AN INVESTIGATION OF ELEMENTARY GIFTED STUDENTS’
MODELING COMPETENCIES THROUGH ENGINEERING-BASED MODEL
ELICITING ACTIVITIES

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF SOCIAL SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

FIRDEVS ICLAL KARATAS AYDIN

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF DOCTOR OF PHILOSOPHY
IN
THE DEPARTMENT OF ELEMENTARY EDUCATION

SEPTEMBER 2022






Approval of the thesis:

AN INVESTIGATION OF ELEMENTARY GIFTED STUDENTS’
MODELING COMPETENCIES THROUGH ENGINEERING-BASED
MODEL ELICITING ACTIVITIES

submitted by FIRDEVS ICLAL KARATAS AYDIN in partial fulfillment of the
requirements for the degree of Doctor of Philosophy in Elementary Education,
the Graduate School of Social Sciences of Middle East Technical University by,

Prof. Dr. Yasar KONDAKCI
Dean
Graduate School of Social Sciences

Prof. Dr. Semra SUNGUR
Head of Department
Department of Elementary Education

Prof. Dr. Mine ISIKSAL BOSTAN
Supervisor
Department of Mathematics and Science Education

Examining Committee Members:

Prof. Dr. Erding CAKIROGLU (Head of the Examining Committee)
Middle East Technical University
Department of Mathematics and Science Education

Prof. Dr. Mine ISIKSAL BOSTAN (Supervisor)
Middle East Technical University
Department of Mathematics and Science Education

Prof. Dr. Gaye TEKSOZ
Middle East Technical University
Department of Mathematics and Science Education

Assoc. Prof. Dr.Fatma ASLAN TUTAK
Bogazigi University
Department of Mathematics and Science Education

Assist. Prof. Dr. Duygu OZDEMIR
Istanbul Aydin University
Department of Mathematics and Science Education







I hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. | also declare
that, as required by these rules and conduct, I have fully cited and referenced all

material and results that are not original to this work.

Name, Last Name: Firdevs Iclal KARATAS AYDIN

Signature:



ABSTRACT

AN INVESTIGATION OF ELEMENTARY GIFTED STUDENTS’ MODELING
COMPETENCIES THROUGH ENGINEERING-BASED MODEL ELICITING
ACTIVITIES

KARATAS AYDIN, Firdevs Iclal
Ph.D., The Department of Elementary Education
Supervisor: Prof. Dr. Mine ISIKSAL BOSTAN

September 2022, 337 pages

The aim of this study is to investigate the cognitive modeling competencies of
elementary gifted students when they are engaged in engineering-based model
eliciting activities. In this study, the case study method was employed. Participants of
the study are 19 elementary gifted students between the ages of 9 and 12 who attend
at the Science and Art Center in Ankara. Purposive sampling method was used to
determine the participants. Six groups received three engineering-based model
eliciting activities developed within the scope of this study over a period of five weeks,
each activity to two groups in a classroom setting. The engineering-based model
eliciting activities, video and audio recordings of group works, student worksheets,
observer’s field notes and group interviews were used as data collection tools in this
study. The data obtained from this study were analyzed based on de Villier’s (2018)
classification of modeling competencies framework and the group modeling
competency observation guide. In accordance with the findings of this study, the
mentioned framework and guideline have been expanded. In this regard, it has been

determined that the cognitive modeling competencies of elementary gifted students as
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a group are mostly exemplary level, and that some groups demonstrate proficient level
of sub-modeling competencies in some activities. Based on the findings of this study,
it can be concluded that engineering-based model eliciting activities can be used as

enrichment tools that allow elementary gifted students to reveal their potential.

Keywords: Gifted Students, Mathematical Modeling, Engineering Design Process,

Model Eliciting Activities, Modeling Competencies



0z

USTUN YETENEKLI iILKOGRETIM OGRENCILERININ MODELLEME
YETERLILIKLERININ MUHENDISLIK TEMELLI MODEL OLUSTURMA
ETKINLIKLERI YOLUYLA INCELENMESI

KARATAS AYDIN, Firdevs Iclal
Doktora, Tlkdgretim Béliimii
Tez Yoneticisi: Prof. Dr.Mine ISIKSAL BOSTAN

Eyliil 2022, 337 sayfa

Bu ¢aligmanin amaci iistiin yetenekli ilkogretim dgrencilerinin mithendislik temelli
model olusturma etkinliklerine katildiklarinda gosterdikleri biligsel modelleme
yeterliliklerini incelemektir. Bu arastirmada durum calismasi yontemi kullanilmistir.
Calismanin katilimeilar1 Ankara’da bir Bilim Sanat Merkezi’ne devam eden yaslar1 9
ile 12 arasinda degisen 19 istiin yetenek tanist konulmus ilkogretim &grencisidir.
Katilimeilarin belirlenmesinde amagli 6rnekleme yontemi kullanilmistir. Alt1 gruba,
bu calisma kapsaminda gelistirilen ii¢ miihendislik temelli model ortaya ¢ikarma
etkinligi, her bir etkinlik bir simif ortaminda iki gruba olmak {izere bes haftalik siire
boyunca uygulanmistir. Miithendislik temelli model olusturma etkinlikleri, gruplarin
calismalar1 sirasinda alinan video ve ses kayitlari, 6grenci calisma kagitlari,
aragtirmacinin alan notlari, gézlemci notlar1 ve grup goriismeleri bu ¢alismada veri
toplama araglar1 olarak kullanilmistir. Bu ¢alismadan elde edilen veriler, de Villiers
(2018) tarafindan onerilen modelleme yeterliliklerinin siniflandirilmasi gercevesi ve
grup modelleme yeterliligi gozlem kilavuzu temel alinarak degerlendirilmistir.

Bahsedilen gerceve ve kilavuz bu galismanin verileri dogrultusunda genisletilmistir.
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Bu dogrultuda, istiin yetenekli &grencilerin grup olarak sergiledikleri biligsel
modelleme yeterliliklerinin biiyiik 6l¢iide 6rnek gosterilebilir diizeyde oldugu, bazi
gruplarin baz1 etkinliklerde bazi alt modelleme yeterliliklerini yeterli diizeyde
gosterdigi belirlenmistir. Bu ¢alismanin bulgularindan hareketle, miithendislik temelli
model olusturma etkinliklerinin iistiin yetenekli dgrencilerin potansiyellerini ortaya
koyabilmesine imkan taniyan zenginlestirme araclari olarak kullanilabilecegi

sOylenebilir.

Anahtar Kelimeler: Ustiin Yetenekli Ogrenciler, Matematiksel Modelleme,
Miihendislik Tasarim Siireci, Model Olusturma Etkinlikleri, Modelleme
Yeterlilikleri
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CHAPTER 1

INTRODUCTION

There is no widely accepted definition of the concept of giftedness among researchers.
Those that have been offered vary depending on the researcher’s area of expertise, the
focus of the research, and research trends over time (Tiirkman, 2020). While some
researchers hold that a child’s giftedness should be determined based on scores from
standardized intelligence tests (Jensen, 1980; Terman, 1925), others claim that a
number of relevant characteristics cannot be determined by such tests (Gagné, 2015;
Renzulli, 2016; Stenberg, 2018). Eventually, the term giftedness has moved from
intelligence-based definitions to a more multidimensional understanding of the
concept (Winner, 2000). Gagne (2004) states that personal attributes such as
motivation and temperament, along with both the environment and the interaction
among these characteristics, and congenital giftedness all play an essential role in

developing giftedness.

In the light of contemporary definitions and conceptualizations of giftedness,
potentially gifted children should demonstrate specific characteristics. These
characteristics include fast-paced learning, an extended concentration span,
exceptional memory, the ability to understand complex concepts, and enhanced
observational ability (Harrison, 2004). Thus, gifted children bring diverse learning
characteristics to the classroom environment. For example, they can quickly solve
problems and study abstract ideas transferred to diverse contexts (Gross, MacLeod,
Drummond, & Merrick, 2001). Also, they can display intense curiosity, sensitivity,
and desire to take on novel activities (Davis & Rimm, 2004). Hence, any program for
gifted students should provide challenges and flexibility in addition to encouraging
both higher-order thinking skills (van Tassel-Baska, 2003) and the development of
personal characteristics such as curiosity, creativity, insight, perseverance, and

imagination (Ozyaprak, 2016; Tiirkman, 2020).
1



Since gifted students have such particular characteristics and unique skills, there is a
need for differentiation in the curriculum (Assouline & Lupkowski-Shoplik, 2021;
Ozdemir & Isiksal-Bostan, 2021; Winebrenner & Brulles, 2012). According to
previous studies, these learners require specified instructional opportunities to address
their academic needs (Borland, 2009; Johnson, 2000; Matthews & Foster, 2006).
Nonetheless, studies have revealed that gifted students are rarely challenged in
schools, particularly at the elementary level, due to teachers’ inadequate and infrequent
use of differentiation strategies (Reis et al., 2004; Tomlinson et al., 2003). As a result,
the majority of gifted students fall behind in class, lose their motivation, and become
bored (Diezmann & Watters, 2000). To address the unique needs of gifted students,
teachers should use differentiation techniques that are easily implemented, positively
impact student learning, and are interconnected with curricular standards of instruction

for the student’s grade level (Tomlinson, 2014).

Some countries have a long history of offering well-established gifted education
programs, which take into account the special needs of these students (Heuser, Wang,
& Shahid, 2017). However, Turkey has not kept pace with others in terms of its
attention to gifted education. Since the foundation of the Republic in 1923, gifted
students have been the most neglected category in the area of special education
(Ataman, 1998). As the Turkish national curriculum has been developed largely -
though not exclusively- according to the abilities and learning capacities of regular
students, it has not met the educational needs of gifted learners (Levent & Bakioglu,
2013). Some special education programs have, however, been prepared for these
students, as their characteristics and needs require a different educational program than
that used by their peers (Akgiil, 2021; Tomlinson, 2014). So as to offer such an
educational program, the Science and Art Centers (in Turkish, Bilim ve Sanat
Merkezleri, BILSEM) were established by the Ministry of National Education in 1995.
Through these centers, attempts have been made to reach more gifted students in order
to stimulate economic, social, educational, and technological developments in the
country. There are three main stages of student selection for BILSEM. Potentially
gifted students are nominated by the classroom teacher via an observation form and
then they take a group test. After that, individual intelligence tests are administered to
students who achieve the required scores on the group tests. If students are able to

demonstrate the required level of accomplishment at the end of these stages, they are
2



recognized as gifted and are given the approval to enroll in BILSEM (Sahin & Zorlu,
2022). As the focus of BILSEM is to not interrupt gifted students’ education in formal
institutions (MoNE, 2012), but rather supplement it, BILSEM conduct only after-
school activities. In sum, the overriding institutional goal of BILSEM is to provide
educational opportunities for gifted students in line with their interests and enable them
to use their existing capacity at the highest level (MoNE, 2012).

Despite BILSEM’s attempt to provide a program of education appropriate for the
gifted demographic, it seems to fall short of truly meeting the needs of the students.
Kurnaz (2014) conducted a study to determine the current state, problems, and
suggestions for the problems of BILSEM using workshop and meeting reports from
the last five years and the opinions of thirty-two BILSEM administrators from various
regions of Turkey. The study identified key challenges for the program, which seemed
to derive from the lack of a teaching program framework for educational activities in
BILSEM. The study went on to point out that the activities carried out in BILSEM did
not correspond with the curriculum implemented in the students’ regular school and
were insufficient in attracting students’ interest. Partially in response to this critical
feedback, in 2016-2017, the MoNE prepared a teaching program framework and
implemented it flexibly in BILSEM, attempting to resolve some of the problematic
program components. Different implementations among BILSEM were eliminated,
focus skills were established, and confusion about what teachers and students will do
was resolved. Subsequently, Cetin and Dogan (2018) investigated these updates and
identified issues in the scope and the implementation of the teaching program
framework. In their study, it was concluded that the order, duration, and level of
activities included in the teaching program framework were not appropriate, contained
scientific errors, did not attract students’ attention, and did not correspond with the
curriculum implemented in schools. It was also found that these issues posed
challenges for teachers. In a more recent study, Bildiren and Citil (2022) investigated
the education of gifted students in Turkey from a historical perspective covering the
period 1923-2020, and evaluated contemporary practices in gifted education at the
national level. The researchers found that the implementation of the educational
program is a common theme in research conducted with BILSEM teachers. The
teachers emphasized that the program at BILSEM should be differentiated based on

the special needs of gifted students. Based on the information given above, it can be
3



concluded that there are some problems in BILSEM in a representative sample of
Turkey, which may demonstrate that gifted students do not always receive a
comprehensive education. Hence, it is necessary to develop and apply appropriate

activities that target such problems to satisfy the needs of gifted students in BILSEM.

In the era of rapid innovative advancements and global challenges, the need for
scientifically, mathematically, and technologically literate citizens in the 21st-century
societies has generated a consensus on the necessity of improving students’ knowledge
and skills through STEM education (Caprile, Palmen, & Sanz, 2015). Recently, the
importance of STEM education in both national and international curricula as well as
policy documents has been emphasized (Akgiindiiz et al., 2015; MoNE, 2016, National
Academy of Engineering and National Research Council, 2009). An important
argument in support of STEM education is that people who work in the field of science,
technology, engineering, and mathematics play a crucial role in economic growth and
STEM education generates professionals and citizens equipped with 21st-century
skills such as critical thinking and problem solving as well as collaboration,
communication, creativity, and innovation (Akaygun & Tutak, 2016; Erduran, 2020;
Yildirim & Altun, 2014). In addition to these, STEM education provides opportunities
for gifted students to nurture their interest and curiosity, develop creative solutions to
complex problems, and make new discoveries (Lee, Baek, & Lee, 2013). Clinkenbeard
(2007) claims that today’s gifted children will substantially contribute to science,
technology, as well as the business world in the future and that governments should
generously invest in education programs for gifted children. For this reason, early
participation in STEM integration activities is important for gifted students who are
more likely to be included in the competitive mass of workers in the increasingly
global world (Roman, 2012).

Model eliciting activities (MEASs), which incorporate client-driven, real-world
situations, and engineering design processes in open-ended problem solving (Maiorca
& Stohlmann, 2014), have the potential to serve as a means for STEM integration
(Baker & Galenti, 2017; Kertil & Giiler, 2016). MEAs are specifically developed to
be accessible to all students, improve their modeling competencies, and produce
documentation of their progression in technological, scientific, engineering, or

mathematical thinking (Gainsburg, 2013; Moore, Miller, Lesh, Stohlmann, & Kim,
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2013). MEAs extend problem-solving experiences to enable students to express their
own ideas more deeply and improve their thinking skills (Liljedahl, Santos-Trigo,
Malaspina, & Bruder, 2016). In addition, MEAs can be used to reveal students’
mathematical reasoning, explanation, and justification skills while engaged in the
activity (Doerr & Lesh, 2011; Hamilton, Lesh, Lester, & Brilleslyper, 2008; Mentzer,
Huffman, & Thayer, 2014). Students often find MEAs challenging because of the
difficulty in describing real-life scenarios mathematically; yet, active participation in
MEAs can be beneficial in reinforcing their mathematical and scientific knowledge
and skills as well as strengthening their understanding of the world (Groshong, 2018).
Such activities expand classroom experiences addresing the different learning styles
and strengths that students bring to the classroom (English, 2013; Hamilton et al.,
2008). In short, the nature of MEAs make them an important tool for the education of
gifted students, as differentiated instruction for these students can be accomplished
through their use. According to Gross and colleagues (2001), gifted students require
less repetition and have a greater preference for higher levels of thinking. As a result,
MEAs have the potential to meet both the demands of the challenges and the needs of

gifted students.

It is important for students to see how the mathematics they are learning is applied in
real-world circumstances (English, 2011). MEAs allow this by incorporating both a
client and a user and thus serving as a bridge between mathematics and engineering,
while also adding a new dimension to real-world issues (Mann et al., 2011). Despite
the fact that the challenges are mathematical, the students are directly involved in the
engineering design process (Cunningham & Hester, 2007). The engineering design
process is a crucial, lifelong skill that requires students to apply and develop a variety
of different types of thinking (Mann et al., 2011). More precisely, they seek
information about the client’s requirements, brainstorm a variety of model proposals,
develop a strategy in collaboration with their group members, build and test their first
model using the data given by the client, and then use additional but similar data to
revise their model (Mann et al., 2011). In order to produce a successful solution to an
MEA, students must ask effective questions, obtain, examine, and interpret data, and
present their results. A similar set of skills is also necessary to solve problems in the
engineering design process. Hence, the iterative nature and model-elicitation which

are essential features of mathematical modeling process and the engineering design
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process make MEAs effective tools for integrating engineering (Diefes-Dux et al.,
2004; Lyon & Magana, 2021). Even if the literature emphasizes the similarities of
these two processes (Groshong, 2018), the main issue is that the relationship between
these processes is not examined in the long term. Specifically, engineering-based
MEAs are defined as the authentic engineering situations in which students are
repeatedly asked to express, test, and refine or revise their current ways of thinking
while attempting to generate a structurally significant product (English &
Mousoulides, 2011). Through these activities, students develop and apply
mathematical and scientific concepts to real-world engineering problems, as well as
explaining and predicting the nature of the problems (English & Mousoulides, 2011).
Hence, engineering-based MEAs provide challenging tasks for gifted students with
varying degrees of complexity, breadth, and depth of understanding (Dailey, 2017). In
addition, the common attributes of gifted students and successful engineers such as
high-level thinking and problem-solving skills, and curiosity (Mann et al.,2011) play
a significant role in promoting solutions in engineering-based MEAs. For this reason,
engineering-based MEASs can be used as a vehicle to fulfill the needs of elementary

gifted students in the classroom.

