionnaire

The analysis of the questionnaire was carried out with data gathered from 96 English language teachers,
and descriptive statistics (percentages) were used to analyze the quantitative data.

Opinions of English language teachers on the suitability of objectives

The opinions of English language teachers on the suitability of the objectives of the updated secondary
school curriculum are presented in Table 4. The most striking and the highest gained value is that most
of the teachers agreed that the program aims to use English for communication purposes, rather than
focusing on language structures only. On the other hand, approximately half of them agreed that, with
the lowest gained value, the objectives of the program could be reached by the students under the current
circumstances. On the whole, the majority of the teachers regarded the objectives of the updated
curriculum as suitable and effective.

Table 4.
Opinions of English language teachers regarding the suitability of objectives
Variables Yes % Partly % No %

The program aims to use English in an authentic and communicative environment. 65 68 28 29 3 3
;?Sc%?gsram aims to use English for communication purposes rather than language 79 82 13 14 4 a4
Objectives highlight the use of values such as friendship and justice. 63 66 26 27 7 7
g(k?{ﬁ;ctives highlight the use of key competences such as communication, and digital 67 70 24 25 & 5
Obijectives highlight the use of learner autonomy. 59 62 26 27 11 12
Objectives highlight the use of valuing other cultures. 72 75 19 20 5 5
Objectives were written correctly and effectively by taking into account main 70 73 23 o4 3 3
principles such as 1 main verb in each objective.
Objectives targeted to improve affective skills of students as well as cognitive skills. 78 81 15 16 3 3
The program aimed to make English learning process interesting and fun through its 68 71 21 2 7 7

objectives to meet the diverse needs of students at various levels.
| believe that objectives of the program can be reached by students under current

. 54 56 30 31 12 13
circumstances.

Opinions of English language teachers on the suitability of content

Opinions of the English language teachers on the suitability of content of the updated secondary school
curriculum are presented in Table 5.

Table 5.

Opinions of English language teachers regarding the suitability of content
Variable Yes % Patly % No %
The program covers authentic materials to stress the communicative perspective. 59 62 30 31 7 7
The program provides materials as learning tasks for task-based learning. 67 70 24 25 5 5
;I’:uergggram provides materials and learning sources derived from authentic 53 55 26 27 17 17

The program prowde§ suitable, interesting and achievable learning contexts for both 53 55 29 30 14 15
teachers and book writers.
The program leads teachers to prepare materials covering values. 57 59 26 27 13 14
VaIL_les such as friendship and justice are interwoven in each unit and theme of the 59 62 27 28 10 10
curriculum.
The program provides samples of activities to cover values and ethical principles. 66 69 22 23 8 8
Structures and linguistic functions are implicitly provided for the authentic use of 78 81 16 17 2 2
the language.
The content stresses the development and appreciation for students’ unique cultures. 71 74 20 21 5 5
The content stresses the value of home culture in order to avoid the formation of

- . 70 73 22 23 4 4
negative attitudes.
The contents of 7 and 8th grades were organized as themes. 78 81 13 14 5 5
The content exemplifies characters and places that learners are likely to encounter. 71 74 20 21 5 5
| 'belleve that contents of the program are suitable for students under current 46 48 31 32 19 20
circumstances.
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The most striking and the highest gained values are that most of the teachers agreed that structures and
linguistic functions are implicitly provided for the authentic use of the language in an interactive context,
rather than as a separate entity, and the content for the seventh and eighth grades were organized as
themes. On the other hand, less than half of the teachers agreed that, with the lowest gained value,
contents of the program are suitable for students under the current circumstances. It could be observed
that the majority of teachers regarded the contents of the updated curriculum as suitable and effective.

Opinions of English language teachers on the suitability of teaching-learning process

The opinions of the English language teachers on the suitability of teaching-learning process of the
updated secondary school curriculum are presented in Table 6.

Table 6.
Opinions of English language teachers regarding the suitability of the teaching-learning process
Variable Yes % Partly % No %

The program stresses English as the medium of instruction in class to improve

communicative competence. " 8 13 144 4

The program provides activities such as game play. 67 70 24 25 5 5
The program offers various teaching methods and techniques to stress the values. 62 65 24 25 10 10
The program takes and exemplifies teaching-learning and assessment processes as a

whole to diversify teaching techniques of teachers as well as learning strategies of 71 74 22 23 3 3
students.

The program stresses techniques such as drama and role-play in 5th and 6th grades. 64 67 28 29 4 4
Activities for 5th and 6th grades rely on listening and speaking skills. 64 67 30 31 2 2
Reading and writing skills are adequately addressed in 7th and 8th grades. 68 71 26 27 2 2

I believe that teaching-learning process of the program is suitable for students under 64 67 23 o4 9 9

current circumstances.

A large majority of the teachers agreed that the program stresses on English as the medium of instruction
in class to improve communicative competence. Showing the lowest level of agreement in the dimension
teaching-learning process, more than half of the teachers agreed that the program offers various teaching
methods and techniques to stress on values. As all the variables are over 50 %, it can be said that majority
of the teachers regarded the teaching-learning process of the updated curriculum as suitable and
effective.

Opinions of English language teachers on the suitability of assessment

The opinions of the English language teachers on the suitability of the assessment process of the updated
secondary school curriculum are presented in Table 7.

Table 7.

Opinions of English language teachers regarding the suitability of assessment process
Variable Yes % Partly % No %
Assessment procedures of each unit exemplify samples as to what is expected from 69 72 20 21 7 7
the teachers.
Assessment samples create positive washback. 69 72 20 21 7 7
Assessment is mainly based on alternative and process-oriented techniques. 67 70 21 22 8 8
The program provides samples of self-assessment. 76 79 15 16 5 5
The program provides samples of checklists for self-assessment. 79 82 13 14 4 4
Both process and product-oriented assessment techniques are used to measure 67 70 23 on 6 6

students’ communicative competence.

Various assessment techniques are exemplified to support students with their own
pace of learning in and out of class.

| believe that assessment process of the program is suitable for students under
current circumstances.

49 51 35 37 12 13

57 59 31 32 8 8

The most striking and the highest gained value is that most of teachers agreed that the program provides
samples of checklists for self-assessment. On the other hand, half of them, with the lowest gained value,
agreed that various assessment techniques are exemplified to support students with their own pace of
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learning, in and out of class. As all the variables are over 50 %, it can be said that the majority of teachers
regarded the assessment process of the updated curriculum as suitable and effective.

Opinions of English language teachers regarding the implementation process

The opinions of the English language teachers regarding the implementation process of the updated
secondary school curriculum are presented in Table 8.

Table 8.

Opinions of English language teachers regarding the implementation process
Variable Yes % Partly % No %
The_materlals that | use in class cover the key competences stressed in the 64 67 30 31 2 2
curriculum.

I can align values with the activities that | use in class. 73 76 19 20 4 4
I can focus on strengthening the communication in class rather than trying to rush

over to cover the topics of the curriculum. 48 50 3 31 18 13
Students in my classes can listen and speak as if they were in an authentic

- 46 48 37 39 13 14
environment.

The communication in my classes is in English as much as possible. 51 53 39 41 6 6.3
The communication process in my classes is for creation of meaning. 84 88 10 10 2 2
I use the structural and linguistic elements of the language implicitly to create

. : . 69 72 22 23 5 5
meaning rather than focusing on them as separate topics.
| can adequately focus on cultural elements in my classes. 68 71 25 26 3 3
I can adequately focus on values in my classes. 73 76 20 21 3 3
I can lead students to use various learning strategies. 83 87 12 13 1 1
My s_tudents can transfer their knowledge and skills of English into every phase of 54 56 36 38 6 6
learning process.
| provide materials to my students so that they can reinforce what they already 83 87 12 13 1 1

know.
My students can create materials to share with other classes and students. 64 67 26 27 6 6
My students can learn English by creating with language rather than learning about 57 59 33 24 6 6
the language.

| can get adequate in-service training during the implementation of the updated 37 39 25 26 34 35

curriculum.

;rfgclej/?i?ir; g;llstenlng and speaking skills with 5th and 6th graders rather than reading 47 49 29 30 20 21
| adequately focus on reading and writing skills with 7th and 8th graders. 79 82 13 14 4 4
;:)aedl |e$\sle that such techniques as drama and role-play are effective for 5th and 6th 83 87 11 12 5 5
:3 f;i;e?sllgn different courses in the frame of the Thematic approach with 7th and 8th 74 77 21 22 1 1

| use alternative assessment techniques such as self and peer assessment rather than
product-oriented techniques such as written test or quiz.

I develop and use materials derived from authentic sources to improve the
communication process.

| can adequately implement the updated curriculum in my classes under current
circumstances.

48 50 25 26 23 24

75 78 18 19 3 3

63 66 32 33 1 1

The most striking and the highest gained values are that most of the teachers stated that the
communication process in their classes was to create meaning, and that they could direct students to
various learning strategies. On the other hand, few of them agreed that they could get adequate in-service
training during the implementation of the updated curriculum; students in their classes could listen and
speak as if they were in an authentic environment; they focused on listening and speaking skills with
the fifth and sixth graders rather than reading and writing. As there are only three variables below 50 %,
it can be said that the majority of the teachers regarded the implementation process of the updated
curriculum as suitable and effective.

Interviews with English Language Teachers

The answers of the seven English language teachers interviewed were analyzed using content analysis
and presented under “positive opinions” and “opinions regarding the suggested improvements”
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Positive opinions regarding the updated curriculum and its implementation

Figure 2 visualizes the positive responses of the teachers interviewed. The values provided in the
parentheses represent the frequencies of opinions. Similarly, the thickness of the arrows represents the
relative density of opinions. The best part of the curriculum, according to the teachers, is that it focusses
heavily on the communicative approach, is based on thematic instruction, fosters technological support
and EBA (education information technologies network) platforms, and that it is suitable for foreign
language intensive secondary schools.

Fuositive opinions
regarding the
updated curriculum
and
implementation

Thematic
Approach
(f=5)

4

Focus on
communicative
approach (f=7)

Foreign
language

Techrdlogical

intensive
support and secondary
EBA (f=4) school (f=2)

Figure 2. Findings regarding the positive aspects of the curriculum and its implementation

The communicative approach of the curriculum was regarded positive as evidenced in the following
quote: “The updated program helped us improve the learning process. We do not look for another
approach as | believe that our students are learning English effectively by communicating with each
other”. (T1) The thematic approach was appreciated as it was believed to be useful to align various
topics™. (T3) Also, the curriculum’s strength as addressing the needs of foreign language intensive
secondary schools was emphasized: “Interactive teaching methods can be applied to foreign language
intensive classes. In other classes, on the other hand, this is not possible” (T5).

Opinions regarding the suggested improvements

When the opinions of the English language teachers regarding the suggested improvements were
analyzed, it was observed that they stressed eight main points, which are presented in Figure 3.
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Figure 3. Findings regarding the suggested improvements on the curriculum and its implementation
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The most salient weaknesses of the curriculum and, thus, areas of suggested improvement were that it
lacked adequate support in terms of materials and educational sources. As one teacher puts it:
“Limitations on the use of classroom materials are leading us into trouble. Compulsory books provided
by the MoNE are insufficient. We always have to upgrade the content” (T1).

Another weakness of the curriculum was stated as the inadequacy of in-service training. One teacher
said: “Teachers should take in-service trainings through which they will upgrade their knowledge and
understanding of contemporary teaching methodologies” (T5). One notable suggestion showed the
insufficient course hours stating that “I don’t have enough time to realize communicative activities and
improve my learners’ communicative skills. Time is the most important problem as we have lots of
objectives to cover in a very limited amount of time” (T1). Awareness, on the other hand, was said to
be another weakness of the curriculum and thus an area of concern for the betterment. As one teacher
remarked “In my opinion, the biggest problem is that students do not understand the necessity of learning
English. Families also create a negative impact.” The most frequent statement we hear is “Teacher! Why
do we learn English? Let them learn Turkish” (T6). Values education, which was heavily emphasized
in the updated curricula, represents another area of weakness that needs to be strengthened according to
the participants. As one teacher emphasized “In my opinion, these values should be taught together with
international values such as peace. In addition, students should have already started learning about these
values in kindergarten. If not covered at earlier stages, values have no use other than appearing on
bulletin boards. And I believe that they cannot be incorporated into English lessons” (T2).

In Class Observations

A structured observation form examining if main components of the curriculum were considered in
actual classroom teaching was used to analyze lessons. The observation aimed at indicating if the
upgraded curriculum was sufficiently implemented in realized classroom practice by indicating if
dimensions were incorporated fully, partly or were not integrated. Findings of the observation form are
presented in Table 9 (Appendix 1).

As seen in Table 9, lack of incorporation of dimensions requested in the curriculum prevails for all class
levels and various variables inspected. While the density is lower at the sixth grade, in grades 5, 7 and
8, it is clear that the alternative “no” dominates the whole observation scale. It became evident that at
all four class levels, activities and values were not adequately aligned. In addition, structural and
linguistic elements of the language were addressed as separate topics, and values such as friendship,
justice, honesty, self-control, patience, etc. were inadequately addressed. Furthermore, students were
not led to use various learning strategies, and they could not transfer their knowledge of English into
different contexts. Finally, product-oriented assessment techniques such as tests and written quizzes
were emphasized. At three class levels (fifth, seventh and eighth grades), it was observed that in-class
materials did not cover key competences and values stressed in the curriculum, and class time was
mostly used to cover topics stated in the curriculum rather than strengthening communication. In
addition, students were not given opportunities to listen or speak by generating language practice
resembling authentic contexts, and they learned about the language rather than doing something with it.
Materials were not developed from authentic sources, and the implementation of the curriculum was not
adequately actualized. On the other hand, at one class level (sixth grade), communication was
completely conducted in English, and for two other levels (seventh and eighth grade), it was partly
conducted in English. However, this communication was one sided-from the teacher to the students.

At two class levels (sixth and eighth grades), it was observed that cultural elements were partly
incorporated into classes. On the other hand, at the fifth and sixth grade levels, listening and speaking
skills were addressed; however, techniques such as drama and role-play were not adequately used. At
the seventh and eighth grade levels, it was observed that alignment among the various courses by means
of the thematic approach was unsuccessful, and reading and writing skills were partly used. Finally, a
positive aspect that was observed for all class levels was that the students were provided with materials
to strengthen their prior learnings.

13

Turkish Journal of Education TUR 2020, Volume 9, Issue 1 www.turje.org


http://www.turje.org/

AKSOY; Evaluation of the 2017 updated secondary school English curriculum of Turkey by means of theory-practice link

DISCUSSION

Employing Stake’s (1967) congruence-contingency model, it was found out in the present study that the
updated secondary school EFL curriculum and its implementation by English language teachers lacked
consistency and congruence, in terms of intended and observed transactions. As a result of the
questionnaire, it was found that teachers mostly held positive opinions on aims, content, learning
experiences, evaluations and implementation dimensions of the updated secondary school English
curriculum. Teachers welcomed that the curriculum emphasized communicative competence and that it
focused on cultural elements as well as values. Teachers also welcomed interactive teaching methods
and alternative assessment techniques. Interview results support the findings obtained from the
guestionnaire. Teachers who were interviewed stated that with the help of the updated curriculum, the
communicative process could be further emphasized in classes, and they supported the use of theme-
based instruction. The questionnaires and interview findings also indicated that teachers supported and
tried to use the communicative approach in their classes. However, classroom observations revealed that
in-class activities and implementations were not compatible with the demands of the communicative
approach.

Findings of the present study are supported by previous studies. As Kirkgdz (2008) observed, teachers
do not necessarily internalize and implement activities based on the communicative approach, and
students do not actively participate in classes, particularly when they are teacher driven. In the present
study, it was also found that communicative activities could not be successfully reflected in classroom
practices; rather, they were based on knowledge transfer and structural elements of the language. These
findings overlap with the findings of Coskun (2011), who detected discrepancy between intended and
realized classroom practices due to large class sizes, traditional grammar-based assessment and
insufficient time to prepare communicative materials. Findings also support the study of Denkci Akkas
and Coker (2016) who found out that English language teaching at the high school level in Turkey does
not reflect the communicative language classroom depicted in the text of the national curriculum.
Echoing Karavas (1993), it is worth noting that the communicative approach is observed at the theory
level rather than in-class implementations. In this context, key competences in the curriculum were
seldom reflected in class activities. As Kirkgoz, Celik and Arikan stated (2016), it is important to note
that, even with the existence of a viable curriculum, successful implementation does not depend solely
on the program itself, but on understanding and cooperation from all parties involved.

Although the questionnaire and interview findings showed that teachers were welcoming notions of
cultural elements and values, the document analyses and observation findings revealed that neither
cultural elements nor values were adequately reflected in classroom materials and course books. Naming
one unit as “friendship”, or incorporating Turkish private names into activities but concentrating on
structural and linguistic elements in classes will only serve for perception management on paper rather
than lead to a real change in the classes. As Kirkgoz, Celik and Arikan stated (2016), designing
classroom texts and other teaching tools, materials designers must ensure that these resources can
effectively serve as bridges between the program and the actual teaching context; and classroom
teachers, with support from school administrators, must take an active stance in applying the suggested
activities in the classroom.

While the questionnaire and interview findings showed that teachers found alternative assessment
techniques useful and appropriate, in-class observations displayed that assessments were based on tests
or quizzes comprising multiple choice and fill-in-the-blanks questions, or matching tasks. In the
interviews, teachers highlighted that they mostly used multiple choice type assessments with eighth
graders, since it is the type to most likely be used in the national high-stake examination to be taken by
all students at the end of the eighth grade. In addition, as families reportedly wanted their children to
enroll into better high schools via higher scores in the national examination, they urged the teachers
prepare students for this exam rather than focusing on communicative methodologies and activities that
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they perceived “game-like and childish”. While such concerns were raised for eighth graders, classroom
observations revealed that the case is not different at other class levels. For all levels, it was observed
that assessment techniques, such as fill in the blanks, multiple choice or matching were commonly used.
Thus, it is evident that structural and linguistic functions of language, rather than communicative
competence, are being emphasized. Echoing Mickan (2013), an important problem in foreign language
teaching is that assessment methods and techniques offered in the curricula, and the ones used during
high stakes national examinations, which focus on grammatical accuracy and vocabulary knowledge,
do not match. As Coleman noted (2009), prior to the national examination, both teachers and students
concentrate on the exam content and, thus, the teaching-learning process turns exam driven. The present
study finds support from the study of Ozsevik (2010) who remarked that the main hindrance to the use
of CLT in Turkey appears to be the grammar-based examination system. The researcher stated that the
successful integration of CLT into English teaching in Turkey will only be possible if the examination
system is amended in a way that will give the development of communicative skills the importance that
it deserves.

The questionnaire results indicate that teachers mostly consider the given class hours inadequate.
Numerous teachers stated that three hours for the fifth and sixth grades, and four hours for the seventh
and eighth grades are not adequate, and within this period, it is impossible to cover all the objectives
stated in the curriculum. The interviewed teachers also stated the same inadequacies for the sixth,
seventh, and eighth grades. These findings are in line with the findings of Aksoy, Bozdogan, Akbas and
Seferoglu (2018). Kandemir (2016) similarly stated that teachers found class hours inadequate.

Another salient finding of the present study is the lack of in-service training offered to English language
teachers. Only eight teachers among the 96 answering the questionnaire, and one among seven of the
interviewees stated that they got in-service training on the updated curriculum or contemporary teaching
methodologies. It is clear that an updated curriculum brings with it new approaches, methodologies and
assessment techniques. In this case, teachers who are assigned to enact the updated curriculum, require
in-service training based on all the updates. Although the interviewed teachers stated that the newly
recruited teachers need such in-service programs, classroom observations revealed that all English
language teachers need to upgrade themselves in terms of the updated curriculum. As stated by the
interviewed teachers, these trainings need to be in the form of workshops, to be delivered in real class
cases. Echoing Aksoy (2019), such in-service training programs need to be practice-oriented and
continuous. Within this context, it is clear that English language teachers need training on how to use
the communicative approach effectively in their classes.

The present study is supported by previous studies dealing with the theory-practice link stating that
curriculum reforms or updates stay on the paper but are not transferred to in-class practices (Butler,
2011; Fitzpatrick, 2011; Kirgkéz, 2008). The results of the present study also support the findings of
Erarslan (2019), who found that curricula changes in Turkey, related to primary school English language
teaching programs, fall short of meeting the demands of the country and global world in terms of
equipping learners with the necessary communicative skills in English. The researcher concluded that
class hours are limited for teachers to cover the program content, exerting undue pressure on the part of
the teachers and suggested that the factors which hamper the process of language teaching and learning
in a negative way have to be handled and addressed carefully by the decision makers, program
developers and other agents, such as education planners.

It seems impossible to reflect the desired philosophy of any curriculum, unless teachers internalize that
philosophy and become proficient users of the methodologies required by the curriculum. Thus, it is
critical that teachers get support in form of in-service training on how to actualize the curriculum
updates.
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CONCLUSION

Resorting to Stake (1967), the present study found that there is a lack of congruence and contingency
among the intended and observed transactions within the scope of the updated secondary school
curriculum. Considering that there is a remarkable gap between what is intended and what is carried out,
first, a national foreign language policy document should be prepared, and a unique foreign language-
teaching system for the needs and realities of Turkey should be targeted. Second, the updated English
language curriculum needs to be evaluated countrywide. In addition, it is evident that English language
teachers need in-service training on the use of the communicative approach as well as technology use
and authentic materials preparation. This can be achieved by a large-scale protocol establishment
between MoNE and a couple of universities who excel in teacher training. On the other hand, MoNE
needs to be supported in terms of writing better and more effective course books. In addition, the
intensive English education at some fifth-grade levels need to be disseminated, and English instruction
should be further extended and incorporated into the sixth, seventh and eighth grades. Finally, if the
national examination at the end of eighth grade continues, then the grading/scoring of the English section
needs to be equalized with that of the math or science sections, and a variety of question types, including
alternative assessment methods, needs to be established.

Limitations

The findings of this study are limited to data gathered from 96 English language teachers who
participated in answering the questionnaire, seven English language teachers who were interviewed, and
four classroom observations at different secondary school levels. Thus, the findings cannot be easily
generalized to the whole population. However, it is believed that this study has detected critical aspects
that impede a more fully implementation of the prescribed EFL curriculum for secondary schools in
Turkey. Further studies will contribute to a deeper understanding of the gap between theory as expressed
in curricular documents, teachers’ views on curricular changes and realized practices.
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APPENDIX 1

Table 9.
Observation form regarding grade levels

5th grade 6th grade 7th grade 8th grade
yes partly no vyes partly no yes partly no vyes partly no

Materials used in class covered the key

competences and values stated in the v v v v
curriculum.

Activities used in class were aligned
with values education.
Communication process was
strengthened in class rather than trying v v v v
to cover the linguistic structures.

Students were able to listen and speak

in class just as they would in an v v v v
authentic context.

Communication in class was carried out
in English as much as possible.
Communication process in class was
used to create meaning.

Structural and linguistic elements of
English were implicitly used rather than v v v v
as separate topics.

Cultural elements were adequately
addressed in class.

Values such as friendship were
addressed in class.

Students were led to use various
learning strategies in class.

Students could transfer their knowledge
and skills of English into every phase of v v v v
learning.

Material support was provided to

students to strengthen their prior v v v v
learnings.

Students could learn English by

creating something with the language v v v v
rather than learning about the language.
Rather than reading and writing,
listening and speaking skills were
emphasized at 5th and 6™ grades.
Reading and writing skills were
adequately addressed at 7th and 8th
grades.

Teaching techniques such as drama and
role-play were effectively implemented
at 5th and 6th grades.

Alignment among various courses was
achieved by means of the Thematic
approach offered at 7th and 8th grades.
Alternative assessment techniques were
used rather than product-oriented v v v v
techniques such as tests and quizzes.

Materials were developed and used

from authentic sources to improve in- v v v v
class communication process.

Implementation of the curriculum was

effectively administered under current v v v v
conditions.
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TURKCE GENISLETILMIS OZET

Tiirkiye’de 2017 yilinda diger derslerin dgretim programi yaninda Ingilizce 6gretim programlari da
giincellenmistir. Giincelleme kapsaminda Avrupa Ortak Diller Metni Cer¢eve Programi kapsaminda
yabanci dilin 6zgiin iletisimsel baglamda kullaniminin amaglandigi ve 6zellikle arkadaslik, diiriistliik,
adalet, sabir vb. degerler ile kiiltiirel Ogelerin program icerigine yansitildigi ifade edilmistir.
Programlarda degerlendirme yontemleri olarak ise Ogrencinin kendi kendini degerlendirdigi 6z
degerlendirme ve akran degerlendirme gibi yontemlerin 6n plana ¢iktig1 goriillmektedir (MoNE, 2018).

Giincellenen programlarin sistematik bir sekilde degerlendirilmesi programin siirekliligi agisindan son
derece Onemlidir. Programin etkililiginin degerlendirilmesi, program gelistirme siirecinin ilk
adimlaridandir (Goziitok, 2001; Ultanir, 2003). Kagit iizerinde giincellenen programlarin hedefledigi
yeterliklere ve uygulamadaki etkililigine iliskin veri toplamak ve programi bu yoniiyle degerlendirmek
ise kuram-uygulama bagini saglamanin 6nemli bir yontemi olarak ortaya ¢ikmaktadir. Bu baglamda
reform adi altinda gergeklestirilen birgok program giincelleme g¢alismasinin gergek uygulamalara
yansimadigl ve kagit tizerinde kaldigim gosteren ¢aligmalar bulunmaktadir (Wang, 2006; Cheserek ve
Mugalavi, 2012).

Mevcut galisma giincellenen ortaokul Ingilizce dgretim programlarmin gergek uygulamalar ile olan
iligkisini gostermesi bakimindan son derece Onemlidir. Bu kapsamda mevcut aragtirmada Stake
(1967)’in uygunluk-olasilik modeli kullanilarak beklenen ve goézlenen ozellikler arasindaki uyum
arastirilmigtir. Bu kapsamda yanit aranan sorular su sekildedir:

1) Ogretmenlerin programin; kazanimlarina, icerigine, dgrenme-dgretme siirecine, degerlendirme
sirecine, uygulamalarinin etkililigine iliskin goriisleri nelerdir?

2) Giincellenen ortaokul Ingilizce dgretim programiin simf i¢i uygulamalara yansimasi nasildir?

Bu kapsamda arastirmada 2017 yilinda giincellenen ortaokul ingilizce dgretim programlarmin karma
arastirma kapsaminda dokiiman analizi, gériisme, yapilandirilmis anket ve sinif i¢i gézlemler seklinde
dort farkli veri toplama araci kullanilarak degerlendirilmesi amaglanmistir. Anket verileri Tiirkiye’nin
farkli illerinde ¢aligan 96 Ingilizce dgretmeninden toplanmis, goriismeler Ankara ilinde bir devlet
ortaokulunda galismakta olan 7 ingilizce 6gretmeni ile yapilmis, siif i¢i gdzlemler ise aym ortaokulda
dort farkli sinif diizeyinde gerceklestirilmistir. Anket i¢in kartopu 6rnekleme yontemi, goriismeler ve
gozlemler i¢in ise amagli 6rnekleme yontemi benimsenmistir. Arastirmada veri ¢esitliligi saglamak
adina liggenleme teknigi kullanilmistir.

Arastirma kapsaminda kullanilan ilk veri toplama araci dokiiman analizidir. Bu kapsamda 2017 yilinda
giincellenen ortaokul Ingilizce dgretim programi temel dokiiman olarak kullanilmigtir. Bununla birlikte
ornek ders planlar1 ve kullanilan materyaller de dokiimanlar olarak incelenmistir. Diger veri toplama
araci olan yapilandirilmis anket iki boliimden olusmus ve ilk boliimde demografik bilgiler ikinci
boliimde ise oOgretmenlerin programin temel bilesenlerine iligkin goriislerini almak amaciyla
yapilandirilmis ifadeler kullamilmistir. Bu ifadelere 6gretmenlerin evet, kismen, hayir seklinde yanit
vermeleri, hayir ve kismen segeneklerini isaretlemeleri durumunda ise bu durumun nedenlerini
yazmalan istenmistir. Yapilandirilmig goriismeler {iglincii veri toplama aracini olusturmaktadir. Bu
kapsamda yapilandirilmis olan 11 soru 7 Ingilizce 6gretmenine ydnlendirilmis ve yaklasik 30 dakika
icinde sorulara yanit vermeleri beklenmistir. Ogretmenlerin anadilleri Tiirk¢e oldugu igin goriisme
stireci Tiirkce gergeklestirilmistir. Son veri toplama araci olan gozlem formu ise giincellenen programda
amaglanan temel 6zellikler dikkate alinarak 20 madde seklinde hazirlanmistir. G6zlenmesi beklenen
ozellikler evet, kismen ve hayir seklinde kategorize edilmis ve gozleme iliskin detayli not almak
amaciyla her bir maddenin yanina agiklama boéliimleri eklenmistir. Gozlemler her bir simif diizeyinde
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(5-6-7-8) birer saat olarak gergeklestirilmistir. Veri toplama siirecine iligkin olarak gerekli izinler
oncelikle Ankara Il Milli Egitim Miidiirliigiinden akabinde ise TED Universitesi Insan Arastirmalari
Etik Kurulundan alinmustir.

Anket sonucglar1 6gretmenlerin giincellenen programin kazanimlar, icerik, 6grenme-6gretme siireci,
degerlendirme ve sinif i¢i uygulama boyutlarina iliskin olumlu goriislere sahip olduklarini géstermistir.
Programda iletisimsel yaklagima ve uygulamalara vurgu yapilmis olmasi, kiiltiirel 6gelere ve degerlere
yer verilmis olmasi 6gretmenler tarafindan memnuniyetle karsilanmistir. Ogretmenler ayrica etkilesimli
Ogretim yontemleri ve alternatif 6lgme-degerlendirme yaklasimlar1 konularinda da olumlu goriis
belirtmisglerdir. Goriisme yapilan 6gretmenler de giincellenen programlar ile birlikte siniflarinda iletisim
stirecinin daha yogun vurgulandigini ve tematik yapilanmay1 olumlu bulduklarini ifade etmislerdir.
Ayrica EBA platformunu daha yogun ve etkili olarak kullandiklarini ve okullarinda uygulanan yabanci
dil agirlikli program sayesinde iletisim siirecini giliclendirmek adina daha fazla zaman bulduklarini ifade
etmislerdir. Gerek anket gerekse goriisme bulgulari 6gretmenlerin iletisimsel yaklasima karst olumlu
bakisa sahip olduklarini ve bunu siniflarina yansitmaya ¢alistiklarini gostermesi bakimindan 6nemlidir.
Bununla birlikte sinif i¢i gézlemler programda amaclanan iletisimsel yaklasim uygulamalarinin smif igi
etkinliklere yeterince yansitilmadigimi ve sinif i¢i iletisimin yabanci dil ile anlam olusturmaktan ¢ok
dilbilgisi yapilaria odaklandigin1 gdstermistir. Iletisim siirecinin ¢ogunlukla dgretmenden 6grenciye
tek yonlii gerceklestigi ve drama, rol oynama gibi iletisimsel tekniklerin yeterince kullanilmadigi da
gorlilmustiir. Bu kapsamda arastirma bulgulari alan yazindaki 6nemli birkag arastirma bulgusunu
destekler niteliktedir. Kirkgdz (2008) yaptigr calismada O6gretmenlerin iletisimsel yaklagim temelli
etkinlikleri icsellestiremedigini, 6grencilerin ise ¢ogu O6gretmen merkezli olan etkinliklere yeterince
katilmadigini ifade etmistir. Mevcut aragtirmada da benzer sekilde 6gretmenlerin yabanci dili anlam ve
baglam olusturma amaci1 yerine dilin yapisal 6zellikleri iizerinde durduklari ve iletisim boyutunun biiyiik
oranda g6z ardi edildigi goriilmiistiir. Karavas (1993)’1n da isaret ettigi gibi iletisimsel yaklasim sinif
ici etkinlik boyutunda gergek uygulamalara yeterince yansimamis ve kuramsal diizlemde kalmistir.

Diger yandan gozlem yapilan simiflarda etkinlikler ile temalarin ve degerlerin yeterince
iliskilendirilmedigi de goriilmiistiir. Programda belirtilen arkadaslik, diiriistliik, adalet vb. degerlerin
siif ici etkinliklerde herhangi bir yansimasi gézlenmemistir. Anket bulgular1 6gretmenlerin degerler
konusunda ders kitaplar1 ve materyallerindeki eksiklige vurgu yaptiklarii gostermektedir. Bununla
birlikte simif i¢i uygulama boyutunda ogretmenlerin ders kitabina bagli kalmalar1 ve dilin yapisal
ozelliklerine vurgu yapmalar1 neticesinde degerlerin g6z ardi edildigi ve uygulamalara yeterince
yansimadig1 sdylenebilir. Unitelerin temas baglaminda sunulmasinin da benzer sekilde kagit iizerinde
kaldig1 ve yalnizca iinite adlari ile tinite igerisinde gecen 6zel isimlerde vurgulandigi goriilmistiir. Gerek
tema yapilanmasi gerekse programda vurgulanan degerlerin uygulamaya yansitilamamasi daha
kapsamli olarak yapilacak baskaca calismalarda ele alinabilir. Diger yandan gerek anket gerekse
goriisme bulgular1  programlarda vurgulanan alternatif Glgme-degerlendirme yaklagimlarimi
Ogretmenlerin faydali ve gerekli bulduklarmi gdstermistir. Bununla birlikte smif i¢i uygulamalara
bakildiginda ¢oktan se¢meli, bosluk doldurmali, eslestirmeli soru tiirlerinin yogun bir sekilde
kullanildig1 gozlenmistir. Ozellikle 8. simif diizeyinde dgrencilerin yilsonunda girecekleri ulusal goktan
se¢meli sinav dolayisiyla 6gretmenlerin de standart ¢oktan segmeli soru tiirlinii kullanmak durumunda
kaldiklar ifade edilmistir. Bununla birlikte yapilan gozlemlerde diger sinif diizeylerinde de durumun
farkli olmadig1 ve ¢oktan segmeli soru tiirliniin yogun bir sekilde benimsendigi goriilmiistiir. Bu
kapsamda Mickan (2013)’1n da belirttigi gibi yabanci dil 6gretimi siirecinde programlarda tanimlanan
O6lgme degerlendirme yontem ve teknikleri ile ulusal c¢apli smavlarda sorulan soru tiirlerinin
uyumsuzlugu énemli bir problem olarak gdze carpmaktadir.

Neticede anket ve goriisme sonuglar1 6gretmenlerin bakis agisiyla giincellenen programlarin uygun ve
etkili oldugunu gostermekle birlikte, sinif i¢i gézlemler kuram-uygulama bagin gergeklestirmede kat
edilmesi gereken bir hayli mesafe oldugunu gostermektedir. Dolayisiyla amaglanan ile yapilabilen
arasinda 6nemli bir fark mevcut ise oncelikle bir ingilizce dil politika belgesi hazirlanmasi ve bu
dogrultuda 6zgiin bir yabanci dil 6gretim ekosistemi amaglanmasi gerekmektedirr.
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ABSTRACT  This study aimed to explore how prospective middle school mathematics teachers think critically

Keywords:

about a newspaper article that reported the findings of a statistical research. Participants of the study
were four fourth-year students enrolled at the mathematics teacher education program of a public
university. To investigate the research question of the study, case study method was employed. In-
depth semi-structured interviews were done to examine participants’ critical thinking processes. The
findings of the study indicated that prospective mathematics teachers made use of a variety of critical
thinking processes (comprehending, making connections, inferring ideas, critiquing, and self-
reflecting) and provided clues about the interrelated nature of these processes. This study would shed
light on the characterization of critical thinking in the context of statistical literacy by suggesting a
blended framework. It also suggests the design of the tasks including media articles to promote both
statistical literacy and critical thinking in statistics education courses for prospective mathematics
teachers.

Critical thinking, Mathematics education, Media texts, Statistical literacy, Teacher training

Matematik 6gretmeni adaylarinin bilimsel arastirma hakkindaki
elestirel diistiinme stiregleri: Gazete haberi 6rnegi

OZ Bu calismanin amaci, ortaokul matematik 6gretmeni adaylarindan istatistiksel bir arastirmanin

Anahtar Sozciikler:

bulgularin1 sunan bir gazete haberini okumalari istendiginde 6gretmen adaylarinin nasil elestirel
diistindiiklerini incelemektir. Caligmanin katilimcilar1 bir devlet iiniversitesinde 6grenim goren dort
son sinif ortaokul matematik Ogretmeni adayidir. Arastirmanin amacina uygun olarak, durum
caligmas1t yonteminden yararlanilmistir. Calismanin ana veri toplama kaynagmni, Ogretmen
adaylariyla yapilan goriismeler olusturmaktadir. Yari1 yapilandirilmis goriismeler araciligiyla
katilimcilarin elestirel diisiinme siiregleri derinlemesine incelenmistir. Bu ¢alismanin bulgulari,
ortaokul matematik 6gretmeni adaylarinin bilimsel arastirma igeren bir gazete haberini okurken
cesitli elestirel diisiinme siireglerinden (anlama, baglanti kurma, ¢ikarim yapma, elestirme ve
yansitict diislinme) yararlandiklarini ortaya koymaktadir. Ayni zamanda bu elestirel diisiinme
stireglerinin  birbirleriyle iliski olduguna dair ipuglart sunmaktadir. Bu g¢aligmanin, istatistiksel
okuryazarlik baglaminda elestirel diisinmenin tanimlanmasina iliskin harmanlanmis bir teorik
cergeve sunarak, istatistik egitimi ve elestirel diisiinme ¢aligmalaria 151k tutacagi dngoriilmektedir.
Ayrica bu c¢aligma, matematik 6gretmeni adaylari igin istatistik egitimi derslerinde hem elestirel
diisinme hem de istatistiksel okuryazarligin gelistirilmesi i¢in medya metinleri igeren ders
iceriklerinin gelistirilmesini 6nermektedir.

Elestirel diistinme, Istatistiksel okuryazarlik, Matematik egitimi, Medya metinleri, Og'retmen
yetistirme
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INTRODUCTION

Parallel to the rapid progress in science and technology, new skills and literacies relevant to the
challenges of 21st-century have been emphasized by many educators. School systems around the
world are being encouraged to consider the development of such literacies and skills in their curricula
(e.g., Jacobs, 2010; Wagner, 2014). One of the important skills for individuals in an information
society is statistical literacy (Gal, 2002; Gould, 2017), which has a significant role in being
individuals who evaluate claims and arguments and make effective decisions in their life (Moore,
1998). Today, individuals are surrounded by an enormous amount of information from diverse
sources. Many of the information individuals reach involve statistical aspects in them (Schield, 2004),
which often include conclusions from statistical evidence. However, information released by these
sources might be misleading and conflicting, and involve one-sided claims or arguments (Gal, 2002).
To cope with such information, individuals need to critically review the information in the media texts
before they develop ideas based on them. Otherwise, it would be difficult for individuals to develop
sound ideas about the phenomena around them without having statistical literacy. Thus, statistical
literacy is needed to make efficient decisions about social, political, economic and health issues in
personal life and in workplaces, rather than blindly adopt misleading information released in the media
texts (Gal, 2002).

Studies on statistics education put emphasis on the use of real-life contexts in teaching and learning of
statistics (Ben-Zvi & Garfield, 2008; Gal, 2002; Utts, 2003; Watson, 1997). In this sense, media texts
such as newspaper articles can be considered as a tool for supporting students’ statistical literacies in
context, since they often involve statistical information regarding daily life issues (Watson, 1997). In
order to help students to develop a critical perspective about statistical information around them,
instead of merely dealing with computations, students can be asked to interpret and critically question
the information presented in the media (Watson, 1997). In addition, Jarman and McClune (2007)
suggested that teachers can use the media texts to alert students to be aware of the strengths and
limitations of such reports in the context of scientific literacy, which focuses more on critical reading
of scientific issues (e.g., genetics, astronomy, energy) and scientific research process. In this sense, the
construct of critical thinking can be considered as a valuable phenomenon to consider in studying
statistical education.

Critical thinking has been emphasized as an educational goal by various researchers (e.g., Ennis, 1985;
Facione, 1990; Halpern, 1998; Kennedy, Fisher, & Ennis, 1991; Kuhn, 1999; Paul, 1984; Siegel,
1988). Ciritical thinking has been considered as one of the primary goals of education since people
need to be active critical citizens in the society (Kennedy et al., 1991) and to cope with misleading or
fallacious information in the social and scientific texts (Lin, 2014; Norris & Phillips, 2012; Vieira &
Tenreiro-Vieira, 2016). In spite of such an emphasis, several studies on statistical thinking pointed out
that students mostly have lack of statistical and mathematical knowledge to comprehend scientific
research in the media articles and tend to receive information conveyed in the articles without any
criticism (Watson, 2006). In the future, to nurture students as critical thinkers in schools, an important
first step is to train prospective teachers as individuals who can think critically. If teachers have lack of
statistical knowledge and critical sense while reading real-life contexts, it would hinder students’
development of statistical literacy (Watson, Callingham, & Nathan, 2009). Various curriculum
documents also put emphasis on the importance of thinking critically in the out-of-school contexts
such as media texts (Australian Education Council [AEC], 1991; Ministry of National Education of
Turkey [MoNE], 2018; National Council of Mathematics Teachers [NCTM], 2000).
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It should be noted that, in order to provide students with effective learning experiences that help them
to think critically on statistical concepts, schools rely on mathematics teachers’ knowledge and skills
(Batanero & Diaz, 2010; Burrill & Biehler, 2011; Chesler, 2015). In Turkey and other countries (e.g.,
the US, New Zealand) the mathematics curriculum was revised by paying attention to statistics
education (Cantiirk-Giinhan, Bukova-Giizel & Ozgﬁr, 2012). Such attention on statistics, as a new
learning domain of mathematics education, requires prospective teachers’ training and revision of
current statistics courses in teacher education programs. Even if the curriculum documents emphasize
and gave attention to statistics education, learning of statistics depends on the teachers’ capacity.
However, most of the teachers do not have sufficient experiences in learning of statistics (Zhang &
Stephens, 2016), particularly, prospective mathematics teachers who are future teachers of statistics in
the school mathematics (Gattuso & Ottaviani, 2011). In teacher education programs prospective
teachers were mostly taught statistics by mathematics educators who have not been particularly trained
in statistics education (Batanero, Burrill, & Reading, 2011). They were often taught about theoretical
statistics in introductory statistics courses and there is need for professional training of mathematics
teachers to teach statistics (Batanero & Diaz, 2010). Prospective teachers should be prepared to teach
statistics concepts and statistical literacy (Batanero, Burrill, & Reading, 2011; Burrill & Biehler,
2011). Teacher education programs should start to provide opportunities of instructional practices of
statistics and development of thinking skills (statistical and critical thinking) (Aizikovitsh-Udi,
Kuntze, Clarke, 2016). Teachers should be trained to be critical thinkers about the use of statistics in
media contexts (Chesler, 2015) and have pedagogical content knowledge to promote students’ critical
thinking and use of statistics in real-life contexts (Watson & Nathan, 2010). In spite of such an
emphasis and concerns on mathematics teacher education programs, there has been very few studies
on teacher education on this issue (Chesler, 2015). In-depth investigation of critical thinking processes
of prospective mathematics teachers who are taught in the current teacher education programs would
be a crucial initial step for training of prospective teachers in teaching statistics, particularly in the
context of statistical literacy. It would, in turn, reflect deficiencies in teaching of statistics in teacher
education programs and shed light into design of the statistics courses.

There have been scarce studies on investigation of prospective teachers’ critical thinking in the media
texts; but also, on interpretation of critical thinking in the context of statistical literacy even though
they are related constructs (Budgett & Pfannkuch, 2010; Gal, 2002; Watson & Callingham, 2003).
Critical thinking and its components have been often described from the philosophical, psychological,
and cognitive perspectives in education by various researchers (e.g., Ennis, 1985; Facione, 1990).
However, there is need for describing critical thinking in the context of statistics education (Kuntze,
Aizikovitsh-Udi, & Clarke, 2017), particularly statistical literacy, which is highly related construct
with critical thinking (Gal, 2002). This study addresses this gap by investigating how prospective
mathematics teachers think critically about a media text involving scientific research and by adapting
theoretical framework of critical thinking to the statistical literacy context. To achieve this goal, we
made use of critical thinking framework proposed by Facione (1990) as it provides comprehensive
explanation of components of critical thinking, exemplify how strong critical thinkers think and it has
potential to be transferable to the different domains. In-depth investigation of prospective mathematics
teachers’ critical thinking processes based on a theoretical framework would be a crucial step to
address the problem discussed above, which would in turn enlighten the design of the statistics courses
in teacher education programs. In this regard, we aim to investigate the following question:

How do prospective middle school mathematics teachers think critically when they are reading a
scientific research published in a newspaper article?

Conceptualization of Critical Thinking

Critical thinking and its components were defined by several researchers (Ennis, 1985; Facione, 1990;
McPeck, 1990; Paul, 1984). Ennis (1985) defined critical thinking as “reflective and reasonable
thinking that is focused on deciding what to believe or do” (p. 45). He identified the characteristics of
individuals who think critically through several cognitive skills (e.g., thinking about the quality and
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credibility of arguments, drawing conclusions with a carefulness, clarifying ideas appropriately) and
dispositions (e.g., being open to alternatives, making an effort to be informed). Similarly, Paul (1984)
defined critical thinking based on mastery of skills and dispositions such as being autonomous,
persevering, and open minded to avoid egocentrism. Facione (1990), in a further study, proposed a
comprehensive framework including cognitive skills and dispositions based on the consensus among
forty-six experts. These cognitive skills include interpretation, analysis, evaluation, self-regulation,
inference, and explanation and their subskills. He also reported a list of dispositions (e.g., being open-
minded, willing to search for truth, being alert to use critical thinking), supportively previous studies
on critical thinking.

Studies on critical thinking highlighted a clear agreement among researchers on the components of
critical thinking as a blend of skills and dispositions. However, there has been a disagreement on
whether these skills are generalizable to other domains or they should be subject-specific skills and
cannot be generalized (ten Dam & Volman, 2004). This disagreement among researchers is not scope
of this paper. This study holds a view compatible with the study of Facione (1990) in which he
suggested critical thinking could be transferred to a wide range of subject matter domains. We made
use of the critical thinking framework proposed by Facione (1990) as a guide to identify prospective
mathematics teachers’ critical thinking processes when they were reading a scientific research
conveying statistical information in a newspaper article, which were represented through using
mathematical ideas such as percents or probability. In other words, this study involves the blending
cognitive processes of critical thinking with statistical literacy required for making sense of media
texts.

Critical Thinking and Statistical Literacy

In the statistics education literature, statistical literacy was defined by several researchers (delMas,
2002; Gal, 2002; Rumsey, 2002; Schield, 1999; Wallman, 1993; Watson, 1997). In this study, we
focus on statistical literacy and look through the lenses of statistical literacy, particularly defined by
Gal (2002). He defined statistical literacy as interpreting and critically evaluating claims or arguments
in social and scientific texts and communicating about them. Several researchers proposed models to
assess statistical literacy. They included critical thinking in their models of statistical literacy as a list
of worry questions (Gal, 2002), as a last tier (questioning claims) (Watson, 1997), as the last stage
(critical and critical-mathematical) in the hierarchical level of statistical literacy (Watson &
Callingham, 2003), and as trigger elements (heuristics and fallacies and worry questions) (Budgett &
Pfannkuch, 2010). The authors did not use the term of critical thinking explicitly in their
conceptualization of statistical literacy. They included some components of critical thinking such as
questioning claims and using mathematical and statistical knowledge to interpret the claims. Even
though they included some points on critical thinking, they did not discuss what critical thinking refers
to and how it could be defined in a comprehensive way in the context of statistical literacy.

In the critical thinking literature, several research reports emphasized the role of statistical knowledge
in critical reading of the texts (Ennis & Weir, 1985; Facione, 2011; Halpern, 1998). For example,
Ennis and Weir (1985) in their essay test on critical thinking included essays directly related with
statistics to measure students’ judgment level. These essays required students to recognize bias in the
essays, sampling, and causality. Halpern (1998) also included two categories directly related to
statistics in her taxonomy of critical thinking skills: (1) thinking as hypothesis testing (e.g.,
considering sample size, generalizability) and (2) understanding likelihood and uncertainty to make
decisions (p. 452). Recently, Facione (2011) also pointed out that people should think about the extent
to which inductive arguments could be generalizable with taking into account of some statistical
concepts (e.g., sample representativeness and sampling), know the difference between correlation and
causality, and recognize overgeneralizations and exaggerated numbers. Even though the focus of these
studies is not on the statistics and probability, they provide some instances of the relationship between
critical thinking and statistical literacy. The studies on statistical literacy and critical thinking provide
clues about interrelated nature of critical thinking and statistical literacy. It provides motivation for
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conducting this study and investigating critical thinking in the context of statistics education. In the
current study, in order to contribute to the conceptualization of critical thinking in statistics education,
prospective teachers’ analyses of a newspaper article that include statistical information were
investigated through the lenses of critical thinking framework proposed by Facione (1990).

METHODOLOGY

The case study was employed to investigate prospective mathematics teachers’ critical thinking
processes when they were asked to read a scientific research published in a newspaper article. The
reason of the case study was in-depth examination of fourth-year prospective mathematics teachers’
critical thinking processes, who were on the brink of graduation from teacher education program and
completed statistics and probability and research methods courses.

Participants

Participants of the study were four prospective middle school mathematics teachers. They were
selected among 38 fourth-year students who were enrolled in an undergraduate teacher education
program of a public university in Turkey. After graduation, they become candidates to work in middle
schools as mathematics teachers for grade levels 5 to 8. The teacher education program requires all
students to take a course on Probability and Statistics as well as on Research Methods. In order to
select the participants, researchers asked 38 fourth-year students, who were volunteered to participate
to the study, to write down their reflections about statistical information in a newspaper article that is
only used for participant selection. Four participants were chosen with respect to their potential to
provide rich data by reflecting their thinking, tend to express their ideas with valid mathematical
procedures, and detect critical points in the article in order to gain insight into their critical thinking
processes. Four participants were willing to participate to the interviewing process. In the current
study, they were given pseudonyms, namely Ali, Meltem, Melek, and irem. All participants were
majoring in mathematics education. In addition, Ali and Meltem had minor in statistics as a secondary
domain and Irem had minor in mathematics department.

Data Collection

Semi-structured interviews were conducted to elicit prospective teachers’ thinking processes in detail.
Interviews were audio and video recorded, and lasted for forty-five minutes approximately.
Participants were asked to read a newspaper article (Appendix 1) that Watson (2011) suggested to use
it in classrooms. This article, reported in the Mercury newspaper of Tasmania, was about fidelity and
infidelity of women and men (“Cheat radar better tuned in men, study finds”, 2008). The language of
original newspaper article was in English. It was translated into Turkish by the researchers and
participants were asked to read this translated version.

The article involves probabilistic and statistical statements, especially related with conditional
probability concept (Table 1). To make their thinking process visible, researchers asked some key
questions about the article: “What is the main idea of the newspaper article? What conclusions did
researchers reach according to newspaper article? What conclusions could you draw from the text?
How could the researchers conduct the study reported in the newspaper article? (e. g. how to select
sample, how to collect and analyze the data, how to reach reported findings) How would you evaluate
reported findings? What do you think about generalizability of the reported statistics in the newspaper
article?” In addition to these questions, researcher particularly asked participants what they
understand from four statements (Table 1) in the newspaper article to gain insights into their thinking
processes.
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The statements particularly involve conditional probability concept and they were expressed as
percentages, which is one of the representations of probability (Gal, 2005) and requires proportional
reasoning. Their thinking processes were elaborated through follow-up gquestions such as How can you
express the statements mathematically? How could such a conclusion be reached? and How do you
calculate it?”

Table 1.
Statements in the newspaper article

Statements

“The results, published in New Scientist, show 29 per cent of men admitted they had cheated
compared with 18.5 per cent of women.”

“Researcher Paul Andrews said men were better at judging fidelity than women. ‘Eighty per cent
Statement2  of women’s inferences about fidelity or infidelity were correct, but men were even better,
accurate 94 per cent of the time’ Dr. Andrews said.”

“Men were more likely to catch out a cheating partner, picking up on 75 per cent of the reported
infidelities compared with 41 per cent discovered by women.”

“Men are better at detecting a cheating partner than females, and they are more likely to suspect
infidelities that do not exist.”

Statement 1

Statement 3

Statement 4

Data Analysis

Data analysis was conducted to investigate the indicators of prospective middle school mathematics
teachers’ critical thinking processes about statistical information in the newspaper article. The
framework proposed by Facione (1990) was used to identify critical thinking processes. In order to
organize prospective teachers’ thinking about statistical information, we made use of the statistical
literacy frameworks of Gal (2002) and Watson (2006). In subsequent sections, we present briefly how
we used existing frameworks on critical thinking and statistical literacy. These frameworks were used
as a starting point to analyze the data. They were not entirely applicable to the context of our study.
Thus, we made refinements to make them suitable with our data analysis, which resulted in a blended
version of the frameworks of critical thinking and statistical literacy. We made some adaptations and
refinements regarding some dimensions of the frameworks without making significant changes in the
meanings of concepts.

Adaptation of Critical Thinking Framework to the Context of Statistics and Probability

In this study, we organized participants’ responses about statistical information in the newspaper
article at three broad dimensions: Base of reported findings, reported findings, generalizability of
reported findings. In order to identify the participants’ critical thinking instances, we adopted the
framework developed by Facione (1990) using Delphi Method from the experts on critical thinking.
They identified six cognitive skills of critical thinking and their sub-skills: Interpretation
(categorization, decoding significance, clarifying meaning), analysis (examining ideas, detecting
arguments, analyzing arguments), evaluation (assessing claims, assessing arguments), inference
(querying evidence, conjecturing alternatives, drawing conclusions), explanation (stating results,
justifying procedures, presenting arguments) and self-regulation (self-examination, self-correction) (p.
12). They highlighted that listing of the skills is not intended to indicate any order or hierarchical.
Whereas some of them may overlap to each other, some skills may be prerequisite for the others in
different contexts. We included all of the dimensions in the original framework, except the dimension
of “explanation,” since it was not observed in the data of our study. The reason why it was not
observed in this study was due to the fact that “explanation” skill in the original framework was about
presenting research results in a coherent way and justification of the claims or arguments concerning
them. In this study participants read the statistical results already written by others and published in
the newspaper article. Thus, they did not need to write or present statistical results and arguments
about them. The other dimensions of the Facione’s framework (1990) were included in the current
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study. We made revisions in the sub-dimensions to make them more suitable with the context of this
study. They were restated respectively as the following: comprehending, making connections,
inferring, critiquing, and self-reflecting. At the end of the data analysis process, we identified five
interconnected critical thinking processes, which is resulted in a blended framework of critical
thinking and statistics in the context of media texts. Each dimension with their brief explanations are
presented in Table 2.

Table 2.

Codes for analysis of critical thinking processes concerning statistics and probability

Critical thinking

skills

Sub-skills of critical
thinking

Examples

Comprehending

Identification of the
main idea of the text

Organization of the
contextual information

Clarification of the
information

Determining the purpose of the reported study and distinguishing main idea or
purpose of the text from extraneous or irrelevant ideas in the newspaper article

Constructing graph, table, diagram, or other visual displays that show
relationships between variables or findings of reported study in the newspaper
article, classifying information with the consideration of their attributes

Restating or paraphrasing the words, phrases, and statements in the newspaper
article, recognizing ambiguous or vague terms of the research that are crucial
to understand the nature of reported study, making the meanings of the
statements explicit, particularly with the use of confusing language of
conditional probability

Making
Connections

Examining links
between ideas

Identifying the statements, ideas, concepts, expressions that are related to each
other, identifying similarities and differences between findings of the reported
study, searching for the prerequisite finding to understand another reported
finding and relating it with that finding, breaking up results or conclusions of
reported study into smaller parts or results

Inferring

Examining evidence

Proposing alternatives

Drawing conclusions

Exploring the background information to make inference about the reported
study, seeking information about sample, sample selection, and population that
needs to be conveyed to make sense of generalizability of the reported findings

Suggesting alternatives regarding sampling with the consideration of
advantages and disadvantages of each alternative and considering alternative
sample sizes to draw proper conclusions, formulating alternatives of the
research design for reported study when background information is missing

Educing new reasonable verbal or numerical conclusions by using relevant
information about the reported study, reaching new proportions or calculations
from the probabilistic statements or percentages, making inferences about
reported study (e.g., generalizability) with the consideration of relevant
statistical information (e.g., representativeness of the sample, sample size,
random sampling)

Critiquing

Detecting misleading
information

Recognizing factors of
credibility

Detecting conflicting information or author’s overgeneralization, considering
all aspects of conclusions of the reported study rather than just considering one
side of them, interrogating how the data of reported study is collected, possible
bias in measurement, recognizing the statements or reported statistics in a
given context which contradict with each other

Paying attention to crucial concepts of statistics (e.g., sample size,
representativeness of sample, sampling, chance variability, inference from
sample to population) to judge the credibility of the findings, considering
critical factors concerning generalization of findings in the article (e.g.,
random sampling, sample size, research design, confounding variables, sample
representativeness)

Self-Reflecting

Expressing own
strengths and
weaknesses

Making corrections or
revisions

Reading the article a few times to be sure if one did not notice something
important and questioning own personal beliefs or attitudes, expressing how
one makes assessment based on personal ideas and admitting own weaknesses
when one critiques the reliability of the results or conclusions in the article

Correcting own mistakes after examining own thinking process and looking
back where one made mistakes or has inadequacies, making corrections in
calculations or interpretations
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Organization of Statistical Information in the Newspaper Article

In this study, we organized participants’ responses about statistical information in the newspaper
article at three broad dimensions: Base of reported findings, reported findings, generalizability of
reported findings in the newspaper article. The first, base of reported findings, includes information
about the origin of reported research in the newspaper article. In his study Gal (2002) explained in the
categories of “knowing why data are needed and how data can be produced” and “knowing how
statistical conclusions or inferences are reached.” On the basis of the categories in the Gal’s model,
we described the base of reported findings in the context of media texts as the background of the study
including sampling process, data collection and data analysis processes, and report of findings.
Background of the study mentioned in the newspaper article was not explicitly given, as in most the
other articles. The second dimension of reported findings in the newspaper article refers to the
descriptive or summary statistics such as percentages, mean, graphs and tables. As Gal (2002) and
Watson (2006) explained, basic notions in statistics and probability include concepts such as average,
chance, or representation of data in tables or charts in the context of statistical literacy. Newspaper
articles mostly reports such descriptive information about research study. The last dimension is related
to generalization of the findings reported in the newspaper article. This dimension mostly emerged
from the data. In his study Gal (2002) also suggested adults at least intuitively make connections
between how data is produced and how statistical conclusions are made and generalized. In this study,
generalizability of reported findings refers to intuitively making sense of the extent to which reported
findings are generalizable to the population or other similar contexts and identify crucial factors
related to generalization such as sampling, sample size, sample representativeness, confounding
variables, confidence interval, and design of the study.

FINDINGS

Findings regarding participants’ critical thinking processes were organized under three headings of
statistical information conveyed in the newspaper article: Critical thinking concerning (1) bases of
reported findings, (2) reported findings, and (3) generalizability of reported findings.

Critical Thinking about the Bases of Reported Findings in the Newspaper Article

This section presents participants’ critical thinking processes about the bases of the reported findings
in the newspaper article. Base of the reported findings is regarded as background information of the
study such as sampling, data collection and analysis process, and how results are interpreted and
reported. Some of this information is not explicitly conveyed in the newspaper article.

Regarding sampling process, only one of the participants (Ali) mentioned the role of sample and its
representativeness while judging the credibility of the study in the article. The other participants only
stated the sample size of the reported study as it was written in the newspaper article (203 women and
203 men, or 406 people). Ali, at least intuitively, questioned how the sample size could have a role in
making inferences from the sample to population. During this process, he proposed to consider the
samples with different sizes such as 20 couples and 2000 people. He considered strengths and
drawbacks of each sample size to make accurate inferences from the study:

203 couples, actually, the number is good. It gives considerable information, that is, it is neither 1 nor
2. Well, if this study had been conducted with 20 couples, the answers would not have been all that
good, the extreme properties of those 20 people would have emerged. As the sample size increases, the
power of the representativeness of the sample also increases. If this research had been conducted with
2000 people, we would state that it was more generalizable and more accurate.
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Participants’ thinking process about data collection revealed that all participants concentrated on the
what was measured in the questionnaire and what kind of questions were asked to the participants of
reported study in the newspaper article, which is reported as the following statement: “Researchers at
Virginia Commonwealth University in Richmond gave confidential questionnaires to 203 young
couples, asking them whether they had ever strayed, and they suspected or knew their partner had.”.
Although two participants just restated the questions, other two participants attempted to clarify their
meanings. Meltem, for example, clarified one of the questions in the questionnaire, “whether they
[subjects in the reported study] had ever strayed”. She stated as “I thought that it was a question
about past relationship. The article could have just said like this: the young couple could have been
informed that this study was about their current relationship.” In order to clarify its meaning, she
added the expression of current relationship to the question of “have you ever cheated” and removed
the ambiguity in the question. Moreover, Ali attempted to critique a possible bias in data collection
process based on a statement in the article, “29 per cent of men admitted that they had cheated
compared with 18.5 per cent of women”. He argued that subjects of the reported study might give
deceptive information about their cheating situation by stating “Are men better confessors or do men
cheat [their partners] more? It is unclear. Some might cheat [their partners] and says they didn’t
[cheat]; that’s why, I think this may not give an idea about who cheat more.”

Another finding related to the bases of reported finding was that all participants attempted to
comprehend data analysis process of the reported study by reconsidering how data could be organized
through categories. They intuitively identified variables of gender (women and men) and cheating
(their predictions on partners’ cheating and real situation on cheating) even though they did not
explicitly used the term of variable. They suggested to compare the prediction and real situation. It
was only Irem who reflect more comprehensive thinking process regarding data analysis of the
reported study. While thinking about the statement of “Eighty per cent of women’s inferences about
fidelity or infidelity were correct, but men were even better, accurate 94 per cent of the time.”, she
constructed a table that shows the possible categories in the reported study in order to comprehend
data analysis process of the study (Figure 1).