Due to the fact that modeling needs a variety of competencies and skills in addition to
domain knowledge, it can be a cognitively challenging activity for gifted students.
Engineering-based MEAs can be used as a way to reveal students’ conceptual
understanding and the processes they develop during their efforts to solve real-world
problems (Lesh & Doerr, 2003). Accordingly, modeling competencies are described
as the skills and abilities necessary to complete the modeling process appropriately,
and the individual must be willing to participate in this process (Maal3, 2006). The
cognitive perspective of modeling is crucial to describe, analyze, and explain what is
happening in students’ minds when they are engaged in the modeling process (Blum,
2011). According to Biccard and Wessels (2011), cognitive modeling competencies
cover the entire modeling process. In accordance with these definitions, modeling
competency is associated with the specific description of the modeling process
(Jensen, 2007). The phases of the cycle are examined as competencies and can be

utilized as criteria for assessments and referred to as cognitive modeling competencies.



Although mathematical modeling perspectives vary according to application fields and
present definitions that highlight distinct aspects of mathematical modeling (Hidiroglu
& Bukova-Giizel, 2016; Kaiser & Sriraman, 2006), the major characteristics of the
main processes are stated. However, the specific characteristics of the sub-steps of the
process are not discussed in detail, especially for mathematical modeling using the
cognitive approach (Blomhgj & Jensen, 2003; Galbraith & Stillman, 2006). While
mathematical modeling plays a crucial role in mathematics teaching, real modeling
problems are still rarely used in mathematics lessons (Blum, 2011; Turner, 2007).
Despite the fact that competencies have been defined in the literature and a certain
measure and determination of these competencies have been performed, there is still
more research to be conducted in this field (MaaB3, 2006). Regarding gifted students,
it was stated that they can use their previous knowledge by adapting it to meet the
original conditions of the problem situation (Pativisan, 2006), they can think more
flexibly and creatively when addressing problems than their peers (Bayazit &
Kogyigit, 2017), and they can develop novel solutions and strategies in addition to the
usual approaches (English, 2007b). Hence, it is critical to determine how gifted
students reflect these special characteristics in the modeling process. Consistent with
this view, teachers may need to know how to design and implement activities that aim
to help students transfer their previous knowledge to real-life problems in order to
reveal their competency. By offering engineering-based MEAs developed by
considering the needs of gifted students, the present study would provide an answer to
the problems such students and their teachers often experience. To put it plainly, it
would create a learning environment where they can reflect their unique characteristics
through such activities. Although the available literature suggests engineering-based
MEA s for gifted students (Mann et al., 2011), there is no validated framework merging
mathematical modeling and engineering competencies for how and to what extent
gifted students demonstrate their competency when engaged in engineering-based
MEAs. An in-depth investigation of the cognitive modeling competencies of
elementary gifted students based on a theoretical framework would be an important
step in addressing the problems that were discussed above. This investigation would
shed light on the design of activities for the specific needs of these students and the

validation of the framework for them. Thus, the current study analyzes the cognitive



modeling competencies of elementary gifted students when engaged in engineering-
based MEAs.

1.1. Aim of the Study and Research Questions

The aim of this dissertation study is to investigate the cognitive modeling
competencies of elementary gifted students when they are engaged in engineering-
based model eliciting activities. Hence, this study addresses the following research

question:

1. To what extent do elementary gifted students display cognitive
modelingcompetencies (internalizing/interpreting/structuring/ symbol
izing/adjusting/organizing/generalizing) when they are engaged in

engineering-based model eliciting activities?

1.2. Significance of the Study

The significance of this dissertation study lies in its contribution to both literature and
educational practices. The primary contribution of this study to literature is on
giftedness. It might provide evidence on contemporary understanding of giftedness
and specific instructional practices to address their unique needs. For example, a
framework which has been provided by different gifted education curriculum models
such as the Parallel Curriculum Model (Tomlinson et al., 2008) and the Enrichment
Triad Model (Renzulli, 1977) was used in the present study in the creation of
challenging and meaningful learning experiences tailored to gifted students’ unique
interests and readiness. To differentiate instruction based on gifted students’ needs in
the 21st-century, the engineering design process provides students with a similar
learning experience to the models mentioned, and is thus proposed as an instructional
approach (Dailey, 2017; Mann & Mann, 2021). Beyond these time-tested foundational
approaches, the current study also takes inspiration from contemporary theories (e.g.
Gardner, 2011; Renzulli, 2021; Sternberg, 2019), which focus on gifted students’
acquisition of 21st-century skills. In addition, a new paradigm for the conception of
giftedness has been proposed to meet the needs of the 21st-century, according to which
learning experiences of these students should contribute to the welfare of people
through their competence, commitment to a task, and concern for others (Chowkase,
8



2022). Hence, the stated nature of the engineering design process may provide gifted
students with suitable learning environments to practice these three pathways and
validate them with research. Although the engineering design process is a
recommended approach for gifted students in literature (Dailey, 2017; Mann et al.,
2011; Mann & Mann, 2021), the body of empirical literature on gifted students’
engagement in the engineering design process is limited, yet emerging (Han & Shim,
2019; Sen, 2018; Sen, Ay, & Kiray, 2021). In this regard, the findings of this study
may contribute to the literature of gifted education by investigating gifted students’

engagement when they are involved in the engineering design process.

The second contribution to literature on gifted education is the potential of
contextualizing giftedness within the models and modeling perspective (MMP), a
comprehensive theoretical approach founded on constructivist and sociocultural
theories (Lesh & Doerr, 2003). According to this perspective, mental models are used
to help students make sense of real-world circumstances (Erbas et al., 2014; Lesh &
Lehrer, 2003). On the other hand, in the conventional approach, which is the second
perspective of MMP, mathematical modeling is taught in a method that assumes that
students learn the information in a predetermined manner (Lesh & Zawojewski, 2007).
According to the research studies, the conventional approach may deprive gifted
students of the opportunity to contribute and show diversity to problem-solving and
design processes, to exhibit their competence, and to increase the number of students
that are interested in pursuing professions in engineering (Eisenhart & Finkel, 1998;
Margolis & Fisher, 2002). Accordingly, the need to build the MMP in engineering
education has been specified by the researchers (Gainsburg, 2006; Zawojewski,
Hjlamarson, Bowman & Lesh, 2008). Thus, this study might provide empirical

evidence of the MMP in engineering education research for elementary gifted students.

The current study’s another contribution to the literature on giftedness is that it
attempts to determine connections between the mathematical modeling process and
the engineering design process for elementary gifted students. Groshong (2018)
emphasizes the importance of determining resemblances in related processes on
teaching and learning practices. These parallelisms can be useful for modeling
situations that are often based on interdisciplinary knowledge and skills. The strong

association between the mathematical modeling cycle and the engineering design
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process highlights the iterative nature of both processes (Zawojewski et al., 2008).
Those processes also provide multiple entry and exit points to problems where students
elicit the learning of content or process (Mann et al., 2011). However, the critical
relationship has been ignored in designing modeling experiences and engaging in such
processes (English, 2017), especially for elementary (Dorie, Cardella, & Svarovsky,
2014; Portsmore, Watkins, & McCormick, 2012) and gifted students (Mann et al.,
2011). Hence, this study may provide empirical evidence recognizing parallelism
between mathematical modeling process and the engineering design process for a

certain group of students who are identified as gifted.

In addition to its possible contribution to the literature on giftedness, this study may
contribute to mathematical modeling and engineering literature by merging them. The
National Council of Teachers of Mathematics (NCTM, 2000) emphasizes the need to
include mathematical modeling from pre-school to high school curriculum. In
accordance with this view, many countries around the world have revised their
mathematics curriculum to include mathematical modeling (Common Core State
Standards Mathematics [CCSI], 2014; Ministry of Education Singapore, 2007). In a
similar vein, the revised elementary Turkish mathematics curriculum (MoNE, 2013;
2018) is based on the mathematical modeling approach. However, the findings of the
study (Dogan, Giirbiiz, Erdem, & Sahin, 2019) indicate that mathematical modeling is
not reflected in any available elementary mathematics textbooks in Turkey, especially
for some topics, and the models used are limited to only concrete and visual structures.
Elementary mathematics teachers’ lack of knowledge and materials covering the
integration of mathematical modeling in the classroom are also stated in the literature
(Dedebas, 2017; Isik & Mercan, 2015). Hence, the studies to be conducted on
modeling for elementary school students are necessary and important. In particular,
model eliciting activities (MEAS) have the potential to bridge the gap between
mathematics and engineering by putting mathematics and science practices in the real
world and to enhance another aspect of the challenges related to real-world situations
(Diefex-Dux, Hjalmarson, Miller, & Lesh, 2008). By integrating engineering-based
MEAs in elementary classrooms, students could engage in creative and innovative
real-world problem experiences involving the engineering design process and
mathematical modeling process, thus building on their existing mathematical and

scientific knowledge, as well as work collaboratively to solve complex problems
10



(English & Mousoulides, 2011). Thus, the open-ended nature of MEASs enable students
to address the creation of a solution at an adequately challenging level. Such
characteristics enable MEAs to meet both the competencies necessary for the
engineering design process and the needs of the gifted students (Mann et al., 2011).
Although there has been literature mainly focusing on using MEAs for undergraduate
engineering education to advance students’ creativity, motivate them to use advanced
engineering knowledge and techniques, and promote conceptual thinking in these
students (Moore & Diefex-Dux, 2004; Moore et al., 2014; Yildirnm, Shuman &
Besterfield-Sacre, 2010), there has been limited literature on using MEAS to integrate
engineering into elementary classrooms (Cunningham & Hester, 2007; English, 2007;
English & Mousoulides, 2011; Sen, 2018). In this regard, the current study could make
a significant contribution to the existing literature by providing evidence of elementary

gifted students’ engagement in engineering-based MEAs.

The other important contribution of this study might be the provision of evidence-
based instructional practices of gifted students through a combination of mathematical
modeling competencies and engineering competencies. To address the needs in raising
global citizens in this era, the scientific community has placed emphasis on developing
modeling competencies of individuals in order to cope with complex real-life problems
(Biccard, 2010; Blomhgj & Jensen, 2003; Ludwig & Xu, 2010; Maal}, 2006; Sahin &
Erarslan, 2017). A review of the international literature reveals that there are studies
seeking to determine and develop the modeling competencies of students from
different age groups (Biccard, 2010; Biccard & Wessels, 2011; Blomhgj & Jensen,
2003; Kaiser, 2007; Ludwig & Reit, 2012; MaaB, 2006). An examination of the
national literature reveals an increase in studies examining the modeling competencies
of students (Hidiroglu & Bukova Giizel, 2016; Kabar & Inan, 2018; Kocayayla, 2019;
Sahin & Erarslan, 2017; Yildirim, 2019). However, a meta-synthesis study directed by
Aztekin and Sener (2015) indicated that the participants of mathematical modeling
studies are generally prospective teachers, and that those studies that were conducted
on students mostly involve high school students. These studies have shown that, in
general, model eliciting activities improve students’ modeling competencies (Biccard,
2010; Blomhoj & Jensen, 2003; Kaiser, 2007; Maal}, 2006), that the older the students
are, the more successfully they completed the modeling process (Henning & Keune,

2007; Ludwig & Xu, 2010), and that students struggle in the competence of making
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an assumption (Yildirim, 2019) as well as in verification and justification (Kabar &
Inan, 2018; Kaiser, 2007; MaaB, 2006; Tekin-Dede & Yilmaz, 2015). In addition, Kog
(2020) found similar findings in her examination of theses and dissertations over the
past two decades. A search of the literature revealed that few studies conducted with
elementary students. There is still considerable work to be done in this field, even
though the literature has already stated some competencies and some of these
competencies have been measured and determined. According to Maal3 (2006), there
is scant comprehensive research on modeling competencies and the limitations that
accompany them. Still, the useful components of the admittedly limited studies have
been identified and the association between mathematical modeling competencies and
engineering competencies has been investigated (de Villiers, 2018; Huffman, 2015).
In this way, crucial engineering competencies that can co-develop with mathematical
modeling competencies through MEA in the study by de Villiers (2018) have been
mapped. In this regard, the current study can make a significant contribution to
addressing the gap by determining the modeling competencies of gifted elementary
school students and which competencies are revealed at what level. It has the potential
to enrich and adapt the framework for elementary gifted students as a result of the
validation of the framework in various settings and with various student groups.
Interdisciplinary in nature, this study might provide major contributions to the

literature in STEM and gifted education.

The educational practices are another area in which the present study could provide a
potentially valuable contribution. This study describes possible contributions to
educational settings from the point of view of students, teachers, and educational
resource designers. At the practical level, MEAs could be a vehicle for integrating
engineering and for incorporating aspects of 21st-century challenges into mathematics
education (English, 2017). These connections can be established for two major
reasons: (1) students use interdisciplinary knowledge for real-world problems in
MEAs and (2) the competencies required to conduct a modeling process overlap with
21st-century skills to a considerable extent (Maass, Geiger, Ariza, & Goos, 2019).
Engagement in MEASs could enable intra-and inter-group collaborations to be used as
important intervention and scaffolding techniques (English & Mousoulides, 2011).
The present research seeks to monitor the effectiveness of each of these interventions

on students’ progress in constructing and strengthening their models. Hence, the
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findings of this study may be useful for future research on elementary gifted students’
engagement in MEAs. The determination of their competencies assists teachers in the
development and adjustment of engineering-based MEAs, as well as in providing
greater support for students’ progress. The findings of this study may thus be utilized
in developing teaching methods and materials that facilitate students’ development of
modeling competencies in future classrooms and BILSEMs. Additionally, this study
may be helpful for curriculum design in that the findings promote the development of
more effective and supportive educational or special programs for elementary gifted

students
1.3. Definition of Important Terms

Gifted Students: Gifted students refer to the individuals who show high performance
in intelligence, creativity, leadership, motivation, or special academic fields compared
to their same-age peers (MoNE, 2012). In this study, the students who attended
BILSEM were recognized as gifted students.

Elementary Students: Elementary students are defined as students who attend
kindergarten through grade 6. In the present study, elementary students refer to

students between the ages of 9 and 12.

Models: Models are conceptual systems that are stated using external notation systems
and are used for the purposes of constructing, describing, or explaining the actions of
other systems. It is feasible to create models of other systems by putting together
elements, relationships, operations, and rules regulating interactions (Lesh & Doerr,
2003). In this study, the model includes the conceptual systems in students’ minds that
students utilize to understand and interpret the given problem situation, as well as the
external representation systems for these conceptual systems (ideas, representations,

rules, and materials).

Mathematical Models: The conceptual systems that are concerned with the underlying
structural properties of the relevant systems is defined as mathematical models (Lesh
& Doerr, 2003). In this study, the mathematical models consist of a variety of
representations, operations, and relations rather than a single one in order to assist in

the comprehension of real-world situations.
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Mathematical Modeling Process: The mathematical modeling process is described as
the process by which students engage in a model eliciting activity by progressing
through the phases of a modeling cycle. The modeling cycle includes the following
phases: understanding the problem, simplifying the problem, mathematizing, working
mathematically, interpreting the problem, validating, and reporting the solution
process. In this study, modeling refers to the process through which students create
their own models of a problem rather than applying a known model (Lesh & Doerr,
2003). In addition, mathematical modeling is defined as the process of developing
shareable, adjustable, and reusable conceptual tools or mathematical models for
describing, predicting, and regulating real-world circumstances (Lesh & Doerr, 2003).

Mathematical Modeling Competencies: Mathematical modeling competencies refer to
skills and abilities required to carry out modeling processes in an appropriate and goal-
oriented way, as well as the willingness to put these skills and abilities into practice
(Maal}, 2006). In this study, mathematical modeling competencies are merged with

engineering competencies and employed as modeling competencies.

Model-Eliciting Activities (MEAs): Model eliciting activities referred to thought
revealing problems that ask students to develop a technique, explanation, prediction,
description, or solution to a problem for a specific client in a given situation. They are
developed based on six design principles (Lesh et al., 2000), which include model
construction, reality, self-assessment, model documentation, model shareability,

reusability, and effective prototype (Diesfes-Dux, Hjalmarson, Miller, & Lesh, 2008).

Engineering-Based Model Eliciting Activities: Engineering-based model eliciting
activities are open-ended, real-world, client-driven, and complex situations which
focus on the engineering design process and the development of higher-order
understandings that lead to solutions (Diefes-dux et al., 2004; Mousoulides & English,
2011). The activities promote a future-oriented approach to learning by providing
opportunities for students to elicit their own mathematical and scientific concepts as
they analyze and solve the problem (Lesh & Zawojewski, 2007; Zawojewski et al.
2008). In the current study, engineering-based model eliciting activities refer to three
activities developed within the scope of this study; namely, Bridge Construction, Mars
Lunarcrete, and Dr. Ahmet’s Will.
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Engineering Design Process: The engineering design process is defined as asking
about the details of the problem and constraints, imagining many different ideas, and

planning, creating, improving, and documenting (Moore & Richards, 2012).