(K) Waomen / (E] Men

Figure 1. frem’s categorization of variables (gender, fidelity and infidelity inferences) to illustrate data analysis

The last main finding was about how the results in the article were reached and reported. Participants
initially did not have any concern about the results reported in the newspaper, which conveys
information about only women and men’s correct inferences about their partners’ cheating situation.
They just restated the reported results in the article. Then, they made an effort to judge the results of
the study in the newspaper article when they were particularly asked to critique the results. However,
they mostly made subjective judgments. For example, Melek reflected on her thinking process while
reading the media text. She expressed how she evaluated the results reported in the article stating
“When thinking about the article, I think I'm adding my opinions a little. I'm looking at the claims
made at the beginning and the numbers below, I'm comparing them. Even if I am not doing
calculations... If it fits my line of thought, | believe it more.” During this process she compared the
differences between results that are represented as numerical values of 80% and 94%, and 75% and
41% in the newspaper article and related them with the claim of the article. On the other hand, Irem
was more critical about the results in the reported study after she constructed tables that organize the
raw data (Figure 2). She realized the role of sample size in each category on determining credibility of
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the results besides whole sample size. To illustrate, she compared the number of subjects in each
category and realized sample sizes (139 and 163), in the categories of women/men right inferences
when their partners did not cheat them, were higher than the other categories. She stated as follows “If
the number of people who are cheating had been higher than 29%, the ratio of 41% would change
possibly...there are much more people in the category of “women/men not cheating and their partner
inferences right”.
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Figure 2. frem’s organization of the findings in the article through tables

To summary, participants made use of several interrelated critical thinking processes. They mostly
comprehended and critiqued information that is already given in the newspaper article rather than
missing information in the article, and also reflected on their own thinking processes. In fact, the
newspaper did not provide complete information regarding reported study (e.g. how data were
analyzed, reliability of the results, all findings emerged from the survey). The participants mostly did
not question the missing information (women and men’s wrong inferences about their partners’
cheating) in the article.

Critical Thinking about the Reported Findings in the Newspaper Article

This part presents participants’ critical thinking concerning four probabilistic statements in the
newspaper article (Table 1), which involve descriptive or summary statistics such as percentages.
Analysis of participants’ thinking processes about reported statistics indicated that students attempted
to comprehend the meanings of these statements, made connections between them to comprehend their
meanings, inferred new conclusions from the statements that were not stated in the article, and during
these processes they reread the article to make sure whether they understood the statements correctly
(self-reflecting). There are four main findings that arise from this study.

The first main finding is related to Statement 1, which conveys information about the number of men
and women who admit they were cheating their partners. Participants tried to comprehend the
meaning of the Statement 1. Three of them restated it with different words on the basis of their
calculations. They calculated the number of men and women who admit they were cheating by making
link with another sentence in the article which gives information how many men and women
participated to the reported study (203 couples). That is, they restated the Statement 1: “The results,
published in New Scientist, show 29 per cent of men admitted they had cheated compared with 18.5
per cent of women”. Melek, for example, clarified the meaning of Statement 1 through proportional
reasoning (Figure 3). She explained as follows “There are 59 men and 38 women who admit they
cheated on their partners”.
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Figure 3. Melek’s clarification of the meaning of Statement 1 through proportional reasoning

The second main finding is related to Statement 2 and Statement 3, which are closely related with each
other and require to understand the concept of percentage as a representation of likelihood in context
of cheating. All participants tried to cope with clarification of these two statements to make sense
them. For example, Melek had difficulty comprehending the Statement 2 and Statement 3 when she
firstly read the article. She could not identify the difference between two statements, stating “I could
not understand these last two statistics (reads the last two paragraphs of the article). | think the
meanings of the statements are the same. They are stated in the same way but with different values.
Maybe there is a conflict here.” In a similar way, Irem had also trouble in comprehending the
meanings of two statements when she firstly read them as stating “Are they different? I don’t know. I
did not understand the concept of fidelity”. In further process, she had still confusions about the
fidelity, but this time she attempted to solve the problem of uncertainty in its meaning when she was
asked to specifically think about Statement 2. She questioned what infidelity and fidelity concepts
mean:

1 think I don’t know the meaning of the concept ‘fidelity’. I can’t distinguish these two conditions
[Statement 2 and Statement 3]. | think predicting [fidelity] correctly means when they say that they
don’t think their partner cheated on them, actually they [their partner] hadn’t; and predicting
infidelity correctly means when they say that their partner definitely must have cheated on them, their
partner had done so.

frem’s thinking process became more sophisticated compared to that of Melek since she generated an
idea about the meaning of the key terms in two statements and after that, she restated the Statement 2
numerically through proportional reasoning. She found how many men/women predict their partner’s
fidelity or infidelity correctly as in the following: “162 women predicted correctly whether or not their
partner cheated on them. And | understood that 190 men accurately predicted whether their partner
cheated on them.” This thinking process indicates that Irem developed her clarification of Statement 2.
However, she still had trouble in distinguishing the meaning of two statements. She could develop an
idea about their differences when she was asked to specifically think about the Statement 3. She
revised the Statement 3 by using numbers on the basis of certain calculations. However, she at first
glance could not identify the conditional event of infidelity in the conditional statement of Statement
3: “Men were more likely to catch out a cheating partner, picking up on 75 per cent of the reported
infidelities compared with 41 per cent discovered by women”. In other words, she made calculations
on the basis of all women and men rather the number of women and men cheating on their partners.

41 percent of 203 couples; so 83 women detected that their partner cheated on them. But there is
something like this as well; 29 people admitted they had cheated their partners. | wonder whether
75% of %29 noticed cheating (reads the last paragraph again). According to the answers given, men
noticed 75% of the cheatings done by their partners. | mean, it seems that 75% of cheating partners
were noticed; but | made a mistake because | took 203 as a base.

For a while she recognized the Statement 1 that gives information about the number of men/women
cheating and made a connection between Statement 1 and Statement 3 that are two closely related
statements. In the process of examining connection between them, she revised the statements in the
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article and reread them to make sure that she did not overlook any crucial information in the article.
After reading the article again, she realized her mistake and realized the conditional event in the
Statement 3. This process provides an evidence of her self-reflecting process by means of which she
monitored her thinking process and made corrections in calculations regarding conditional probability.
Interestingly other two participants (Ali and Melek) had a similar cyclic thinking process. At first
glance they could not realize the condition in the Statement 3 as well. During this process, none of the
participants explicitly express the term of conditional probability.

An important finding raised from this cyclic thinking process was that two prospective teachers
created a table (irem) and a diagram (Ali) to organize the reported findings through process the
processes of comprehending and examining links between the statements in the article (e.g.
comprehending the Statement 3 by making use of information in the Statement 1). Thus, it seemed that
they could go further and draw new conclusions that are not stated in the article (e.g., percentage of
men/women’s wrong inferences about fidelity or infidelity, percentage of men/women wrong
inferences about their partners’ infidelity). For example, Ali expressed new inferences about the article
in a diagram (Figure 4). It was also represented by the researchers in two-way tables to see what kind
of inferences Ali made (Table 3). On the other hand, other two participants (Meltem and Melek)
reached inaccurate conclusions or could not make further inferences.
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Figure 4. Ali’s construction of a diagram like a tree diagram that show all possibilities

Table 3.
Male and females’ inferences if their partners are cheating or not cheating in real life
Partners’ Cheating Situation in Real Life

Cheating Not Cheating Total
Right Inferences 28 - 190
Male Wrong Inferences 9 4 13
Total 37 166 203
Right Inferences 24 - 162
Female Wrong Inferences 35 6 41
Total 59 144 203

Note: Table was constructed by the researchers on the basis of Ali’s diagram and his expressions.
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The last main finding was related to Statement 4, which is a verbal statement related to the concept of
conditional probability. This statement involves misleading information about the reported study. One
would interpret the statement of “They [men] are more likely to suspect infidelities that do not exist”
in the article as “the probability of males’ wrong inferences if their partners do not cheat is more than
the probability of females’ wrong inference if their partners do not cheat”. However, there is not a
consistency between author’s argument and the calculations made based on the numbers and
percentages in the article. When the following calculations are made (Watson, 2011), it is found that
female are more likely to suspect infidelities that do not exist, which uncover the misleading
information in the Statement 4.

P (Male wrong inference/Female not cheating) = 3/165=1.8%
P (Female wrong inference/Male not cheating) = 6/144=4.2%

All of the participants overlooked this misleading information and could not detect it. However, only
two (Ali and Irem) participants were worried about its meaning and attempted to criticize it. For
example, in her critiquing process Irem had still confusions about the meaning of the verb of “suspect”
and attempted to clarify its meaning. She proposed two alternative meanings for “being suspicious™:
(1) claiming his/her partner is cheating regardless of the fact that the partner is cheating or not
cheating (2) claiming his/her partner is cheating; in fact, their partners are not cheating. On the basis of
the second meaning, she made calculations and decided that Statement 4 conveys wrong information.
She justified his thinking as stating “If we think the second meaning that | believe in, women are more
suspicious. That is, women are suspicious unnecessarily. I think it [Statement 4] is wrong. For men,
1.4% [3/203] and for women, 2.8% [6/203].” Even though she thought the second meaning of the
word is so meaningful that it fit with the meaning of Statement 4 and attempted to critique the
credibility of Statement 4, she drew inaccurate conclusions by making use of relevant information in
the table that she had constructed before (see Figure 2). She did not recognize the condition in the
verbal statement of condition probability (the condition of men/women who are not cheating their
partners). Instead she made calculations on the basis of the number of all participants (203) in the
reported study.

In summary, there are four major findings regarding reported statistics (percentages and probabilistic
statements): prospective mathematics teachers (1) had confusions about the meaning of the words or
statements and making connections between statements; (2) had difficulty in understanding the
meanings of the conditional probability statements and detecting conditional events in the statements;
(3) reflected interrelated and cyclic process of critical thinking, particularly in conditional probability
statements. This process was not so easy for prospective teachers, which required them to rethink
about the meanings of words, review their calculations, reread the article, and correct their
misunderstandings.

Critical Thinking about the Generalizability of the Reported Findings in the Newspaper Article

This part presents participants’ thoughts about generalizability of reported findings, which requires at
least intuitively to comprehend the extent to which reported findings can be generalizable to the
population or other similar contexts. In the process of interviewing, participants were asked to think
about to what extent the findings of the reported study could be generalizable. During this process, all
of them had a tendency to critique the reported findings by recognizing several factors to determine
generalizability of the reported study.

They focused on a variety of factors such as sample size (Ali, Meltem), background information about
sample (residences, duration of marriage) (Ali, irem), and sampling variability (Irem), confounding
variables (Irem) and cultural factors (Ali, Melek). During critiquing process, two of the participants
(irem and Ali) differed from others since they searched for additional information (where participants
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live, duration of marriage) that should have been explained in the newspaper article to make critiques
about findings’ generalizability.

Ali, for example, focused on the factors of sample size, how the sample is selected, and cultural
factors to criticize if the findings of the study would be generalizable to a different culture. The
following statements of Ali indicate that he firstly examined any evidence of sample’s residence.
Besides he proposed alternatives for conducting the study with more people (sample size) and people
with different characteristics to make it more generalizable even though he did not reflect on the
population of the reported study. It also seemed that he perceived the generalizability as getting similar
results at different cultures such as Turkey. Therefore, he thought that the study is not generalizable to
the context of Turkey and claimed the findings do not match with the context of Turkey based on his
personal ideas.

Well, where was the research conducted? It hasn’t been mentioned. The researchers did not mention
from where they selected the couples. Did they choose them from the same place where the research
was conducted? Maybe it is unique to that region. If this research had been conducted with more
effort, with many more participants having different characteristics, | mean if they had conducted on
many places, it would have been more reliable. So, I think we cannot generalize it to Turkey.

Similarly, Irem thought that this study is not generalizable. She paid attention to the factors of sample
size and properties of sample in order to criticize the generalizability of the reported findings, as
shown below. In the critiquing process, she examined any evidence regarding sample characteristics
such as their residencies or countries and the duration of their marriage in order to make a reasonable
decision about the generalizability of the reported findings.

Well, I don’t know if 203 couples are enough. I don’t think it can be generalized. My opinion, you
can’t imagine something big from a small sample. If I ask each of the 203 men or if I ask 58 men, in
this case, will women predict only 29 percent of 58 men correctly? It seems that it will not be correct
all the time. You know, different results will be obtained from different samples; well, here the 203
couples don’t have any characteristic features anyway. I mean, where do they live, in which country, 1
don’t know how long they have been married; maybe there are many influential factors. It has only
mentioned that they are young couples.

During this process, it seemed that she intuitively had a sense of sample variability even though she
did not express it in statistical terms. In other words, she seemed to intuitively appreciate the
variability among the different samples chosen from the same population. However, she was still in
the deterministic thinking process and was not sure if the sample size is large enough, stating “You
can’t imagine something big from a small sample”.

Compared to Ali and irem’s thinking process, Meltem thought the reported study was generalizable.
She supported her claim by comparing sample size with two alternative sample sizes (30 and 100) and
concluded sample size is enough to make generalization, stating as “203 is actually good number, in
statistics when we, for example, carry out a study, we say it’s a good result when it is over 30 or 100.
Well, compared with that, 203 is good. It can be generalized because everything is clear.”

In summary, participants tried to critique the generalizability of the reported findings. Two of the
participants (Ali and Irem) were more critical about generalizability and considered several factors
(e.g., sample size, sample variability, sample characteristics concerning different cultures) and did not
make immediate decisions about the generalizability. They also sought for background information to
decide if it was generalizable. However, none of the participants reflected on the population of the
study, random sampling, and representativeness of the sample concerning population while thinking
about generalization from the sample in the reported study.
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DISCUSSION AND CONCLUSION

This study examined prospective mathematics teachers’ critical thinking processes when they were
asked to read a scientific research reported in a media text. The analysis of prospective mathematics
teachers’ thinking process indicated that they made use of a variety of critical thinking processes
ranging from comprehending to self-reflecting. This study also provided clues about related nature of
critical thinking processes and their role in critical reading of media texts, which is regarded as the
most easily accessible tool conveying statistical information to the public (Lin, 2014; Watson, 1995).
For example, when prospective mathematics teachers were comprehending information in the media
text, they made connections between statements in the article and had a tendency to question the
meanings of the words or credibility of the statements. While inferring new conclusions/findings that
were not stated in the article, two students (Ali and Irem) overviewed their thinking process and reread
the article to check whether they understood the meaning of the statements correctly and made
reasonable inference on the basis of their mathematical knowledge (e.g., proportional reasoning). This
finding supports that skills of critical thinking are interrelated and also some skills could be executed
by the use of other skills (Facione, 1990). In the statistics education context this finding implies that
comprehending statistical information or making connections are as crucial as evaluating statistical
claims in the newspaper articles. Interconnected use of critical thinking skills might tap use of
different skills such as inferring ideas or critiquing information. In addition, as a remarkable finding,
some skills of critical thinking became precondition for the use of other skills. For example,
prospective teachers who could not clarify the meaning of the terms in the article and make
connections between statements could not make further inferences from the article (Facione, 1990). In
the current study, the newspaper article was originally presented to the participants without making
any changes or manipulations. It might have crucial factor to elicit such an interrelated nature of
critical thinking and its components in the context of statistics and probability.

The second major conclusion was that participants mostly made comments on existing information
rather than missing information in the article (e.g., sampling, data analysis, data collection, missing
findings). Newspaper articles might report lack of information or biased information about the
reported study (McClune & Jarman, 2012). Thinking beyond the context, e.g. reading not only the
existing information but also the missing information, is a crucial ability for being critical thinker
while reading such media articles (Gal, 2002; Watson, 2006). In the current study, most of the
prospective mathematics teachers focused on the sample size, which was the only information
regarding sampling presented in the article. This finding was parallel with informal level of statistical
literacy proposed by Watson and Callingham (2003) in which students consider a single aspect of
statistical concepts. In addition, there were not sufficient information about data analysis and data
collection processes in the article. Prospective teachers did not make sufficient comments particularly
on data analysis. Newspaper articles does not often provide enough information about background of
the study and this might lead to make hypothetical comments regarding original study and to have
difficulty in discriminating the critique of the reported study from actual study (Budgett & Pfannkuch,
2010). Thus, prospective teachers in the current study might have had difficulty in making comments
about actual study that does not exist in article. To make sound arguments about this finding, there is
need for further studies. Such a problem in the newspaper article suggests the use of these kind of
articles with the support of original research in the statistics education courses (Budgett & Pfannkuch,
2010; Gelman & Nolan, 2002). In the further studies, prospective teachers’ critical thinking would be
analyzed and compared in newspaper articles with different characteristics (with detailed information,
without sufficient information) to decide what kind of newspaper articles could be used in the statistics
education courses for mathematics teachers.

The third major conclusion was that during their first reading of the article, prospective mathematics
teachers did not analyze critically the reported statistics (percentages, probabilistic statements) in the
article and did not make inferences about them. They just restated what the article had already
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reported. When they were asked to think about the meanings about the probabilistic statements
through probing questions, it was revealed that prospective mathematics teachers had difficulty in
identifying conditional events in the statements and they did not reflect on statistical concept
(conditional probability) behind these statements even though they were taught about this concept in
statistics education courses. Participants’ difficulty in identifying conditional events is consistent with
the findings of previous studies on conditional probability (Carnell, 1997; Falk, 1986; Stohl, 2005).
This finding also suggests training of prospective mathematics teachers on learning and teaching
statistics in real life contexts such as media article, which is particularly regarded as a natural way to
introduce conditional probability concept (Watson, 1995). Moreover, prospective mathematics
teachers who could use their mathematical and statistical knowledge (proportional reasoning,
percentage, and creating two way-table or tree diagram) and comprehend statements effectively
identified conditional events intuitively even though they did not realize them at first glance and use
the term of conditional probability formally. This finding supports the previous studies on contingency
table (Watson & Callingham, 2014) and tree-diagram (Bocherer-Linder, Eichler, & Vogel, 2017)
including natural frequency that helped to comprehend conditional probability concept and
discriminate the conditional events. Besides the use of displays in comprehending conditional
probability concept, this study suggests statistics courses in mathematics teacher education encourage
teachers to transfer of their mathematical and statistical knowledge to a variety of topics of media
articles (e.g., health, politics, education, social life context) by giving enough time to think.

The fourth major conclusion was that participants conceptualized the generalization of findings as
generalization from the sample to population or generalization from one context to another context.
This finding is important to understand to what extent prospective mathematics teachers believe to the
reported study and make decisions in their life. Prospective mathematics teachers critiqued the
generalizability of the reported study based on a few statistical concepts (sample size and
characteristics of the sample) or based on their personal ideas. This finding brings about the need for
training of prospective mathematics teachers to analyze media texts reporting statistical research in a
more comprehensive way. On the other hand, this study calls for training of mathematics teachers in
statistics education to appreciate the nature of statistics and understand its difference from
mathematics (Gattuso & Ottaviani, 2011) and design of statistics courses for prospective teachers
(Watson & Moritz, 2002). The reason such a need is that one of the prospective mathematics teachers
with a minor on mathematics department did not appreciate uncertain generalization from sample to
population as stating “you can’t imagine something big from small sample” when she was asked to
think about the generalizability of the study. This finding could be interpreted as an evidence of which
mathematics teachers could think the nature of statistics like mathematics. On the other hand, it might
also be related to imbalance between critical thinking and statistical thinking as discussed by Kuntze,
Aizikovitsh-Udi, and Clarke (2017). The prospective mathematics teacher’s extreme criticism might
have impeded their understanding of the nature of statistics and appreciation of uncertain
generalization from sample to population.

The researchers and teachers who wants to reimplement this study in other contexts should consider
several important points. One of the major points is that the prospective mathematics teachers in the
current study were selected as having tendency to criticize the media article and took courses on
statistics and research at their undergraduate program. In other words, they were already taught about
key statistical concepts such as sample, sampling, variability, inference, and probability in the
undergraduate program. Even so, they had some struggles in critical evaluation of media article as
discussed above. However, the statistics courses in the undergraduate program did not involve use of
newspaper article and interpreting statistical information in such contexts. Rather, it was based on
teaching of concepts theoretically. Researchers and teachers should also consider that participants
were given enough time to think about newspaper article and it was originally presented to the readers
without making any changes on it. There was not time limitation for reading article and making
judgments about the article. Lastly, this study presents the findings about prospective mathematics
teachers’ critical thinking processes related to one media text, which includes probabilistic statements
about a social life context. Focusing on a particular concept and media article allowed in-depth

37

Turkish Journal of EducationTURﬁ 2020, Volume 9, Issue 1 www.turje.org



KUS & CAKIROGLU; Prospective mathematics teachers’ critical thinking processes about scientific research: Newspaper
article example

analysis by monitoring the flow of prospective teachers’ thoughts. The reason of such a focus was also
to present specific examples of blended theoretical frameworks of critical thinking and statistical
literacy since the use of this framework is new and was adapted in the current study. Although
focusing on one text provide in-depth examination of thinking processes, it would be also a limitation
of the study. Thus, the findings of this study should be interpreted within its limitations such as the
number of participants and its focus on an article including conditional probability concept in a social
life context.

In conclusion, unique contribution of this study is twofold. First, this study showed that prospective
mathematics teachers were in the processes of a variety of critical thinking processes ranging from
comprehending to self-reflecting and each process of critical thinking has a crucial role to be critical
thinkers in reading statistical information regarding a scientific research. Even though prospective
mathematics teachers had completed statistics courses in the undergraduate education, they seemed to
have difficulty in transferring their knowledge of statistics to the context of media texts and in making
judgments by relating relevant concepts of statistics with a critical stance. Statistics has been often
taught theoretically (Batanero & Diaz, 2010). The investigation of a media text and its adaptation to
the statistics education allows researchers and teachers to relate statistics with daily life, which would,
in turn, help to design and integrate such media tasks with the statistics courses in teacher education
programs.

Secondly, this study contributes to the literature in terms of theoretical aspects. It does not only
involve investigation of critical thinking processes in a particular context; but also, adaptation of
critical thinking framework proposed by Facione (1990) to the context of statistics, which has been
developed based on quantitative studies. Critical thinking has been often emphasized by the
researchers in learning and teaching of statistical literacy. However, researchers have not paid
attention to the elaboration of the concept of critical thinking in the context of statistics (Kuntze,
Aizikovitsh-Udi, & Clarke, 2017). This study provides detailed exploration of critical thinking and its
indicators in the context of statistical literacy through suggesting blended framework of critical
thinking and statistical literacy. It has theoretical significance since it shows a case of how this
framework works in the statistical literacy context. It would allow researchers to refine
conceptualization of critical thinking by exploring interaction between critical thinking and statistical
literacy and also to assess students’ and teachers’ critical thinking processes in the statistics education
context. In further studies it could be elaborated and developed by using different topics of media texts
(e.g., health, politics) including statistical studies with different methods (e.g., experimental, survey,
correlational) and with data displays such as table and graphs.
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APPENDIX 1.

Cheat radar better tuned in men, study finds

WOMEN beware. New research shows men are better at detecting a cheating partner than females,
and they are more likely to suspect infidelities that do not exist.

A U.S study of heterosexual couples found men are more suspicious, but an Australian sex researcher
says they are only more suspecting because they are more likely to cheat.

“What we have here is a clear case of the pot calling the kettle black,” said Sydney therapist Rosie
King.

Researchers at Virginia Commonwealth University in Richmond gave confidential questionnaires to
203 young couples, asking them whether they had ever strayed, and whether they suspected or knew
their partner had.

The results, published in New Scientist, show 29 per cent of men admitted they had cheated compared
with 18.5 per cent of women.

Researcher Paul Andrews said men were better at judging fidelity than women.

“Eighty per cent of women’s inferences about fidelity or infidelity were correct, but men were even
better, accurate 94 per cent of the time,” Dr. Andrews said.

Men were more likely to catch out a cheating partner, picking up on 75 per cent of the reported
infidelities compared with 41 per cent discovered by women.

AAP MERCURY-3 Thursday, October 30, 2008
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TURKCE GENISLETILMIiS OZET

Bilim ve teknolojideki hizli ilerlemeye paralel olarak, 21. Yiizyilda ihtiya¢ duyulan yeni beceriler ve
okuryazarlik tiirleri bir¢ok egitimci tarafindan ele alinmistir. Bilgi toplumunda bireyler i¢in 6nemli
olan bu becerilerden biri, istatistiksel okuryazarhiktir (Gal, 2002; Gould, 2017). Bugiin bireyler
medyada cok cesitli kaynaklardan bilgiye ulasmaktadir ve bu bilgilerin ¢ogu istatiksel arastirmalardan
bulgu ve sonuglar icermektedir (Schield, 2004). Bireylerin medyadaki bu bilgileri kendi kanaatlerini
olusturmadan 6nce elestirel olarak gézden gegirmeleri gerekir. Bu baglamda, istatiksel okuryazarligin,
toplumda One siiriilen iddia ve arglimanlar1 sorgulayan ve etkili kararlar veren bir birey olmada 6nemli
bir rolii vardir (Moore, 1998). Aksi takdirde, bireylerin, istatistiksel okuryazarliga sahip olmadan
cevrelerindeki olaylar hakkinda saglam fikirler gelistirmeleri zor olacaktir. Ayn1 zamanda, medyada
yaymlanan bu bilimsel arastirmalarin giiclii ya da sinirli yanlarinin farkina varilmasinda elestirel
diistinmenin de 6nemli rol oynadigi vurgulanmustir (Gal, 2002; Lin, 2014; Norris ve Phillips, 2012;
Vieira ve Tenreiro-Vieira, 2016; Watson, 1997).

Istatistiksel okuryazarlik ve elestirel diisiinmenin énemine yonelik vurgulara ragmen, 6grencilerin
¢ogu medya haberlerinde yer alan bilimsel arastirmalari anlamlandiracak diizeyde istatistiksel ve
matematiksel bilgiye sahip olmayip, herhangi bir elestiri yapmadan haberde verilen bilgilere inanma
egilimindedir (Watson, 2006). Ogrencileri toplumda elestirel diisiinen bireyler olarak yetistirmek igin
atilacak ilk adim, gelecegin 6gretmenleri ve toplumun birer vatandasi olan Ogretmen adaylarinin
egitilmesidir. Eger matematik 6gretmenleri giinliik yasamda karsilastiklar: igerikleri okurken yeterince
istatistiksel bilgiye ve elestirel diisiinceye sahip olmazsa bu durum o&grencilerin istatistiksel
okuryazarliklarinin gelisimini engelleyebilir (Watson, Callingham ve Nathan, 2009). Bu yiizden
Ogretmenlerin istatistigin giinlik yasam igeriklerinde kullanima yonelik ve bu baglamlarda
Ogrencilerin elestirel diislinmesinin gelistirilmesi i¢in pedagojik alan bilgisine sahip olmalar
gerekmektedir. Fakat, ortaokul 6gretmenlerinin istatiksel bilgileri giinliilk yasama aktarmada zorluk
yasadiklar1 (Watson ve Nathan, 2010) ve medya haberlerinin smif i¢inde kullanimi konusunda
yeterince dzgiivene sahip olmadiklari ortaya ¢ikarilmistir (Jarman ve McClune, 2007). Bu arastirmalar
Ogretmenlerin gazete haberi gibi giinlilk yasam iceriklerini okurken derinlemesine biligsel diisiinme
siireglerinin incelemeye ihtiya¢ oldugunu vurgulamaktadir. Bu aragtirmalara ek olarak, Kuntze,
Aizikovitsh-Udi ve Clarke (2017) hem istatiksel diisiinme hem de elestirel disiinmeyi hedefleyen
etkinliklerin 6nemini vurgulayarak bu etkinliklerin tasarimina ihtiya¢ oldugunu belirtmislerdir.

Matematik Ogretmeni adaylarinin elestirel diislinme siireglerinin bir teorik cerceve baglaminda
incelenmesi bu amaci gergeklestirmek i¢in 6nemli bir adim olacagi diisiiniilmektedir. Bu baglamda, bu
arastirmada Facione (1990)’nin 6nermis oldugu elestirel diisiinme teorik g¢ercevesini istatistiksel
okuryazarlik baglamina uyarlayarak, harmanlamig bir ¢ergeve ile su arastirma sorusunun arastirilmasi
hedeflenmistir: “Ortaokul matematik d6gretmeni adaylar1 bir gazete haberinde yayinlanan bilimsel bir
arastirmay1 okurken nasil elestirel olarak diistinmektedir?”’

Bu arastirma sorusuna yanit aramak lizere, nitel arastirma yontemlerinden biri olan durum
calismasindan yararlanilmistir. Arastirmanin katilimeilarini bir devlet iiniversitesinde 6grenim goren
dort son smif matematik 6gretmeni adayi olusturmaktadir. Katilimcilar, 38 son smif matematik
Ogretmeni aday1 arasindan, bir gazete haberi ile ilgili sorulara verdikleri cevaplar dogrultusunda, (1)
zengin veri saglama potansiyellerine, (2) diisiincelerini gegerli matematiksel ifadelerle ifade
etmelerine ve (3) haberde elestirilecek kritik noktalar1 saptama egilimlerine gore secilmistir.
Katilimcilarla yapilan yar1 yapilandirilmig goriismeler bu g¢alismanin veri toplama kaynaklarini
olugturmaktadir. Bu goriismeler yaklasik olarak 45 dakika siirmiigtiir. Katilimcilardan, Tazmanya
Mercury tarafindan yayinlanan (Ek 1), erkek ve kadmlarin sadakatleri {izerine yapilan bir bilimsel

43

Turkish Journal of Education TURE 2020, Volume 9, Issue 1 www.turje.org



KUS & CAKIROGLU; Matematik ogretmeni adaylarmin bilimsel arastirma hakkindaki elestirel diigiinme siirecleri: Gazete
haberi ornegi

aragtirma iceren gazete haberini (Watson, 2011) okumalar1 istenmistir. Bu gazete haberi 6zellikle
kosullu olasilik kavramu ile ilgili olmak iizere istatistiksel bir arastirmanin sonuglarini icermektedir.
Bu gazete haberi ile ilgili katilimcilara belirli sorular sorularak (6rn., Bu gazete haberindeki
arastirmact veriyi nasil toplamig olabilir? Yaymlanan bu bulgulari nasil degerlendiriyorsun? Bu
bulgularin genellenebilirligi hakkinda ne diisiiniiyorsun?) veri toplanmas1 hedeflenmistir.

Katilimcilarla yapilan derinlemesine goriismeler, Facione (1990) tarafindan onerilen elestirel diistinme
teorik cergevesinden yararlanilarak analiz edilmistir. Bu teorik cergeve istatistik egitimine, istatistiksel
okuryazarlik ile ilgili modellerle (Gal, 2002; Watson, 2006) iliskilendirilerek adapte edilmistir. Bu
istatistiksel okuryazarlik modelleri gercevesinde gazete haberindeki istatistiksel bilgi ii¢ ana baslikta
(vayinlanan bulgularin arka plani, yayinlanan bulgular ve yaymlanan bulgularin genellenebilirligi)
organize edilmistir ve bu iic bashiga goére Ogretmen adaylarmin elestirel diisiinme siirecleri
incelenmistir. Yaymlanan bulgularin arka plani (base of reported findings), haberde verilen bilimsel
arastirmanin nasil yiiriitiildiigii (6rneklem secimi, veri toplama ve analizi, bulgular ve yorumlanmasi)
ile ilgili olup cogunlukla gazete haberlerinde sinirli olarak sunulmaktadir. Yayinlanan bulgular
(reported findings) ise, gazete haberine yansitilan ve istatistiksel kavramlar (6rn., yiizde, ortalama,
olasilik) igeren ifadeler olarak tanmimlanmistir. Yaymlanan bulgularin  genellenebilirligi
(generalizability of reported findings) ise yaymlanan bu bulgularin 6rneklemden popiilasyona ya da
baska benzer baglamlara ne derece aktarilabilecegi ile ilgilidir. Elestirel diistinme teorik ¢ergevesinde
bazi degisiklikler yapilarak bu teorik ¢er¢eve galigmanin baglamina uyarlanmistir. Elestirel diigtinme
siirecleri; anlama, baglanti kurma, c¢ikarim yapma, elestirme ve yansitict diisiinme olarak
isimlendirilmistir.

Verilerin analizi sonucunda ii¢ temel bulguya rastlanilmustir. Ilk olarak, dgretmen adaylar: elestirel
diisiinme siireglerini i¢ ice gegecek sekilde kullanarak, gazetede verilmeyen eksik ifadelerden ziyade
cogunlukla gazetede var olan bilgileri anlamaya ve elestirmeye ¢aligmistir. Yayinlanan bulgularin arka
plan1 (6rneklem seg¢imi, veri toplama ve analizi siireci, bulgularin belirlenmesi ve yorumlanmasi) ile
ilgili olarak sadece gazetede var olan bilgiler gercevesinde yorum yapmislardir. Gazetede 6rneklem
biiyiikliigh verildigi i¢in, cogunlukla 6rneklem biiyiikliigiine odaklanmiglardir. Diger 6ne ¢ikan bulgu
ise, yayinlanan istatistiksel bulgularla (yiizde ve olasilik ifadeleri) iliskilidir. Ogretmen adaylari
kosullu olasilik kavrami igeren ifadeleri anlamaya ve bu sirada bu ifadeler arasinda baglanti kurmaya
calismistir. Ancak soOzel olarak yaymlanan bu ifadeleri anlamada ve elestirmede oldukga
zorlanmiglardir. Bu siireg, kelimelerin anlami netlestirmeye caligtiklari, birtakim hesaplamalar yaparak
cikarimlar yapmaya calistiklari ve bazi 6gretmen adaylarinin gazete haberini yeniden gozden gegirip
hatalarini fark ettikleri i¢ ice geg¢mis bir siiregtir. Son olarak, yaymlanan bulgularin genellenebilirligini
iki 6gretmen aday1 daha g¢ok elestirme egiliminde olup bu siiregte 6rneklem biiyiikliigli, 6rneklemin
ozelligi, 6rneklem degiskenligi gibi kavramlari, dogrudan bu terimleri kullanmasalar da g6z oniinde
bulundurmuslardir. Digerleri ise, kendi kisisel gorisleri gercevesinde ¢alismanin genellenebilirligi
hakkinda goriiglerini ifade etmistir. Buna ek olarak, 6gretmen adaylar1 bu siiregte popiilasyon,
orneklemin temsil edilebilirligi ve 6rneklem se¢im metodu ile ilgili bir yorum yapmamustir.

Bu ¢alismada katilimcilar son sinif matematik 6gretmeni adaylar1 arasindan elestirme potansiyellerine
gore secilmis olmalarina ve istatistik ilgili ¢esitli dersleri (istatistik ve olasilik, arastirma teknikleri)
almalarina ragmen, yukarida bahsedildigi gibi gazete haberini elestirel olarak degerlendirmede
sikintilar yasamuglardir. Bu arastirmanin bulgulari, okullarda istatistik kavramlarini Ogrencilere
Ogretecek bireyler olarak matematik Ogretmeni adaylarmin medya haberleri gibi giinliik yasam
baglamlarinda istatistiksel okuryazarlik ve elestirel diisiinmeye dair egitimlere ihtiya¢ oldugunu
vurgulamaktadir. Calismanin sinirliliklar (simirhi sayida katilimer sayisi ve gazete haberi kullanimi)
cercevesinde, elde edilen bulgularin ve elestirel diisiinme teorik ¢ercevesinin istatistiksel okuryazarlik
baglaminda kullanilmasinimn istatistik egitimi alaninda gelecekte yapilacak caligmalara 151k tutacagi
ongoriilmektedir.
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EK 1.

Yapilan arastirmaya gore, erkekler esinin aldattigimi daha iyi tespit ediyor.

KADINLAR dikkat. Yeni yapilan bir arastirmaya gore, aldatan esi tespit etmede erkekler kadinlardan
daha iyi ve erkekler, var olmayan aldatmalardan siiphelenmeye daha egilimli.

Amerika’da ciftlerle ilgili yapilan ¢alisma, erkeklerin daha slipheci oldugunu buldu. Fakat, cinsiyetler
iizerine ¢alisan Avustralyali bir arastirmaci, daha ¢ok aldatma egiliminde olduklar1 icin erkeklerin
daha stipheci olduklarini sdyliiyor.

Sydney’den terapist Rosie King “Buradaki durum, ‘tencere dibin kara, seninki benden kara’nin agik
bir 6rnegidir.” diyor.

Richmond’daki Virginia Commonwealth Universitesi’nden arastirmacilar, 203 genc cifte ait
cevaplarin gizliligi korunacak sekilde hazirlanmig anketler yoluyla eslerini hi¢ aldatip
aldatmadiklarini, eslerinin aldattigin1i  bilip bilmediklerini ya da eslerinden siiphelenip
stiphelenmediklerini sordu.

New Scientist dergisinde yayimlanan sonuglara gore erkeklerin yiizde 29°u aldattigin itiraf ederken,
kadinlarda bu oran yiizde 18,5.

Arastirmaci Paul Andrews, “Kadinlarin eslerinin sadakat ya da sadakatsizligi hakkinda ¢ikarimlarinin
yiizde 80’1 dogru. Ancak, erkekler yiizde 94’lilk dogruluk oramyla kadinlara gére daha iyi.” diyerek
erkeklerin, eslerinin sadakatini yargilamada kadinlardan daha iyi oldugunu vurguluyor.

Verilen cevaplara gore, erkekler eslerinin aldatmalarimin %75’ini fark ederek, aldatmay1 biiylik bir
olasilikla tespit ederken, kadinlar aldatan eslerinin %41’ ini tespit ettiler.

AAP MERCURY-3, 30 Ekim Persembe 2008
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ABSTRACT

Keywords:

This study examined (a) the availability of basic science materials in children’s home environment, (b)
the frequency of parents’ involvement in informal science activities with their children, (c) the level of
opportunities parents offered their children for learning basic science subjects, and (d) the effect of
grade level on parental support for children’s science learning. In this cross-sectional survey study,
data were collected from 735 parents in a city in the north region of Turkey. Results revealed that most
children did not have basic science materials at home. Parental support for making science trips was
especially low. The parents supported their children’s learning most in the area of health, security, and
nutrition. The MANOVA results indicated that the parents of middle school children supported their
children significantly less to do science and nature activities compared to the parents of preschool and
elementary school children. The middle school children were also less likely to be supported by their
parents to learn science subjects related to matter, energy, and livings compared to preschool children.
The parents of preschool children offered more opportunities for their children to learn science
subjects related to sky compared to the parents of elementary and middle school children.

Parental support, Science learning, Science outside school

Cocuklarin okul dis1 fen 6grenmeleri: Aile destegi

0z

Anahtar Sozciikler:

Bu ¢alismada (a) basit fen materyallerinin ¢ocuklarin ev ortaminda bulunup bulunmadigy, (b) ailelerin
cocuklartyla birlikte informal fen etkinliklerine katilim siklig1, (c) temel fen konularini 6grenmeleri
i¢in ailelerin ¢ocuklarina sunduklar firsatlarin diizeyi ve (d) ¢ocuklarin dgretim diizeyinin ailelerin fen
ogrenmeleri igin ¢ocuklarina sagladiklar1 destek iizerindeki etkisi arastirilmigtir. Bu kesitsel tarama
calismasinda veriler, Tiirkiye’nin kuzey bolgesindeki bir ilde yasayan 735 veliden toplanmugtir.
Bulgular g¢ocuklarin ¢ogunlugunun ev ortaminda temel fen materyallerine sahip olmadiklarimi
gostermistir. Ozellikle bilim gezilerine katilmaya iliskin olarak ailelerin ¢ocuklarini destekleme diizeyi
disiik bulunmustur. Ailelerin ¢ocuklarini en ¢ok saglik, giivenlik ve beslenme konularini 6grenmeleri
icin destekledikleri belirlenmistir. MANOVA sonuglari, okul 6ncesi ve ilkokul ¢ocuklarmin ailelerine
kiyasla ortaokul cocuklarinin ailelerinin doga ve bilim etkinlikleri yapma boyutunda g¢ocuklarini
onemli Olgiide daha diisiik diizeyde desteklediklerini ortaya koymustur. Ayrica, okul 6ncesi ¢ocuklart
ile kargilastirildiklarinda ortaokul ¢ocuklarinin madde, enerji ve canlilar ile ilgili fen konularini
ogrenmeleri icin aileleri tarafindan daha diisiik diizeyde desteklendikleri saptanmustir. Ilkokul ve
ortaokul ¢cocugu olan ailelere kiyasla okul dncesi ¢ocugu olan ailelerin gokyiizii ile ilgili fen konularini
6grenmelerine yonelik cocuklarina daha cok firsat sunduklari tespit edilmistir.

Aile destegi, Fen ogrenme, Okul disinda fen

Citation:

Cobanoglu, R., & Yurttag-Kumlu, G. D. (2020). Children’s science learning outside school: Parental support.

Turkish Journal of Education, 9(1), 46-63. DOI: 10.19128/turje.613091

46

Turkish Journal of EducationTUR 2020, Volume 9, Issue 1 www.turje.org


mailto:erdem.aksoy@tedu.edu.tr
mailto:erdem.aksoy@tedu.edu.tr
https://orcid.org/0000-0003-4662-8920
https://orcid.org/0000-0003-4741-2654
https://dx.doi.org/10.19128/turje.613091
https://orcid.org/0000-0003-4662-8920
https://orcid.org/0000-0003-4741-2654
https://dx.doi.org/10.19128/turje.613091
https://orcid.org/0000-0003-4662-8920
https://orcid.org/0000-0003-4741-2654
https://dx.doi.org/10.19128/turje.613091
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INTRODUCTION

All children, regardless of their future career fields, should construct a basic knowledge of science to
involve in science-related public discussions, critically evaluate scientific information concerning their
lives, and continue lifelong science learning (National Research Council, 2012). Conventionally,
schools have been held accountable for teaching science; however, Korpan, Bisanz, Bisanz, Boehme,
and Lynch (1997) question if schools are the main source for developing children’s science literacy.
Korpan et al. (1997) mainly argue that in communities where science instruction is confined to two
hours in schools, children engage in a range of activities that helps them learn science outside schools
such as watching television programs, reading books with their parents, participating in community-
based programs, making observations, and doing experiments. Gelmez-Burakgazi and Yildirim (2014)
also assert that children receive support from several informal sources such as internet, science
magazines, and television to develop their science literacy. In a more recent study, Rosenthal (2018)
shows that one third of the sample uses Youtube to watch science videos for learning science in their
free times.

Informal science learning, basically defined as science learning outside traditional formal schooling, is
based on the assumption that learning is not the product of a single experience but occurs over time
through the accumulation of various experiences (Dierking, Falk, Rennie, Anderson, & Ellenbogen,
2003). Maarschalk (1988) states that informal education, the education through the experiences in
family and neighborhood, is both a condition and outcome for scientific literacy. Informal learning
sources and experiences outside school can improve children’s scientific reasoning abilities (Falk &
Dierking, 2010; Gerber, Cavallo, & Marek, 2001; Sentiirk, 2015), knowledge and understanding in
science (Fenichel & Schweingruber, 2010), and motivation to learn science (Goto, Nakanishi, & Kano,
2018). As science instruction in classroom environments is mostly rigid and based on presentations,
learning science through informal sources, which offers a more relaxing and friendly learning context
(Jones, 1997; Kim & Dopico, 2016), can be more effective for some students. Thus, we must endeavor
to blend formal experiences with informal experiences (Coll & Coll, 2018; Hofstein & Rosenfeld,
1996; Sun & Looi, 2018) for effective science education.

The current study addresses one of the significant informal science learning sources for children:
Parents. Parents constitute one of the contexts where children can observe and understand nature
(Eberbach & Crowley, 2017). Today, it is widely recognized that schools need the support of families
to maximize children’s benefits from schooling (Bronfenbrenner, 1994; Celenk, 2003; Dabney,
Chakrverty, & Tai, 2013; Desforges & Abouchaar, 2003; Epstein & Dauber, 1991; Gonzalez, Borders,
Hines, Villalba, & Henderson, 2013; Kegeli-Kaysili, 2008). Parents can support the education of their
children in different ways. For instance, “school-like families” primarily view their child as a student
and care about their school activities for improving their child’s achievement and skills (Epstein,
2010). Through creating a positive “academic home climate”, as defined by Campbell and Verna
(2007), parents can cultivate behaviors, attitudes, beliefs, and values that assist children in having
higher levels of achievement. Parents can participate in school activities at school and as well support
children’s learning at home (Epstein & Dauber, 1991).

Regarding science education, parents can offer opportunities for their children to facilitate their
learning of science topics outside school. They can facilitate their children’s learning as they offer
various science-related materials at home and engage in informal science activities with their children
such as visiting science museums/zoos, participating in science camps/clubs, and being in nature (Lin
& Schunn, 2016). Hall and Schaverien (2001) indicated that families’ participation in children’s
scientific and technological inquiries at home had educational significance. Dierking and Falk (1994)
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in their review study showed that family visits to informal science settings such as exhibits were vital
for children’s science education. Crowley and Callanan (1998) revealed that parents shaped children’s
scientific thinking during a museum visit as their interactions with children broadened and deepened
their child’s experience. De Lurdes Cardoso (2002) demonstrated that children were more actively
involved and talked more freely in home-based science activities. Harris and Winterbottom (2018)
observed that there was a relatively high level of conceptual and emotional talk between families and
children during a gallery visit, and the families as the scaffolders facilitated their children’s learning in
these settings. In a more recent study, Vandermaas-Peeler, Mischka, and Sands (2019) noticed that
parents were able to enhance their preschool children’s science and mathematics learning and could
support their children’s reasoning better if the professionals encouraged and trained them regarding
how to guide children’s inquiry at home. Dou, Hazari, Dabney, Sonnert, and Sadler (2019), moreover,
noted that talking about science with families and also friends during K-4 years was associated with
individuals’ seeing themselves as a STEM (science, technology, engineering, and mathematics) person
in college. The above results clearly imply that parental support is one of the factors that warrants the
attention of practitioners, educational researchers, and policy makers for improving children’s science
learning.

The Present Study

The current research seeks to investigate the parental support for children’s science learning outside
school. We pay attention to the three aspects of parental support in this paper: (a) the availability of
basic science materials that can support children’s science learning in their home environment, (b) the
frequency of parents’ involvement in informal science activities with their children, and (c) the level
of opportunities parents offer their children for learning basic science subjects. Additionally, the study
examines the parental support for children’s science learning in three different grade levels including
preschool, elementary school (Grades 1-4), and middle school (Grades 5-8) considering that children’s
age can predict parents’ engagement in children’s education (Oswald, Zaidi, Cheatham, & Brody,
2018).

This study is considered important mainly for three reasons. Firstly, children’s science learning
outside school constitutes an opportunity for effective science education; however, it has been
investigated less in educational research compared to children’s science learning at schools (Fraser &
Kahle, 2007; Gerber, Marek, & Cavallo, 2001; Salmi, Thuneberg, & Vainikainen, 2017). To the best
of our knowledge, there is a dearth of studies in literature on parental support regarding children’s
learning of science out of school contexts (e.g., Alexander, Johnson, & Kelley, 2012; Korpan et al.,
1997; Renninger & Hidi, 2011). In his review study on informal science learning in the context of
Turkey, Sarag (2017) as well demonstrates that the existing studies on informal learning environments
in Turkey have been mostly carried out with middle school children and teachers, and have
extensively focused on learning in museums, science centers, and field trips, whereas little is known
regarding parental support for children’s learning at home and outside home. The current study with
its focus on parents as an informal learning source is likely to address a gap in the national literature.
Secondly, this initial explorative research could contribute to the identification and discussion of needs
regarding parental support for children’s science learning. Results could offer implications for
practitioners and policy makers for guiding parents to nurture the science learning of their children at
different grade levels. Lastly, the study could inform researchers regarding the factors that need to be
investigated in-depth in future research regarding parental support in science education.
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METHODOLOGY

In this quantitative study, the cross-sectional survey method was applied to examine the opportunities
parents offer their children of three different grade levels for science learning outside schools. In
cross-sectional surveys, data are gathered one point in a time (Fraenkel, Wallen, & Hyun, 2012).

Sample

This study was conducted in a non-metropolitan city in the north region of Turkey. The sample
involved the parents of preschool, elementary school and middle school children attending public
schools. In Turkey, preschool education covers the education of children between the ages of 3 and 5.
Elementary school children are between the ages of 6 and 10 and attend the grades between 1 and 4.
The middle school level comprises the grades between 5 and 8 for children between the ages of 11 and
14. Cluster random sampling method was implemented in the selection of parents. In this sampling
method, groups rather than individuals are selected because researchers do not have access to a
complete list of the population (Fraenkel et al., 2012). In the selection of the sample, two steps were
taken. In the first step, schools were selected to reach parents. As there are not many public pre-
primary schools in the city, all pre-primary schools in the central districts (n = 3) were included in the
sample. Moreover, six schools from the population of 14 public elementary schools and four schools
from the population of 8 public middle schools were selected. Especially, the schools which included a
higher number of students and located in urban and rural parts of the central area were involved in the
sample. In the second step, two classes were randomly selected in the selected schools for each grade
level. The survey forms were distributed to children in these classes to deliver them to their parents. In
total, the forms were sent to 1392 parents in this study. Of these parents, 735 completed the survey
form, corresponding to a response rate of 52.8%.

Table 1.
Characteristics of the sample (N = 735)

Variable n %

Respondent
Mother 457 62.2
Father 243 331

Educational level of the respondent
Elementary and below 149 20.3
Middle school 106 14.4
High school 181 24.6
Higher education 291 39.6

Perceived self-efficacy for answering children’s questions about science
No at all 30 41
Slightly 170 231
Moderately 415 56.5
Very 64 8.7
A great deal 40 54

Grade level of children
Preschool education 99 135
Elementary school 395 537
Middle school 241 32.8

Table 1 displays the general characteristics of 735 parents involved in the current study. As shown in
Table 1, 53.7% of the parents (n = 395) had elementary school children, 32.8% of the parents (n =
241) had middle school children, and 13.5% of the parents (n = 99) had preschool children. In the
sample, the respondents were mostly the mothers of children (62.2%). The parents had various degrees
of education in this study. Specifically, 39.6% had a higher education degree, whereas 20.3% had an
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elementary education degree or below. More than half of the participants (56.5%) perceived
themselves moderately efficacious to answer their children’s questions about science.

Data Collection Tools

Data were collected through a parent questionnaire developed for the current study. The studies by
Alexander et al. (2012), Olgan (2015), National Research Council (2012), and Sagkes (2014) guided
the item development phase for the parent questionnaire. The questionnaire was reviewed by two
science education experts, two curriculum specialists, and six parents with various educational
degrees, and revised based on their feedback. The parent questionnaire is composed of the following
three parts:

Science Materials at Home Questionnaire (SMHQ). SMHQ examines if specific 13 materials (e.g.,
magnifier, thermometer, and compass) that can support children’s science learning are available in
their home environment. The responses of the participants are received as Yes or No.

Parental Support for Informal Science Activities Questionnaire (PS-ISAQ). The PS-ISAQ intends to
measure to what extent parents offer their children opportunities for involving in basic informal
science activities based on a 5-point response scale (1: Never, 5: A great deal). This questionnaire
addresses the parental support for thirteen informal science activities such as reading science-related
books/ magazines, visiting a science museum, and making observation.

The PS-ISAQ was tested with 273 parents in a pilot study. The principal component analysis results
showed that the scale was composed of three components, explaining 59.76% of the variance in the
sample. The component loadings were all above the cut-off criteria of .32. The first component is
Using Sources, which includes five items regarding the opportunities parents offer their children to use
sources (e.g., book, video, experts) to learn science. The second component is Making Science Trips,
which involves three items concerning the opportunities parents offer their children to participate in
science trips. The third component, named as Doing Science and Nature Activities, is composed of
five items and deals with the opportunities parents offer their children to engage in activities in which
they actively do science and be in nature such as talking about science subjects, making observation,
doing basic experiments, and participating in nature walk.

Confirmatory factor analysis (CFA) was performed to confirm the three-component structure for the
PS-ISAQ for the sample used in this study. The CFA results indicated that the proposed model had a
good fit to the data (Satorra—BentIer)(2 (62) = 333.73, RMSEA = .08, CFIl = .96, TLI = .95, SRMR =
.06). The component loadings were all statistically significant. The items on each dimension were
internally consistent. The Cronbach’s alpha values were .80 for Using Sources, .73 for Making
Science Trips, and .78 for Doing Science and Nature Activities.

Parental Support for Children’s Learning of Science Subjects Questionnaire (PS-CLSSQ). The PS-
CLSSQ aims to assess to what extent parents offer their children opportunities for learning basic
science subjects based on a 5-point response scale (1: Never, 5: A great deal). The PS-CLSSQ
inquiries into the parental support for seventeen science subjects such as motion, rock and soils, and
seasons.

The PS-CLSSQ was subjected to the principal component analysis with a sample of 257 parents in the
pilot study. The analysis revealed that two components best explained the structure of the PS-CLSSQ.
In this model, the loadings of the seventeen items were all above the cut-off value of .32. The two-
component model overall explained 59.84% of the variance in the sample. As the twelve items on the
first component are about the opportunities parents offer their children to learn science subjects related
matter, energy, and livings (e.g., rock and soil, heat and temperature, human body), this component is
named as Matter, Energy, and Livings. The five items on the second component concern the
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opportunities parents offer their children to learn science subjects related to sky (e.g., celestial objects,
day and night) and thus this component is entitled as Sky.

The CFA was performed to test the two-component structure for the PS-CLSSQ in the current sample.
The initial results indicated that the model needed improvement (Satorra-Bentler »* (118) = 867.80,
RMSEA = .10, CFI = .96, TLI = .96, SRMR = .06). Considering the modification indices and the
content of items, the error covariances of the three pairs of items were set to be free in the model.
These changes yielded an improved and acceptable model fit (Satorra-Bentler corrected »* (115) =
589.41, RMSEA = .08, CFl = .98, TLI = .97, SRMR = .05). The factor loadings were all statistically
significant. The Cronbach alpha values presented evidence for the internal consistency of the items on
the two dimensions (.92 for Matter, Energy, and Livings; .89 for Sky).

Data Collection Process

The permissions were obtained from the Human Subjects Ethics Committee and the Provincial
Directorate of National Education (Dated 07.02.2018 and No. 25072426-730.08.03-E.2583604) for
data collection. We cooperated with the selected schools to contact with parents in the data collection
process of the study.

Data Analysis

Data set was preliminarily screened for the incomplete values. The missing scores were less than 1%
for each variable. As there were a few missing values, the multiple imputation with expectation-
maximization algorithm was performed with the LISREL software. There was not any significant
difference between the means obtained from the data set with missing values and those obtained from
the data set with imputed values. As a result, the imputed data set was used in data analysis. The two
guestionnaires (i.e., PS-ISAQ and PS-CLSSQ) were subjected to the principal component analysis.
Principal component analysis helps to reduce data to a manageable size (Field, 2009). The direct
oblimin method was used for rotation because there was correlation among the components. The
Kaiser-Meyer-Olkin value exceeded the recommended value of .70 (Field, 2009) for both PS-ISAQ
and PS-CLSSQ. The component loadings were interpreted significant when they were .32 and greater
(Tabachnick & Fidell, 2013). Confirmatory factor analyses (CFA) were also conducted for the PS-
ISAQ and PS-CLSSQ with the LISREL software. The robust maximum likelihood method was
selected in the estimation of parameters because multivariate normality was not met in the sample. The
model fit was evaluated based on the multiple goodness-of-fit statistics. Specifically, a model is
considered acceptable if RMSEA is .08 and less, TLI and CFI is .95 or greater, and SRMR is .10 or
less (Schermelleh-Engel, Moosbrugger, & Miiller, 2003).

Descriptive analysis and one-way multivariate analysis of variance (MANOVA) were performed to
address the research questions in the present study. The inspection of normal Q-Q plots, histograms, as
well as the skewness and kurtosis scores presented evidence regarding the normality of the distribution
of scores in the sample. Mardia’s test result showed a deviation of the multivariate normality in the
data. However, this result was neglected because the violation of the multivariate normality
assumption does not create severe problems with moderate sample sizes (Hair, Black, Babin, &
Anderson, 2010). Two separate one-way MANOVAs were performed to examine the effect of
children’s grade level on the two aspects of parental support for children’s science learning: parents’
involvement in informal science activities with their children and the opportunities parents offer their
children for learning basic science subjects. Each group should include at least 20 members for
conducting MANOVA (Hair et al., 2010) and this condition was met in the current study. The Box’s
and Levene’s tests evidenced that the assumptions of homogeneity of variance-covariance matrices
and equality of variance were met. Bonferroni adjustment was applied in the interpretation of the tests
of between-subjects effects to eliminate Type 1 error. The Scheffe post-hoc method was adopted to
examine pairwise group differences because this method is considered appropriate for comparison
when group sizes are not equal (Ruxton & Beauchamp, 2008).
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RESULTS

The Availability of Basic Science Materials in Children’s Home Environment

Table 2 presents the descriptive statistics regarding the existence of science materials that can support
children’s science learning in their home environment as reported by their parents.

Table 2.
Availability of science materials in children’s home environment
Elementary Middle Total
. . Preschool

Science material school school group

n % n % n % n %
Magnifier 33 388 125 358 87 392 245 373
Microscope 7 82 14 4 5 23 26 4
Telescope 4 47 11 32 3 14 18 27
Binoculars 27 318 92 264 71 32 190 29
Compass 30 353 135 387 90 405 255 389
Thermometer 54 635 190 544 119 536 363 553
Toy Magnet 61 718 223 639 149 671 433 66
Toy electric circuits 19 224 78 223 76 342 173 264
Science-related printed materials (e.g., book, poster) 46 541 190 544 136 613 372 56.7
Model (e.g., earth model, human body model) 21 247 102 292 56 252 179 273

SC|en_cek|ts_W|th basic experiments (e.g., electricity kit, botanic Kit, 13 153 45 129 47 212 105 16
chemistry kit)

Science-related computer applications (e.g., games, animations) 31 365 144 413 115 518 290 442
Collections of natural materials 39 459 134 384 87 392 260 39.6

The material preschool, elementary school and middle school children were most likely to have in
their home environment was similarly toy magnets (71.8% for preschool, 63.9% for elementary
school, 67.1% for middle school). More than 50% of the preschool, middle school and elementary
school children had a thermometer (63.5% for preschool, 54.4% for elementary school, 53.6% for
middle school) and science-related printed materials (54.1% for preschool, 54.4% for elementary
school, 61.3% for middle school) at their home. More than half of the middle school children (51.8%)
had access to science-related computer applications at home unlike preschool (36.5%) and elementary
school (41.3%) children. The material preschool, elementary school and middle school children were
least likely to have at their home was likewise telescope (4.7% for preschool, 3.2% for elementary
school, 1.4% for middle school). Additionally, the parental reports indicated that more than 50% of the
children across the three grade levels did not have a magnifier, binocular, compass, toy electric circuit,
model, science kit, and collection of natural materials at their home.

The Frequency of Parents’ Involvement in Informal Science Activities with Their Children

Table 3 presents the frequency of the parents’ involvement in informal science activities with their
children. The results revealed that children across the three grade levels were similarly least likely to
have opportunities to involve in science trips with their parents. The mean values in this dimension
were below 2 on the 5-point response scale for each grade level (M = 1.92, SD = 0.80 for preschool, M
= 1.95, SD = 0.75 for elementary school, M = 1.91, SD = 0.82 for middle school). As regards parental
support for children’s use of sources to learn science, the mean scores were approaching to 3 in each
grade level on the 5-point response scale (M = 2.75, SD = 0.79 for preschool, M = 2.77, SD = 0.81 for
elementary school, M = 2.86, SD = 0.76 for middle school). In relation to the opportunities parents
offer their children for doing science and nature activities, the mean value was close to 3 for the
parents of middle school children (M = 2.78, SD = 0.85), while the average scores were slightly
exceeding 3 for the parents of preschool and elementary school children (M = 3.21, SD = 0.70 for
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preschool, M = 3.03, SD = 0.83 for elementary school). For the preschool and elementary school
children, the level of parental support for children’s doing science and nature activities was higher
than the level of parental support for children’s use sources to learn science. Yet the parents of middle
school children seemed to offer their children slightly more opportunities to using sources than doing
science and nature activities.

Table 3.
The frequency of the parents’ involvement in informal science activities with their children
Elementary Middle Total
. L Preschool
Informal science activity school school group
M SD M SD M SD M SD
Using sources 275 079 277 081 286 0.76 280 0.79
Watching a science-related video/film 252 105 250 100 256 095 252 0.99
Reading science-related books / magazines 281 110 268 103 281 107 274 105
Watching science-related television programs 283 106 276 107 270 1.03 274 106

Doing science-related research on a question the child is

curious about (book or internet search) 303 120 321 114 350 105 329 1.3

Consulting someone about science-related subjects 260 107 271 112 272 109 270 111
Making science trips 192 080 195 075 191 082 193 0.78
Visiting a science museum 171 094 171 090 176 098 173 0.93
Visiting a zoo / aquarium / botanical garden 248 110 255 1.07 228 113 245 110
Visiting a science fair / science festival 160 083 160 087 169 096 162 0.89
Doing science and nature activities 321 070 303 083 278 085 297 0.3
;—:illlyqﬁlevglth children about science subjects related to their 363 079 332 100 314 110 330 102
Making observations 333 092 312 1.09 281 113 3.05 1.10
Doing basic science experiments 276 097 261 113 259 115 262 111
Participating in nature walk 273 123 265 119 240 123 258 121
Collecting various materials from nature 358 105 344 120 298 128 330 123

Considering thirteen informal science activities examined in the current study, the lowest mean score
was obtained for visiting a science fair/festival across the three grade levels (M = 1.60, SD = 0.83 for
preschool, M = 1.60, SD = 0.87 for elementary school, M = 1.69, SD = 0.96 for middle school, M =
1.62, SD = 0.89 for total group). However, the activity parents offered their children most frequently
varied by grade level. For the preschool group, the activity with the highest mean score was talking
with children about science subjects which are part of their daily lives (M = 3.63, SD = 0.79). For the
group of elementary school, parents reported that they offered their children the highest level of
support for collecting various materials from nature (M = 3.44, SD = 1.20). On the other side, the
parents of the middle school children supported their child most in doing research about a question
their child was curious about (M = 3.50, SD = 1.05).