Engineering Competencies: Engineering competencies are the knowledge, skills, and

abilities required to perform the work of an engineer (de Villiers, 2018).

Cognitive Modeling Competencies: Cognitive modeling competencies are defined as
the abilities to comprehend a real-world problem and develop a model based on it, to
create a model from the real-world model, to solve mathematical problems within the
mathematical model, to interpret mathematical results in the context of real-world
situations, and to validate the solution (Maal}, 2006). For this study, the mapping
approach is used to recognize what the cognitive modeling competencies mean and
establish a method for recognizing and identifying these competencies in students’
work. This technique reveals the relationship between engineering competencies and
mathematical modeling competencies to respond to the search for cognitive modeling

competencies to be investigated (de Villiers, 2018).
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CHAPTER 2

LITERATURE REVIEW

The purpose of this study is to investigate the cognitive modeling competencies of
elementary gifted students when they are engaged in engineering-based model
eliciting activities. Accordingly, this chapter is divided into seven sections. The first
section presents the conceptions and definitions of giftedness, the characteristics and
instructional needs of these students. The second section addresses models and
modeling, approaches to mathematical modeling, and the mathematical modeling
process. The following section states the conceptual framework drawn from models
and the modeling perspective. The fourth section presents the definitions of
engineering design process and relevant literature. The next section addresses model
eliciting activities and engineering-based model eliciting activities. The sixth section
presents the definitions of modeling competency and illustrates the literature on
elementary students and mathematical modeling competency. The last section presents

the conclusions based on the literature review which guided this study.
2.1. Definitions and Conceptions of Giftedness

Terman (1925), a pioneer in the field of giftedness research, defined giftedness as
having a general intellectual ability in the top one percent of the Stanford-Binet
Intelligence Scale. While some researchers, including Terman (1925), argued that
giftedness is determined by an intellectual test score (Jensen, 1980; Morris, 1977),
others argued that these tests do not capture a wide range of characteristics (Gagne,
2015; Renzulli, 2016; Stenberg, 2018; Torrance, 1974). Correspondingly, the concept
of giftedness has continued to be criticized by researchers (Tiirkman, 2020). Over
time, the focus of research has shifted away from the concepts of genius and
intelligence toward the concepts of field-specific ability (Van-Tassel Baska, 2005) and
creativity (Gagné, 2005).
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Accordingly, there have been proposals for a more comprehensive definition of
giftedness that includes several dimensions of cognitive functioning, including
creativity. Another prominent pioneer in this field, Guilford (1950) brought the
concept of creativity to the forefront of giftedness research. Guilford (1967) defined
creativity as divergent thinking, which consists of four components: fluency (quantity
of ideas), flexibility (quantity of types of ideas/categories), originality (uniqueness),
and elaboration (the number of details). In addition, many recent definitions of
creativity emphasize the importance of usefulness as a fundamental component of
creativity, defining it as the extent to which an idea or product produces a beneficial
answer or solution within a particular setting (Dow, 2017; Runco & Jaeger, 2012).
Following Guilford’s study, creativity has been a major component of most theories

of giftedness.

Similarly, Torrance (1974) emphasized divergent thinking as a requirement for
creativity and designed Torrance Tests of Creative Thinking (TTCT). The TTCT has
not been just about measuring creativity, but about using it as a tool to gain a deeper
understanding of the factors that promote and nurture creativity in general (Kim,
2006). Other leading theories of giftedness also consider creativity, including the
Differentiated Model of Giftedness and Talent (DMGT) of Gagné (2005), the Three-
Ring Conception of Renzulli (1986, 2005), and the Wisdom, Intelligence, Creativity,
Synthesized (WICS) Model of Stenberg (2005). To put it more explicitly, Gagné
(2005) defined gifts as intrinsic abilities (or aptitudes) across many domains
(intellectual, creative, socio-affective, and sensorimotor), and talents as exhibited
mastery of these abilities. In the Three-Ring Conception of Renzulli (1986, 2005),
giftedness emerged through the interaction of above-average ability, creativity, and
task commitment, and each of these characteristics contributes significantly to the
development of gifted behavior. According to Stenberg’s (2005) WICS model,
giftedness is defined as a combination of wisdom, intelligence, and creativity. Taken
together, these studies support the notion that each definition has incorporated a new
dimension to giftedness in order to generate better representations of the gifted
demographic and its diversity (Turkman, 2020). As many studies on the conceptions
of giftedness are currently available, the most widely recognized theories are detailed

below.
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One of the important conceptions of giftedness is constructed on Gagné (1985)’s
definition of giftedness, which is the existence of innate abilities or aptitudes that are
untrained, spontaneously expressed, and widely recognized in at least one ability
domain as being outstanding. In subsequent research, Gagné (2010) refined the model
and highlighted three catalysts: the intrapersonal, the environment, and chance.
Natural abilities (gifts) are transformed into a carefully cultivated ability (talent).
through a developmental process. Catalysts have an effect on the development process,
either promoting or impeding development. The intrapersonal catalyst comprises
attributes such as physical appearance, motivation, and personality. In addition, the
environmental catalyst is the environment that contains individuals, provisions, and
events (Gagné, 2005, 2010). Chance has an impact on both the intrapersonal catalyst
and the environmental catalyst, as well as on the developing process itself. The degree
of chance can be reduced to some extent, for example through giving all students a
high standard of education in every region of a country, however, certain components

of chance will still play a role in a child’s development.

Another important conception of giftedness is constructed on Sternberg’s triarchic
theory of intelligence, which involves analytical (componential), creative
(experiential), and practical (contextual) facets (Sternberg, 1986). Each of the three
facets represents a different sub-theory of intelligence. Stenberg (1986) asserted that
the interaction between these sub-theories is critical to a thorough understanding of
intelligence. According to this theory, the three components of giftedness are the
individual’s information processing ability, one’s previous experiences with a
particular activity or problem, and one’s relationship with the external world.
Sternberg (1986) defined intelligence as the intentional adaptation to, structuring of,
and selection of real-world situations that are significant to one’s life. In addition, he
argued that individuals who are recognized as gifted in one culture or context may not
be regarded in the same way in another culture or setting.

Similar to Stenberg’s theory, Gardner’s notion of giftedness is based on the theory of
intelligence. Gardner proposed that an individual possesses eight abilities or
intelligences: spatial, linguistic, logical-mathematical, bodily-kinesthetic, musical,
interpersonal, intrapersonal, and naturalistic (Gardner, 1983). In subsequent research,

he suggested that moral, spiritual, and existential intelligence may also be included in
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this list as ‘candidate’ intelligences (Gardner, 2011). He pointed out that there are
many different combinations of intelligence, and by drawing on these combinations,
individuals are better equipped to solve problems or create products that are
appreciated in one or more cultural settings. Gardner (1983) defined gifted individuals
as ones who progress quickly through a domain of knowledge because of strengths in

their intelligence and opportunities in the environment to improve them.

One of the comprehensive theories of giftedness is Renzulli’s (1978) three-ring
definition. Its difference from traditional theories based on Intelligence Quotient (1Q)
tests (Jensen, 1980; Terman, 1925) and Gardner’s (1999) Multiple Intelligence Theory
lies in its focus on diverse facets of giftedness. The conceptual framework of the three-
ring definition is about the relationship among three interconnecting clusters of
characteristics (above average ability, task commitment, and creativity) in the specific
domains of individual performance (Renzulli, 2005, 2012). These characteristics
constitute the major dimensions of creative productivity, and it is the interaction
between these characteristics that produce the favorable conditions for a creative and
productive process to proceed (Renzulli, 2012). More precisely, above-average ability
refers to both general ability and specific ability. The ability to process information, to
integrate experiences in a way that leads to appropriate and flexible responses to new
situations, and to engage in abstract thought are all examples of general abilities. On
the other hand, specific ability is associated with the manner in which individuals
express themselves in everyday life. Intellectual, academic, artistic, visual, and
performing arts, leadership, and psychomotor domains are only a few examples of
specific abilities. The other dimension of giftedness is task commitment, which is
related to an individual’s ability to be motivated in a certain field or to complete a
particular work. Task commitment can be defined as a combination of characteristics
such as perseverance, persistence, continuous effort, dedication, self-confidence,
belief in one’s ability to perform significant work, and action directed toward one’s
area of interest. The last dimension of the three-ring definition is creativity. Creativity
can be understood as the creation of a novel, distinct idea or product, and it is enabled
by the individual’s distinctive way of thinking and the use of novel methods (Renzulli,
2012). Creativity is also identified by characteristics such as the willingness to take

risks when necessary, the ability to communicate clearly and understandably, the
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ability to be original in what they produce, the ability to predict results easily, and the
ability to solve problems (Karabey & Yiiriimezoglu, 2015).

According to Renzulli (2005), the research has focused on two types of giftedness:
schoolhouse giftedness and creative-productive giftedness. Schoolhouse giftedness is
defined as the ability to perform well in school and is easily measured by cognitive
ability tests, such as 1Q tests. This type is generally used to select students for entrance
into special programs. On the other hand, creative-productive giftedness is a product-
oriented approach, which implies that individuals who possess this type of giftedness
are producers rather than consumers of original knowledge, materials, or products.
Renzulli (2005) argued that education programs addressing the second type of
giftedness should be distinct from regular school programs. When designing and
developing appropriate educational programs, three components of Renzulli’s (2005)
giftedness conceptualization should be considered. This means that a wide range of
educational opportunities and services are required by individuals who exhibit or are
capable of establishing interaction among the three clusters. These opportunities and
services are not typically offered by regular instructional programs. According to this
perspective, it is crucial to educate all children in problem-solving skills and
procedures. Additionally, it highlights the importance of creating motivational

learning experiences based on real-life problem solving (Mammadov, 2012).

Following Renzulli’s (1978) theory, Sternberg and Zhang (1995) proposed a
pentagonal implicit theory. This theory specifies five conditions, each of which is
individually essential and collectively adequate for an individual to be recognized as
gifted. There are five criteria an individual must meet: (a) excellence, (b) rarity, (c)
productivity, (d) demonstrability, and (e) value. Firstly, the excellence criterion states
that the individual is exceptional to peers in some dimension or collection of
dimensions. Although the definition of ‘extremely high’ varies according to context,
the gifted individual is always considered as having an abundance of something,
whether it is creativity, wisdom, or another ability or construct. Secondly, the rarity
criterion indicates that the individual must possess a high level of an attribute that is
unusual when compared to their peers. Thirdly, the productivity criterion asserts that
the dimension(s) on which an individual is deemed exceptional must result in or have

the potential to result in productivity. Fourthly, the demonstrability criterion maintains
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that the exceptionality of individuals on the dimension(s) that define giftedness be
provable through one or more valid assessments. Lastly, the value criterion specifies
that an individual must demonstrate excellent performance in a dimension valued by
one’s society. Hence, individuals who meet all five of this theory’s requirements are

determined as gifted.

Moreover, in recent studies, Hallahan, Kauffman, and Pullen (2009) described
giftedness as a combination of cognitive superiority -not necessarily genius-,
creativity, and motivation of sufficient magnitude to distinguish the child from the vast
majority of age peers and enable them to make a significant contribution to society.
Crammond (2004) also suggested that a rigorous definition of giftedness is not
required. She used the example of scientists, who had to be able to identify the universe
before they could research its nature. On the other hand, Webber (2011) asserted that
while schools provide different education programs for gifted students, they must have
some working definition of giftedness to be able to decide on student selections and
qualifications for these programs. She further discussed Crammond’s theory that all
students must participate in a completely individualized education plan which is
beneficial but impractical for schools where some categorization for students is needed

in order to provide them education services.

According to a more recent study, Chowkase (2022) proposed that the term giftedness
should be revised in order to better serve the demands of the 21st-century population.
He supposed the idea that any conception of giftedness is solely based on one’s own
interest is inadequate. Therefore, concern for others became an integral element of his
conceptualization. According to the three C’s theory of giftedness, gifted behavior is
characterized by the interaction of three clusters of human characteristics: competence
in one’s action, commitment to the task, and concern for others as shown in Figure 2.1
(Chowkase, 2022). The first two components of this conception are derived from
Renzulli’s (1978) components three-ring model for giftedness , which describes
giftedness as an interaction of above-average ability, task commitment, and creativity.
According to the three C’s theory of giftedness, the above-average ability is associated
with competence. Aside from that, creativity is the result of both creative competence
and task commitment. However, one distinguishing feature of the three C’s notion is

the inclusion of concern for others as an intrinsic aspect of giftedness as opposed to
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other conceptions of giftedness. It is in this context that the person is positioned within
their social and global setting, which reflects the true nature of human life. To
summarize the components of the three C’s theory of giftedness, competence is
referred to the collection of abilities and skills that are required to efficiently carry out
a task. Task commitment is described as an individual’s motivational desire to
complete a task. Concern for others is characterized as perceiving the needs and
challenges of others, establishing a sense of belonging with them, experiencing the
emotional desire to assist them, and cultivating the motivation to act on that perception
(Chowkase, 2022). In line with these views, this theory sheds light on the concept of
giftedness in the current study and gifted individuals are the ones who, through their
competence, task commitment, and concern for others, demonstrate a promise to

contribute to the welfare of others.

‘ Gifted behavior

Competence in
action

Concern for

Commitment \
others

to task

Figure 2.1. Three C’s Conception of Giftedness (Chowkase, 2022, p.2)

The majority of proposed theories of giftedness have focused on individual
characteristics such as intelligence, creativity, and motivation. Some have added
environmental elements that either support or hinder the definition of giftedness.
Studies have concluded that giftedness has been defined in many ways, with different
suggestions (Chowkase, 2022; Gardner, 2011; Renzulli, 2012; Sternberg & Zhang,
1995) and researchers have not agreed on a single definition. The Marland Report,
published by the U.S. Commissioner of Education, Sydney Marland in 1972, provides

one of the most comprehensive definitions of giftedness:

Gifted children are those identified by professionally qualified people who by
virtue of outstanding abilities are capable of high performance. These children
who require differentiated educational programs and/or services beyond those
normally provided by the regular school program in order to realize their
contribution to self and society. Children capable of high performance include
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those with demonstrated achievement and/or potential in any of the following
areas, singly or in combination: general intellectual ability, specific academic
aptitude, creative or productive thinking, leadership ability, visual and
performing arts, psychomotor ability (p. 2).

Correspondingly, gifted children are defined for the present study as individuals who
show high performance in intelligence, creativity, leadership, motivation or special
academic fields compared to their same-age peers (MoNE, 2012; National Association
for Gifted Children, 2005). In light of these, different theories highlight different
aspects, but cognitive abilities, achievement, motivation, and, in some cases,
involvement with a certain area are considered as crucial in many of these views.
However, they all propose that gifted children should receive an education tailored to
their unique characteristics. Thus, the following section of the literature review

presents the characteristics of gifted students.

2.1.1. Characteristics of Gifted Students

In accordance with the definitions of giftedness, the cognitive and affective
characteristics of gifted students are different from their same-age peers (Kiiciikoglu,
2014). In this regard, students who have the potential to be gifted are expected to
exhibit certain characteristics, while others can be acquired through instruction. Thus,
the key point that emerges is that there is a hidden potential with a genetic component
of disposition, on the one hand, and observable performance, achievement, or skill, on
the other (Singer, Sheffield, Freiman, & Brandl, 2016). Although each gifted student
has unique characteristics, researchers have identified numerous cognitive and
affective characteristics that are common to many gifted students (Clark, 2008; Hoh,
2008).

With respect to their cognitive aspects, gifted students are capable of rapidly encoding
complex information in a comprehension process, concentrating for extended
durations, and absorbing and retaining a considerable amount of information
(Harrison, 2004). In addition, these students are curious and have a wide range of
interests, some of which are intense (Clark, 2008). Gifted students frequently have a
strong desire to learn more about their own interests (Hoh, 2008). In other words, they
are persistent, goal-oriented, and deeply interested in the issues they care about.

Moreover, they prefer to engage in complex and challenging activities (Sayr &
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Yurtseven, 2021). They require a certain amount of autonomy in their learning
environments (Van Tassel-Baska, 2003). Also, they engage in deep learning because
of their self-motivation to learn (Davis & Rimm, 2004). They recognize uncommon
connections between fields or concepts (Wellisch & Brown, 2013). They are capable
of transferring knowledge and applying it to novel situations (Vogelaar & Resing,
2018). Additionally, gifted students come up with original ideas and solutions to
problems (Betts & Neihart, 2017). They develop their own ways of thinking about
problems and ideas that are unique to them (Wellisch & Brown, 2013). They possess
accelerated and flexible thought processes (Clark, 2008). For instance, they complete
the problem-solving process faster than predicted (Cooper, 2000). Similarly, Sak
(2014) stated that gifted students act on the basis of facts and evidence throughout the
problem-solving process and that rationality serves as the foundation for their views

during the decision-making process.

Besides, they learn things at an earlier age than their peers (Bates & Munday, 2005).
Gifted students exhibit a number of distinguishing characteristics, among which are
the development of abstract thinking ability and advanced reasoning ability
(Davasligil, 2002; Johnson, 2000). Extraordinary imagination, advanced language
development, and verbal ability are other characteristics that may be observed in gifted
students (Miedijensky, 2018). According to VanTassel-Baska (2003), gifted students
have three key characteristics. These are (a) precocity, (b) intensity, which refers to
the ability to focus on activities that interest them intensely, and (c) complexity, which
refers to the ability to engage in higher-order thinking, deal with complex concepts,

and appreciate challenging activities.