The Level of Opportunities Parents Offer Their Children for Learning Basic Science Subjects

Table 4 displays the level of opportunities parents offer their children to learn basic science subjects
related to two dimensions: matter-energy-livings and sky. The total group mean scores for both
dimensions were nearly 3 on the 5-point response scale (M = 3.02, SD = 0.83 for subjects related to
matter, energy, and livings, M = 2.96, SD = 0.96 for subjects related to sky). As regards the level of
opportunities parents offered their children to learn subjects related to matter, energy, and livings, the
mean score was slightly exceeding 3 for the parents of preschool (M = 3.25, SD = 0.76) and
elementary school children (M = 3.02, SD = 0.81) on the 5-point response scale. The mean score of
this dimension was slightly less than 3 for the middle school group (M =2.91, SD = 0.87). The level of
opportunities parents offered their preschool children to learn subjects related to sky was on average
above 3 on the 5-point response scale (M = 3.30, SD = 0.91). Yet for the elementary and middle school
grade levels, the mean value for the parental support for children’s learning of subjects related to sky
was slightly below 3 on the 5-point response scale (M = 2.95, SD = 0.96 for elementary school, M =
2.83, SD = 0.96 for middle school). The means for both dimensions were higher for preschool group
compared to the elementary and middle school groups.
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Table 4.
The level of opportunities parents offer their children for learning basic science subjects
. . Preschool Elementary Middle Total group
Science subject school school
M SD M SD M SD M SD
Matter-Energy-Livings 325 076 3.02 081 291 087 302 0.83
Properties of matters in nature 298 108 299 110 289 116 29 1.11
Motion 342 103 319 114 302 121 316 1.15
Light and shadow 320 095 277 105 265 113 278 1.08
Sound 328 102 294 110 287 124 29 1.14
Heat and temperature 3.04 110 289 107 291 112 292 1.09
Electricity 267 114 257 116 265 116 261 1.15
Magnets 278 106 270 114 270 126 271 117
Plants and animals 358 098 332 115 320 116 331 1.13
Human body 339 102 309 115 283 121 304 1.17
Health, security, nutrition 389 091 358 107 348 110 359 1.96
Rock and soil 331 118 3.09 118 267 125 298 1.22
Water 348 106 319 121 305 129 319 1.23
Sky 330 091 295 096 283 096 296 0.96
Celestial objects (sun, moon, stars) 3.28 1.10 281 125 263 122 281 1.23
Solar system and space 292 114 245 124 247 119 252 1.22
Day and night 330 105 288 118 275 124 289 1.20
Seasons 344 101 323 106 305 121 320 1.12
Weather condition 353 103 337 106 325 123 335 1.12

Considering seventeen basic science subjects specified in the present study, preschool, elementary and
middle school children were similarly supported most by their parents in the area of health, security,
and nutrition (M = 3.89, SD = 0.91 for preschool, M = 3.58, SD = 1.07 for elementary school; M =
3.48, SD = 1.10 for middle school; M = 3.59, SD = 1.96 for total group). Plants and animals, and
weather condition were the two subjects that were supported more compared other basic subjects in
each grade level. The science subject for which parents offered their children least opportunity for
learning was electricity in the preschool group (M = 2.67, SD = 1.14), while the science subject
parents were least likely to support was solar system and space for elementary (M = 2.45, SD = 1.24)
and middle school groups (M = 2.47, SD = 1.19).

The Effect of the Grade Level on Parental Support for Children’s Science Learning

The first MANOV A results indicated that there was a significant effect of children’s grade level on the
linear combination of the three dependent variables regarding the frequency of the parents’
involvement in informal science activities with their children: F (6, 1404) = 2737.65, p = .000; Wilks’
Lambda = .93. The partial eta squared result showed that the grade level explained 4% of the variance
in the sample. When the effect of the grade level for the three dependent variables was examined
separately, the results demonstrated that the grade level significantly influenced the level of
opportunities parents offered their children for doing science and nature activities (F (2, 704) =
10.999, p =.000, partial eta squared = .03). Yet the grade level did not have any significant effect on
the level of the opportunities parents offered their children for using sources to learn science and
making science trips. The multiple comparisons with the Scheffe post hoc method showed a
significant difference between the parents of preschool and middle school children and between the
parents of elementary and middle school children. The parents of the middle school children offered
significantly less opportunities for their children to do science and nature activities compared to the
parents of preschool and elementary school children.

The second MANOVA results indicated that the grade level of children significantly influenced the
combined dependent variables related to the extent of the opportunities parents offered their children
for learning basic science subjects: F (4, 1340) = 3.952, p = .003; Wilks’ Lambda = .98. Given the
partial eta squared result, the grade level explained 1% of the variance in the sample. The effect of the
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grade level was significant for both dependent variables: F (2, 671) = 5.434, p = .005, partial eta
squared = .02 for parental support for science subjects related to matter, energy, and livings; F (2, 671)
=7.518, p = .001, partial eta squared = .02 for parental support for science subjects related to sky. The
multiple comparisons with the Scheffe post hoc procedure showed that there was a significant
difference between the parents of the preschool and middle school children regarding the level of
opportunities they offered their children to learn basic science subjects related to matter, energy, and
livings. Moreover, the parents of preschool children were significantly different from the parents of
elementary and middle school children regarding the level of opportunities they offered their children
to learn basic science subjects related to sky. The results demonstrated that the parents of preschool
children offered significantly more opportunities for their children to learn science subjects related to
matter, energy, and livings than the parents of middle school children. In addition, parental support for
learning science subjects related to sky was significantly higher for preschool children compared to
elementary and middle school children.

DISCUSSION

The present study attempted to examine the informal science learning opportunities parents offered
their preschool, elementary school and middle school children in the context of Turkey. The study
presents four main findings that warrant discussion.

First, results indicated that most children across the three grade levels (i.e., preschool, elementary
school, middle school) had limited access to a range of materials that could support their science
learning in their home environment. Telescope and microscope, emerged as the two materials
unavailable in most of children’s home, might not be affordable for most parents. On the other hand, it
should be noted that some cheap materials which can be easily supplied by parents such as a
magnifier, binocular, compass, and natural materials were not also present in majority of the homes in
the study. The inexistence of various science materials in children’s home environments is viewed as a
limitation for children’s science learning given that the materials at home play an important role in
stimulating children for engaging in informal scientific inquiries (Sha, Schunn, Bathgate, & Ben-
Eliyahu, 2016; Worth, 2010).

Second, this study revealed that parents did not often provide their children with opportunities to
involve in informal science activities despite the existing evidence regarding parental contributions to
children’s learning during informal science activities (e.g., Crowley & Callanan, 1998; De Lurdes
Cardoso, 2002; Halim, Abd Rahman, Zamri, & Mohtar, 2018; Harris & Winterbottom, 2018;
Vandermaas-Peeler et al., 2019). Several informal science activities that parents could perform in
everyday life with their children (e.g., reading science books, watching science videos/films, talking
with children about science subjects, making observations) occurred roughly at a moderate level in the
present sample. This result aligns with previous research showing that parental support at home for
children’s learning occurred at a medium level in Turkey (e.g. Aksu & Karagop, 2015; Cagdas, Ozel,
& Konca, 2016). Importantly, the current results highlighted that most children regardless of their
grade level were not involved in science trips by their parents. This finding might be because there is
not currently a science museum, zoo, or any other science area to visit in the city where this study was
conducted. In addition, it is worthy to mention that science fairs/festivals are often organized as school
events which do not require parental involvement in the city.

Third, the level of opportunities parents offered their children to learn basic science subjects was
overall moderate in the present study. The study indicated that parents offered their children more
learning opportunities for specific science subjects. Considering the subjects supported most in each
grade level (i.e., health, security, and nutrition, plants and animals, and weather condition), it can be
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argued that the parents assisted their children more for learning science subjects that exerted a direct
influence on their daily lives. In addition, parents might be more likely to support their children’
learning for science subjects that they perceive to be easy to understand. It seems that the science
subjects supported less by the parents in the current study (e.g., electricity, solar system and space)
demand an advanced level of scientific understanding. It must be noted that the parents’ level of self-
efficacy for answering children’s science-related questions was mostly moderate or below in the
current sample. As stated by Lee and Nie (2015), the low self-efficacy for science can hinder parents
from involving in their children’s science education. Thus, it becomes critical that parents improve
their own scientific understanding and efficacy to help their children learn basic science subjects.

Fourth and finally, there was evidence that the grade level significantly influenced the parental support
for children’s science learning outside school. The parents of middle school children did not support
their children to do science and nature activities as much as the parents of preschool and elementary
school children. Moreover, the preschool children obtained more support from their parents for
learning science topics than the elementary and middle school children. These findings are likely to
support that parent involvement in children’s education decreases as child age increases (e.g., Green,
Walker, Hoover-Dempsey, & Sandler, 2007; Hornby & Lafaele, 2011; Oswald et al., 2018). The lower
levels of parental support in upper grades might be because of children’s desire for greater
independence as they get older (Green et al., 2007) as well as the lack of strong, positive, and
comprehensive parent involvement programs for middle school grades (Epstein & Dauber, 1991).
Additionally, children’s age might alter how parents engage in their children’s education (Hurley,
Lambert, January, & D’Angelo, 2017). Boonk, Gijselaers, Ritzen, and Brand-Gruwel (2018) in their
review study conclude that parent involvement does not decrease by children’s age but occurs in
different ways. Considering their argument, the current results might not necessarily show that the
parents of the middle school children are less interested in involving in children’s science learning.
They might support the science learning of their children outside schools in ways which are not
examined in the current study.

CONCLUSION

The present findings are likely to support the argument that the value of parent involvement in
education has not been recognized yet in the context of Turkey (Kegeli-Kaysili, 2008; Ozeke-Kocabas,
2006) although involving parents in education has been a significant component of Turkish Education
System especially since the education reform movement that took place in 2005 based on a
constructivist way of teaching (Koc, Isiksal, & Bulut, 2007). The low level of parental support for
children’s science learning outside school in Turkey might be because some Turkish parents (a) hold
schools accountable for the education of their children, (b) are not conscious about how to involve in
the education of their children, and (c) are not supported by teachers and school administrators to
involve in educational processes (Erdogan & Demirkasimoglu, 2010). Some Turkish parents might as
well think that parent involvement is not necessary because they think that their child is already
learning effectively and is a middle school student (Kasapoglu, 2014).

If parents do not effectively support their children’s science learning outside school, children’s science
education will be mostly restricted to formal school experiences. The current science education
curriculum of Turkey also highlights the significance of science learning out of school environments
(Ministry of National Education, 2018). To improve parental support for children’s science learning
outside school, parents’ beliefs about their role in the education of their children, their sense of
efficacy for supporting their children’s learning, and their beliefs about the opinions of the child and
school about their involvement need to be addressed (Hoover-Dempsey & Sandler, 1997; Walker,
Wilkins, Dallaire, Sandler, & Hoover-Dempsey, 2005). We should awaken parents regarding the
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importance of their involvement in children’s learning of science through informal ways (Lee & Nie,
2015). For this end, teachers and schools should guide parents about what to do at home (Epstein,
1986; Hamlin & Flessa, 2018; Leithwood & Patrician, 2015), and establish well-designed programs of
family and community partnerships (Epstein & Salinas, 2004). These programs should especially help
parents improve their perception of capabilities for supporting children’s science learning and increase
their interest in involving in their children’s education (Kaya & Lundeen, 2010). In these programs, it
is also important to show parents that science is not necessarily a laboratory discipline that requires
elaborate equipment but part of everyday life (Fleer, 1996).

Limitations and Suggestions for Future Research

This study has several limitations. For the external validity, it is important to replicate the current
study with samples drawn from different regions of Turkey. The use of self-report data is a significant
threat to the internal validity of the study. In this study, it is acknowledged that parents provide sincere
responses rather than socially desirable answers. The triangulation of data sources could improve the
validity of results; thus, future studies should examine how children and teachers evaluate parental
support for science learning outside school. In the present study, the influence of the grade level on
parental support for children’s science learning was statistically significant but it is worthy to mention
that this effect was not considered large based on Cohen’s criteria (1988) (i.e., small = .01, medium =
.06, large = .14). Future qualitative studies might help to identify the factors that exert a greater
influence on parental support for children’s science learning across different grades. There is also a
need for cross-cultural research to scrutinize the cultural differences in how parents support the
education of their children. Moreover, longitudinal studies should be conducted to examine how
parental support for children’s science learning changes as children grow. Future research should also
shed light into the quality of learning opportunities for children because the outcomes of science
learning outside school depend on the quality of parental support as well as its frequency. In this
regard, we recommend that scholars pay attention to the quality of parent-child interactions during
science learning experiences outside school. The current study addressed to what extent parents
supported their children to learn basic science subjects rather than the means parents used for
supporting their children’s learning of different science topics. Therefore, it may be important to
reveal how parents support their children’s learning of various science topics in future research.
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TURKCE GENIiSLETILMIS OZET

Okullar geleneksel olarak ¢ocuklarin fen 6grenmelerinden sorumlu goriilse de fen 6grenme siireci
sadece okullarda gerceklesmemektedir. Korpan, Bisanz, Bisanz, Boehme ve Lynch (1997) televizyon
izleme, aile ile kitap okuma, toplum temelli programlara katilma, gozlemleme ve deney yapma gibi
cesitli okul digi etkinliklerin gocuklarin fen G6grenmelerine yardimeir olduguna dikkat ¢ekmistir.
Gelmez-Burakgazi ve Yildirrm (2014) da Tirkiye 6rnekleminde g¢ocuklarin fen 6grenmek igin
internet, bilimsel dergiler ve televizyon gibi informal kaynaklardan destek aldiklarini gdstermistir.
Alanyazin, ¢ocuklarin okul disinda ger¢eklesen informal fen etkinliklerinden daha ¢ok keyif
aldiklarim (Fenichel ve Schweingruber, 2010) ve informal fen etkinliklerinin ¢ocuklarin fen 6grenme
motivasyonunu arttirdigini (Goto, Nakanishi ve Kano, 2018) gdostermektedir.

Bu calisma, ¢ocuklar i¢in 6nemli informal fen 6grenme kaynaklarindan birisine odaklanmaktadir:
Aileler. Ozellikle, bu arastirmada ailelerin okul disinda fen dgrenme icin gocuklarina sagladiklart
destek ele alinmistir. Zira ¢ocuklar, ailelerinin destegi ile dogay1 gozlemleyebilir ve anlayabilirler
(Eberbach ve Crowley, 2017). Bu calismada c¢ocuklarin fen 6grenmesine yonelik aile destegi ii¢
boyutta incelenmistir: (a) ¢cocuklarin fen 6grenmesini destekleyebilecek temel fen materyallerine ev
ortamlarinda erisim durumu, (b) ailelerin ¢ocuklari ile birlikte informal fen etkinliklerine katilim
diizeyi ve (c) ailelerin ¢ocuklarina temel fen konularimi 6grenmelerine yonelik sunduklar firsatlarin
diizeyi. Onemli bir husus olarak, cocuklarin yasmin aile katilimi iizerindeki etkisi (Oswald, Zaidi,
Cheatham ve Brody, 2018) goz 6niinde bulundurularak, okul 6ncesi, ilkokul (1.-4. siif) ve ortaokul
(5.-8. smif) olmak iizere {i¢ 6gretim diizeyinde ailelerin ¢ocuklarina fen 6grenmeleri igin sunduklari
destek diizeyinde bir fark olup olmadigi arastirilmigtir. Bu ¢aligmanin ii¢ temel nedenden dolay1
onemli oldugu distiniilmektedir. Birincisi, etkili fen egitimi igin okul disinda 6grenme Kritik bir
Ooneme sahip olmasma ragmen egitim arastirmalarinda daha ¢ok g¢ocuklarin okul ortaminda fen
ogrenmelerine odaklanilmustir (Gerber, Marek ve Cavallo, 2001; Fraser ve Kahle, 2007; Salmi,
Thuneberg ve Vainikainen, 2017). Alanyazinda ¢ocuklarin okul disinda fen 6grenmelerine iligkin aile
destegi konusunda az sayida calismaya rastlanilmaktadir (6rnegin, Alexander, Johnson ve Kelley,
2012; Korpan ve digerleri, 1997; Renninger ve Hidi, 2011). Ikincisi, bu arastirma cocuklarin fen
ogrenme siirecinde ailelerin sagladigi destege iliskin ihtiyaglar1 ortaya koymaya katki saglayacaktir.
Bu ihtiyaclarin bilinmesi ile ¢ocuklarinin fen 6grenmelerini okul disinda desteklemeleri hususunda
ailelere daha etkili rehberlik saglanabilir. Son olarak, bu Oncii nicel aragtirma fen egitimde aile
destegine iligkin daha kapsamli incelenmesi gereken faktorlere yonelik sonraki arastirmalara yol
gosterebilir.

Bu ¢alismada kesitsel tarama modeline bagvurulmustur. Veriler, Tiirkiye’nin kuzey bolgesindeki bir
ilden toplanmistir. Calismaya bu ilin merkez il¢elerindeki devlet okullarina devam eden okul oncesi,
ilkokul (1.- 4. smif) ve ortaokul (5.- 8. smif) ¢ocuklari olan aileler dahil edilmistir. Orneklem secimi
iki asamada gergeklestirilmistir. Ik asamada ailelere ulasmak igin okullar segilmistir. Ikinci asamada,
secilen okullarda her bir sinif seviyesi igin rastgele iki sube belirlenmis ve bu subelerdeki ¢ocuklara
ailelerine ulastirmak iizere anket formlart dagitilmistir. Bu c¢alismada toplam 1392 aileye anket
gonderilmistir. Cevaplama oram1 %52,8’¢ karsilik gelerek, bu ailelerden 735’1 anket formunu
doldurmustur. Arastirmaya katilan 735 ailenin %53,7’sinin (n = 395) ilkokulda, %32,8’nin (n = 241)
ortaokulda ve %13,5’inin (n = 99) okul 6ncesinde 6grenim gérmekte olan ¢ocugu bulunmaktadir.
Orneklemde katilimcilarin ¢ogunlugunu anneler olusturmaktadir (%62,2). Katilimcilarin %39,6°s1 bir
yiiksekdgretim kurumundan mezun iken, %20,3’# ilkokul mezunu ya da ilkokul kademesinin altinda
bir egitim diizeyine sahiptir. Veriler ilgili alanyazin incelenerek arastirmacilar tarafindan gelistirilen
aile anketi araciligiyla toplanmistir. Anket maddelerinin gelistirilmesinde Alexander ve arkadaslarinin
(2012), Olgan’in (2015), Ulusal Arastirma Konseyi’nin (National Research Council, 2012) ve
Sackes’in (2014) calismalarindan yararlanmilmistir. Anket iki fen egitimi uzmani, iki egitim programi
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uzmani ve cesitli egitim derecesine sahip alt1 aile tarafindan gdzden gegirilmis ve iletilen geri
bildirimler 1s18inda yeniden diizenlenmistir. Aile anketi, ev ortaminda bulunan fen materyalleri,
ailelerin c¢ocuklar1 ile birlikte informal fen etkinliklerine katilim diizeyleri ve ailelerin temel fen
konularma iligkin olarak c¢ocuklarina 6grenme firsati sunma diizeyleri olmak iizere {i¢ boliimden
olugmaktadir. Anket i¢in gegerlik ve giivenirlik kanitlar1 bulunmaktadir. Arastirma sorularina cevap
vermek amaciyla betimleyici istatistiklere ve tek yonlii ¢ok degiskenli varyans analizine (MANOVA)
bagvurulmustur.

Oyuncak miknatislar okul dncesi, ilkokul ve ortaokul ¢ocuklarinin ev ortamlarinda benzer sekilde en
yiiksek oranda bulunan materyal olarak ortaya ¢ikmustir (Okul dncesi icin %71,8, ilkokul icin %63,9,
Ortaokul i¢in %67,1). Okul 6ncesi, ilkokul ve ortaokul ¢ocuklarinin %50’sinden fazlasinin evinde
termometre (Okul 6ncesi icin %63,5, {lkokul icin %54,4, Ortaokul i¢in %53,6) ve bilim ile ilgili basili
materyaller (Okul &ncesi icin %54,1, ilkokul igin %54,4, Ortaokul igin %61,3) bulundugu
saptanmustir. Okul oncesi (%36,5) ve ilkokul (%41,3) ¢ocuklarinin aksine, ortaokul ¢ocuklarinin
yarisindan fazlasinin (%51,8) bilim ile ilgili bilgisayar uygulamalarina evlerinde erisebildigi
bulunmustur. Teleskop, okul Oncesi, ilkokul ve ortaokul ¢ocuklarmin evlerinde en diisikk oranda
bulunan materyal olarak tespit edilmistir (Okul &ncesi icin %4,7, ilkokul igin %3,2, Ortaokul igin
%1,4). Ayrica, aile raporlarina gore ti¢ 6gretim diizeyinde de ¢ocuklarin %50’sinden fazlasinin evinde
biiyiiteg, diirbiin, pusula, oyuncak elektrik devresi, model/maket, bilim kitleri ve dogal materyal
koleksiyonunun bulunmadigi ortaya ¢ikmistir.

Ug dgretim diizeyinde de benzer sekilde ailelerin bilim gezilerine katilma boyutunda cocuklarmni en
diisiik diizeyde destekledikleri ortaya ¢ikmistir. Bu boyut icin ortalama degerler her bir dgretim
seviyesi i¢in 5’lik cevaplama kategorisinde 2’nin altinda bulunmustur (Okul 6ncesi i¢in Ort. = 1.92,
SS = 0.80, Tlkokul igin Ort. = 1.95, SS = 0.75, Ortaokul i¢in Ort. = 1.91, SS = 0.82). Fen dgrenmek i¢in
kaynak kullanimina yonelik aile destegi boyutuna iligkin ortalamalar her {i¢ 6gretim seviyesinde 5°lik
cevaplama kategorisinde 3’e yakin bulunmustur (Okul dncesi i¢in Ort. = 2.75, SS= 0.79, ilkokul igin
Ort. = 2.77, SS = 0.81, Ortaokul i¢in Ort. = 2.86, SS = 0.76). Cocuklarin fen ve doga etkinlikleri
yapmasina yonelik aile destegine iliskin olarak, ortaokul ¢ocuklariin ailelerinin ortalama degeri 3’e
yakin bulunurken (Ort. = 2.78, SS = 0.85), bu boyuta ait ortalama degerlerin okul 6ncesi ve ilkokul
cocuklarimin aileleri i¢in 3’1 biraz gectigi tespit edilmistir (Okul 6ncesi i¢in Ort.= 3.21, SS = 0.70,
Ilkokul i¢in Ort. = 3.03, SS = 0.83). Okul dncesi ve ilkokul ¢ocuklari igin fen ve doga etkinlikleri
yapma boyutuna iligkin aile deste§i, fen 6grenmek icin kaynak kullanimi boyutuna iliskin aile
desteginden daha yiiksek bulunmustur. Ancak ortaokul c¢ocuklarinin ailelerinin, fen ve doga
etkinlikleri yapmaya kiyasla fen 6grenimi i¢in kaynaklar1 kullanmaya yonelik olarak ¢ocuklarina daha
fazla firsat sunduklar1 belirlenmistir.

Ilk MANOV A sonuglar, ailelerin ¢ocuklarina informal fen etkinliklerine katilmaya ydnelik sunduklart
firsatlarla ilgili i¢ bagimli degiskenin dogrusal kombinasyonu iizerinde 6gretim seviyesinin 6nemli bir
etkisinin oldugunu gostermistir: F (6, 1404) = 2737.65, p = .000; Wilks’ Lambda =.93. Kismi eta kare
degeri, 6gretim seviyesi tarafindan drneklemde agiklanan varyansin %4 oldugunu ortaya koymustur.
Ug bagimli degisken icin sonuglar ayr1 ayr incelendiginde, bulgular 6gretim seviyesinin ailelerin fen
ve doga etkinlikleri yapmak i¢in g¢ocuklarina sunduklari firsatlarin diizeyini 6nemli bir sekilde
etkiledigini gostermistir (F (2, 704) = 10.999, p = .000, kismi eta kare degeri = .03). Scheffe post hoc
testi yontemiyle ortaokul ¢ocuklarinin ailelerinin okul 6ncesi ve ilkokul ¢ocuklarinin ailelerine kiyasla
fen ve doga etkinlikleri yapma boyutunda ¢ocuklarina 6nemli Olciide daha diisiik diizeyde destek
olduklar1 tespit edilmistir. Ikinci MANOVA sonuglari, dgretim seviyesinin ailelerin temel fen
konularmi 6grenmelerine yonelik ¢ocuklarina sunduklar1 firsatlarla ilgili iki bagimli degiskenin
kombinasyonunu 6nemli dl¢lide etkiledigini gostermistir (F (4, 1340) = 3.952, p = .003; Wilks’
Lambda = .98). Kismi eta kare degerine gore Ogretim seviyesi Orneklemdeki varyansin %1°ini
aciklamistir. Ogretim seviyesinin her iki bagimli degisken iizerindeki etkisinin &nemli oldugu
bulunmustur: Madde, enerji ve canlilar ile ilgili konular i¢in F (2, 671) = 5.434, p = .005, kismi eta
kare degeri = .02; Gokyiizii ile ilgili konular i¢in F(2, 671) = 7.518, p = .001, kismi eta kare degeri =
.02. Scheffe post hoc yontemi ile yapilan ¢oklu karsilagtirmalar, okul 6ncesi ¢ocuklarinin ailelerinin
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ortaokul ¢cocuklarimin ailelerine kiyasla madde, enerji ve canlilar ile ilgili fen konularin1 6grenmelerine
yonelik ¢ocuklarina 6nemli ol¢iide daha fazla firsat sunduklarini gostermistir. Ayrica, okul dncesi
donemdeki c¢ocuklara gokyiizii ile ilgili fen konularin1 6grenmelerine yonelik sunulan aile destegi,
ilkokul ve ortaokul ¢ocuklarina saglanan aile desteginden anlaml diizeyde daha yiiksek bulunmustur.

Bu bulgular okul disinda ¢ocuklarin fen 6grenmeleri hususunda aile desteginin gelistirilmesine yonelik
bir ihtiya¢ oldugunu goéstermektedir. Ozellikle ortaokul c¢ocuklarinin informal fen egitiminde aile
destegi daha yakindan incelenmelidir. Cocuklarinin egitimindeki rollerine iliskin aile inanglari,
cocuklarina yardimecr olma konusundaki aile 6z yeterlik algist ve hem c¢ocugun hem okulun aile
katilimina iligkin goriiglerine yonelik aile inanglar1 ailelerin ¢ocuklarinin egitimine katilim
konusundaki kararlarini etkileyebilmektedir (Hoover-Dempsey ve Sandler, 1997; Walker, Wilkins,
Dallaire, Sandler ve Hoover-Dempsey, 2005). Ozellikle Tiirkiye’de egitimde aile katilmimin diisiik
seviyede olmasi (a) ailelerin g¢ocuklarmin egitiminden Oncelikle okullari sorumlu tutmalari, (b)
ailelerin ¢ocuklarmin egitimine nasil katilacaklar1 konusunda bilingli olmamalari ve (c) 6gretmenlerin
ve okul yoneticilerinin egitim siirecine ailelerin katilimini saglamak igin fazla ¢aba gostermemeleri ile
agiklanabilir (Erdogan ve Demirkasimoglu, 2010). Ayrica Tiirkiye’de aileler, ¢ocuklarinin zaten etkili
bir sekilde dgrendiklerini diigiindiikleri ve ¢ocuklart ortaokulda dgrenim gordiigii igin aile katilimini
gerekli gormiiyor olabilirler (Kasapoglu, 2014). Cocuklarin okul dig1 6grenme firsatlarindan yoksun
kalmamalari i¢in Oncelikli olarak bu konuda aile farkindaligi gelistirilmelidir (Lee ve Nie, 2015). Bu
ama¢ dogrultusunda, Ogretmenler ve okullar, aileleri evde neler yapabilecekleri hakkinda
yonlendirmeliler (Epstein, 1986; Leithwood ve Patrician, 2015) ve iyi tasarlanmis aile ve toplum is
birligi programlar1 olusturmalilardir (Epstein ve Salinas, 2004). Bu programlar 6zellikle ailelerin
cocuklarinin fen dgrenmelerini desteklemeye yonelik yeterlik algilarinin gelismesine yardimec1 olmali
ve ailelerin ¢ocuklarinin egitimine katilmaya yonelik ilgisini artirmalidir (Kaya ve Lundeen, 2010). Bu
programlarda ayni zamanda Fen Bilimlerinin mutlaka 6zel arag-gereg¢ gerektiren bir laboratuvar
disiplini olmadigina ve aslinda giinliik yasamin bir pargast olduguna dikkat ¢ekilmelidir (Fleer, 1996).
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ABSTRACT The theme that structure determines function is one of the most significant cornerstones in
understanding natural sciences. On the other hand, recently revised science curriculum in
Turkey has emphasized science and engineering practices to help students be able to
converge science with the other disciplines by applying theory into practice and product; but
there is not an emphasis on the repeating patterns and relationships between structure and
function for natural and built systems at any grades. In order to close this gap, the main
objective of this study is to develop an integrated biomimicry STEM activity about the unit
of Living Things World at grade five. This paper reported on a case study of 21 fifth-grade
students’ gaining experiences about the engineering design process by mimicking a structure
from the organisms to solve a human problem. Even more striking result is that students can
manage to incorporate biomimicry into their design solutions by the way of complementary
relationship between structure and function in organisms.

Keywords:  Biomimicry, Design, Function, STEM Education, Structure

Organizmalarda bulunan yapi1 fonksiyon iligkisi sorgulanarak
biyomimikri STEM etkinligi gelistirilmesi

0z Doga bilimlerini anlamada en onemli mihenk taglarindan biri yap:1 fonksiyonu belirler
temasidir. Diger taraftan Tirkiye'de yakin zamanda revize edilen fen programinda ise
ogrencilerin  feni diger disiplinlerle biitinlestirerek teoriyi pratige ve {iriine
doniistiirebilmelerine yardimci olacak fen ve miihendislik uygulamalarina vurgu yapilirken;
dogada ya da tasarlanmig diinyada tekrar eden oOriintiilere ve yapi ve islev arasindaki
iligkilere herhangi bir simf diizeyinde vurgu yapilmamistir. Bu ac¢if1 kapatmak icin
calismada, besinci sinif fen bilimleri dersi Canlilar Diinyas1 iinitesinde yap1 ve fonksiyon
iligkisine dayanan biitiinlestirilmis biyomimikri STEM etkinligi gelistirmek amaglanmuistir.
Bu calisma, 21 besinci sinif Ogrencisinin insanliga ait bir problemi ¢ézmek igin
organizmalara ait bir yapiy1 taklit ederek mithendislik tasarim siireci ile ilgili deneyimlerini
aktaran bir durum ¢alismasidir. Calismanin ¢arpict bir sonucu ise, Ogrencilerin
organizmalardaki yap1 ve fonksiyon arasindaki tamamlayici iliski yoluyla biyomimikriyi
tasarim ¢oziimlerine dahil etmeyi bagarabilmeleridir.