Given the subject-specific nature of mathematics, mathematical giftedness requires a
combination of specialized mathematical skills as well as personal characteristics
(Ozdemir & Isiksal Bostan, 2021; Singer et al., 2016). In particular, mathematically
gifted students are those who look at the world from mathematical views (Krutetskii,
1976). Mathematically gifted students can identify relationships among topics,
concepts, and ideas without receiving formal instruction (Rotigel & Fello, 2004).
According to Greenes (1981), when compared to a general group of students studying
mathematics, mathematically gifted students demonstrated the ability to:

spontaneously form problems, flexibly handle data, demonstrate mental agility
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through idea fluency, organize data, interpret data with originality, transfer ideas, and
generalize. Hence, mathematically gifted students need to study mathematics “in

greater depth, making more connections and generalizations than others” (Sheffield,

1994, p. 15).

In addition to the cognitive characteristics that general giftedness and mathematical
giftedness, there are affective characteristics that may be apparent in gifted students
(Clark, 2008; Renzulli, 2004). Strong sensitivity to the feelings of others, emotional
depth and intensity, and a high level of moral judgment are all characteristics that may
be observed in this group (Davis, Rimm, & Siegle, 2014). Other common
characteristics include perfectionism, high self-awareness, high expectations of self
and others, and a sense of justice (Clark, 2008; Sak, 2010). Indeed, they have feelings
and thoughts regarding social problems. Thus, the role of gifted students is crucial in
bringing solution suggestions in areas where society requires assistance and in drawing
inferences based on the society’s value judgments (Sak, 2014). Many studies have
demonstrated that gifted students are proficient communicators, and particularly adept
at interacting with others on their own mental level (Ogurlu, 2010; Saranlu & Metin,
2012). The aforementioned cognitive and affective characteristics result in a variety of
needs that should be addressed by teachers in the classroom setting. That is to say,
these characteristics can be transformed into the educational needs of gifted students.
In this regard, the following part of the section presents the needs of gifted students in

order to offer them effective instruction.

2.1.2. Instructional Needs of Gifted Students

A large body of research supports the notion that gifted students need specialized
instruction to meet their cognitive and affective needs (Borland, 2009; Johnson, 2000;
Matthews & Foster, 2006; Ozdemir, 2016; Peterson, 2009). However, the available
literature has revealed that gifted students experience a lack of challenge in schools,
particularly at the elementary level, because of teachers’ ineffective and infrequent use
of differentiation strategies (Reis et al., 2004; Tomlinson et al., 2003). Consequently,
many gifted students fall behind in class, lose their motivation, and become bored
(Diezmann & Watters, 2000; Taber, 2014).
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According to the equity principle, these students, like all other students, should have
the right to an education that enables them to maximize their potential and further
develop their skills (Subban, 2006). To achieve this, differentiated instruction has
emerged, a teaching philosophy founded on the notion that students learn best when
their teachers take into consideration their specific interests, learning styles, and
readiness (Tomlinson, 2005). The concept of differentiated instruction was primarily
based on Vygotsky’s (1978) Constructivist Learning Theory, Gardner’s (2011)
Multiple Intelligences Theory, and Tomlinson’s (2009) Learning Profiles Theory,
which were combined with a wide range of research on how diverse students learn
(Tomlinson & Allan, 2000). Correspondingly, many different gifted education
curriculum models have been proposed, including the Parallel Curriculum Model
(Tomlinson et al., 2009), Enrichment Triad Model (Renzulli, 1977), and Purdue Three-
Stage Model (Moon, Kolloff, Robinson, Dixon & Feldhusen, 2009), which provide
the framework for developing challenging and meaningful learning experiences for
gifted students while taking their interests and readiness into consideration.
Enrichment is one of the most common ways to differentiate instruction for gifted
students among these models (Tomlinson, 2005). It provides students with a variety of
learning opportunities, such as materials to support the development of higher-level
thinking skills, as well as deep and extended learning activities that are not included

in the regular school curriculum (Van Tassel-Baska & Brown, 2007).

As a way to enhance learning, enrichment delivers a specialized educational
experience by adapting the components of content, process, product, and learning
environment (Tomlinson, 2005; VanTassel-Baska & Stambaugh, 2006). First of all,
enrichment in content involves advanced and deep content with a variety of fields and
topics beyond the prescribed curriculum (Schiever & Maker, 2003). It should appeal
to the interests of gifted students, provide opportunities to engage in conceptual
exploration, and direct them to think on more complex ideas (Taber, 2014). Secondly,
enrichment in process emphasizes integrating teaching methods and embedded
activities in order to promote higher-order thinking skills such as creativity and
problem solving (Reis & Renzulli, 2009). In this way, students can take on the role of
active investigators, applying skills such as analyzing, synthesizing, and evaluating
information while also exploring new ways of thinking (Taber, 2014). This means that

an emphasis should be placed on open-ended questions and tasks, as well as problem
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solving that requires critical thinking and provides time for discovery and exploration.
Consequently, challenging activities promote the development of self-directed
learning by enhancing students’ cognitive abilities and motivation (de Corte, 2013;
Ozdemir, 2016). Thirdly, enrichment in product involves authentic products that are
primarily intended to have a desired effect on a specific audience. It emerges when the
teacher modifies the way in which students demonstrate their understanding and
mastery of the subjects (Tomlinson, 2005). Lastly, enrichment in the learning
environment for these learners should enable them to display their abilities, reveal their
creativity, present their products in real-world settings (Kurnaz, 2014), establish
connections between different subjects (Ozdemir, 2016), and enrich the subject by
probing the details of the topic (Renzulli, Rizna & Smith, 2002). It should also be
flexible and open to new ideas; foster investigations, questions, and discussions; and
promote student independence and responsibility (Van-Tassel-Baska & Hubbard,
2016).

Along with the education required to reveal and develop their unique skills, gifted
students also need differentiated instruction, challenging activities, and resources that
engage their attention, curiosity, and creativity (Assouline & Lupkowski-Shoplik,
2021; Giil, 2021; Mammadov, 2019; Ozdemir & Isiksal-Bostan, 2021; Sengil-Akar,
2017). In addition, Lee and colleagues (2021) conducted a systematics review to
investigate the existing research on gifted classroom environments that foster creative
process skills in elementary and secondary school students. The research revealed key
themes, such as the integration of creative process skills, adaptive environments,
reflective classroom culture, and implementation challenges. In particular, Aygun
(2010) determined the needs of gifted students regarding middle school mathematics
programs. The findings revealed that the applications of depth and enrichment should
be integrated into the mathematics education of gifted students. Additionally, it was
stated that gifted students should be given the opportunity to develop their creativity,
abstract thinking skills, reasoning skills, and problem-solving skills. In order to
accomplish this, it was required to develop original materials and activities that were
appropriate for the characteristics of gifted students. Although BILSEM offers after-
school program opportunities to meet these specific needs of students, the studies
demonstrated some problems related to teaching practices (Bildiren & Citil, 2021) and

appropriate learning activities (Cetin & Dogan, 2018; Kurnaz, 2014). Besides, gifted
27



students grow bored with activities that are similar to the instructional activities in
their schools and are focused on knowledge exclusively (Sar1 & Ogulmus, 2012).
Hence, in these centers, it is important to offer activities that can reveal the unique

skills of gifted students.

This section of the chapter employed the aforementioned studies to shed light on the
conception of giftedness and the characteristics and instructional needs of gifted
students. To sum up, this section provided accessible literature about the specific group
on which the study was conducted. Model-eliciting activities (MEAs) and the
modeling process may provide opportunities for gifted students to practice their unique
skills. Hence, the following section provides relevant literature on modeling, which is

another aspect of the current study.

2.2. Models and Modeling

A large and growing body of literature has investigated the terms model, modeling,
mathematical model, and mathematical modeling to clarify the meanings of the terms
(Erbas et al., 2014; Kaiser, Blomhoj, & Sriraman, 2006; Lehrer & Schauble, 2007;
Lesh & Doerr, 2003). Models are defined as mental conceptual systems that contain
different structures such as rules, operations, and relations. These structures are
handled during the process of constructing, describing, and explaining complicated
systems and are then translated to the external world through various representations
(Lesh & Doerr, 2003). Mental models are defined as conceptual systems in the mind,
which are all mental tools that students employ during the modeling process (Lehrer
& Schauble, 2007). These can be concepts, viewpoints, norms, or instruments
employed while attempting to understand real life (Lehrer & Schauble, 2007). In other
words, models are representations of the state of a complex system that are transferred
to the external world in a different form through mental blending of the situations

affecting the complex system.

On the other hand, modeling is the process of describing, explaining, or creating
situations related to a problem, arranging problem situations in the mind, and using
and creating different schemes and models (Lesh & Doerr, 2003). A more general

definition of modeling is the process of generating different representations of real-
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life situations (Erbas et al., 2014). Consequently, while modeling describes a process,
a model represents the product that arises from the process (Sriraman, 2006).

Considering the definitions of the terms model and modeling, mathematical model and
modeling is defined as an approach to make complex systems mathematically
meaningful using mathematical language (Lesh & Doerr, 2003). Lesh and Doerr
(2003), one of the pioneers of the mathematical modeling approach in mathematics
education, used the concept of model eliciting, which includes both mathematical
model and modeling concepts. In the current study, the term model eliciting is used in

the same meaning.

Lesh and Doerr (2003) define mathematical models as conceptual systems developed
by students to explain, describe, interpret, and represent a real-life situation
mathematically. Mathematical models include a variety of representations, operations,
and relations of a part of real-life situations using mathematical language for a specific
purpose (Lehrer & Schauble, 2007). In other words, mathematical models are external
representations of mental processes that have been translated to mathematical form
and can be used to assist in the interpretation and solution of real-world problems
(Lesh & Doerr, 2003). To sum up, mathematical models are external mathematical
representations that blend the mental structures of the real-life situations that students
want to solve, the mathematical knowledge they decide to use to produce solutions,

and the mental structures of other concepts that affect the situation.

Mathematical modeling is defined as transforming the problem into a mathematical
form in order to find solutions to real-life problems (Lesh & Doerr, 2003). According
to Lehrer and Schauble (2007), mathematical modeling is a collection of mathematical
entities and their relationships that students utilize to represent a part of a real-world
situation. Gravemeijer (2002) defines mathematical modeling as the process of
expressing real-life situations with the symbolic language of mathematics in order to
make sense of real-life situations. The studies presented thus far provide evidence that
mathematical modeling is the act of analyzing a real-world problem using
mathematical techniques and translating it to the mathematical world (Borromeo Ferri,
2006; Erbas et al., 2014; Maal3, 2006).
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Cirillo and colleagues (2016) highlight the following five items as the common
properties of mathematical modeling. The first is related to the nature of the problems.
Authentic, ill-defined and complex real-world problems provide no single solution and
hence present an opportunity for creative interpretation of problems. The second
property is that mathematical modeling is used to investigate and explain real-world
phenomena and make predictions about the future behavior of a real-world system.
The next is that the modeler is expected to be creative when developing assumptions,
predictions, and conclusions in mathematical modeling. The fourth property is based
on the iterative nature of mathematical modeling. The final property is the fact that the
mathematical modeler is able to investigate various strategies to solve the problem

because no single, clear, definite approach or answer exists (Cirillo et al, 2016).

Together, these definitions indicate that the modeling process is influenced by mental
models, and the models are external representations of these models. Additionally, the
definitions contain two significant elements. The first is an emphasis on the
relationship between the real world and the mathematical world, while the second is a
process-oriented approach to mathematical modeling. Mathematical modeling is
described in this study as the process of generating a mathematical solution to real-
world situations using mental conceptual structures. Following a description of models
and modeling as well as mathematical models and modeling, the following part

presents approaches to mathematical modeling.

2.2.1. Approaches to Mathematical Modeling

Mathematical modeling has received significant attention in the mathematics
education literature over the last two decades (Erbas et al., 2014; Galbraith, 2012).
Despite considerable attention, investigations in this field have revealed that there is
not a common understanding of modeling among researchers (Kaiser & Sriraman,
2006). Additionally, the terms mathematical models and modeling have been defined
variously in research studies on mathematics education depending on the research goal
and perspective (Ferri, 2013). While many researchers agree that mathematical
modeling has its origins in the studies of Piaget, Vygotsky, and pragmatists, other
researchers have demonstrated that ethno-mathematics and socio-cultural influences
have had a significant impact on their study (Kaiser & Sriraman, 2006; Lesh & Doerr,

2003). These influences result in subtle as well as fundamental differences between
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the various approaches and concepts of mathematical modeling. Kaiser and Sriraman
(2006) classified modeling approaches into six categories in their study: realistic or
applied modeling, epistemological or theoretical modeling, contextual modeling,

educational modeling, socio-critical modeling, and cognitive modeling.

The realistic or applied modeling approach aims to apply the mathematical information
students have acquired to address real-world problems. It utilizes mathematics,
particularly in engineering and technology-related problems. In other words, it relates
to the application of mathematics to real-world problems. As a result of these
applications, the approach aims to raise students who have developed mathematical
modeling competency and can overcome real-world problems. Since the primary
criteria for students’ learning are based on their ability to solve real-world problems,
this approach puts an emphasis on the subject area of mathematics application and
views modeling as an interdisciplinary problem-solving activity (Blomhgj, 2009).
Pollak (1979), a promoter of this approach, emphasizes the importance of keeping
problems helpful, meaningful, and as close to real-world circumstances as possible.
He also defines modeling as the process through which mathematics interacts with the

world outside of mathematics.

The epistemological or theoretical modeling approach recognizes mathematical
modeling as a lens through which broad theories about mathematics teaching and
learning can be established. The primary goal of this approach is to develop
mathematical understanding. Since this perspective does not require a model of a real-
world problem or situation, it is distinct from other perspectives. Importantly,
modeling is not restricted to the mathematization of non-mathematics problems; it can
be applied to any activity in mathematics. Freudenthal (2006), a leading representative
of theoretical modeling as well as the originator of ‘Realistic Mathematics Education’,
asserts that mathematics begins with real-world problems that are mathematized, and

that mathematics is then constructed using a formal system.

Contextual modeling or a model-eliciting approach assumes that students acquire
mathematical concepts more meaningfully and solve verbal problems in an appropriate
environment. According to Lesh and Doerr (2003), one of the leading proponents of

the contextual modeling approach, one of the most important goals of mathematics
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education is to enable students to develop mental structures in which they can analyze
the events they experience. Rather than concentrating on the modeling process itself,
this approach concentrates on the development of model eliciting activities. This
approach is driven by six principles: “the reality principle, the model construction
principle, the self-evaluation principle, the construct documentation principle, the
construct generalization principle, and the simplicity principle” (Lesh & Doerr, 2003).
By incorporating these ideas into teaching and learning, the modeling approach is not
limited to solving a single problem, but can be extended to establish a system of

generalizable relationships.

The educational modeling approach is concerned with the integration of models and
modeling into mathematics instruction. The purpose of educational modeling is not
only to develop mathematical modeling competencies, but also to facilitate the
learning of mathematics. Hence, it emphasizes both ‘modeling as content’ and
‘modeling as vehicle’. In the modeling as content approach, mathematical modeling
is regarded as a fundamental competency, and the goal of teaching mathematics is to
provide students with the ability to use mathematical modeling to address real-world
problems in mathematics and other fields (Blomhgj & Jensen, 2007; Galbraith, 2012;
Julie & Mudaly, 2007; Niss et al., 2007). On the contrary, in the modeling as a vehicle
approach, mathematical modeling is regarded as a mechanism for assisting students in
their attempts to create and develop their primitive mathematical knowledge and
models. It is believed that the model eliciting activities (MEAS) enable students to
develop conceptual understanding through mathematical modeling problems. Two
examples of this approach are the Models and Modeling Perspective (Lesh & Doerr,
2003) and Realistic Mathematics Education (Gravemeijer & Stephan, 2002).

Based on the educational modeling approach, Blum and Niss (1989) justify the
inclusion of mathematical modeling in mathematics curriculum under six categories.
These are: pragmatic, formative, cultural, critical, instrumental, and psychological.
The pragmatic justification is that students seek solutions to difficult and diverse
situations that they may experience in daily life through mathematical modeling. The
formative justification claims that MEAs provide students with a broad perspective
and self-confidence. While engaged in MEAs, students develop a creative and

exploratory view of problems by approaching them from a variety of perspectives.
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According to the cultural justification, the aim is to create conditions suitable for the
development of a mathematical culture in students through MEAs. In addition,
modeling is the process of representing mathematics in accordance with its
significance in students’ life and their understanding of mathematics. The primary goal
of the critical justification, for its part, is to give students a critical perspective of
mathematics by conveying that there are various applications of mathematics to
different situations experienced in daily life. In the instrumental justification,
mathematical modeling is a tool for students to use mathematical concepts in daily
life. Finally, the psychological justification supports an increase in students’ interest
in mathematics, their belief in their ability to succeed, and their motivation for the
lesson via the use of MEAs (Blum & Niss, 1989).

Another approach, socio-critical modeling, is related to the socio-cultural dimensions
of mathematics. This approach aims to reveal the reflective and critical discourses of
the students about the real-life situation that they analyze while engaged in the
mathematical modeling process. Student discourse refers to mathematical models as
non-neutral representations of reality that elicit the acquisition of mathematical
concepts and the development of modeling competencies through the modeling
procedures. These modeling processes assist students in understanding a current social
situation, enabling them to develop into critical, engaged citizens (Barbosa, 2006). In
this sense, Blomhgj (2004) stated the importance of modeling as a mathematics
learning process established in students’ reality. In particular, he emphasized that
mathematical modeling is a way to describe and understand students’ daily life
experiences, and that students who embed mathematics in their culture make a
connection between their daily life experiences and mathematics (Barbarosa, 2006).
This approach highlights the critical role of facing social demands as well as

explaining real situations in mathematical modeling.

In the cognitive modeling approach, the main goal is to understand the mental
processes and structures that occur in the modeling process. It also aims to explain
what cognitive structures and processes occur in students’ minds during the solution
of MEAs. From the cognitive modeling approach, one of the most essential goals is to
identify and examine the cognitive functions that students employ while engaging in

MEAs. Cognitive structures that emerge while performing mathematical modeling
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activities serve as a guide in creating suitable environments for the development of
mathematical thinking skills (Bukova-Giizel, 2016).

The diverse approaches on mathematical modeling suggest a variety of implications
for mathematics education and learning that are not mutually exclusive but that do
differ from one another (Kaiser, Sriraman, Blomhaj & Garcia, 2007). All of these
approaches are supportive of the move toward mathematical modeling, and the strong
connections between them are highlighted. Hence, it is critical to situate this study
within or among existing theoretical and conceptual frameworks and to provide a
justification for them. Due to the fact that this study demonstrates educational,
psychological, and subject-related purposes, it can be regarded as an example of an
‘integrative perspective’ (Kaiser & Sriraman, 2006). This study integrates and
advances ‘contextual’, ‘educational’, and ‘cognitive’ approaches on mathematical
modeling (Kaiser & Sriraman, 2006). A contextual approach emphasizes the
importance of MEAs from meaningful contexts, whereas an educational approach
emphasizes the integration of mathematical modeling within mathematics instruction
(Blomhgj, 2006). In the conceptualization of modeling competencies, cognitive and
educational approaches are merged for this study. The empirical component of the
study is primarily concerned with a cognitive approach. This study focuses on group
routes and competencies through the use of visible external representations
(Borromeo-Ferri, 2006) of group modeling sessions, while also emphasizing the
meaningful integration of modeling as a significant means of learning mathematics in

mathematics education.

The mathematical modeling approaches mentioned above demonstrate that the field of
mathematical modeling education has a rich and varied history. Despite the fact that
the approaches differ in many significant ways, they still share a common view that
modeling involves a process. The following part provides different mathematical

modeling processes in the literature.

2.2.2. Mathematical Modeling Process

Mathematical modeling is a mental process that involves solving a real-world problem
mathematically and then creating, interpreting, and evaluating the solution in relation
to the real world (MaaB3 & Gurlitt, 2011). There have been multiple approaches to the
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modeling process developed and utilized for a variety of reasons in the literature (Blum
& Leif, 2007; Galbraith, 2012; Kaiser et al., 2006; Lesh & Doerr, 2003; Lu & Kaiser,
2021). The preliminary investigations of the modeling process indicate that linear
studies are used to connect the real world with the mathematical world (Kapur, 1982;
Pollak, 1979). In further investigations, the general consensus among researchers came
to be that modeling is the application of mathematics in real-world situations in order
to develop solutions to real-world problems, and that it is a cyclic process that includes
stages such as describing a real-life problem situation, solving it by creating a model
with mathematical methods, interpreting the solution and evaluating the model in the
real world (Blomhgj & Jensen, 2006; Borromeo Ferri, 2006; Hidiroglu, 2012; Lu &
Kaiser, 2021; Mousoulides, 2007). Kaiser and colleagues (2006) identified six distinct
applications for the use of the modeling cycle as an analytical tool. These are: a)
analyzing the modeling process in order to select and design appropriate modeling
problems, as well as to understand and validate the process; b) identifying the major
components of modeling competency; c) analyzing students’ modeling work in
general in order to determine their difficulties; d) assisting students’ modeling work
and related metacognition; e) planning modeling courses or projects; and f) defining
and analyzing the curricular elements in mathematics teaching. In addition to the
various uses of the modeling process, the differences in the definitions are generally
due to the elaboration of the process and the components that are emphasized. Some

of the modeling processes are detailed in the following.

Lesh and Doerr (2003) investigated the mathematical modeling process in the four
steps shown in Figure 2.2., defining it as the relationship between the real world and
the mathematical world. The initial phase, description, establishes a mapping between
the real world and model world. The real-world problem situation is thoroughly
defined and the given information is analyzed mathematically. As a result, information
that is mathematically meaningless is eliminated, and the situation becomes more
understandable. In the manipulation phase, mathematical relationships are constructed
between the structures to generate solutions relevant to the original problem situation.
The third phase, translation or prediction, involves the adaptation of the obtained
model to the real world and mathematically evaluating the meaningfulness of the
solution back into the real world. The final phase, verification, evaluates the relevance

and usefulness of the produced model in the real-world.
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Figure 2.2. Modeling cycle (Lesh & Doerr, 2003, p. 17)

According to Lesh and Doerr (2003), there is no strict application of the steps in the
mathematical modeling process. The process is flexible, and reversals frequently occur
between steps. It should also be performed many times in order to produce models that
can be assessed, rearranged and shared. Several studies indicate that the modeling
cycle should be repeated many times in order for the ambiguous and complicated
mental tools, assumptions, and models that emerged initially to become more precise
and solution-oriented (Lesh & Carmona, 2003; Zawojewski & Lesh, 2003).

Blum and Leif3 (2007) introduced the ‘situation model’ as an intermediate stage in the
DISUM (Didactical intervention modes for mathematics instruction oriented towards
self-regulation and directed by tasks) project, which focused on the modeling process.
The term “situation model”, often referred to as the problem model, is defined
depending on the experiences of the students about the context, regardless of how it is
defined in the problem text. In other words, the situation as it exists in the context and
the situation as represented by the student’s experiences are different. Thus, in the
mathematical modeling process, the student’s description of the context is referred to
as the situation model. The modeling process proposed by Blum and Leifl (2007)
consists of seven phases as seen in Figure 2.2. These phases of the modeling process

are described as in the following.
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Figure 2.3 - The modelling process as adapted from Blum and Leif (2007, p. 225)

Understanding the task. In this stage, students are confronted with unstructured real-
world problem situations in which neither the aim nor the mathematical structure is
stated directly (Zbiek & Conner, 2006). The construction of mental representations of
the situation described in the problem are their primary purpose (Borromeo Ferri,
2006). This procedure results in the creation of a situation model. This process begins
in the real world when the student realizes that there is a problem and that it is
necessary to find a solution to that problem (de Villiers, 2018). In order to make sense
of a new problem, students begin by using their current knowledge and previous
experience (Chick & Stacey, 2013). By questioning, researching, brainstorming and
clarifying specific details in the problem during their active exploration of a real-world
situation, the students reveal additional details regarding the situation that were not

previously evident to them (de Villiers, 2018).

Simplifying the task. At this phase, students are expected to distinguish between the
knowledge required for the solution and, if necessary, to fill in the gaps with data
obtained from their own life experiences. The understanding of the problem is the
requirement of this stage, that is, the mental representation of the real-world situation.
This phase entails developing reasonable and efficient assumptions in order to further
simplify and comprehend a real-world problem (de Villiers, 2018). Depending on the
nature of the problem, a need for extra-mathematical knowledge may emerge
(Borromeo Ferri, 2006).
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Mathematizing. At this phase, verbally stated assumptions and beliefs regarding the
solution of a problem are converted to the mathematical language. Students are
expected to present their ideas using mathematical expressions, symbols, and
drawings. Schematizing, forming formulas, and creating visual representations of
problems are all common concerns for students as they learn to identify and describe
specific mathematical concepts in a broader context. They also learn to identify and
recognize isomorphic aspects in various problems, and so translate real-world

problems into mathematical problems (de Villiers, 2018).

Working mathematically. This phase is referred to as mathematical analysis because
students use the mathematical model to find a solution and then put their findings to
the test (de Villiers, 2018).

Interpreting. Aspects of this stage involve interpreting and justifying mathematical
conclusions as well as explaining, conveying, and critically evaluating the model and
its constraints (de Villiers, 2018). Within the mathematical system, reorganization
occurs. Additional parameters and properties can be discovered through the analysis,
manipulation and interpretation of the mathematical entity. When students examine
and reflect on their solutions, attempting to reconcile them with the underlying issues,
the appropriateness of their solutions is evaluated (de Villiers, 2018).

Validating. At this stage, it is determined whether the produced model is applicable to
the real-world situation (Blum & Leif3, 2007). If the context requires that a revision
and validation of the model is needed, the model can be moved back to the real-world
situation (Blomhgj & Jensen, 2003). An inappropriate model at this stage is one that
is unsuitable for making predictions or acting in real-world situations (Lesh &
Zawojewski, 2007). It is necessary to repeat the entire cyclic process of formulating,
testing, and revising the trial solution whenever the student faces a problem during the

verification phase (de Villiers, 2018).

Generalizing. At the final stage of the modeling cycle, students are given the
opportunity to modify their own model, or a different model that they have previously
examined in relation to a new situation (Lesh & Zawojewski, 2007). The mathematical
model has been separated from its original context and created as a reusable and
shareable method for interpreting various contextual problems (de Villiers, 2018).
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On the other hand, Borromeo Ferri (2006) adopted the modeling process of Blum and
Leip (2007), and used the term “mental representation” instead of “situation model”.
She analyzed various modeling cycles as part of the COM2 project (Cognitive
psychological analysis of modeling processes in mathematics lessons), with a
particular emphasis on the first three stages of the Blum and Leill (2007) modeling
cycle. She classified modeling cycles into four distinct types using the real state (RS),
mental representation of the situation (MRS), situation model (SM), and mathematical
model (MM) processes in these cycles. The terms situation model (SM) and mental
representation of the situation (MRS) are used interchangeably in this classification.
According to this classification, the first group is comprised of cycles in which both
the real model and the state model are used separately, the second group is comprised
of cycles in which the real model and state model are used together, the third group
comprises cycles in which the real model and the state model are used together in the
same way, and the fourth group is comprised of direct transitions from the real state to

the mathematical model.

In a recent study, Lu and Kaiser (2021) enriched the modeling process by integrating
aspects of creativity. Due to the lack of standard approaches for addressing real-world
problems and the context-bound nature of each step of the modeling process, creativity
is required throughout the modeling cycle (Wessels, 2014). Hence, components of
creativity are included in the above mentioned commonly used stages of the modeling

process (Kaiser & Stender, 2013) as shown in Figure 2.3.
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Figure 2.4. The modeling cycle enriched by aspects of creativity (Lu & Kaiser, 2021,
p.292)
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Following an examination of several studies attempting to explain the mathematical
modeling process, a general consensus has emerged that there is no strict procedure
for accomplishing a certain goal during the mathematical modeling process (Blum &
Niss, 1991; Borrmoeo-Ferri, 2006; Crouch & Haines, 2004; Lesh & Doerr, 2003).
Another common point is that the process of mathematical modeling is cyclical in
nature (Zbiek & Conner, 2006). As a broad definition, mathematical modeling can be
defined as the process by which interactions between the real world and mathematical
world occur. The definitions provided vary in terms of the steps involved in the
interactions between these two worlds. While some research provides a more
straightforward explanation of these phases, others go into great depth to explain them.
Indeed, in some studies, the sub-processes that are encountered as one progresses
through the steps are specified in depth, as are the transitions between sub-processes.
Progress, or the ability to move from one step in the mathematical modeling process
to the next, requires successfully overcoming cognitive obstacles (Blum, 2007). In the
literature, these competencies are referred to as mathematical modeling competencies.
Taking into consideration the mathematical modeling process steps that Blum and
Leip (2007) outlined, they also defined the mathematical modeling competencies that
provide the transition between these stages, as well as the sub-competences of these
competencies. The mathematical modeling process outlined by Blum and Leif (2007)
was used in this study, as the mathematical modeling competencies and sub-
competencies necessary for the mathematical modeling process to be completed
successfully are defined in detail. The phases of the cycle are examined as
competencies, which can be employed as assessment criteria or rephrased as modeling
competencies (Maal}, 2006). Taken together, different modeling processes are
nurtured from various theoretical backgrounds. Thus, the models and modeling
perspective which serve as the theoretical approach of this study are presented in the

following section.

2.3. Models and Modeling Perspective (MMP)

Due to its complex nature, there is no single theory that can adequately describe
modeling. Various theoretical approaches shed light on different stages of the
modeling process. This diversity provides the opportunity to understand and critically
evaluate learning processes from different perspectives (Cobb, 2007). According to
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Sriraman and Lesh (2006), models and modeling perspective (MMP) originated from
concept development research rather than problem solving research. Thus, it is
essential to understand the theoretical foundations of modeling. Among the theoretical
perspectives, Social Constructivism is the starting point to explain modeling (Lesh &
Doerr, 2003). The theory outlines how learning occurs in student groups. Since the
emphasis is on the activity in these groups, activity theory is considered (Lesh &
Doerr, 2003).

Within the MMP, models are conceptual tools that are used to represent real-world
situations mathematically, and modeling is the process through which a model is
adjusted or constructed to solve the problem (Lesh & Doerr, 2003). On the other hand,
the modeling process is an interactive learning cycle in which students work in groups
to 1) examine the situation, 2) define the problem to be solved and the variables
involved, 3) develop a model, 4) test the model, 5) interpret the results, 6) validate the
applicability of the model to the original situation, and 7) apply the model to other

similar situations to determine its usefulness (Kang & Noh, 2012).

Furthermore, students not only reflect their own ideas but also express their ideas in a
way that group members can assess, reject, or accept since MMP promotes
collaborative learning in the modeling process. Overall, each group member constructs
their ideas based on collaboration (Lesh et al., 2003). Since learning occurs in the
social environment of student interaction, the MMP promotes and advocates
unstructured, collaborative learning (Vygotsky, 1978). The MMP places a strong
emphasis on collaborative learning, and it is based on the developmental theories of
Piaget (1926) and Vygotsky (1978), which state that face-to-face work on open-ended
tasks or projects with multiple possible paths leading to multiple acceptable solutions
encourages cognitive development (Springer et al., 1999). According to this principle,
MMP recognizes that 1) it is critical for students to not only argue and discuss their
opinions, but also to share their ideas and perspectives with each other working
collaboratively, that 2) students can reveal their inadequate reasoning as a result of
their discussions, and that 3) resolving these disagreements improves their
understanding (Springer et al., 1999). Accordingly, MEAs facilitate these forms of
problem-solving activities by enabling students to collaborate with others, test, reflect

and re-enact their ideas. As part of the social and communal creation of knowledge
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(Vygotsky, 1978), MEAs encourage students to both develop their own knowledge
while engaging with their environment and other people, as well as actively participate
in the process of constructing knowledge for their learning community (Tangney et
al., 2001). Students work together to achieve a common goal by merging their
knowledge and abilities in order to strengthen and broaden their skills. This increases
their motivation and stimulates their interest in problem-solving activities
(Zawojewski, Lesh, & English, 2003). Additionally, it enables students to develop and
design more sophisticated and powerful solutions through the use of mathematical
representations and inscriptions such as graphs, tables, and diagrams to assist their
cognitive processes and reasoning. To promote collaborative learning, researchers
must ensure that the design of an MEA elicits students’ involvement throughout the
modeling cycle that results in the construction of a model (Lesh et al., 2000).
Consequently, MMP theories and concepts used in this study assume that students
construct models in order to generate meaningful interpretations of real-world
problems collaboratively (Lesh & Doerr, 2003; Vygotsky, 1978). Students’
backgrounds and experiences have an effect on their interpretation, which they

communicate through different media.

Furthermore, MMP enables the integration of the engineering design process, which
is apparent in each of the three criteria for effective engineering education (NAE &
NRC, 2009). According to these principles, K-12 engineering education should (1)
emphasize the engineering design process, (2) integrate important and
developmentally appropriate mathematics, science, and technology knowledge and
skills and (3) promote engineering “habits of mind”. Taking all these principles
together, the engineering design process as a pedagogical approach should provide
problem solving environments that are iterative, open-ended (with multiple solutions),
meaningful contexts for the acquisition of scientific, mathematical, and technological
concepts, and a stimulant for the skills required for the 21century such as collaboration,
system thinking, and communication. In addition to similarities between the
mathematical modeling process and the engineering design process, engineering-
based MEAs and their related products reflect all of these perspectives because of their
less restricted and more complex nature than MEAs. Accordingly, the following
section addresses the engineering design process, another aspect of the current

investigation.
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2.4. Engineering Design Process

The engineering design process has been offered as an instructional approach to
address the problems in the fields of science, technology, engineering, and
mathematics (STEM). Accordingly, the development of design processes has been a
crucial component of elementary school engineering education (English, King &
Smeed, 2017). There have been several distinct interpretations of the engineering
design process in the literature (Arik & Topcu, 2020). Although some researchers
(Dym, Agogino, Eris, Frey, & Leifer, 2005; Rogers & Wallace, 2000) supported the
idea that young learners do not have the skills to design and plan approaches to solve
engineering-based problems, others (Dorie, Cardella, & Navoa Svarovsky, 2014;
Lachapelle & Cunningham, 2014) supported the opposite idea. However, similar
stages have been conceptualized for a variety of engineering design interpretations
(Guzey et al., 2017; Johnston et al., 2019; NAE & NRC, 2009).