Anahtar Sozciikler:  Biyomimikri, Fonksiyon, STEM Egitimi, Tasarim, Yapi
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INTRODUCTION

The understanding of the relationship between structure and function has been recognized both as a
crosscutting and disciplinary core concepts in the current reform document of A Framework for K-12
Science Education: Practices, Crosscutting Concepts, and Core Ideas (Framework) (National
Research Council [NRC], 2012). Amongst the seven crosscutting concepts as unifying themes across
all the disciplines and grade levels, structure and function are defined as “the way in which an object
or living thing is shaped and its substructure determine many of its properties and functions” (NRC,
2012, p. 84). The theme that structure determines function is one of the most significant cornerstones
in understanding natural sciences. Structure is the way that an organism is shaped as a whole.
Functions are the processes that help an organism to survive. The structure and function of an
organism work complementarily in nature to meet the needs of the organism. Understanding these
causal relationships between structure and function through the identification of mechanisms like
behaviors in life sciences can be delineated by Structure—Behavior—Function (SBF) theory. The SBF
theory makes it explicit how structure and function causally related with a bridge of behaviors/actions
(Hmelo, Holton, & Kolodner, 2000; Hmelo-Silver, Marathe, & Liu, 2007). In this way, the SBF theory
may account for coherent science learning in providing students to understand the purposes and
processes of the structures to achieve their function (Hmelo-Silver et al., 2008). Also, when biological
function is used in the same meaning as adaptation, it may account for understanding the origin of a
structure’s function that emerged in the evolutionary process (Kohn, Underwood, & Cooper, 2018).

As related to the extent in which students understand the functions of structures by querying
organisms or molecules in the natural world requires making causal inferences. This is a similar way
by which “engineers make such inferences when examining structures in nature as inspirations for
designs to meet people’s needs” (Next Generation Science Standards [NGSS] Lead States, 2013b,
p.89). Engineers learn from studying nature; so they observe nature to get brilliant ideas for design
solutions to solve human problems. This explains why technological tools we use in our daily life
usually work in the same way as something in nature. As it can be seen that “the functioning of natural
and built systems alike depends on the shapes and relationships of certain key parts as well as on the
properties of the materials from which they are made” (NRC, 2012, p.96). Such scientific explanations
of the relation between structure and function in natural systems can be further delineated by
mimicking the translation of these observations into design solutions to solve human problems for
STEM (Science, Technology, Engineering, and Mathematics) education. Therefore, understanding the
purpose or mechanical function of structures in nature as a learning outcome in science courses should
be considered in STEM education.

STEM education proposes an interdisciplinary integration of knowledge, skill, and beliefs relate to
more than one STEM disciplines through the collaborative efforts of students and teachers (Corlu,
Capraro, & Capraro, 2014; Oner et al., 2014). To accomplish this goal, engineering and engineering
design process-oriented integration for science teaching has been appreciated in the current reform
documents (e.g., NRC, 2012) and related literature (e.g., Guzey, Thank, Wang, Roehrig, & Moore,
2014; Moore et al., 2014). Amongst the scope of Integrated Teaching Framework (ITP), which is
considered as an effort for the pedagogical interpretation of STEM for Turkish context, the
methodological integration means to use both the discipline and the methods of a particular field
education in the teaching of other fields depending on the interests of teachers and students. The four
main principles of integrated STEM education are defined as equity, relevance, interdisciplinarity and
rigor (Asik, Doganca Kiigiik, Helvaci & Corlu, 2017). In parallel to this pedagogy as proposed by Asik
et al., (2017), the current study is an example for the use of the engineering design process or
engineering-based learning in science classes.
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Structure and Function as a Crosscutting and Core Concept

The Framework (NRC, 2012) defines crosscutting concepts as to “bridge disciplinary boundaries,
having explanatory value throughout much of science and engineering” (p. 83). These concepts
provide students useful lenses for recognizing similarities among disciplinary core ideas and practices
in science and engineering. Thus, crosscutting concepts are common themes emerging across all
science and engineering disciplines to help students better understand phenomena. As the NGSS
document points out, there is no need to teach and assess these concepts as a separate vocabulary from
practices or disciplinary context. Rather, the crosscutting concepts should be embedded in the science
curriculum from beginning in the early grades of schooling and growing in complexity and
sophistication across the grades (NGSS Lead States, 2013b).

The relationship between structure and function as a crosscutting concept can sometimes be essential
to make causal inferences as a special case of cause and effect (NGSS Lead States, 2013b). Table 1
indicates that exploration of the relationship between structure and function should begin in the early
grades and progress in complexity across the grades both as crosscutting and disciplinary core
concepts. In early grades students can relate the shape and stability of structures for a variety of
functions like a bridge’s diagonal brace or mechanical function such as wheels, axles, and gears. As
students’ progress through the upper grades they are expected to improve from recognizing particular
structures or substructures observed in the visible systems to a more complex, small scale, non- visible
systems are related to their functions (NRC, 2012).

Table 1.
Progression of ideas for the structure and function both as a crosscutting concept and disciplinary core idea
(Adapted from Duschl, 2012; NGSS Lead States, 2013b)

Grades  Structure and function as a crosscutting concept Structure and function as a core idea in the life sciences
Examine relationships of structure and function in All organisms have external parts that they use to perform
K-2 accessible and visible natural and human built daily functions.
systems.
Matter has a substructure that is related to properties Organisms have both internal and external macroscopic
3.5 of materials. Begin study of more complex systems structures that allow for growth, survival, behavior, and
by examining subsystems and the relationships of the  reproduction.
parts to their functions.
Visualize, model, and apply understandings of All living things are made up of cells. In organisms, cells
structure and function to more complex and less work together to form tissues and organs that are
6-8 easily observable systems and processes. The concept  specialized for particular body functions.
of matter having submicroscopic structures is related
to properties of matter.
Apply the knowledge of structure and function when Systems of specialized cells within organisms help
investigating unfamiliar phenomena; when building perform essential functions of life. Any one system in an
9-12  something or deciphering how a system works, begin ~ organism is made up of numerous parts. Feedback

with examining what it is made of and what shapes its

mechanisms maintain an organism’s internal conditions

parts take. within certain limits and mediate behaviors.

In this respect, understanding the structure and function as a topic for the life sciences should be
emphasized as well. Bybee (2013) states the main goal of biology as to “develop explanations for
functions based on structures and reciprocal-to explain the complementarity of structures and
functions among an organism’s systems and subsystems” (p.26). Likewise, the life sciences (LS) in
the Framework focus on patterns, processes, and relationships of living organisms. The first core idea
‘LS1: From molecules to organisms: Structures and processes’ addresses the characteristic structures
of organisms to live, grow, respond to their environment, and reproduce. As the first subcomponent
‘LS1.A: Structure and function’ explains how the structures of organisms enable life’s functions by
beginning from cells as the basic structural units to structural systems and subsystems of organisms
that perform specialized functions (NRC, 2012). As it can be seen in Table 1, students at elementary
grades are expected to investigate the relationships between the external and internal structures of
organisms and their functions in growth, survival, behavior, and reproduction at the macroscale
systems. Students in middle grades are expected to investigate explanations for the structure and
function of cells as the basic units of life at microscale systems. Students at higher levels demonstrate
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an understanding of how systems of cells function together to support the life processes, the
hierarchical systems of organisms, and the role of specialized cells for maintenance and growth.

Why Teach Biomimicry?

The term biomimicry originates from Greek roots bios that means life and mimicry that means to
imitate. Beyond its simple meaning of imitation of life, biomimicry is defined as “a creative form of
technology that uses or imitates nature to improve human lives” (Hwang et al., 2015, p.5701). The
origin of the term coined as biomimetics, bionics, bio-inspired design that are all used usually in the
same meaning in the scientific literature. It has been considered as a new discipline of science starting
from the book of Janine Benyus’s in 1997 titled “Biomimicry: Innovation Inspired by Nature”. In her
book, biomimicry is defined as “a new science that studies nature’s models and then imitates or takes
inspiration from these designs and processes to solve human problems e.g., a solar cell inspired by a
leaf” (Benyus, 2002, p.0). In other words, biomimicry as an approach “seeks sustainable solutions to
human challenges by emulating nature’s time-tested patterns and strategies” (Biomimicry Institute,
2010). According to Benyus (2002) billions of years of evolutionary process have given living
organisms an amazing diversity of structures, shapes and their related functions to survive. Thus,
learning from studying nature for perfection, accuracy and sustainability of natural mechanisms is the
underlying philosophy of Benyus’s theory of biomimicry.

There are well known examples of biomimicry in the history of human industrialization like Leonardo
da Vinci’s (1452—-1519) work designed a “flying machine” by mimicking a bird and Wright brothers’
(1867-1948) airplane designed by mimicking the wings of eagles. Nowadays, transportation vehicles
may become faster, more stable, and more aerodynamic but still nature gives inspiration like Japanese
bullet train mimicking a kingfisher’s beak to reduce sonic boom and air resistance. It can be seen that
biomimetic technology is applied in many different fields including material science, robotics,
nanotechnology, product, design, innovation, inventions, systems design, architecture, agriculture,
chemistry, medicine, communication and mechanics. One of the best known product examples of
biomimicry is Velcro, a common hook-and-loop fastener, invented in 1948 by Swiss engineer George
de Mestral who inspired from the fruit of the burr that sticks to his clothes and his dog’s fur while
hiking (Hwang et al., 2015; Pauw, Kandachar, Karana, Peck, & Wever, 2010).

There are three levels to mimic a natural system as regard to the increasing complexity from the
organism level, to behavior level and ecosystem level. Biomimicry at the organism level indicates the
mimicry of a specified organism or a part from the whole organism. Biomimicry at the behavior level
indicates the mimicry of behavior in a specified organism. Biomimicry at the ecosystem level
indicates the mimicry of whole ecosystem. At each level biomimicry can take place as a form about
how it looks, material about what it is made from, construction about how it is made, process about
how it works, and function about what is the capability. For example, building that mimics termites in
architecture is a good representative of three levels and their sub-dimensions. At the organism level
the building looks like a termite. At the behavior level the building looks like such a termite mound
that is made by termites. At the ecosystem level the building looks like an ecosystem such termites
would live in (Aziz & El sherif, 2016).

While learning from studying nature there are two main approaches suggested for a biomimicry design
process as indicated in Figure 1. Top-down approach or challenge to biology begins with an identified
human need or problem and then looks intentionally into nature how organisms or ecosystems solve
this problem for better design solutions. Conversely, bottom-up approach or biology to design begins
by examining nature to identify a particular structure, behavior or function belongs to an organism or
ecosystem for transmitting this bio-inspired design solution into a human problem (Aziz & El sherif,
2016).
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Top- Down Bottom-Up
1-Design problem
2-Searc h for hinlogical
analngies
3-Id entification of &-Desicn sohudion
app ropriate principles
5-Technical .
4 Absiraction, detachment Inp lemeniation
from b inlogical model
4 Ahgiraciion, deiach i

5-Testing, analysis, and fromhiological model

feedback: 3-Understanding the
principles

6-Desien sohution
2-Biomechanirs, funciiomal
mworpholozy and anatomy
1-Biologic al research

Figurel. Biomimicry top-down and bottom-up approaches (Adapted from Aziz & EI sherif, 2016)

It is inevitable that using nature as a model for sustainable design solutions has initiated the
conceptualization of biomimicry in science education. Biomimicry can be viewed as a revolution in
education by offering teachers a way to inspire students of all ages by blending life sciences, STEM,
creative problem solving, design, and systems thinking (Biomimicry Institute, 2010). Teaching
biomimicry in STEM education can provide a context by intersecting nature with science, technology,
engineering and math. Consequently, being inspired by nature requires understanding how nature
works by identifying various functional and environmental adaptation mechanisms of organisms and
their sustainability in basic science courses at early stages.

Rationale for the Study

As proposed in the Framework when the students develop an understanding about the relationships
between structure and function, they can apply this knowledge to learn an unfamiliar scientific
phenomenon and solve how a system work as a critical element of successful engineering designs
(NRC, 2012). Similarly, recently revised science curriculum in Turkey has emphasized science and
engineering practices to help students be able to converge science with the other disciplines by
applying theory into practice and product; but there is not an emphasis on the repeating patterns and
the relationships between structure and function for natural and built systems at any grades (Ministry
of National Education [MoNE], 2018). On the other hand, students are expected to classify living
things according to their similarities and differences as microscopic organisms, fungi, plants, and
animals within the context of the unit of Living Things World at grade five. In order to close this gap
in science education, the main objective of this study is to develop integrated biomimicry STEM
activity based on the relationship between structure and function in organisms both as an engineering
design principle and core component of life sciences for fifth graders to achieve learning outcomes
about the classification of living things. In the line with this main aim, the research questions are: (a)
How students develop a deep understanding of structure and function about living things? (b) How
students develop a deep understanding about the role of biomimicry in engineering design principles?

For this purpose the performance expectations related to the topic of structure and function in the life
sciences from the NGSS were adapted to develop biomimicry STEM activity. NGSS Lead States
(2013a) emphasizes biomimicry as a performance expectation linked to the structure and function as
one of the main component ideas in the life sciences of the first grade numbered as 1-LS1-1 and fourth
grade numbered as 4-L.S1-1 as indicated in Figure 2. The Figure 2 displays examples of performance
expectations for elementary school life sciences with supporting content from the foundation box
which combines practices, core ideas and crosscutting concepts.
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PERFORMANCE EXPECTATIONS

Students who demonstrate understanding can:

4-1LS1-1. Construct an argument that plants and animals have internal and external structures that function to support
survival, growth, behavior, and reproduction. [Clarification Statement: Examples of structures could include thorns, stems,
roots, colored petals, heart, stomach, lung, brain, and skin.] [Assessment Boundary: Assessment is limited to macroscopic structures

within plant and animal systems.]

1-LS1-1. Use materials to design a solution to a human problem by mimicking how plants and/or animals use their
external parts to help them survive, grow, and meet their needs.* [Clarification Statement: Examples of human problems
that can be solved by mimicking plant or animal solutions could include designing clothing or equipment to protect bicyclists by
mimicking turtle shells, acorn shells, and animal scales; stabilizing structures by mimicking animal tails and roots on plants;
keeping out intruders by mimicking thorns on branches and animal quills; and, detecting intruders by mimicking eyes and ears.]

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Engaging in Argument from Evidence

Engaging in argument from evidence in
3-5 builds on K-2 experiences and
progresses to critiquing the scientific
explanations or solutions proposed by
peers by citing relevant evidence about
the natural and designed world(s). (4-
LS1-1)

Construct an argument with evidence,
data, and/or a model.

Obtaining, Evaluating, and
Communicating Information

Obtaining, evaluating, and
communicating information in K-2
builds on prior experiences and uses
observations and texts to communicate
new information.

Read grade-appropriate texts and use
media to obtain scientific information to
determine patterns in and/or evidence
about the natural world. (4-LS1-1)

Constructing Explanations and
Designing Solutions

Constructing explanations and
designing solutions in K-2 builds on
prior experiences and progresses to the
use of evidence and ideas in
constructing evidence-based accounts
of natural phenomena and designing
solutions.

Make observations (firsthand or from
media) to construct an evidence-based
account for natural phenomena. (4-LS1-
1)

Use materials to design a device that
solves a specific problem or a solution
to a specific problem. (1-LS1-1)

LS1.A: Structure and Function

Plants and animals have both internal
and external structures that serve
various functions in growth, survival,
behavior, and reproduction. (4-LS1-1)

LS1.A: Structure and Function

All organisms have external parts.
Different animals use their body parts in
different ways to see, hear, grasp
objects, protect themselves, move from
place to place, and seek, find, and take
in food, water and air. Plants also have
different parts (roots, stems, leaves,
flowers, fruits) that help them survive
and grow. (1-LS1-1)

LS1.D: Information Processing

Animals have body parts that capture
and convey different kinds of
information needed for growth and
survival. Animals respond to these
inputs with behaviors that help them
survive. Plants also respond to some
external inputs. (1-LS1-1)

ETS1.A: Defining and Delimiting an
Engineering Problem

Asking questions, making observations,
and gathering information are helpful in
thinking about problems. (1-LS1-1)

ETS1.B: Developing Possible Solutions

Designs can be conveyed through
sketches, drawings, or physical models.
These representations are useful in
communicating ideas for a problem’s
solutions to other people. (1-LS1-1)
ETS1.C: Optimizing the Design Solution

Because there is always more than one
possible solution to a problem, it is
useful to compare and test designs. (1-
LS1-1)

Patterns

Patterns in the natural and human
designed world can be observed, used
to describe phenomena, and used as
evidence. (4-LS1-1)

Structure and Function

The shape and stability of structures of
natural and designed objects are related
to their function(s). (1-LS1-1)

Systems and System Models
A system can be described in terms of
its components and their interactions.
(4-LS1-1)

Connections to Engineering, Technology,
and Applications of Science

Influence of Science, Engineering and
Technology on Society and the Natural
World
Every human-made product is designed
by applying some knowledge of the
natural world and is built using
materials derived from the natural
world. (1-LS1-1)

Connections to Nature of Science

Scientific Knowledge is Based on
Empirical Evidence

Scientists look for patterns and order
when making observations about the
world. (4-LS1-1)

Science is a human endeavor
Science affects everyday life. (1-LS1-1)

Most scientist and engineers work in
teams. (1-LS1-1)

* The performance expectations marked with an asterisk integrate traditional science content with engineering through a practice or disciplinary core idea.

Figure 2. The performance expectations for LS1: From molecules to organisms: Structures and
processes (Adapted from NGSS Lead States, 2013a)
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METHODOLOGY

This study employed a case study in which “the researcher develops an in depth analysis of a case,
often a program, event, activity, process, or one or more individuals” (Creswell, 2014, p.13). The case
involves students’ learning experiences by participating in the biomimicry STEM activity about
organisms. The participants of the study were 10-11 years old 21 students (11 boys, 10 girls) attending
5" grade at the public lower secondary school in Antalya, Turkey. According to Yildirim and Simsek
(2016), "if the researcher wants to introduce a new application or a novelty, he/she can identify them
by determining one or more of the most typical among a series of case in which this application has
been done or has innovativeness (p.120). For this purpose, the study group was determined in line with
the typical case sampling which is one of the methods of purposeful sampling (Yildirim & Simsek,
2016) that emerged within the qualitative research tradition.

Biomimicry STEM activity worksheets, reflective open-ended questions, semi-structured interviews,
rubrics were utilized in collecting data to evaluate the performances of the students and the
effectiveness of the STEM activity. The data collection tools focused on obtaining the data in order to
reveal how students develop a deep understanding of structure and function about living things and the
role of biomimicry in engineering design principles. Students' learning experiences, difficulties which
were experienced and how they overcame these difficulties, likes and dislikes, what they learned and
how they worked in a team were investigated.

The qualitative collected throughout students’ reflections about the engineering design process on
open-ended questions and semi structured interviews, teacher’s observations and field notes and
participant students’ portfolios were evaluated by descriptive analysis. The participant teacher’s
observations and field notes were used to increase the verification by guiding students’ learning and
behavior in the process. The abbreviations T for team, S for student and numbers were used to
introduce the student’s team and the student member such that T4.S1 means 4th team 1st student.

Ethical Approval

The typical case sampling aims to describe and illustrate what is typical to those unfamiliar with the
setting, not to make generalized statements about the experiences of all participants (Patton, 2014).
Prior to the implementation of the research, the necessary permission was obtained according to board
decision, dated 05/02/2019 and 2439445 numbered, from the Research Evaluation and Investigation
Committee of the Antalya National Education Directorate. Written informed parental consent forms
including options of opt-out and opt-in for their children’s participation in the research and collecting
data from them were sent home to signature. The students were volunteer and had the signed parental
consent forms involved in the study.

Description of Biomimicry STEM Activity

Biomimicry STEM activity provides students the learning opportunity to explore the relationship
between structure and function in organisms both as an engineering design principle and a core
component of life sciences for 5th graders in the unit of Living Things World. For this study some
parts especially involving structure and function activities are described here in detailed. The activity
consists of four main parts for science and engineering practices in parallel to the science standards as
described below:

Part 1 — Asking Questions and Defining Problems. A scenario about biomimicry design task is given

students (see Appendix 1) to introduce a problem or need for the engineering design task. After
completing the next stages students consider how a human problem can be solved by mimicking a
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structure from the organisms that has similar purpose for the engineering design process. Students then
identify a human problem and develop their own design solutions inspired by organisms’ adaptations.

Part 2 — Engaging in Argument from Evidence. It is expected that students get to know different kinds
of organisms, determine the structures belonging to these organisms and explain how these structures
help them to continue their lives by utilizing scientific resources or throughout their individual
investigations. Using the scientific popular books like published by Scientific and Technological
Research Council of Turkey (TUBITAK) titled “First Reading Series: Bees, Elephants, Spiders,
Penguins, Bears, Owls, Caterpillars and Butterflies, Dogs, Trees etc.” would help students develop an
understanding of how particular features help animals and plants to survive. Students then complete
the worksheet of Structure and Function as individually given in Appendix 2 to keep the observed
structures and their functions in different organisms from different resources. Teachers’ use of science
talk along within these texts can promote students to obtain scientific information in examining
structures and inferring their functions. To reinforce and extend this understanding as a core idea of
life sciences teachers can have students engage in constructing arguments that plants and animals have
internal and external structures functioning to support survival, growth, behavior, and reproduction
with evidence, data, and/or a model. Similarly, as a crosscutting concept of structure and function at
this stage it is explicitly emphasized that “the structure or shape of an object or system is frequently
related to use, operation, or function. Scientists infer function by referring to form and also explain
form by referring to function” (Lederman, 2019).

Part 3 — Obtaining, evaluating, and communicating information. Designing Imaginary Organism
activity is given students to enhance the understanding the organisms’ adaptations in relation to
structure and function. It is expected that students get to design their own imaginary organism within
their groups by using the previously gathered data from the observation of organisms’ particular
structure and their function. They decide structures and their functions that the organisms need to
survive by describing their adaptations on the worksheet of Imaginary Organism’s Adaptations given
in Appendix 3. After they identify their imaginary organisms’ structures, feeding type, predators,
habitat, physical and behavioral adaptations etc., they draw their imaginary organism on the worksheet
of Drawing and Labelling the Imaginary Organism given in Appendix 4 by describing the traits and
adaptations on it. By using the worksheet of Introducing Imaginary Organism given in Appendix 5
groups decide the scientific name and other characteristics to classify their organisms. They can also
write a story or news about the investigation of their imaginary organism in the given part of
Appendix 4. In order to introduce their organism for the rest of the class, groups make the model of
their imaginary organism by depicting on one of their friends by using provided materials in the
classroom. During the presentation of the model organisms of the groups, students would be asked to
present what functions their organisms have and why they interpret particular structures in that way.
Another way of presenting the model organisms would be audience students asked to infer what the
function might be from the structure of organisms. Students can also be asked why they used
particular materials for the structure that they infer. At this moment, it is an appropriate time to discuss
the distinction between observation and inference. The structure would directly be observable using
our senses, but its function is not directly observable (Lederman, 2019). During the presentations, the
teacher evaluates the model organisms that each group has by using the Imaginary Organism
Assessment Rubric (see Appendix 6).

Part 4 — Constructing Explanations and Designing Solutions. Students are introduced with the great
design task through a scenario given at first that defines biomimicry and how bioengineers inspire
nature to develop new ideas for innovations. Using the scientific knowledge and models learned in the
previous steps in which students make such observations about animals and plants’ adaptations for
survival, growth and meeting their needs, they can translate this information in a larger study to design
a solution to a human need. In reverse relation, students would be asked to give examples by
identifying and comparing designed objects related to natural shapes and structures. This investigation
provides students to connect how observations of the natural world aid human survival. Then, they are
asked to identify a human problem to develop a possible solution by using biomimicry which may be
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an imitation of the relation between structure and function that belongs to organisms. As bioengineers
students draw their prototype design solutions and describe how their design solutions solve the
human problem on the worksheet of Great Design Task Draft Drawing given in Appendix 7. After
deciding on the best design solution, students are supplied with materials to design a prototype model
that solves a specific problem or a solution to a specific problem. In the last step students test, evaluate
and analyze their design solutions within their groups to improve their model. Once the process is
completed, groups present their biomimicry models in respect to the relations between the design and
inspirations from the natural world by providing an analysis of the design process. During the
presentations, the teacher evaluates the biomimicry models that each group has by using the
Biomimicry Design Task Assessment Rubric (see Appendix 8).

Implication Steps of Biomimicry STEM Activity

Biomimicry STEM activity was planned to cover all the outcomes about the classification of living
things within a larger dissertation study based on engineering design based unit phases (Wendell et al.,
2010) and eight step engineering design process of Massachusetts Department of Education (2006).
The study was conducted for twelve hours during the science lessons at the first term of the school
year of 2018-2019 by the second author of this research. The activity was started with the
identification of the need or the problem. During the two-lesson hour, students identified the human
need or problem which was given in the scenario. They described the criteria and constraints. After
identification of the needs/problem, they were researching the need/ problem in the second step. In this
phase, students investigated the scientific knowledge needed for solving the problem phase. During
the four-lesson hour, the scientific knowledge collected from books and mini activity, imaginary
organism activity implemented to understand structure and functions in nature. Collected scientific
knowledge was used for developing possible solutions in the step three. During the one-lesson hour,
students developed solutions individually in their team for the one-hour lesson. They explained their
solution proposals by using criteria and constraints. The developed possible solutions were discussed
in their team in order to choose the best solution proposal. In the step of selecting the best possible
solution, students used a decision-making matrix to decide the best one by using criteria and
constraints during the one-lesson hour. The chosen solution by the team used for constructing a
model/prototype in the step five. In this period, students developed their models in the two-lesson
hour. Developed models were tested/controlled by using a checklist according to the criteria and
constraints in the step of test and evaluate the solution after then they presented their models in the
phase of communicate the solution during the one-lesson hour. In the last step of redesign, each team
improved its solutions regarding the feedback from teacher and students during the one-lesson hour.

Description of Performance Assessment Rubrics

The Imaginary Organism Assessment Rubric (see Appendix 6) was developed for assessing the
models that students developed to describe their imaginary organisms’ adaptations based on the
mechanism between structure and function on the range of 0 and 24 points. The first sub-dimension of
the rubric titled Developing and Using Models indicates the progression of students from level 0 to 3
for developing an accurate model in terms of drawing, description and identification of their imaginary
organisms. The second sub-dimension of the rubric titled Structure and Function indicates the
progression of students from level 0 to 3 for accurately explaining the relation between proposed
structure and function that an imaginary organism has for each adaptation.

The Biomimicry Design Task Assessment Rubric (see Appendix 8) was developed for assessing the
prototype biomimicry models that students developed to solve a human problem as regards to eight
categories that indicates the progression of students from level 0 to 3 providing analysis of the
engineering design process on the range of 0 and 48 points. The categories of the rubric developed
based on the engineering design steps of Massachusetts Science and Technology/Engineering
Curriculum Framework (Massachusetts Department of Education, 2006) in order to assess students’
achievement on engineering design steps.
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Description of Evaluation Form

Biomimicry STEM Activity Reflective Evaluation Form (see Appendix 9) consists of open-ended
guestions to realize students’ perceptions and opinions about the whole process of engineering design
task. The form was applied for all the students of 21 at the end of the study. Six students were
interviewed with the similar questions because of their short or unclear answers.

FINDINGS

Findings on the Imaginary Organism Assessment Rubric

Through the science activities as performance expectations, students are expected to query the
structures of organisms and relate their functions, create an imaginary organism, and communicate the
way of thinking by drawing, labeling, and explaining. Students developed an imaginary model
organism by describing the traits and adaptations on it as well as by describing its scientific group and
scientific name. The drawings and created imaginary organisms that each group developed are
displayed in Appendix 10. The Imaginary Organism Assessment Rubric was used for assessing
students’ science learning through the worksheets completed during the whole process and created
imaginary model organisms’ adaptations. After each group presented their imaginary model organism,
the teacher completed the rubric. The Table 2 indicates the overall score that each group gets for their
imaginary model organism. As regard to the table each team has average high score that indicates
students’ understanding the role of the structure-function relationship in organisms’ adaptations. When
the presented imaginary organisms were considered, students were able to describe their organisms’
structures, feeding type, predators, and habitat, physical and behavioral adaptations.

Table 2.
Imaginary organism assessment rubric scores
Dimension Criteria Team1l Team2 Team3 Team4 Team5 Team6
Name and classification 3 3 2 3 2 1
Developing and using models  Drawings 2 2 2 3 2 3
Description 3 3 3 3 3 3
Nutrition 3 3 2 3 3 3
Defending from predators 2 3 2 3 3 3
Structure and Function Communication 2 2 3 3 2 3
Mating 0 3 2 2 3 3
Habitat 2 3 3 3 3 3
Total Score ...[24 17 22 19 23 21 22

Findings on the Biomimicry Design Task Assessment Rubric

Through the engineering design activities as performance expectations, students are expected to
describe how they would adapt an organism’s structure to solve a human problem. Appendix 11
displays the sample drawings of great designs for the biomimicry models that each group proposed to
solve a human problem. The biomimicry models that each group developed are displayed in Appendix
12. The Biomimicry Design Task Assessment Rubric was used to evaluate the students’ prototype
biomimicry models at eight categories. After each team presented their biomimicry designs to the
class, the teacher completed the rubric. Table 3 indicates the scores for eight categories and for overall
that each group has for their biomimicry model. The students’ scores on the categories of ‘ldentify the
need or the problem’ including identifying constraint and criteria and ‘Research the need or the
problem’ are lower than other steps of the engineering design process. Although all groups have the
lowest score in identifying and research the problem, they seem to develop an understanding about
engineering design as a whole process. When the developed biomimicry models were considered, they
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were able to reflect the complementary relationship between structure and function in relation to the
behaviors of organism in their design solutions for a human problem. The Team 1’s biomimicry model
named as fishing-net aims to help people fish inspired from pelican’s beak. The Team 2’s biomimicry
model named as non-slip socks aims to prevent people from slipping inspired from gecko’s toe pads.
The Team 3’s biomimicry model named as trap aims to help people hunt inspired from Venus flytrap.
The Team 4’s biomimicry model named as bat’s ear headset aims to help deaf people hear or use in
sound insulation inspired from bat’s ears. The Team 5’s biomimicry model named as hook aims to
help people carry out heavy things inspired from falcon’s claw. The Team 6’s biomimicry model
named as sew-burry aims to help people plant seed easily inspired from chicken’s beak.