Engineering design for young learners is generally defined as an iterative process with
different phases, including (a) identifying the problems by stating the goal and
limitations, (b) generating ideas and assessing which is the best option to meet the
requirement of the problem, (c) designing and constructing, (d) testing and checking
goal attainment, (e) redesigning and reconstructing, considering reflection on the first
design and (f) reflecting and interpreting the entire design process (Engineering is
Elementary, 2017; English et al., 2017; Moore et al., 2014). Throughout the iterative
design process, students have the opportunity to design and test their solutions in order
to arrive at the best potential solution (Bryan et al, 2015). The justification in the design
process is an effective mechanism to elicit students’ development, and hence,
facilitates conceptual development (Park et al.,, 2018). Welch and Lim (2000)
examined the strategic thinking of novice designers. They found that untrained
seventh-grade students developed solutions to a design-and-make task in ways that
were notably distinct from the solutions specified by numerous textbooks and theories
concerning the process of learning to design. A novice designer sequenced the sub-
processes of designing quite differently than the models that are prescribed, generated
multiple possible solutions and chose the most effective one, made considerable use

of three-dimensional modeling and used less two-dimensional modeling than is
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suggested by textbooks, and continually evaluated their design proposal even from the
initial instants of the design-and-make process.

Additionally, students require not just the skills necessary to integrate STEM
disciplines, but also the prior knowledge necessary to apply that information to the
engineering design process (Fan & Yug, 2017). Students’ tendency to solve innovative
and creative problems with multiple ideas and approaches is considered to provide a
rich basis for developing engineering design-based activity, which effectively
integrates STEM disciplines at early ages (English et al., 2017; Moore et al., 2014).
Hence, the iterative nature of the engineering design process offers gifted students the
challenges they need and a differentiated learning environment (Mann et al., 2011).
From this point of view, the current study attempts to provide an engineering design-
based learning environment to plan, construct and reflect their prototypes on their

experiences.

In addition, Lucas and Hanson (2016) investigated the distinct ways that engineers
think and perform. The researchers generated the engineering habits of mind
descriptions including systems thinking, problem finding, creative problem solving,
adapting, visualizing, and improving (Lucas & Hanson, 2016). Furthermore,
engineering habits of mind have been suggested in policy documents to enable
students in K-12 to draw authentic relationships between what they are learning and
engineering practices. Six fundamental engineering habits of mind include systems
thinking, creativity, optimism, teamwork, communication, and ethics (Householder
&Hailey, 2012; Katehi et al., 2009; National Academy of Engineering [NAE], 2010).
Divergent thinking is another habit of mind that should be considered when monitoring

engineering design in a classroom (Cooperrider, 2008).

Considering this is a key principle of K-12 engineering education, there are a limited
number of research studies investigating the skills displayed by students in the
engineering design process (Wheeler et al., 2019). The studies conducted by English
and colleagues can provide examples of integrating the engineering design process in
elementary and middle schools (English, King, & Smeed, 2017; English & King, 2018;
King & English, 2016). In a three-year longitudinal research study (English, King &
Smeed, 2017), sixth-grade students addressed an engineering-based problem on
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earthquakes that included integrated STEM learning. The students used the
engineering design process and STEM subject knowledge to plan, sketch, and
ultimately construct an earthquake-resistant structure while considering a variety of
restrictions. They redesigned their structures after they were tested in order to develop
a better structure. Based on their design process framework, researchers evaluated the
students’ skills in planning, making annotated sketches, and transforming these into
three-dimensional models. According to the findings, group problem solving required
iterative transitions between design phases, regular review of the problem scope,
understanding the goals of the problem, boundaries, and constraints, and an
appreciation for design sketches as guiding constructions. Moreover, students were
observed considering multiple problem components concurrently, demonstrating their
ability to handle the complexity of the task. Similarly, English and King (2018)
conducted the study with sixth grade students to construct a paper bridge that could
withstand an optimal load. Based on their planning, it appears that students were able
to justify their suggested bridge type(s), which frequently contained a combination of
types, by referencing their STEM knowledge and understandings. Besides, students’
design sketches indicated an awareness of the restrictions of the problem, an
understanding of fundamental engineering principles, and the application of
mathematics and science knowledge to the problem. Students’ reflections on their
actions aided them in improving the design of their bridges. These studies indicate that
engineering design-based activities provide an interdisciplinary learning environment

for elementary students.

In particular, Sen (2018) determined the STEM skills used by gifted students in
integrated STEM activities focused on engineering design. The findings of that study
revealed that gifted students use reasoning, problem solving, association, engineering,
innovation, creativity, communication and cooperation, and life and career skills when
participating in such activities. In addition, the recent study conducted by Sen, Ay, and
Kiray (2021) sought to identify the computational thinking skills of gifted students in
integrated STEM activities based on the engineering design process. The students
demonstrated active use of critical thinking skills when providing explanations,
making associations, questioning, providing justifications, solving problems, thinking
creatively, making generalizations, and evaluating the effectiveness of the solution. In

view of all that has been mentioned so far, the literature not only promotes engineering
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based activities for elementary students but also the specific group of students, i.e.
gifted ones. In line with the purpose of the current study, the following section

describes MEASs, more precisely engineering-based MEAs, and their principles.
2.5. Model-Eliciting Activities (MEAS)

Model-eliciting activities (MEAS) are unstructured, realistic, client-driven problems
that require the development or adjustment of a mathematical model for a particular
situation (Lesh & Doerr, 2003). MMP on activity design serves as a basis for the
development of an MEA (Lesh et al., 2000). Lesh and Doerr (2003) advocated using
the concept of MEAS, which includes the use of models and modeling concepts, rather
than the concept of modeling problems. Similar terminology is used throughout the
current study based on the MMP. MEAs are problem-solving activities in which
students make inferences from meaningful real-life situations, expand these inferences
by mathematizing, and re-organize these mathematized structures in the process (Lesh
& Lehrer, 2003). Students are encouraged to work collaboratively on MEAs, which
promote deeper and conceptual understanding when constructing models (Lesh &
Doerr, 2003). In summary, MEAs are the mathematization of real-life problem
situations by students working in small groups. Students work in groups to provide a
description, method, or approach, and their solutions to the task reveal explicitly how

they think about the given problem (Zawojewski, Lesh, & English, 2003).

The cyclic nature of MEAS enable students to repeatedly reveal, test, and improve their
ways of thinking. In contrast to traditional story problems which require the short and
only one exact answer, the products generated by students during MEAs include
conceptual tools that can be shared, generalized, modified, and reused for the
construction, description, explanation, and prediction of other situations (Lesh &
Zawojewski, 2007). There is a shift in emphasis from teaching methods and abilities
to enable students to develop their own models that they use and iteratively revise to
understand a problem. This model elicitation and multi-cycle revision approach are
the basis of MEA design (Hamilton et al., 2008).

According to English (2003), learning environments that are designed with MEAs

provide rich learning experiences for students. Providing authentic situations, allowing

students to explore the situation autonomously, allowing students to develop their
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ability to interpret, and providing an environment for students to share their models
are all aspects of rich learning environments (English, 2003). In addition, MEAs can
be used to reveal students’ reasoning, explanations, and justifications about
mathematics while engaged in the activity (Doerr & Lesh, 2011; Hamilton et al., 2008;
Mentzer et al., 2014). MEAs extend problem-solving experiences to allow students to
express their own ideas more deeply and improve their thinking (Liljedahl, Santos-
Trigo, Malaspina, & Bruder, 2016). MEAs share common features (Lesh & Yoon,
2007): (a) they are relevant to life and academically interesting; (b) they require
students to express their thinking; (c) they promote discussions and feedback needed
for model revisions; (d) they result in the development of a conceptual tool not just
simplistic answers; (e) they support model and process sharing for validation and self-
critiquing; and (f) they include opportunities for students to use their models and

conceptual tools in other situations.

Chamberlin and Moon (2005) described the implementation stages of MEAs as (a)
reading passage, (b) readiness questions, (c) data section, and (d) problem solving and
presentation of a solution. In the reading passage stage, the aim is to introduce the
context of the activity to students. A one-page text is delivered to the students first, in
the form of an article or letter from a customer (Chamberlin & Coxbill, 2012). Students
reading the text are asked readiness questions related to the text in order to warm up
the students before moving on to a more challenging problem (Chamberlin & Moon,
2005). The third stage of the MEAs is the data section, during which the problem
statement is identified and the data necessary to address the problem are gathered
(Zawojewsky, Lesh, & English, 2003). At this stage, students are expected to develop
a solution or method by asking them to create their own data or by presenting a ready-
made data table, a context-related problem of the client in the text. In the problem
solving and presentation of solution stage, students solve the problem and share the
solutions with other members of the classroom (Chamberlin & Moon, 2005).

MEAs were designed for two purposes by researchers. In the former, MEAs were used
to encourage students to develop mathematical models in order to solve complex
problems, similar to what applied mathematicians do in the real world (Lesh & Doerr,
2003). In the latter, MEAs were used to facilitate students’ exploration of

mathematical thinking and conceptualization, a task endorsed by the National Council
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of Mathematics Teachers (NCTM, 2000) and leading mathematics educators (Wood,
Merkel, & Uerkwitz, 1996). In addition to these two purposes, it has been revealed
that another purpose of MEAs is to define mathematically gifted students and develop
their creativity and competencies (Chamberlin & Moon, 2005; Coxbill, Chamberlin,
& Weatherford, 2013; Mann et al., 2011; Wessels, 2014).

In line with the first purpose of MEAS, Hankeln (2020) made a comparison between
students’ modeling process in Germany and France through a frequently used MEA.
This article presents the findings of a study that investigates how high school students
in Germany and France approach a specific mathematical modeling problem and the
challenges they face in doing so. The way in which students respond to a real-world
situation, as well as the level of accuracy they strive for, are the two primary
distinguishing factors. The students from France were not familiar with the fact that
the context had a more significant part in the processes that led to their solutions than
it did simply in motivating them. The German students frequently employed ways to
reveal the mathematical information, but it appeared that they were more accustomed
to a context that was drawn from the real world. They were more willing than the
students from France to consider a simplification of the situation, and they developed
mathematical models that were not as sophisticated. These discrepancies among
nations could be explained by the different approaches that France and Germany

employ to the teaching and learning of mathematical modeling.

In parallel to the recent purpose of MEAs, Sengil-Akar (2017) examined the
mathematical creativity of middle school gifted students through MEASs, both
individually and in groups. Individual mathematical creativity was examined
regarding fluency, flexibility, making connections, and progressivity. On the other
hand, collective mathematical creativity was assessed based on the accuracy, quality,
generalizability, and originality of the gifted students’ models. The findings of the
study revealed that gifted students demonstrated varying levels of mathematical
creativity in different MEAs. Additionally, it was concluded that gifted students
explored new mathematical structures, rules and new information as they constructed
unknown mathematical information in an interactive process. Gifted students were
able to generate more and diverse solutions, think fluently and flexibly, generate more

sophisticated solutions and make more associations among variables in some MEAs

48



than in others. When engaged in MEASs as a group, they produced high quality and
original products (Sengil-Akar, 2017).

MEAs are specifically designed to be accessible to all students, to improve students’
modeling competencies and to produce documentation of students’ progression in
technological, scientific, engineering, or mathematical thinking (Gainsburg, 2013;
Moore et al., 2013). Although they are accessible to all students, MEAs are designed
for gifted students in line with the purpose of this study. Throughout this study, MEAS
have been defined as activities that allow gifted students to go through the entire
mathematical modeling process and to expand or make sense of their previous learning
by mathematizing real-world problems. In the following section, engineering-based

MEAs are discussed in detail.

2.5.1. An Engineering-based Model Eliciting Activity

Model eliciting activities (MEAS) are one of the most widely used methods for
incorporating modeling into the engineering context (Dux et al., 2004; Lyon &
Magana, 2021). Engineering-based MEAs applied in elementary classrooms are
authentic and open-ended situations in which a client requests that a group of workers
create a product (mathematical/scientific/engineering model) to address the given
situation (English & Mousoulides, 2011). While the above-mentioned goals of MEAS
in the previous section are specified for middle school mathematics education, they
are equally applicable for engineering education (Diefes-Dux et al., 2008). These
activities are also not intended to be a complete curriculum, but rather supplement the
content of the lesson. The emphasis placed on the process for solving the problem is

an essential aspect of all MEASs designed for engineering education.

MEAs are designed to help students create effective, shareable, and adaptable models
or solutions (Lesh, 2010). The engineering design process, including, expressing,
testing, and correcting students’ solutions is incorporated into these activities. Such
activities expand classroom experiences addressing their different learning styles and
strengths that students bring to the classroom (English et al., 2013; Hamilton et al.,
2008). Engineering-based MEAs are designed to extend problem-solving experiences
to allow students to express their ideas more deeply and improve their technological,

scientific, engineering, or mathematical thinking skills (Lyon & Magana, 2021).
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Dasgupta (2019) investigated how students use a specific type of improvable model as
well as the potential of this model to serve as a scaffold for an engineering design
activity. Students employed this model as a means of productively engaging with five
disciplinary practices, which included: decomposing the design challenge into
individual design parameters; considering the relationship between design parameters;
reasoning through multiple design parameters and making trade-offs; weighing
multiple solutions; and using design heuristics for innovation and design optimization.
The mentioned model facilitated students’ productive engagement with a variety of
disciplinary activities,

including informed decision-making and systematic

exploration.

In particular, there are six principles for guiding MEA development (Lesh et al., 2000).
The MEA guiding principles for constructing models as part of the design process
(Diefes-Dux et al., 2008) were based on mathematics’ MEA principles (Lesh et al.,
2000). Engineers use mathematical models to identify patterns, optimize outcomes,
and make predictions (Cole et al., 2013). Engineering-based MEAs are less constricted
and more complex than their multifaceted mathematical MEA counterparts (Diefes-
Dux et al., 2008). Table 2.1 summarizes the MEA guiding principles for mathematics
and engineering education for easier comparison (Diefes-Dux et al., 2008).

Table 2.1. Principles guiding the design of engineering-based model eliciting activities
(pp. 21-22)

Principle

Mathematics education
principles

Engineering education
principles

Model construction

Students should use
representations to create
models.

Student teams use
representations to construct
models or design items.

Reality

Students should be able to
make sense of the real-life
situation based on their own
knowledge and experiences.

Students should consider
their experiences, the
constraints of the real-life
problem situation, and the
needs of the client.

Self-assessment

Students should monitor
their progress, clarify
assumptions and look for
obstacles, deficiencies, and
alternative approaches.

Students should critique
decisions and monitor
progress and model
effectiveness in meeting its
purpose and the criteria of
the client.
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Table 2.1. (continued)

Model documentation

Students should document
their thoughts about key
parts of the modeling
process.

Students should document
(e.g. spreadsheet or
computer program) the
team’s interactions.

Model shareability and
reusability

Students should test the
solution for usefulness,
readability, justifiability,
comprehensibility, and
generalizability.

Students should evaluate the
model’s usability by others
and generalizability for use
in similar contexts, i.e.
locally generalizable.

Effective prototype
(Simplicity)

The model should be
simplified but not to the
point that it ceases to be
useful or significant.

The model should serve as a
template for the design of
other models, i.e. globally
generalizable.

Based on the above stated principles, engineering-based MEAs were developed for the
current study. In particular, engineering-based MEAs are used as research tools that
aim to elicit the thoughts of gifted students for the solution during implementation.
Correspondingly, the following section presents the modeling competencies and

studies on modeling competencies.
2.6. Modeling Competencies

The PISA 2021 mathematics framework investigates mathematical literacy by making
multiple connections to mathematical modeling. Turkey’s mathematical literacy
competency level was identified as Level-2 (PISA, 2018). Students at this stage can
realize and interpret situations that do not require more than what is seen at first glance.
They also do not have the competence to develop models for complex situations by
determining constraints and assumptions and to work with these models. They are not
able to choose, analyze, and determine appropriate problem-solving methods for
coping with the complicated issues connected with these models and evaluate these
methods. Students at this level lack broad and well-structured thinking and reasoning
skills enabling them to work strategically using appropriate representations, symbolic
and formal definitions, and perspectives on these problems. They lack the ability to
reflect on their own actions and formulations or to establish a link between their own
interpretations and inferences based on their reasoning (PISA, 2018). Turkey fell
behind the rest of the developed world in terms of students’ competencies in
mathematics, science, and problem-solving (PISA, 2012; 2018). Beyond simply

falling behind, students’ PISA ranking scores in group problem solving reveal that
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Turkey placed near the bottom of the list (47 out of 51 countries, 2015 PISA). To deal
with the concerns that students in Turkey lack crucial cognitive competencies in
science and mathematics, one of the initiatives that the government put forward is to
introduce students at an early age to model eliciting activities (English & Mousoulides,
2011; Sahin & Erarslan, 2016). Indeed, previous studies (Lesh & Sriraman, 2005;
Blum, Galbraith & Niss, 2007) emphasized the development of students’ modeling

competencies as one of the crucial aims of mathematics and science education.

The development of modeling competency is considered to be an essential component
of mathematics instruction and modeling competencies are even considered to be
crucial for mathematical literacy (Blum et al., 2007; OECD, 2003). In order to perform
MEAs appropriately, students should understand the real-life problem, express it
mathematically and reach a mathematical solution. The mathematical solution needs
to be analyzed, interpreted, and validated in the context of real-life situations. Students
are expected to have particular skills and competencies in order to successfully
complete these procedures. Hence, a thorough understanding of modeling
competencies and skills is closely related to the definition of the modeling process
(MaaB, 2006; Kaiser, 2007).

Several studies demonstrate that knowledge alone is not sufficient for successful
modeling, and students should choose to use their knowledge while also controlling
and supervising the process (Blomhoj, 2011; Kaiser, 2007; Maal3, 2006; Niss, 2003).
Mathematical modeling competency refers to the ability to carry out the activities
necessary for the development and investigation of mathematical models (Maal,
2006). On the other hand, modeling skills are technical abilities such as understanding
a real-world situation, creating a model, and performing mathematical operations on
the model that must be possessed in order to complete any modeling process (Henning
& Keune, 2007). Within this approach, modeling competencies include both modeling
skills and the desire to display these abilities in pursuit of a purpose (Kaiser, 2007).

The definition of modeling competency developed by Maal3 (2006) is used in this
study. Her definition of modeling competencies was “skills and abilities to conduct
modeling processes effectively and [which] are goal oriented, as well as the

willingness to put such skills and abilities to use in practice” (p.117). In particular,
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modeling competencies are based on actions that occur during transitions between the
real world and the mathematical world. In the modeling process, she identified sub-
competencies to be understanding the real problem, developing a reality-based model,
constructing a mathematical model from the real model, solving mathematical
problems within the mathematical model, and interpreting the results in a real situation
to validate the solution (Maaf}, 2006). When engaging in MEAs as a group, it is critical
to reveal the modeling competencies of the group as opposed to the individual
(Vorholter, 2018). Hence, the current study aimed to investigate students’ modeling

competencies as a group.

A framework for modeling competencies was developed in accordance with the
findings of Blum and Kaiser (1997), who stated that cognitive modeling competencies
are composed of five key competencies (Maal3, 2006). According to Maal3 (2006),
cognitive modeling competencies are necessary modeling competencies for the
completion of a modeling process; additionally, metacognitive, emotional, and social
competencies emerge. However, this study focuses primarily on the cognitive
competencies required to complete the modeling process. In other words, students’
cognitive competencies are determined and evaluated based on the given MEAs.
Cognitive modeling competencies and sub-competences consisting of five stages are
presented in the table below (Maal3, 2006).

Table 2.2. Cognitive modeling competencies (Maafs, 2006, p.116)

Category Competency
Understanding o to make assumptions for the problem and simplify the
situation.

o to recognize quantities that influence the situation, to name
them and to identify key variables.

e to construct relations between the variables.

o to look for available information and to differentiate between
relevant and irrelevant information.

Mathematizing o to mathematize relevant quantities and their relations.

o to simplify relevant quantities and their relations if necessary
and to reduce their number and complexity.

e to choose appropriate mathematical notations and to
represent situations graphically.
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Table 2.2. (continued)

Working e to use heuristic strategies such as division of the problem into
mathematically part problems, establishing relations to similar or analog
problems, rephrasing the problem, viewing the problem in a
different form, varying the quantities or the available data
etc.
« to use mathematical knowledge to solve the problem.
Interpreting o to interpret mathematical results in extra-mathematical
contexts.
 to generalize solutions that were developed for a special
situation.
 to view solutions to a problem by using appropriate
mathematical language and/or to communicate about the
solutions.
Validating o to critically check and reflect on found solutions.
e to review some parts of the model or again go through the
modeling process if solutions do not fit the situation.
o to reflect on other ways of solving the problem or if solutions
can be developed differently.
o to generally question the model.

The mathematical modeling competencies mentioned above, as well as their sub-
competences, are required competencies for overcoming obstacles encountered during
the mathematical modeling process (Griinewald, 2012). MEAs can be used to reveal

the above-mentioned sub-competencies (Lesh et al., 2000).

The literature discusses two distinct ways of developing MEAs and competencies:
holistic and atomistic. In the holistic approach, all stages of the modeling cycle and
modeling competencies are carried out concurrently. On the other hand, in the
atomistic approach, the learning environment is organized at different times, focusing
on the development of certain steps and competencies (Blomhgj & Jensen, 2003; Giig,
2015). The modeling competencies of students were investigated in this study through
the use of the holistic approach. The next part of the section addresses the studies on

modeling competencies.

2.6.1. Studies on Modeling Competencies

The majority of research on mathematical modeling competencies comprises
theoretical and applied studies, with the goal of determining, evaluating, and
developing modeling competencies (Biccard, 2010; Blomhoj & Jensen, 2003; Ludwig
& Xu, 2010; MaaB, 2006; Sahin & Erarslan, 2017). These studies were primarily

conducted at the high school and undergraduate levels, and it was concluded that there
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were limited studies determining modeling competencies at the elementary and middle
school levels (Aztekin & Tagpinar-Sener, 2015; Koc, 2020). The studies indicated that
students’ competencies in understanding and mathematizing, which are generally the
first steps of the modeling process, were at a high level, whereas the interpreting and
validating competencies, the last steps of the modeling process, were at a low level
(Biccard & Wessels, 2011; Kabar & Inan, 2018; MaaB, 2006; Yildirim, 2019). The
examples of the studies conducted to determine elementary students’ competencies are

shown in the following.

Chan, Ng, Widjaja, and Cynhia (2012) analyzed the mathematical modeling
competencies of two groups of 11-years-old students who were given their first
opportunity to complete a modeling activity. This study demonstrated that novice
modelers are capable of completing modeling activities with varied degrees of
competence. According to a criterion developed by researchers, the students’ level of
competency falls between scale levels 1 and 2. The findings of the study indicated that
students struggled to formulate mathematical problems from real-world problems by

making assumptions.

Inan (2018) conducted a case study with six seventh grade students who participated
in MEAs. Three MEAs, called the Weather Problem, Car Problem, and Lawn Mowing
Problem, were used to collect data in the mathematics applications course. The data
was gathered from two selected groups through purposive sampling using audio
recordings of student solutions, solution papers for modeling problems, focus group
interviews, and observation notes. According to the findings of the research, it was
revealed that students from both groups offered mathematical ideas in the modeling
problem without internalizing the problem situation, and they tended to reach the
conclusion as quickly as possible. In addition, it was indicated that the students had
difficulty in explaining their ideas in general, and they were not able to satisfactorily
justify what they did during the process and evaluate it as a group.

Sahin (2019) determined the cognitive modeling competencies of fourth-grade
students through MEAs and examined the factors that could affect these competencies.
Ten different MEAS were applied for ten weeks to students who had no prior modeling
experience. Based on the modeling competencies approach of Blum and Kaiser (1997),
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the extent to which the students exhibited their cognitive modeling competencies was
determined using observation guide. The findings of the research revealed that fourth-
grade students can display their cognitive modeling competencies and sub-
competences at different levels. They were unable to perform the sub-competency of
reflecting on alternative ways of solving the problem or determining whether
alternative solutions could be developed. Moreover, the context of MEAsS,
mathematical content, social interaction, students’ personal experiences, cooperation
with the group, group presentations, basic language skills, attitude towards
mathematics, ability to use mathematical language, cognitive difficulties, and
multiple-choice assessment methods were found to be factors revealing students’

modeling competencies.

In their study with ten middle school students, Hidiroglu, Tekin-Dede, Kula, and
Bukova-Guzel (2014) investigated the students” modeling process when engaged in
the Comet Problem. The research determined that students encountered difficulties as
they progressed through the modeling steps, that the difficulties encountered during
the process of understanding the problem naturally affected subsequent steps, and that
they encountered difficulties determining and using the variables. However, they
encountered difficulty during the mathematization phase since they lacked
competence in establishing interdisciplinary connections. In addition, it was revealed
that the lack of mathematical knowledge caused students to have difficulties in the
modeling process. The reason for the common omission of the interpretation step is
that students are accustomed to a result-oriented problem-solving process. A strong
emphasis was placed on the importance of the processes of interpretation and
validation in the modeling process, and it was suggested that studies be conducted to

improve the competency of students in these steps.

In the study that provides the current study with the concept of modeling competency,
de Villiers (2018) aimed to investigate the development of engineering and
mathematical modeling competencies through mathematical modeling. The
mathematical modeling competencies were defined and mapped to the relevant
engineering competencies using the existing literature in the scope of the study. In the
design-based research, twelve first-year engineering technician students volunteered

to take part in a one-semester course on mathematical modeling. They worked in small
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groups on model-eliciting activities which required the construction of models to
explain, analyze, and solve real-world situations. The findings indicated that the
students showed progress in all of the competency categories, with the most significant
improvements occurring in the generalizing (cognitive) and management (meta-
cognitive) competencies. In addition, the development of mathematical ideas and
higher-order thinking occurred in an interactive way, and the characteristics of being
deeply involved in model-eliciting activities allowed for the stimulation of reflective

activities.

Furthermore, the recent systematics review study of Cevikbas, Kaiser and Schukajlow
(2021) reflected current discussions on mathematical modeling competencies. The
research provided evidence of a great diversity in approaches for assessing modeling
competencies, despite the fact that a strong emphasis was placed on non-standardized
assessments. Concerning the design and provision of training courses for the
development of modeling competencies, the majority of studies discussed training
strategies for modeling courses. Overall, the current literature analysis highlighted the
need for further theoretical work on conceptualizing mathematical modeling
competencies, while also showing the variety of empirical approaches that have been
established and their implementation at various educational levels. Hence, the current
study considers the need in the research by specifically focusing on the modeling

competencies of gifted students in engineering-based MEAs.
2.7. Summary of Literature

The concept and definitions of giftedness have evolved from an emphasis on
intelligence to a multidimensional approach. Thus, the focus of research has turned
away from the concepts of genius and intelligence (Jensen, 1980; Morris, 1977,
Terman, 1925) and towards the concepts of field-specific ability and creativity
(Gardner, 2011; Guilford, 1950; Renzulli, 2005; Sternberg, 2005; Sternberg & Zhang,
1995; Torrance, 1974). In a more recent study, Chowkase (2022) advocated that the
concept of giftedness should be updated with concern for others to meet the needs of
the 21st-century. This theory sheds light on the concept of giftedness in the current
study, and gifted individuals are those who display a potential to contribute to the

welfare of others via their competence, task commitment, and concern for others. In
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light of these, gifted students have different cognitive and affective characteristics
from their same-age peers (Clark, 2008; Davis, Rim & Siegle, 2014; Hoh, 2008;
Kiigiikoglu, 2014; Renzulli, 2004; Sak, 2014; VanTassel-Baska, 2003). Hence, these
special characteristics of gifted students result in a variety of needs that should be
addressed in the classroom environment (Borland, 2009; Johnson, 2000; Matthews &
Foster, 2006; Ozdemir, 2016; Peterson, 2009). If these needs are not met, they get
bored, lose their motivation, and fall behind in class (Diezmann & Watters, 2000;
Taber, 2014). In order to overcome such problems, differentiated instruction should
be used to provide challenging and meaningful learning experiences for gifted students
(Renzulli,1977; Moon et al., 2009; Tomlinson, 2005; Tomlinson et al., 2009). These
experiences should provide flexibility and complexity, encourage both higher order
thinking skills (Aygiin, 2010; Ozdemir, 2016; Reis & Renzulli, 2009; Taber, 2014;
Van-Tassel-Baska & Hubbard, 2016) and personal attributes such as curiosity,
creativity and insight (Assouline &Lupkowski-Shoplik, 2021; Giil, 2021; Mammadov,
2019; Ozdemir & Isiksal-Bostan, 2021; Sengil-Akar, 2017).

In particular, the complex, highly realistic, authentic, and open-ended nature of model-
eliciting activities (MEAS) underpin their potential as effective educational tools for
gifted students (Chamberlin, 2005; Sengil-Akar, 2017). Since less repetition and more
preference of higher level thinking activities are necessary for gifted students (Gross
et al., 2001), model-eliciting activities can be used to differentiate instruction for such
students. Beyond that, incorporating engineering design processes into these activities,
engineering-based MEAs provide more suitable instructional tools for gifted students
of a less restricted and more complex nature than mathematical MEA counterparts
(Diefes-Dux et al., 2008). It enables students to express their ideas more deeply and
improve their technological, scientific, engineering, or mathematical thinking skills
(Lyon & Magana, 2021).

On the other hand, the engineering design process is proposed as an instructional
approach to differentiate instruction based on gifted students’ needs in the 2 1st-century
(Dailey, 2017; Mann & Mann, 2016). It provides a problem solving environment
through an inquiry-driven process where students use their interdisciplinary
knowledge about real-life events and iterative cycles, expressing, testing, and revising

their product, while verbalizing and justifying their progression in technological,
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scientific, engineering, or mathematical thinking (English, 2019; Gainsburg, 2013;
Moore et al., 2013).

Engineering-based MEASs can be used to elicit students’ conceptual understanding and
the processes they develop while attempting to solve real-world problems (Lesh &
Doerr, 2003). These are cognitively challenging activities for gifted students due to
the fact that they demand a number of competencies and skills in addition to domain
knowledge. Hence, the determination of modeling competencies, which are required
skills and abilities, to willingly complete the modeling process (Maalf3, 2006) is crucial
for gifted students. On the other hand, the available literature indicates that there are
challenges with certain sub-competencies especially at the last steps of the modeling
process, and students do not advance to the expected degree of competence (Biccard
& Wessels, 2011; Kabar & Inan, 2018; MaaB, 2006; Yildirim, 2019). In line with
these, it is important to determine how gifted students display their unique
characteristics in the modeling process. Thus, this study aims to determine the
cognitive modeling competencies of gifted students when they are engaged in

engineering-based MEAs.
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CHAPTER 3

METHODOLOGY

The purpose of this study is to investigate the cognitive modeling competencies of
elementary gifted students when they are engaged in engineering-based model
eliciting activities (MEAS). Another focus of this study is to examine the extent to
which elementary gifted students in groups displayed such cognitive modeling
competencies and their related sub-modeling competencies when they are engaged in

engineering-based MEAs.

Accordingly, this chapter presents an explanation and justification for the method and
procedures that were used in the current study. This includes details regarding the
participants, research setting, data sources, data collection methods, and data analysis.
The method employed in this research made it possible to address the research
questions aimed at reaching the above-mentioned purpose. Accordingly, this chapter
is divided into eight sections: design of the study, research setting, participants of the
study, data collection procedure, data analysis, the trustworthiness of the study,

researcher background and role in the study, and ethical considerations, respectively.
3.1.  Design of the Study

In accordance with the above-mentioned purpose, this study requires to analyze the
cognitive modeling competencies of elementary gifted students while engaging in
engineering-based MEAs as a group. In light of this, qualitative research was
employed since this study mainly focused on gaining in-depth information about what
actually occurs in this particular setting. Creswell (2015) states that qualitative
research methods are appropriate when complex problems need to be investigated in
order to “obtain a deep understanding” of a phenomenon being studied (p. 19). In this

regard, qualitative researchers focus on the participants’ voices, their experiences, and
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interpretations of those experiences (Meriiam, 2009). More comprehensively, Denzin
and Lincoln (2005) defined it as:

Qualitative research is multimethod in focus, involving an interpretive,
naturalistic approach to its subject matter. This means that qualitative
researchers study things in their natural settings, attempting to make sense of,
or interpret, phenomena in terms of the meanings people bring to them.
Qualitative research involves the studied use and collection of a variety of
empirical materials-case study, personal experience, introspective, life story,
interview, observational, historical, interactional, and visual texts- that describe
routine and problematic moments and meanings in individuals’ lives (p.2).

Based on this approach, qualitative research was applicable for this study because
elementary gifted students studied as a group in their natural context and in terms of
the meanings they brought to engineering-based MEAs. According to Creswell (2012),
a qualitative research design can be used in studies in which the variables that are
affecting a situation are not fully known. This type of research design can be used to
reveal and investigate these variables through in-depth data collection and analysis
methods (Yildirim & Simsek, 2004). Using qualitative research methods, it is possible
to investigate in more detail the mechanisms underlying the occurrence of certain
behaviors, the functioning of particular processes, and the relationships that exist
among specific variables. When all of the mentioned definitions and characteristics of
the qualitative research method are considered, it is found as compatible with the
current study, which aims to obtain detailed information about how engineering-based

MEAs function in the natural environment of elementary gifted students.