Table 3.
The biomimicry design task assessment rubric scores
Engineering Design Criteria Team Team Team Team Team Team
Process 1 2 3 4 5 6
Identify the need or  Identification of need/problem 2 1 2 2 3 2
the problem Identification criteria and constraints 1 1 1 1 1 2
Identifying the information needed to solve 1 1 2 5 1 1

the need / problem

Research the need Identifying how the information obtained

or the problem

will be used to solve a human needs / 1 1 2 1 1 2
problem
Develop possible Suggestion of solution for needs / problem 1 1 3 2 1 3
solution(s) Drawing blueprint for solution proposal 2 2 2 2 2 3

Determining the pros and cons of solution
proposals 11
Explanation of the reasons (positive

=
[ERN
N
N
N
w

Select the best

solution(s) /negative aspects, criteria and constraints) of 1 1 2 2 2 2
the selection the best proposal
Building a model / prototype for the solution 2 2 3 3 2 3
Construct a proposal
prototype Using the materials that meet the criteria and 3 3 3 3 3 5
constraints for the model / prototype
Testing how the model or prototype solves 1 2 3 3 2 3
Test and evaluate the problem/need
the solution(s) Explanation of the test results using a
S 1 2 3 2 2 2
scientific language
Explaining how designs can solve human 2 2 3 2 2 3
. needs / problems
Communicate the L L L
solution(s) Determining the structures of living things in
their designs and how they are used in their 1 2 3 2 2 3
functions
Degcrlbmg the required improvements for 2 2 3 2 2 5
their design
Redesign Improving designs according to the data and
evaluations obtained as a result of testing 1 2 3 2 1 2
and sharing solutions
Total Score ...148 23 26 40 33 29 38

Findings on the Reflective Evaluation Form

The prominent findings on the examination of the students’ reflection by applying open-ended
guestions and semi-structured interviews about the activity are summarized under the four themes as
following; challenges, team working, learning in activity, and likes and dislikes. The students
expressed that they faced with the challenges while building their model/prototype (n=11) and team
working such as indecisions (n=4) and disputes (n=2) within the team (n=9), and the selection of the
best solution (n=3). Students usually expressed difficulties while practicing the mechanism in their
model. For example, one of the students reported that “the mechanism inside our design that is the
point we had difficulty choosing which material to use” (16.54). As an example for group challenges
T1.S6 reported that “We had a lot of difficulty because each design solution was very good” Similarly,
T2.S2 reported that “We could not make a decision in the team.” Another student member in the same
group explained the reason for the problems that they had faced in the group work as “Because we
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have a lot of ideas in our mind. Which one we should apply? Which one is more beautiful? Which one
works well? So, we had some confusion in the group” (T2.S1).

On the other hand, they explained how they overcome the challenges while working within team
members including collaborating, brainstorming, generating new ideas, discussing, helping each other
and finding a solution together (n=11). For example, T3.S3 stated that “Two friends in our group did
not work well at the first. They were working as if they had been in another group. It frustrated me.
We could not work well. But we had an agreement with them. After agreement we would work together
harder.” Besides they expressed that using different materials (n=1), by trying (n=1), planning study
(n=1), using criteria (n=1) and working without giving up (n=1) helps them to cope with the
challenges. In the probing interview about how they cope with an unstable condition T4.S1 reported
that “We were in trouble while choosing the best solution. We used the criteria and constraints to
choose the best solution.”

Students were also asked how they worked as a team in the separate question. Although the students
mainly explained they work in a harmony as a team with cooperation and helping with each other
(n=15), some of them explained they could not work in a team because of struggling with team
members and failing to decide together (n=6) in parallel to the statements in the theme of the
challenges. The students’ answers indicates that they work in a harmony in their group are as follows.
T3.S4 stated that “We were debating, but we worked very well.” Similarly, T5.S1 reported that “We
worked very well in our team. Only we had a trouble while choosing which structure of the animal we
used to design task.” According to the teachers’ field notes, only in two groups there were serious
disputes in team working. Even though six students stated that they could not work as a team only two
students wanted to change their group.

The students in the theme of learning in the activity pointed that they learnt about the engineering
including how engineers work and nature of engineering (n=6), structure and function in organisms
(n=9), working in a team (n=3), scientific inquiry (n=3), building a model/prototype (n=3), knowledge
about the living things (n=1), importance of doing research (n=1), decision making (n=1), finding
imperfection in design (n=1), understanding project (n=1) and entrepreneurship (n=1). For example,
T3.S2 stated that “We used structure and function in order to find a solution for human needs.
Engineers use biomimicry as we use.” Similarly, T1.S2 stated that “We learned species of living
things, engineering and entrepreneurship.” The students indicated that their skills to learn science and
scientific inquiry in obtaining scientific knowledge developed. For example, T2.S2 reported that “We
learned structures of the animals from TUBITAK books. There was a worksheet that we were used for
writing what we learn from the book. Using that knowledge, for example Gecko’s structure and
function we inspired to design not-slip socks.” Also, students reported that they learned working in the
team. As an example, T2.S1 reported that “We learned how we can make a decision together and
working together.”

About the themes of likes versus dislikes about the activity the findings indicated that students liked
everything in the activity (n=17), the design task and building model/prototype (n=6), learning about
animals (n=5), team working (n=2), and brainstorming (n=2). Overall, the students seem to have
positive perceptions towards the activity. The collected data by using semi-structured interview
supports this finding. For example, one of students (T3.S1) stated that “This activity is both fun and
instructive.” Another student (T3.S2) pointed that “The idea of the design task was very beautiful. To
bring the life the idea made us very happy.” Although majority of the students’ answers indicated that
they like every section in the activity, few of them stated unfavorable sections of the activity including
difficulties on some parts of worksheet (n=1), building a design solution (n=1) and drawing of the
model/prototype (n=1). Examination of the students’ respond in the theme of suggestions for
implementation of the activity indicates that the majority of students did not to change anything
(n=15). On the other hand, few students wanted to change such as their team (n=2), design task (n=2)
and writing task (n=1). For example, T1.S2 stated that “The design task was very hard. It would be
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better if it would be easier.” Another student T2.S2 reported that “I would like to change my team
members.”

DISCUSSION AND CONCLUSION

In achieving science goals, students were expected to make observations and conduct investigations to
build an understanding of animal behaviors and adaptations. Overall, the students expressed positive
science experiences and they were able to identify the structure and its function properly for coherent
science learning. In deepening their understanding about nature, the imaginary organism activity it is
an effective and fun way to display the relationship between structures and function in organisms for
5th graders. In the similar line, Kegeci, Alan, and Kirbag Zengin (2017) emphasized the role of inquiry
learning to help students integrate STEM disciplines by involving them actively and enjoyable in the
science learning process. Another study by Tekerek and Tekerek (2018) supported that instructional
materials developed by integrating different disciplines provide an efficient teaching and learning tool.

The results on the biomimicry design task assessment rubric indicate that students can describe how
they would adapt the organism’s structure to solve the human problem for the engineering design
process. But, the students’ scores on the first steps of identifying a need or problem including
determining criteria and constraints and what they need to know about scientific knowledge to realize
their design task are lower than other steps of the engineering design process. Likewise, Karakaya,
Yantiri, Yilmaz, and Yilmaz (2019) in their study with primary students emphasized shortage of time,
materials and information as the problems in the realization of STEM activities. Students’ struggles
while identifying constraints and criteria were also realized on written documents such that they mixed
them and used interchangeably.

The qualitative data obtained from students’ responses to reflective open-ended questions and
transcribed interviews also confirm these findings such that level of students’ literacy about structure
and function, perception of the engineering and understanding engineering design process were
improved. Related with the engineering design process they gained mainly an ability to build a
model/prototype. These outcomes are consistent with many studies in attempt to further development
of students engineering design process skills and understanding engineering throughout STEM
implications (Baran, Canbazoglu-Bilici, & Mesutoglu, 2015; Duban, Aydogdu, & Kolsuz, 2018;
Ergiin & Kiilekgi, 2019; Ozcan & Koca, 2019). Even more striking result is that students can manage
to incorporate biomimicry into their design solutions by the way of the complementary relationship
between structure and function in organisms. Structure-function model to translate biomimicry into
bio-inspired design solutions has been pointed in growing large body of the design based educational
literature (Cohen, Reich, & Greenberg, 2014; Hmelo et al., 2000; Stevens, De Vries, Bos, & Kopnina,
2019).

As a result of the examining the further findings on the qualitative data we can conclude that they had
challenges most with working in a team due to the conflicts and building model/prototype for
engineering design process. The challenges may stem from background of the students. It can be seen
that it is inevitable for students to face these difficulties because they may have experienced STEM
activity and teamwork for the first time in their educational lives. Examining the related literature in
the similar context usually support this finding. For example, Ozcan and Koca (2019) stated the
problems faced with engineering design process as troubles in utilizing the technology, troubles in
putting the designs into practice and not respecting the ideas in the group. Similarly, Karakaya et al.,
(2019) reported as the most revealed problem by the students as the designing and implementing.

The current study also revealed that even the students’ answers pointed that working in a team was
challenging, they coped with these challenges by working in a harmony as a team. Another supporting
idea is that only two students wanted to change their teams when they were asked what you would like
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to change in this study. It can be interpreted that they were learning in the process how to work
effectively with their peers in the team. As it is supposed to be they discussed each design solution
regarding pros and cons by considering criteria and constrains. This gave them an opportunity to see
weakness versus strengths of their design solutions. This finding is consistent with the previous STEM
studies in which collaboration has been emerged as prominent 21 century skills that students acquired
through the design process (Bolath & Korucu, 2018; Karakaya et al., 2019; Ozcan & Koca, 2019;
Ozgelik & Akgiindiiz, 2018).

Based on the overall findings of the study, it can be concluded that the biomimicry STEM activity
provides student actively involved in science and engineering practices. Students were defined the
problem, collected data about living things by reading scientific books or watching documentaries or
observing living things, collected and interpreted data, developed models, explained their design
solutions by using scientific knowledge, and communicating ideas and their findings with their peers.
As a core result of the study, biomimicry STEM activity provided students conceptualize the
adaptations of living things based on the relationship between structure and function while
experiencing the engineering design process. That’s why, biomimicry should be considered precisely
in science teaching curriculum in terms of providing an opportunity to integrate interdisciplinary
STEM into the classroom environment (Gardner, 2012; Pauls, 2017; Yakisan & Velioglu, 2019;
Yildirim, 2019).

Taking consideration advantage of the features of biomimicry in STEM education can provide a
unique learning opportunity for students to understand both scientific concepts and engineering design
principles. Moreover, using the relationship between structure and function is an effective way to
understand biomimicry and engage students as a bioengineer into engineering design process because
of the natural connections between natural and designed world. So, much more research should be
needed to explore biomimicry strategies to inspire students in solving human made problems for more
sustainable future.
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APPENDIX 1
Biomimicry Design Task

Nature has been an inspiration for art, design, and innovation for a long time. For example, the wing
structure of birds was a guide for humankind who had dreamt of flight and led Wright brothers to
invent the plane. The science that brings solutions to problems by mimicking the models and systems
in nature or different characteristics of living things is called Biomimicry. Today, applications of
biomimicry are used in various fields such as science, technology, art, architecture, artificial
intelligence, nanotechnology, robotics, industry, military research, and transportation. A biomimicry
company is looking for solutions to human problems by using the characteristics of living things.
Company officials in need of new ideas in this field are organizing a competition. As a biomimicry
expert, you are expected to solve one of humanity problems by mimicking how plants and animals use
their internal and external structures to grow, survive, and meet all their other needs.

To this end, you and your team are expected to observe the structures of living things, collect
information about the functions of these structures, and then develop a design to solve a human
problem using the complementary relationship between structure and function in organisms. Once you
have completed your design, you will present your work to a board of scientists and engineers. In your
presentation, you will explain how you created your design by describing the structure of the living
thing you have determined and the function of this structure, and how you used these to solve
humanity's problems. The specifications of the competition are given below:

Specifications of the competition

1) Your design must be created by mimicking at least one structure belonging to the organism.
2) Your design must address at least one of human problems.
3) No harmful substances should be used in your design.

4) You can use all kinds of materials in your design, especially recycled materials.

**Through direct observation, watching documentaries or reading scientific books such as publications by TUBITAK, you
will determine which organism you will use in your design, the structures belonging to the organism and how they use these
structures to survive based on evidence. You can also use other resources (webpages, available printed resources).

You will use the following engineering cycle while performing your design task;

Step 8 Step2
Research The
Redesign Need or Problem
Step 7 ENGINEERING Step 3
Communicate the DESIGN Develop Possible
Solution(s) PROCESS Solution(s)

N ¥
- -
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APPENDIX 2
Structure and Function Worksheet

Name-Surname: .........covvviii e,

Summarize the structures that help the survival of organisms you have found in your research and their
functions in the table below.

The source you Structure belongin Benefits of Which humanity problem
collected t?\/e Name of the to the or anismgang Function of | this function you can solve by using the
: . organism . ganism the structure for the characteristic of this
information its characteristics .
organism structure?
81
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APPENDIX 3

Imaginary Organism’s Adaptations

Name of your Team: ......ccoviiiiiiiie e,

Think of an imaginary organism with your teammates. You can use the structures and functions of
different organisms each of you learned in the first stage while deciding the characteristics of the

imaginary organism. Explain the structures you have chosen for your imaginary organism, the
functions of these structures and their benefits to the organism using the table below.

Explanations Name and Explain why you chose this
characteristic of the . structure (What kind of
- . Function of the L
structure (wing, tail, structure benefit this structure
mouth, teeth, root, leaf, provides for the survival of
Structures trunk, eye, etc.) your organism?)

What external structures will
your imaginary organism have?

What internal structures will
your imaginary organism have?

What structures will your
imaginary organism have to
find and eat its food?

What structures will your
imaginary organism have to
protect itself from its enemies?

What structures will your
imaginary organism have to
communicate with its friends
and offspring?

What structures will your
imaginary organism will have
to find a mate?

You can also add...
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APPENDIX 4

Drawing and Labeling the Imaginary Organism

Name of your Team: ......c.oiiiiiiiiiiee e,

Draw the picture of your organism you have imagined. While drawing your picture, be sure to label
the structures of the organism you have imagined in detail.

Scientific name of your imaginary organism:
Write a story or news that introduces your imaginary organism to the world of science:

83
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APPENDIX 5

Introducing Imaginary Organism

Name of your Team: ......c.oiiiiiiii e,

You will introduce your imaginary organism to the world of science. To do this, you will form the
following species tag. In this tag, you can mention the structures and characteristics of your organism,

the group its scientifically belong, habitat, nest, food sources, enemies, etc.

Scientific name of our organism:

(It must be a Latin name called binomial
nomenclature consisting of two names. The first
name defines genus and the second a name
defines species. The entire name is italicized
(e.g., Homo sapiens) and abbreviated by the first
letter of the genus name capitalized (e.g., H.
sapiens).

The scientific group our organism belongs:
Specify whether it is a plant, an animal, a
microscopic organism or fungi. If it is a plant, is
it vascular or nonvascular? If it is an animal, is it
vertebrate or invertebrate? If it is vertebrate, is it
a mammal, a fish, a frog, a reptile or a bird? If it
is invertebrate, is it an insect, a spider, a worm, a
snail, etc.? If it can be in multiple groups,

specify.

Body parts of our organism have:
(Tail, wing, trunk, mouth, beak, leaf, root, legs,
ears, etc.)

The habitat of our organism lives:
(Desert, sea, forest, poles, etc.)

The nest and its characteristics of our
organism:

The nutrient sources of our organism:

The dangers awaiting our organism:

The strongest feature of our organism:

The weakest feature of our organism:
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APPENDIX 6

Imaginary Organism Assessment Rubric

Name of TeamM: ....ooiiii e

Dimension Criteria Imaginary Organism Assessment Rubric
0 1 2 3
No evidence
Name and of the name or | The organismis | The organismis | The organism is
classification of | classification named but not classified but named and
organism of the classified. not named. classified
organism
. . Drawing of the | Drawing of the | Drawing of the
Developing . No evidence Lo .9 L9
and usin Drawing and of drawing of | °rganism is organism is organism is
models g labeling the or ani%m unclear and lack | clear but lack of | clear and has
9 of finer details. | finer details. finer details.
No evidence Description of Ezsg:lgr:?:m()f Description of
I of description | the organism g the organism
Description does not exactly
of the does not match matches the
. . match the .
organism the drawing. - drawing.
drawing.
No evidence The organism ;’:rzlc;rgamsm I:ﬁsgrﬁsglsm
of relation cannot consume . .
Nutrition between nutrients with consumes nutrients easily
. nutrients with with its
structure and its modelled -
function structures its modelled modelled
' structures. structures.
. The organism The organism The organism
No evidence can protect
. cannot protect hardly protects | . .
. of relation ; ) . ; itself easily
Defending from itself from its itself from its .
between - . from its
predators predators with predators with .
structure and g ' predators with
. its modelled its modelled .
function its modelled
structures. structures.
structures.
Structure No evidence The organism The organism The organism
. cannot can hardly can
and of relation . . .
. L communicate communicate communicate
function Communication | between s L . s
with its with its easily with its
structure and
functi modelled modelled modelled
unction
structures. structures. structures.
No evidence The organism The organism The organism
of relation cannot find a hardly finds a can find a mate
Mating between mate with its mate with its easily with its
structure and modelled modelled modelled
function structures. structures. structures.
. The organism The organism The organism
No evidence - . .
. cannot survive | hardly survives | can survive
of relation s o . o
. with its with its easily with its
Habitat between
modelled modelled modelled
structure and - . -
function strug:tures inits struptures Inits struptures inits
habitat. habitat. habitat.
Total Score .24
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APPENDIX 7
Great Design Task Draft Drawing
Name of your Team: ......c.oiiiiiiiiiiee e,

At the beginning of the unit, read the great design task you were given again. You will apply the scientific
knowledge you have learned up to this stage on your great designing task. Answer the following questions and
draw the sketch of the design you have made with your team below.

While creating your design, which organisms did you use the structure and the function of?

What human problem will your design solve, and how?

Which materials will you use in which part of your design?

86

Turkish Journal of Education TUR 2020, Volume 9, Issue 1 www.turje.org



SAVRAN GENCER, DOGAN, & BILEN; Developing biomimicry STEM activity by querying the relationship between
structure and function in organisms

APPENDIX 8
Biomimicry Design Task Assessment Rubric
Engineering
Design Process 0 1 2 3
Steps
The need/problem was The need/problem was The need/problem was The qegd/ problem was
S - g N identified clearly with all
. not identified. defined superficially. identified. -
Identify the details.

need/problem

The criteria and
constraints were not
identified.

Some of the criteria and
constraints were identified.

Most of the criteria and
constraints were
identified.

All the criteria and
constraints were identified.

Research the

The information needed
for the solution of the
need/problem was not
determined.

Some of the information
needed for the solution of the
need/problem was defined.

Most of the information
needed for the solution of
the need/problem was
defined.

All the information needed
for the solution of the
need/problem was defined.

No blueprint drawn for
proposed solution.

the solution proposal
superficially.

reflected the solution
proposal.

need or the It was not defined how It was superficially defined It was defined how the It was clearly defined in
problem the collected : - ;
- - how the collected collected information detail on how the collected
information would be . - . .
information would be used to | would be used to solve information would be used
used to solve the
solve the need/problem. the need/problem. to solve the need/problem.
need/problem.
. The proposed solution for The proposed solution for | The proposed solution for
No solution was
ronosed for the the need/problem was met the need/problem was met | the need/problem was met
Develop prop the some of the criteria and most of the criteria and the all the criteria and
- need/problem. . . !
possible constraints. constraints. constraints.
solution(s) The blueprint was reflected The blueprint was The blueprint was reflected

the solution proposal in
detail.

Select the best
solution(s)

The pros and cons of
proposed solutions were
not defined.

Some of the pros and cons of
proposed solutions were
defined.

Most of the pros and cons
of proposed solutions
were defined.

All the pros and cons of
proposed solutions were
defined with details.

Whether the chosen
solution meets the
criteria and constraints
were not explained.

Some of the reasons for the
chosen solution were
explained.

Most of the reasons for
the chosen solution were
explained.

All the reasons for the
chosen solution were
explained with details.

Construct a

A model/prototype for
the solution proposal
was not created.

A partially appropriate
model/prototype for the
solution proposal was
created.

An appropriate
model/prototype for the
solution proposal was
created.

A completely appropriate
model/prototype for the
solution proposal was
created.

The materials that meet

The materials that meet

test results were not
explained by using
scientific language.

test results were partly
explained by using scientific
language.

the test results were
explained by using
scientific language.

prototype o The materials that meet part - The materials that meet all
the criteria and of the criteria and restrictions most Of the criteria and the criteria and restrictions
restrictions for the restrictions for the
for the model/prototype were for the model/prototype
model/prototype were used model/prototype were were used
not used. ) used. )
The model/prototype was | The model/prototype was
It was not tested how the :;Zfedmﬁgs\l/ﬁr\?\/tg:)l/gesg\llsz the tested how it would solve | tested how it would solve
model/prototype solves the need/problem. Part of | the need/problem. All the
need / problem. Test results
Test and the need/problem. the test results were test results were analyzed
were not analyzed.
evaluate the analyzed completely.
solution(s) The data related to the Part of the data related to the | Most of the data related to | All the data related to the

test results were explained
by using scientific language
completely with details.

Communicate
the solution(s)

It was not explained
how the designs would
solve the need/problem.

It was partly explained how
the designs would solve the
need/problem.

It was explained how the
designs would solve the
need/problem.

It was explained completely
how the designs would
solve the need/problem
with details.

The structure/structures
belonging to living
things and how the
functions of these
structures are utilized
were not identified.

The structure/structures
belonging to living things
and how the functions of
these structures are utilized
were partly identified.

The structure /structures
belonging to living things
and how the functions of
these structures are
utilized were identified.

The structure /structures
belonging to living things
and how the functions of
these structures are utilized
were completely identified
with details.

The need of
improvement for designs
was not identified.

The need of improvement for
design was partly identified.

The need of improvement
for design was identified.

The need of improvement
for design was identified
with details.

The design was not

The design was partly

The design was improved

The design was optimally

Redesign improved in the light of improved in the light of the in the light of the data and | improved in the light of the
the data and feedbacks data and feedbacks from the feedbacks from the test data and feedbacks from the
from the test results and test results and the results and the test results and the
the communication of communication of the communication of the communication of the
the solutions. solutions. solutions. solutions.

Total Score .../48
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APPENDIX 9
Biomimicry STEM Activity Reflective Evaluation Form

Write your answers to the following questions in the gaps. You can add drawings to explain. You can use the
backside of the paper or a separate paper for your drawings.

1. What kind of difficulties did you face when designing your model / prototype?
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APPENDIX 10

Drawings and Created Imaginary Organisms

Modelling the imaginary Presentation of the

Introducing the imaginary organism . e :
organism imaginary organism

The flying reptile belongs to reptiles and birds in taxonomy. It has got a
tail, wings, a mouth, and legs. It lives in rain forest, nested in shrubs,
crawls on the ground and can fly. It has sticky legs like Gecko’s pads. It
fishes for feeding. The strongest features are poisoned thorn and eyes to
help for defending from its predators. The weakest feature is walking
slowly. It can hear with sensitive ears and communicate by howling. Its
beautiful eyes and mouth, and the capabilities to build a nest can help
him to find a mate.

Team 1

The lion-headed cheetah belongs to mammals in taxonomy. It has a tail,
a mouth, a nose, ears, and legs. It has fur to keep itself warm and
breathes with lungs. It lives in desert and nested on trees, and hunts for
feeding. The strongest features are sharp teeth, paws and legs for
hunting and defending from its predators. The greatest danger is human
for it. It can communicate using by olfactory ability. This ability also
helps to find a mate.

Team 2

The laying mammal, Babacan has a tail, a mouth, horns, teeth, paws,
ears, and black speckles. It is a vertebrate with thick bones. It has a
hairy body and thick layer of fat that help for defending its predators. It
lives in the forest, and nests in a cave placed on top of the hill. It eats
fish and meat. Hunters and its kind of species are hazardous for
Babacan’s life. While the strongest structures are its poisoned teeth,
camouflage, and horns, having a long tail is the weakest. Having eye-
catching colors and the feature of changing the colors help him find a
mate.

Team 3

Ulti-bear is an amphibian. It has mouth, lungs and gills, ears, legs,
teeth, paws and eyes. Thanks to its lungs and gills, it can breathe in the
sea and overland. It is a carnivore and lives in the forest. Its predator is
falcon. Its paws and teeth help for defending. The thick fur helps to
keep him from the cold weather. The stronger part is gecko eyes so it
can see everything. The weakest characteristic is being a coward.
Having a beautiful voice helps him find a mate.

Team 4

Tekakdomeji is a reptile and carnivore. It has got big eyes to see better
and hunt, and shred to its prey with sharp teeth. It has got a big shell to
be protected by its predators. It lives in a forest and nested in a tree
cavity. The strongest structure is its poisoned thorns and the weakest is
toenails. The poisoned thorns help to protect its life. Also, it can run
fast with its long legs. Tekakdomeji howls like a wolf for
communication. With its interesting semblance, it can find a mate
easily.

Team 5

The Red Head belongs to one than more groups in taxonomy. It lives in
the forest and nested in a cool place. It has got paws like wolves, and
poisoned teeth like bats for hunting. It can change its colors like
chameleons and it has got strong shells like a turtle, and flexible spine
like a snake. The stronger structures are paws and poisoned teeth, the
weakest is its tail. The fishes are its prey. The carnivores are its
enemies. The Red Head communicates by barking like dogs. It looks
fancy so, it can find a mate.

Team 6
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APPENDIX 11

Sample Drawings of Great Design

' Team 3 Team 4

Blueprint of the Trap Blueprint of the Bat’s Ear Headset
Team 5 Team 5
Blueprint of the Sew-burry Blueprint of the Hook
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APPENDIX 12

Developed Biomimicry Models

Team

The model

Team 1
Fishing-
net

Team 2
Non-
slip
socks

Team 3
Trap

Team 4
Bat’s
Ear
Headset

Team 5
Hook

Team 6
Sew-
burry

The name What kind
of the Structure . of human . What
. Function of | problems How it improvement
organism | of the .
- . the structure| solved by works? needs in your
used in organism desian?
the design your esign:
design?
. Water The drainage
Scooping - drains from
8 d holes for water
. up fish with|  To help the holes
Pelican Beak - : : were too small.
its large | people fish. | and fishes
A It needs to be
shape. remain in larger
the net. ger.
Climbing The slip-proof
on surfaces| To prevent Sipped material under
without | people from silicone the stocking
Gecko Toe-pads slipping or |  slipping prevents was thick. It
falling and falling. slipping. needs to be
down. thinner.
When the
Catching animal steps | Need to expand
;1;;35 Leaves the bugs ezolzeriﬁnt on the trap, the rim of
P and flies | PP two leaves model
are closed.
To enable It sends
deaf
Seeing with|  people sound Size of the
Bat Ears j waves to
ears hear and for h headset
uman
sound brai
. . rain.
insulation.
The load
Hunting To help can be hung
Falcon Claws their prey people on the hook
and carry | carry heavy | and people
out. things hold in
high.
S The one of
Flgfslgng chicken’s
rotectin To help beak digs In our model
. P ng, people the hole and | the beak did
Chicken Beak Breaking .
plant seed | another puts | not looks like a
grass and . .
digging the easily the seed and | chicken beak.
. closes the
soil.
hole.
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TURKCE GENISLETILMIiS OZET

Doga bilimlerini anlamada en 6nemli mihenk taglarindan biri ‘yapr fonksiyonu belirler' temasidir.
Ulusal Arastirma Konseyi (National Research Council [NRC], 2012) tarafindan gelistirilen K-12 Fen
Egitimi Cercevesi: Uygulamalar, Kesisen Kavramlar ve Oz Fikirler reform belgesinde, yap1 ve islev
arasindaki iliski bilim ve miihendislik uygulamalar1 yoluyla hem kesisen hem de disiplin temel
kavramlar1 olarak kabul edilmektedir. Tiim disiplinlerde ve sinif seviyelerinde temalar1 birlestiren
kesisen kavramlar arasinda yer alan yap1 ve islev “bir nesnenin ya da canlinin olusma bigimi ve alt
bilesenleri, 6zelliklerini ve fonksiyonunu belirler” seklinde tanimlanmaktadir (NRC, 2012, s. 84). Bu
cercevede fizik ve yasam bilimlerindeki disiplin temel fikirlerinin ana bilesenleri olarak ise yapi ve
islev, sirastyla ‘Maddenin yapist ve Ozellikleri’ ve ‘Yapi ve islev’ igeriginde yer almaktadir. Diger
taraftan iilkemizde yakin zamanda revize edilen fen programinda ise Ogrencilerin feni diger
disiplinlerle biitiinlestirerek teoriyi pratige ve iriine doniistiirebilmelerine yardimer olacak fen ve
miihendislik uygulamalarina vurgu yapilirken; dogada ya da tasarlanmis diinyada tekrar eden
ortlintiilere ve yapi ve islev arasindaki iligkilere herhangi bir sinif diizeyinde vurgu yapilmamustir.

Doga uzun zamandir sanat, tasarim ve yenilik icin bir ilham kaynag1 olmustur. Ornegin, ugma hayali
kuran insanogluna kuslarin kanat yapilari en biiyiik yol gosterici olmus ve bu sayede Wright kardesler
ucagl icat etmislerdir. Benyus'a (2002) gore milyarlarca yillik evrimsel siire¢, organizmalara
canliliklarini siirdiirebilmeleri i¢in inanilmaz cesitlilikte yapilar, sekiller ve bunlarla ilgili islevler
kazandirmistir. Bu nedenle, yap1 ve fonksiyon arasindaki iliskiyi anlamak miihendislik tasarimlari ve
ozellikle de biyomimikri tasarimlari i¢in kritik bir 6neme sahiptir (Cohen, Reich ve Greenberg, 2014).
Biyomimikri “doganin zaman iginde test edilmis kaliplarin1 ve stratejilerini taklit ederek insanlarin
sorunlarina siirdiiriilebilir ¢oziimler arayan yenilikgi bir yaklagimdir” (Biomimicry Institute, 2010).

Ogrencilerin dogal diinyadaki organizmalar1 sorgulayarak yapilarin islevlerini ne dl¢iide anladiklariyla
ilgili olarak nedensel ¢ikarimlar yapmalar1 gerekir. Bu, “miihendislerin dogadaki yapilar insanlarin
ihtiyaglarmi karsilayacak tasarimlar i¢in ilham kaynagi olarak incelerken bdyle c¢ikarimlar
yapmalarina” benzer bir yontemdir (Yeni Nesil Fen Standartlar1 [NGSS] Lead States, 2013b, s.89).
Miihendisler dogay1 inceleyerek 6grenirler. BU yiizden yeni tasarim ¢oziimleri i¢in daha miilkemmel
fikirler elde etmek igin dogay1r gozlemlerler. Bu durum, giinlik yasamimizda kullandigimiz birgok
teknolojik aracin neden dogadaki bir mekanizma ile ayni sekilde calistigini agiklar. “Dogal ve insan
yapimi sistemlerin benzer sekilde isleyisinin, bazi kilit pargalarin sekillerine ve iligkilerine bagh
oldugu kadar fretildikleri malzemelerin 6zelliklerine de bagl oldugu” goriilebilir (NRC, 2012, 5.96).
Bu nedenle, dogadaki yapilarin amacinin veya mekanik fonksiyonunun fen bilgisi derslerinde bir
ogrenme ¢iktisi olarak anlagilmasi STEM egitiminde 6nemsenmelidir.

STEM egitiminde biyomimikrinin 6zelliklerinden yararlanmak, dgrencilere hem bilimsel kavramlari
hem de miihendislik tasarim ilkelerini anlamalarinda egsiz bir 6grenme firsati sunmaktadir. Yap1 ve
fonksiyon arasindaki iligkiyi kullanarak biyomimikriyi anlamak, dogal ve insanoglu tarafindan insaa
edilen diinya arasindaki baglantilar nedeniyle Ogrencileri bir biyomiihendis olarak miihendislik
tasarimina dahil etmenin etkili bir yoludur. Bu c¢alisma, besinci sinif fen bilimleri dersi Canlilar
Diinyas1 tlinitesinde yap1 ve fonksiyon iligkisine dayanan biyomimikri STEM etkinligi gelistirmeyi
amaglamaktadir. Calismada durum calismasi yontemi kullanilmuis, sosyo ekenomik diizeyi diisiik bir
devlet ortaokulunda 12 ders boyunca 21 6grenci ile yiiriitiilmiistiir. STEM uygulamalar1 kapsaminda
ogrencilerden giinliik yasamdan bir problem belirleyerek canlilara ait yap1 ve islev arasindaki iliskinin
bir taklidi olabilecek biyomimikriyi kullanarak olasi bir tasarim ¢oziimii gelistirmeleri istenmistir.
Veriler, agik-uglu sorular, yar1 yapilandirilmis goriismeler ve miithendislik siirecinin degerlendirilmesi
icin rubrik kullanilarak toplanmistir.
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Bu calismada, oOgrencilerin tasarladigi biyomimikri modellerine dayali veriler, tasarim ve dogal
diinyadan alinan ilham arasindaki iliskilere dayali olarak tasarim siirecinin bir analizi seklinde
sunulmustur. Ogrencilerin gelistirdikleri biyomimikri modelleri géz 6niine alindiginda, dgrencilerin
bir organizmayla ilgili yap1 ve fonksiyon arasindaki tamamlayici iliski yoluyla biyomimikriyi bir
insanlik problemine yonelik tasarim ¢oziimlerine yansitmayr basardiklarini gostermektedir. Sonug
olarak, biyomimikri STEM etkinlikleri 6grencilerin miihendislik tasarim siireciyle ilgili deneyimler
yasarken canlilarin adaptasyonlarini, yapi1 ve fonksiyon iligkisine dayali olarak daha 1iyi
kavramsallagtirmalarini  saglamistir.  Ogrenciler biyomimikri tasarim siirecinde bazi zorluklar
yasamalarina ragmen, ¢ogu tasarim gorevi ve model/prototip yapma dahil olmak iizere etkinlikle ilgili
her seyi begendiklerini ifade etmislerdir.

Doganin siirdiiriilebilir tasarim ¢o6ziimleri i¢in bir model olarak kullanilmasi fen egitiminde
biyomimikrinin kavramsallagtirilmasini kaginilmaz kilmaktadir. Biyomimikri, 6gretmenlere yasam
bilimleri, STEM, yaratici problem ¢6zme, tasarim ve sistem diislincesini harmanlayarak her yastan
Ogrencilere ilham verecek bir yol sunarak, egitimde bir devrim olarak goriilebilir (Biomimicry
Institute, 2010). Biyomimikri, disiplinlerarast STEM'i sinif ortamina entegre etme firsati saglamasi
acisindan fen bilgisi 6gretim programinda yer almalidir. STEM egitiminde biyomimikriyi dgretmek
dogay1; bilim, teknoloji, miithendislik ve matematikle kesistirerek biitlinlesik bir baglam saglayacaktir.
Daha siirdiiriilebilir bir gelecek i¢in, insan kaynakli sorunlarin ¢dziimiinde 6grencilere ilham verecek
biyomimikri stratejilerini 6gretmek icin daha fazla arastirmaya ihtiyag vardir.
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EK1
Biyomimikri Tasarim Gorevi

Doga uzun zamandir sanat, tasarim ve yenilik igin bir ilham kaynag olmustur. Ornegin, ugma hayali
kuran insanogluna kuslarin kanat yapilari en biiyiik yol gosterici olmus ve bu sayede Wright kardesler
ucagi icat etmislerdir. Insanlarin ihtiyag duydugu problemlere dogadaki modelleri, sistemleri ya da
canlilara ait farkli 6zellikleri taklit ederek tasarim ¢oziimleri gelistiren bilim dalina Biyomimikri adi
verilir. Biyomimikri uygulamalar1 giliniimiizde bilim, teknoloji, sanat, mimari, yapay zeka,
nanoteknoloji, robotik, endiistri, askeri arastirmalar, ulasim gibi bir¢ok alanda kullanilmaktadir.

Bir biyomimikri sirketi canlilarin 6zelliklerini kullanarak insanlarin sorunlarina ¢6ziim aramaktadir.
Bu alanda yeni fikirlere ihtiya¢ duyan sirket yetkilileri bir yarigma diizenler. Bir biyomimikri uzmani
olarak sizden beklenen; bitkilerin ve hayvanlarin sahip olduklar i¢ ve dis yapilarimi biiylimek, hayatta
kalmak ve diger tiim ihtiyaclarini karsilamak icin nasil kullandiklarini taklit ederek insanligin bir
problemi i¢in ¢6ziim liretmenizdir.

Bu amagla sizlerden takiminizla birlikte canlilarin sahip olduklar1 yapilar1 gézlemlemeniz, bu yapilarin
islevlerine iliskin bilgi toplamaniz sonra bu yapilan ve iglevleri kullanarak insanlarin bir problemini
¢dzmek i¢in tasarim yapmaniz beklenmektedir.

Tasariminizi tamamladiktan sonra yaptiginiz ¢aligmay1 bilim insanlar1 ve miihendislerden olusan bir
kurula sunacaksiniz. Sunumunuzda canliya ait yap1 ve bu yapimin islevini agiklayarak tasariminizi
nasil olusturdugunuzu, bunlari insanlarin sorunlarini1 ¢6zmek i¢in nasil kullandiginiz1 agiklayacaksiniz.
Yarigma sartnamesi asagida verilmistir:

Yarisma Sartnamesi

1- Tasarmminiz bir canliya ait en az bir yapinin iglevini taklit ederek olusturulmalidir.

2- Tasariminiz insanlarin sorunlarindan en az bir tanesine ¢6ziim getirmelidir.

3- Tasariminizda insan sagligina zararli madde kullanilmamalidir.

4- Tasarmminizda geri doniisim malzemeleri basta olmak {izere her tirlii malzemeyi

kullanabilirsiniz.
**Tasarimmzda dogrudan gézlemleyerek ya da izlediginiz belgesellerden, TUBITAK yaymlari gibi okudugunuz bilimsel
kitaplardan canlilar1, canlilara ait yapilari ve canlilarin bu yapilari hayatta kalmak icin nasil kullandiklarini kanita dayali
olarak belirleyeceksiniz. Bununla birlikte diger kaynaklardan da (¢evrimi¢i sayfalar, ulasabileceginiz basili kaynaklar)
yararlanabilirsiniz.

Tasarim gorevinizi gergeklestirirken asagidaki miithendislik dongiisiinii kullanacaksiniz;

-

Adim8 ihtiyacin ya da
Yeniden Tasarim Problemin
Arastinimasi
Adim 7 MUHENDISLIK 3'0‘:‘""'
Céziim/Céziimlerin TASARIM el
Paylasilmasi SUREC “’é‘:‘"/’g‘:fl“:;""

Ly v
- -
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EK 2

Yap ve Islev Cahsma Kagidi

Adimiz Soyadimiz: ...,

Okudugunuz ve arastirdiginiz kaynaklardan canlilarin hayatta kalmasina yardimci olan yapilar1 ve bu
yapilarin iglevlerini asagidaki tabloda 6zetleyiniz.

Bu iglevin Bu yapimin 6zelligini
B,I I iyl elde Canlmin ad1 Canliya ait yapl ve ngln}n c%nhyz} kullanarak insanlarin hangi
ettiginiz kaynak bu yapinin 6zelligi islevi sagladigi lemini cdzebilirsiniz?
yararlar problemini ¢6zebilirsiniz?
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EK3

Hayali Canlinin Adaptasyonlari

Takimunmizin Adv: .......ccoooeeneni

Takim arkadaslarinizla birlikte hayali bir canli diisiiniin. Hayali canlinin sahip olacagi 6zelliklere karar
verirken her birinizin birinci asamada bilgi sahibi oldugu farkli canlilara ait yapilar ve bu yapilarin
islevlerini kullanabilirsiniz. Hayali canliniz i¢in sectiginiz yapilari, yapilarin islevlerini ve canliya
sagladigi yararlar1 agagidaki tabloyu kullanarak agiklayiniz.

Aciklamalar

Yapilar

Yapinin adi ve 6zelligi
(Kanat, kuyruk, agiz,
disler, kok, yaprak,
hortum, géz, vb.)

Yapinin iglevi

Neden bu yapiy1 sectiginizi
aciklayiniz?

(Bu yap1 canlinizin hayatta

kalmasi i¢in ne tiir bir yarar
saglayacak?)

Canliniz hangi dis yapilara
sahip olacak?

Canlimiz hangi i¢ yapilara sahip
olacak?

Canlmiz besinlerini bulmak ve
yemek i¢in hangi yapilara sahip
olacak?

Canliniz diigmanlarindan
korunmak i¢in hangi yapilara
sahip olacak?

Canliniz arkadaslariyla ve
yavrulariyla haberlesmek i¢in
hangi yapilara sahip olacak?

Canliniz es bulmak i¢in hangi
yapilara sahip olacak?

Siz de ekleyebilirsiniz...
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EK 4
Hayali Canlinin Cizimi ve Etiketlenmesi

Takiminizin Adu: ..o

Hayal ettiginiz canlinin resmini ¢iziniz. Resminizi ¢izerken hayal ettiginiz canliya ait yapilart
detayl olarak gostermeye dikkat ediniz.

Canlimizin bilimsel adi:

Canlimizi bilim diinyasina tanitan bir hikdye ya da haber yaziniz:
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EK5

Hayali Canlimz1 Tanmitimz

Takimmizin Adi: ..o

Hayali canliniz1 bilim diinyasina tanitacaksiniz. Bunun igin asagidaki tiir kiinyesini olusturacaksiniz.
Bu kiinyede genel olarak canlinizin sahip oldugu yapilar ve 6zellikleri; bu 6zellikleri dikkate alarak

bilimsel olarak ait oldugu grup, yasam alani, yuvasi, besin kaynaklari, diismanlar1 vb. yer
verebilirsiniz.

Canlimizin bilimsel adi:

(iki isimden olusan ikili isimlendirme ad1 verilen
Latince bir isim olmalidir. 11k isim cinsi, ikinci
isim ise tiir olarak tanimlanir. ismin tamamu italik
yazilmalidir (6r., Homo sapiens) ve cins adinin
ilk harfi biiyiik biiyiik yazilarak kisaltilmalidir
(or., H. sapiens).

Canlimizin ait oldugu grup:

Bitki-hayvan- mikroskobik canli- mantar m1
oldugunu belirtiniz. Bitki ise ¢icekli/¢cigeksiz
hayvan ise omurgali/omurgasiz mi1? Omurgalt
canli ise memeli-balik-kurbaga-siiriingen-kus
mu? Omurgasiz canli ise bocek-Oriimcek-
solucan-salyangoz vb. mi? ya da birden ¢ok
gruba girebilir seklinde 6zellikleriyle
tanimlayiniz.

Canlimizin sahip oldugu viicut kisimlar:
(Kuyruk, kanat, hortum, agiz, gaga, yaprak, kok,
bacaklar, kulaklar vb. seklinde 6zellikleriyle
tanimlayiniz)

Canlimizin yasadigi yer:

(Col/deniz/orman/kutuplar vb. seklinde
ozellikleriyle tanimlayiniz.)

Canlimizin yuvasi ve ozellikleri:

Canlimizin besin kaynag:

Canlimiz1 bekleyen tehlikeler:

Canlimizin en giiclii 6zelligi:

Canlimizin en zayif 6zelligi:
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EK 6

Hayali Canh Degerlendirme Rubrigi

Takim Adi: ........ccooviiiii i
. Hayali Canli Degerlendirme Rubrigi
Boyut Kriter 0 1 > 3
Canlinin Canh
adlandirilm | Canlhi Canli simiflandirilm Canli
as1 ve adlandirilmamis ve adlandirilmigtir fakat fakat $ adlandirilmis ve
siniflandiril | simiflandirilmamagtir. | siniflandirilmamigtir. smiflandirtlmistir.
mas1 adlandirilmamstir.
Model Cizim ve Canlinin ¢izimi net Canlinin ¢izimi Canlinin ¢izimi
gelistirme ve etlizkletlgme Canli ¢gizilmemistir. degildir ve ince nettir fakat ince nettir ve ince
kullanma detaylar eksiktir. detaylar eksiktir. detaylara sahiptir.
Canli Canlimin Canlinin Canlinin
Betimleme | betimlenmemistir. betimlemesi ile bgt!m!eme5| l'le K bgt}m]g;mg ile
izim ile uyusmuyor ¢izimi tam olara ¢izimi ile
¢ " | uyusmuyor. uyusuyor.
Yapi ve islev Canli modellenen Canli modellenen Canli modellenen
RS . yapilartyla yapilariyla
Beslenme agakstllrjlrda bir iliski if};flia;ylza besin giicliikle besin kolayca besin
yoxdur. ctemez. tiiketebilir. tiiketebilir.
Canli modellencn Canli modellenen Canli modellenen
. Yapi ve islev yapilariyla yapilartyla
Diismanlard RS yapilariyla
an korunma arasinda bir iligki aveilarmdan avcilarindan avcilarindan
yoktur. korunamaz giigliikle kolayca
' korunabilir. korunabilir.
Yapi ve islev Canli modellenen Canli modellenen Canli modellenen
Yapi ve Islev Haberlesme | arasinda bir iligki yapilartyla gzgilﬁirllzla K?)El?cr;yla
yoktur. haberlesemez. haberlesebilir. haberlesebilir
Yapi ve islev Canli modellenen Canli modellenen Canli modellenen
Es bulma arasinda bir iliski yapilariyla es yap 1{21 niyla yapilartyla
yoktur bulamaz giicliikle eg kolayca e
' ' bulabilir. bulabilir.
Yapt ve islev Canli modellenen Canli modellenen Canli modellenen
Yasam alan1 | arasinda bir iliski yapilariyla yagam yapilariyla yasam yapilariyla yasam
oktur alaninda hayatta alaninda giigliikle alaninda kolayca
Y ' kalamaz. hayatta kalabilir. hayatta kalabilir.
Toplam Puan ...[124
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EK7
Biiyiik Tasarim Gorevi Taslak Cizim
Takiminizin Ady. ..........coooiiiiiiiiiiiiiii e,

Uniteye baslarken size verilen biiyiik tasarim gorevinizi tekrar okuyunuz. Bu asamaya kadar 6grendiginiz
bilimsel bilgileri biiylik tasarim goreviniz i¢in uygulayacaksinmiz. Takiminizla birlikte olusturacaginiz
tasariminiza iliskin olarak taslak ¢iziminizi asagiya ¢izerek asagidaki sorular1 yanitlaymiz.

Tasariminizi olustururken hangi canlinin yap1 ve 6zelligini kullandiniz?

Tasariminiz insanlarin hangi sorununa nasil ¢éziim iiretecek?

Hangi malzemeleri tasarimimizin hangi bdliimiinde kullanacaksiniz?
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EK 8

Biyomimikri Tasarim Gorevi Degerlendirme Rubrigi

Problemin ya da
IThtiyacin
Aragtirilmast

¢Ozlimiine yonelik
gereksinim duyulan bilgi
belirlenmemis.

¢Ozlimiine yonelik
gereksinim duyulan
bilginin bir kismi
belirlenmis.

yonelik gereksinim duyulan
bilginin ¢ogunlugu
belirlenmis.

Muhendlsl.}k ) 0 1 2 3

Tasarim Siireci
_— T . Thtiyag/problem tiim

Problemin ya da Ihtiyag/problem Ihtiyag/problem yiizeysel Ihtiyag/problem tanimlanmis. detaylartyla agik¢a

o tanimlanmamus. olarak tanimlanmis.

Ihtiyacin tanimlanmus.

Tanimlanmasi Kriterler ve kisitlamalar Kriter ve kisitlamalarin Kriter ve kisitlamalarin Kriterler ve kisitlamalarin
tanimlanmamis. bir kismi tanimlanmis. cogunlugunu tanimlanmis. tamami tanimlanmis.
Ihtiyag/problemin Thtiyag/problemin Ihtiyag/problemin ¢oziimiine

Ihtiyag/problemin ¢oziimiine
yonelik gereksinim duyulan
bilginin tamami belirlenmis.

Elde edilen bilginin
insanlarin
ihtiyacini/problemlerini
¢6zmek igin nasil

Elde edilen bilginin
insanlarm ihtiyacini /
problemlerini ¢ézmek igin
nasil kullanilacagi

Elde edilen bilginin insanlarin
ihtiyacini/problemlerini
¢6zmek i¢in nasil kullanilacagi

Elde edilen bilginin insanlarin
ihtiyacini/problemlerini ¢c6zmek
i¢in nasil kullanilacagi tiim

Olas1 Coziimlerin

kullanilacagt ylizeysel olarak belirlenmis. detgylarlyla gglkga
. . . . belirlenmemis.
belirlenmemis. belirlenmemis.
Ihtiyag/problemin Ihtiyag/problemin Ihtiyag/problemin Ihtiyag/problemin giderilmesine

giderilmesine yonelik
¢0ziim 6nerisi

giderilmesine yonelik
sunulan ¢dziim Onerisi
kriterler ve kisitlamalarin

giderilmesine yonelik sunulan
¢Oziim Onerisi kriterler ve
kisitlamalarin ¢ogunlugu

yonelik sunulan ¢oziim Onerisi
kriterler ve kisitlamalarm

ve kisitlamalari karsilayan
malzeme kullanilmamis.

ve kisitlamalari kismen
karsilayan malzeme
kullanilmus.

kisitlamalarin ¢ogunlugunu
karsilayan malzeme
kullanilmis.

Gelistirilmesi sunulmamis. bir kismu kargilanmus. kargilanmis. tamami eksiksiz karsilanms.

Coziim Onerisine yonelik Tasla}k_ glzim gozum Taslak ¢izim ¢6ziim Onerisini Taslak ¢izim ¢6ziim Onerisini
. ) Onerisini yiizeysel olarak -
taslak ¢izilmemis. yansitmis. tiim detaylartyla yansitmus.
yansitmis.
Coziim Onerilerinin Ocl(l)lzr’:]llrS 3:31&?]1;3; Coziim oOnerilerinin olumlu ve Coziim oOnerilerinin olumlu ve
olumlu ve olumsuz P, olumsuz yonlerini gogunlukla olumsuz yonleri tam ve
.- 1 yonlerini yiizeysel olarak o
En Iyi yonleri tanimlanmamus. tanimlanmis. eksiksiz olarak tanimlanmis.
o . tanimlanmis.
Coziimlerin - —— - -
. . Segilen ¢oziimiin kriterleri . e . e

Segilmesi Segilen ¢6ziim igin Segilen ¢oziim igin . PR .

ve kisitlamalari karsilayip L . o - Segilen ¢dziim i¢in gerekgelerin
< gerekgelerin bir kismu gerekgelerin cogunlugu
karsilamadig1 tamamu detaylartyla agiklanmus.
aciklanmis. aciklanmus.

aciklanmamis.
Coziim Onerisine yonelik Coziim 6nerisine yonelik Coziim Onerisine yonelik Coziim Onerisine yonelik
bir model / prototip kismen uygun bir model / uygun bir model / prototip tamamen uygun bir

Prototip olusturulmamis. prototip olusturulmus. olusturulmus. model/prototip olusturulmus.

Olusturulmas Model/ prototip icin kriter Model/ prototip i¢in kriter | Model/ prototip igin kriter ve Model/ prototip igin kriter ve

kisitlamalarin tamamint
karsilayan malzeme
kullanilmus.

Coziimlerin test

Model/ prototipin ihtiyaci/
problemi nasil ¢ozecegi
test edilmemis.

Model/ prototipin ihtiyaci
/ problemi nasil ¢6zecegi
test edilmis. Test
sonuglari analiz

Model/ prototipin ihtiyaci /
problemi nasil ¢ozecegi test
edilmis. Test sonuglar1 kismen
analiz edilmis.

Model/prototipin ihtiyaci/
problemi nasil ¢ozecegi test
edilmis. Test sonuglarinin
tamami analiz edilmis.

fonksiyonlarindan ne
sekilde yararlanildigt

fonksiyonlarindan ne
sekilde yararlanildigt

fonksiyonlarindan ne sekilde
yararlanildig: belirtilmis.

edilmesi ve edilmemis.

degerlendirilmesi | Test sonuglarina iliskin Test sonuglarina iligkin Test sonuclarna iliskin Test sonuglarina iliskin
veriler bilimsel bir dil verilerin bir kismi v:rsilestf?nug & n? - Sbilim ) verilerin tamamu bilimsel bir dil
kullanilarak bilimsel bir dil STiierin goguniugu se kullanilarak detaylariyla

bir dil kullanilarak agiklanmus.
aciklanmamis. kullanilarak agiklanmis. aciklanmus.
Tasarimlarin ihtiyaci/ Tasarimlarin ihtiyaci/ Tasarimlarin ihtiyact/ Tasarimlarn ihtiyact/ problemi
problemi nasil ¢ozecegi problemi nasil ¢ozecegi problemi nasil ¢ozecegi nasil ¢ozecegi tam ve eksiksiz
aciklanmamis. kismen agiklanmis. aciklanmus. aciklanmus.
- . Canli/canlilara ait Canli/canlilara ait .

Coziimlerin . Canli/canlilara ait yapi/yapilar
yapt/yapilar ve bu yapt/yapilar ve bu Canli/canlilara ait yap1/yapilar

Paylagilmasi ve bu yapilarin
yapilarin yapilarin ve bu yapilarin

fonksiyonlarindan ne sekilde
yararlanildigi tam ve
detaylariyla belirtilmis.

Yeniden Tasarim

belirtilmemis. kismen belirtilmis.

Tasarim i¢in gerekli Tasarim i¢in gerekli L. . Tasarim i¢in gerekli

S S Tasarim i¢in gerekli RS

iyilestirmeler iyilestirmeler kismen o iyilestirmeler detaylariyla
iyilestirmeler tanimlanmus.

tanimlanmamis. tanimlanmis. tanimlanmis.

Coziimlerin test edilmesi
ve paylasilmasi sonucunda
elde edilen veriler ve geri
bildirimler dogrultusunda
tasarimlar
iyilestirilmemis.

Coziimlerin test edilmesi
ve paylasilmasi
sonucunda elde edilen
veriler ve geri bildirimler
dogrultusunda tasarimlar
kismen iyilestirilmis.

Coziimlerin test edilmesi ve
paylagilmasi sonucunda elde
edilen veriler ve geri
bildirimler dogrultusunda
tasarimlar iyilestirilmis.

Coziimlerin test edilmesi ve
paylagilmasi sonucunda elde
edilen veriler ve geri bildirimler
dogrultusunda tasarimlar en iyi
sekilde iyilestirilmis.

Toplam Puan

.../48
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EK9
Biyomimikri STEM Etkinligi Ogrenci Yansitic1 Degerlendirme Formu

Asagidaki sorulart bogluklara cevaplayiniz. Ag¢iklamak i¢in ¢izim ekleyebilirsiniz. Bunun i¢in kagidin arka
yiizlinli veya ayr1 bir kagit kullanabilirsiniz.

1. Modelinizi/prototipinizi tasarlarken ne tiir zorluklarla karsilastiniz?
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EK 10

Cizimler ve Olusturulan Hayali Canhlar

Hayali organizmanin tanitilmast

Hayali organizmanin
modellenmesi

Hayali organizmanin
tanitimi

Ucgan siiriingen siiriingenler ve kuslar sinifindadir. Kuyrugu, kanatlari,
agz1 ve bacaklart vardir. Yagmur ormanlarinda yasar, ¢caliliklara yuva
yapar, yerde siirliniir ve ugabilir. Geko’nun ayaklar1 gibi yapiskan
ayaklar1 vardir. Beslenmek i¢in avlanir. En giiglii 6zellikleri zehirli
dikenleri ve gozleri, avcilarindan korunmasina yardimei olur. En zayif
ozelligi yavas yiirimesidir. Hassas kulaklarla duyabilir ve uluyarak
iletisim kurabilir. Giizel gozleri, agz1 ve yuva yapabilmeleri, ugan
stiriingenin es bulmasina yardimci olabilir.

Takim 1

Aslan basl ¢ita memeliler sinifindadir. Kuyrugu, agzi, burnu, kulaklar:
ve bacaklar1 vardir. Kendini sicak tutmak igin kiirkii ve nefes almak igin
akcigerleri vardir. Colde yasar, agaglarin lizerinde yuva yapar ve
beslenmek igin avlanir. Avlanmak ve avcilarindan korunmak igin en
giiclii dzellikleri keskin disleri, pengeleri ve bacaklaridir. En biiyiik
tehlike onlar igin insandir. Koku alma kabiliyeti ile iletisim kurar. Bu
yetenek ve bir es bulmasina da yardim eder.

Takim 2

Yumurtlayan memeli Babacan'm kuyrugu, agzi, boynuzu, disleri,
pengeleri, kulaklar1 ve kara benekleri vardir. Kalin kemikli bir
omurgalidir. Killi bir viicuda ve yirtict hayvanlardan korumaya yardimen
olan kalin bir yag tabakasina sahiptir. Babacan ormanda yasar ve tepenin
tizerindeki bir magaraya yuvasini yapar. Balik ve et yer. Avcilar ve
kendi tiirii Babacan’in hayati igin tehlikelidir. Babacan'mm en giiglii
yapilari zehirli disleriyken, uzun kuyruklari olan kamuflaj ve boynuzlar
en zayif yapilaridir. Goz alict renklere ve renk degistirme 6zelliklerine
sahip olmak Babacan'in es bulmasini saglar.

Takim 3

Ulti-ay1 iki yasamlidir. Agz1, cigerleri, solungaglari, kulaklari, bacaklari,
disleri, pengeleri ve gozleri vardir. Cigerleri ve solungaglari sayesinde
denizde ve karada nefes alabilir. Et¢ildir ve ormanda yasar. Avcist
sahindir. Pengeleri ve digleri savunmaya yardimei olur. Kalin kiirk, onu
soguk havalardan uzak tutmaya yardimeci olur. Daha giiclii olan kismu
Geko gozleridir. Bu sayede her seyi gorebilir. En zayif 6zelligi korkak
olmasidir. Giizel bir sese sahip olmasi es bulmasina yardimci olur.

Takim 4

Tekakdomeji siiriingen ve etoburdur. Daha iyi gérmek ve avlamak igin
biiyiik gozleri vardir ve keskin disleriyle avini pargalar. Avcilarindan
korunmak i¢in biiyiik bir kabugu vardir. Tekakdomeji ormanda agag
kovugunun i¢inde yasar. Tekakdomeji'nin en giiclii yapisi zehirli
dikenleridir, en zayif yapisi da ayak tirnaklaridir. Zehirli dikenler
yasamini korumasina yardimet olur. Ayrica, uzun bacaklari sayesinde
hizli kosabilir. Tekakdomeji iletisim i¢in kurt gibi ulur. Ilging goriisiiyle
ile kolayca bir es bulabilir.

Takim 5

Kizil kafa, birden fazla grupta siniflandirilabilir. Ormanda yasar ve serin
bir yerde yuvasini yapar. Kurt gibi pengeleri ve avlanmak i¢in yarasa
gibi zehirli disleri vardir. Bukalemun gibi renk degistirebilir ve
kaplumbaga gibi giiclii kabugu ve bir yilan gibi esnek omurgasi vardir.
En gii¢lil yapilar1 pengeleri ve zehirli dislerdir, en zayifi ise kuyrugudur.
Baliklar avlarlar. Etgiller diigmanlaridir. Kizil Kafa, kopekler gibi
havlayarak iletisim kurar. Siislii goriiniisii sayesinde es bulabilir.

Takim 6
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EK 11

Biiyiik Tasarim Gorevine Ait Taslak Cizimler

Takim 4
Tuzak Taslak Cizimi Yarasa Kulagindan Kulaklik Taslak Cizimi
Takim 5 Takim 5
Diker-Gomer Taslak Cizimi Kanca Taslak Cizimi
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EK 12

Gelistirilen Biyomimikri Modelleri

Takim

Model

Takim 1
Balik
yakalama
filesi

Takim 2
Kaymaz
Corap

Takim 3
Tuzak

Takim 4
Yarasa
Kulagindan
Kulaklik

Takim 5
Kanca

Takim 6
Diker-
GOmer

Tasariminiz Tasariminizin
Tasarimda . .
Canliya Yapinin ne tur insan Nasil ne tiir
kullanilan . - S o
ait yap1 |fonksiyonu| problemini calistyor? iyilestirmelere
canlinin adi o e o
¢cozdi? ihtiyaci var?
) Sular Su i¢in
Genis Insanlara balik | delikler-den bogaltma
Pelikan Gaga sekliyle avlamalar1 akar ve delikleri ¢ok
baliklar1 icin yardim baliklar kiigiiktii. Daha
yakalar. etmek iceride biiyiik olmasi
kalir. gerekiyor.
Corap altindaki
Diismeden Insanlart Siiriilen kaymaya
ve kaymaktan ve silikon dayanikh
Geko Ayaklar . malzeme
kaymadan diismekten kaymay1 kalind. Daha
tirmanir. korumak. onler. . :
ince olmasi
gerekir.
Hayvanlar
Bécekleri Insanlara adimint Modelin
Sinekkapan | Yaprak OSCKICI | avlanmalari tuzaga kenarini
o ve sinekleri| . .
Bitkisi akalar icin yardim atinca genisletmek
y ' etmek. yapraklar gerekiyor.
kapanir.
Duyamayan
insanlarin Ses
duymalarini dalgalarini -
Yarasa Kulak Kula.l.d?n saglamak. insan Kulakhigm
ile goriir. . boyutu
Ayrica ses beynine
yalitimi igin gonderir.
kullanilabilir
Yik
Insanlara agir kancaya
Avlarini evleri £ asilabilir ve
Sahin Pencge avlar ve seylert insanlar
tagimalari igin o
tasr. ardim etmek ylikii
y ' yiiksekte
tutarlar.
Tavugun
gagasindan
Kavga etme| biri deligi Bizim
Insanlarin A
lve korunma. kolavca tohum kazar, modelimizde
Tavuk Gaga |Otlar yolar ay . digeri gaga tavuk
dikmelerini
ve ¢ukur ~ tohumu gagasina
saglamak. )
acar. koyar ve benzemiyordu
deligi
kapatir.
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