As one of the approaches of qualitative research, a case study was used as a research
method (Creswell, 2012; Merriam, 2009; Stake, 2005; Yin, 2009) to address the
research question in this study. Since the aim of this study requires to investigate
experiences of elementary gifted students when they are engaged in engineering-based
MEAs regarding cognitive modeling competencies, the case study research was
adopted for the current study. According to Merriam (2009), case study is “an
intensive, holistic description and analysis of a single entity, phenomenon, or social
unit” (p.46). Similarly, Yin (2009) describes case study as “empirical inquiry that
investigates a contemporary phenomenon in depth and within its real-life context” (p.
18). Hence, this type of research enables researchers to investigate a bounded system

or multiple bounded systems over a period of time, through detailed, in-depth data
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collection involving multiple resources of information, and then reports a case
description and case-based themes (Cresswell, 2007). Hence, one of the most critical
aspects in the case studies is to define the case being studied. A case is a specific,
complicated, recognized, and integrated system, in which the case itself serves as the
subject of the study rather than the procedure (Stake, 2005). The case should provide
the researcher with access to appropriate study participants who can address or
contribute to research questions (Crowe et al., 2011). In light of this, the case study
researchers defined the case within a bounded system in order to understand how the
parts operate together in the system (Merriam, 2009; Stake, 2005; Yin, 2009). To put
it differently, the boundaries of the system enable the researcher to determine what the
case is and what is not. There are different ways to bound a case, some of which are
as follows: (a) by time and place (Creswell, 2003); (b) by time and activity (Stake,
2005); and (c) by definition and context (Miles & Huberman, 1994). Another critical
aspect in the case study is to determine the unit of analysis. An entity that you intend
to have something to say about at the conclusion of the investigation is referred to as
a unit of analysis, and this entity is considered to be the main focus of the study (Yin,
2009).

In particular, in the current study, the case is defined as engineering-based MEAs
which were developed by the researcher. The case is bounded by group experiences of
elementary gifted students who attended BILSEM, the context (BILSEM) and
application procedure of the activities and the use of think-aloud procedure to elicit
elementary gifted students’ cognitive modeling competencies. In addition, cognitive
modeling competencies that elementary gifted students displayed when they are
engaged in engineering-based MEAs served as the unit of analysis for the present
study. In order to keep the focus and scope of the study, the researcher is required to
concentrate on the specific details of a case and to conduct an analysis of its context
(Merriam, 2009). In this regard, it is necessary to analyze the cognitive modeling
competencies of elementary gifted students that emerge in the engagement of
engineering-based MEAs as a group, examine them holistically and reveal them in
detail. For this reason, each activity was addressed separately for each group, but as a
holistic situation in itself. This facilitates recognizing cases as holistic entities, each of

which consists of parts and acts within the context of their settings (Stake, 2005).
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There are various classifications of case study designs depending on characteristics
such as the number of case, the researcher’s interest, and the purpose of the researcher
(Merriam, 2009; Stake, 2005; Yin, 2009). Yin (2009) identifies three types of case
studies: exploratory, descriptive, and explanatory. First, exploratory case studies are
designed to explore any phenomenon in the data that acts as a point of interest for the
researcher. Second, descriptive case studies are designed to describe the natural
phenomena observed in the relevant data. Third, explanatory case studies are designed
to provide an explanation for the observed phenomena in the data by looking at it from

a variety of perspectives.

Moreover, Stake (2005) classifies three categories of case studies according to the goal
of the researcher conducting the study as intrinsic, instrumental and collective. In an
intrinsic case study, the primary aim of the researcher is to gain a better understanding
of a particular case. In an instrumental case study, the issues are still the primary focus,
and the case itself provides insight into a specific event or phenomena or refines a
theory (Stake, 2005). If the issue or question to be addressed in a case study is more
significant to the researcher than the case itself, the instrumental case study method is
recommended. In other words, the instrumental case study is seen advantageous for
investigating individual’s perceptions in the context of a particular action or activity
(Creswell, 2012; Stake, 2005). The aim of an instrumental case study is to understand
and describe the processes associated with a theory or method (Stake, 1995). On the
other hand, it is not the purpose of instrumental case studies to generalize or address a
typical scenario; rather, the purpose of these studies is to gain in-depth knowledge
about a subject or theme, or to throw light on a particular situation (Creswell, 2012;
Mills, Durepos & Wiebe, 2009; Stake, 2005; Yin, 2009). According to Gordin (2006),
instrumental case studies are able to be conducted in order to achieve an in-depth
understanding of a certain topic by analyzing one or more cases. In the context of an
instrumental case study, Stake (2005) claimed that there is more than one setting that
may be used to collect data on the relevant research question in order to answer the
research question. When multiple instrumental cases are investigated, the study is
referred to as collective case study (2005). In collective case study, multiple
instrumentally bounded cases are selected to obtain a deeper understanding of the
phenomenon than a single case provides (Mills et al., 2009). The use of a multiple-

case design enables the examination of processes and outcomes across multiple cases,
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the identification of the ways in which individual cases might be affected by different
environments, and the identification of the specific conditions under which a finding
might occur. It also might be helpful to develop broader classifications of how the
particular conditions might be related to one another. All of this makes the findings
more convincing than those from a single case and displays the issues across a wider
range of circumstances than can be provided by a single case alone (Mills et al., 2009).

In accordance with the goal of this study, the design of collective case study in which
the exploration of multiple instrumental cases was employed. The use of collective
case studies requires an in-depth investigation of a number of individual case studies
as instruments. Figure 3.1 demonstrates how the current study may be modelled.

Engineering Based MEAs

Y b

E Bridge Construction Mars Lunarcrete Dr. Ahmet’s Will
7]
=
[aal]
Group 1 Group 2 Group3 Group 4 Group 5 Group 6

h J h h

Cognitive Modeling Competencies

Figure 3.1. Collective case study in this research

In this study, collective case study approach was used since the aim was to determine

the level of elementary gifted students’ modeling competencies rather than the use of

the activities for elementary gifted students. Accordingly, engineering-based MEAs

had the potential to be instrumental value. To analyze findings across similar cases, a

researcher may select cases with similar characteristics (Mills et al., 2009). Within the

scope of this study, each of the three engineering-based MEAs, namely Bridge
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Construction, Mars Lunarcerete and Dr. Ahmet’s Will was considered as an
instrumental case with similar characteristics and evaluated holistically. In order to
investigate elementary gifted students’ modeling competencies while involving in the
design process, these specific activities used as a tool. Thus, the cases play a secondary
and supportive role to “help our understanding of something else” (Stake, 1994, p.237)
in this study. Specifically, the process, content and structure of the activities are all
constitute the details of the case. In the Figure 3.1, each engineering-based MEAS is
considered as an individual case. Each single bounded case’s data are carefully
scrutinized and structured into a thorough description of a singular, holistic entity,
modeling competency. As a result, one of the key goals of collective case study is to
get a deeper knowledge of the method and processes, in order to enable the methods
and processes to be adjusted or applied in other settings. Before explaining the specific
approach utilized in this case study, it is essential to provide the researchers with a
summary of the organizational structure of the programs at BILSEM and activities so

they can comprehend how the activities function as a whole.
3.2. Research Setting

The current study was conducted with elementary gifted students who attended one of
the BILSEMs in Ankara. BILSEMs are institutions where gifted individuals receive
education in order to develop their abilities, skills, competencies, and potentials in the
disciplines of science and art, based on their educational needs according to the fields
in which they have been identified (MoNE, 2019). If an individual is assessed as
having a potential in at least one of three distinct skill areas - general mental, visual
arts, or music- they are eligible to get training and participate in activities offered at

the centers.

The students who will enroll in these centers are chosen through a multi-stage
evaluation process. Firstly, teachers in regular primary school classrooms use an
observation form in order to identify children who are talented in general mental
ability, visual arts or music. Then, the selected students take the group intelligence
test. Successful students, as determined by the results of the group intelligence test,
proceed to take the individual intelligence test. Following the completion of the
individual intelligence tests, the placement committee carry out their final evaluation
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of the students. Students who have an 1Q of 130 or higher are considered for placement
at BILSEM (MoNE, 2007). The committee makes the ultimate decision after analyzing
the results of group and individual intelligence tests administered to students, as well

as the capacity of a center located within a province (Sahin, 2015).

Educational activities are conducted by BILSEM as after school activities without
interrupting gifted students’ education in formal institutions (MoNE, 2019). Thus,
BILSEM provides educational opportunities for gifted students in line with their
interests and enable them to use their existing capacity at the highest level (MoNE,
2019). Gifted students have the option of receiving education in BILSEMs either once
or twice a week, outside of regular school hours on weekdays. In some BILSEMs,
gifted students also have the option of receiving full-time education on Saturdays.
These centers offer a form of pull-out enrichment program. The programs
implemented in these centers do not have national objectives. The program is modified
for each student so that it caters to their own interests, needs, and pace of learning. The
teaching method is the primary distinction between the programs offered by the centers
and those offered by the general education program. Higher levels of thinking, an
open-ended environment, opportunities for discovery and creativity, freedom of
choice, and collaborative work constitute the main components of the process in these
centers (Sak, 2010).

The completion of five programs; orientation program, the support training program,
the individual talent recognition program, the special talent development program, and
the project production and management program, is required for progression in the
programs (MoNE, 2019). In the first stage of the program, students and their parents
are informed about physical environment, the mission and vision of the BILSEMs and
the educational model which is followed in these centers. Gifted students and their
parents who enroll at BILSEM for the first time are required to participate in an
orientation program that lasts no longer than two months and forty lesson hours. At
the end of this phase, students determined gifted with general mental ability are
transferred to the support training program, whilst students determined gifted with
visual arts or music are transferred to the special talent development program (MoNE,
2019). The second stage of the program is called the support training program. The

support training program involves the activities of the education program focused on
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combining the most essential skills that students must acquire with all subjects or
disciplines. The goals of this program are to develop skills such as collaboration,
communication, the ability to learn, teamwork, scientific research, entrepreneurship,
problem solving, critical and creative thinking, effective decision making,
technological literacy, efficient use of resources, and social responsibility. Gifted
students who are qualified to enroll BILSEM in the second and third grades participate
in the support training program for a total of two academic years, including the
orientation program. The students will receive the majority of their instruction during
the first year from their regular classroom teachers. For higher grade levels, the
program is applied for at least one academic year, including the orientation program.
(MoNE, 2019). In the third stage of the program, which is called the individual talent
recognition program, the students are given the opportunity to discover their skills by
participating in activities from a variety of fields. The primary goal of this program to
introduce students who have been determined gifted with general mental ability to a
wide range of academic fields. The duration of the individual talent recognition
program attended by students within the scope of this study is planned and
implemented across three academic years so that each student is exposed to all
disciplines. Within this program, the students continue their study in a minimum of
two and a maximum of four different subjects. After completing this program, the
teachers’ board evaluates students using the multiple assessment approach. Students
are guided to specialized talent development program areas based on the results of this
evaluation (MoNE, 2019). In the fourth stage, the special talent development program
is for students to acquire advanced knowledge, abilities, and behavior in a discipline
while also considering inter-disciplinary connections. The activities in this program
include production-oriented studies with the goal of obtaining in-depth and advanced
knowledge, skills, and behaviors. Maximum of two subjects are offered to students in
the special talent recognition program. This program is comprised of two academic
years for individuals gifted in general mental ability and four academic years for
students gifted in visual arts or music (MoNE, 2019). In the final stage of the program,
called the project production and management program, consultation is provided to
students in order to enhance their knowledge and experience of the project preparation
and development processes (MoNE, 2009). Each academic year, the students enrolling

in this program are required to complete at least one individual project. Gifted students
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continue to participate in the project production and management program until they
graduate from high school.

To be more specific, the research was conducted in the science laboratory at the
BILSEM, which served as the research setting for the study. This setting was chosen
because gifted students had access to a variety of science and mathematics-related
resources. The seating arrangement in this laboratory is in the form of clusters. In the
following part of the section, specific information about the participants of the study

is offered.
3.3. Participants of the Study

The participants of the current study are nineteen elementary gifted students who
enrolled in the individual talent recognition program at one of the BILSEMs in Ankara.
In qualitative research, the primary goal is to determine the participants and sites where
the researcher gather information on the research questions in the most effective way
possible to understand the central phenomenon (Creswell, 2012). According to
Sankar-DeLeeuw (2004), when studying a sub-population of gifted students, it is
difficult to select samples of gifted students from a large population. A random
selection method can be impossible. Hence, this study employed purposive and
convenience sampling. A purposive sampling is a non-probability sample selected
based on population characteristics and the purpose of the research (Patton, 2014). The
real significance and effectiveness of purposive sampling derives from its emphasis
on the selection of information-rich, specific situations to collect in-depth data (Patton,
2014). The researcher used purposive sampling to select the participants because the
researcher obtains the more knowledgeable information about the modeling
competencies when they are engaged in engineering-based MEAs from that group.
Another reason to select this sampling method is related to the participants’
characteristics since the aim of the individual talent recognition program at BILSEM
that enables gifted students to reveal their skills in activities from a variety of fields
overlapped with the engineering-based MEAs possible contribution in literature. In
addition, as a convenience sampling, the researcher selected the most convenient site
among the BILSEMs in Ankara to obtain data.
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The present study was carried out within the scope of the summer school programs
carried out in BILSEM. First of all, the administrators, teachers, parents and students
were initially informed on the goal and scope of this study. Then, students who
volunteered to participate in this study applied to this program of the summer school.
After receiving parental consent, the participant groups of the study were formed.
Considering their schedule in the summer school program, administers at BILSEM
separated participants into two groups based on the grade levels they have completed.
In order to keep the identity of the participants confidential, each participant was
assigned a number, and each group was assigned a letter. The detailed information
about the participants of the study is shown in Table 3.1.

Table 3.1. Demographic information about the participants

Group Participant Gender Type of Grade Age Duration
regular Level of
school attending

BILSEM

(year)

Group A Student 1 Male State 5 10 1
Student 2 Female Private 5 10 2

Student 3 Male Private 6 12 2

Group B Student 4 Female Private 6 11 2
Student 5 Female State 5 10 2

Student 6 Male Private 5 10 3

Group C Student 7 Female Private 6 11 3
Student 8 Male State 5 10 2

Student 9 Male State 6 11 2

Group D Student 10 Female Private 6 10 3
Student 11 Male State 5 10 1

Student 12 Male State 5 10 1

Group E Student 13 Male State 4 9 1
Student 14 Male Private 4 9 1

Student 15 Male State 4 9 1

Group F Student 16 Female Private 4 10 2
Student 17 Male State 4 9 2

Student 18 Male State 4 9 2

Student 19 Male State 4 9 1

As shown in the Table 3.1, most of the participants are male (13) and the others are

female (6). In addition, seven of them are fourth graders, seven of them are fifth

graders and five of them are sixth graders. Among them, most of them (11) are

attended state school while remaining eight of them attended private school in regular

education. Moreover, six participants are nine years old, nine are ten years old, three

are eleven years old, and one is twelve years old. When the duration of attending
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BILSEM is considered, seven of the participants have attended for a period of one
year, nine participants for a period of two years, and three participants for a period of
three years. In addition to some demographic information, the individual
characteristics of the participants were presented in the table 3.2. The individual

characteristics of the participants in the study were determined by interviewing with

BILSEM teachers.

Table 3.2. Individual characteristics of the participants

Participant

Areas of giftedness

Characteristics

Student 1

General mental
ability

He actively participates in activities. He enjoys working
in groups. He fulfills his responsibilities. He poses lots of
guestions throughout the activity. His motivation is high
He has creative ideas. He is very successful and willing
especially in innovation studies. He is talented in manual
skills, research and concretization Additionally, he is
talent in both history and physics.

Student 2

General mental
ability

She actively participates in activities. She has high social
skills. She is curious and willing to participate in design
studies. Also, she 15 talented in literature and chemistrv.

Student 3

General mental
ability

He enjoys working in groups. He has great attention to
detail. The motivation to learn is really high He fulfills
his responsibilities. He is dedicated and is enthusiastic
about design studies. Also, he enjoys conducting research
and excels in concrete operations. He is talented in
mathematics and hgstorv.

Student 4

Music

She is talented in music.

Student 5

General mental
ability

She enjovs working in groups and actively participate in
activities. She is talented in mathematics and informatics.
She is alzo interested in mind games. In addition, she is
interested in coding lessons and working with Legos.

Student &

General mental
ability

He enjoys working in groups. He fulfills his
responsibilities. He actively participates in activities. He
iz talented in chess. He iz inquisitive. Throughout the
activity, he continuously asks questions. He is interested
and creative in design studies. He 15 talented in
informatics and chemistry.

Student 7

General mental
ability

She enjoys working in groups. She fulfills her
responsibilities. She actively participates in activities.

Student 8

General mental
ability

He is uninterested in group work. Usually, he avoids
expressing his opinions. He is an introverted student. He
lacks emotional expression. He iz motivated and
dedicated in both the design and research processes. In
addition, he 1s talented in chemistry and biology.

Student 9

Visual arts

He is talented in wvisual arts. He actively participates in
activities.

Student 10

General mental
ability and mukic

Talented in the field of music. In addition, she is talented
in physics and informatics. She 15 very cheerful and
excited. She participates actively in group work. Her
attention can be quickly distracted. She usuvally fulfills
her responsibilities. She iz strong in the areas of design
and innovation, where she demonstrates creative thinking
and works.

Student 11

Visual arts

He is talented in wvisual arts.
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Table 3.2. (continued)

Student 12 General mental He iz eager, inquizitive about several fields of research,
ability and successful in design works.
Student 13 General mental He enjovs working in groups. He actively participates in
ability activities. Also, he fulfills his responsibilities.
Stedent 14 General mental He has high level skills in mathematics. He iz curious. He
ability actively participates in activities. He reads foo many
books. He is dedicated researcher and also proficient in
design work.
Stedent 15 General mental He enjoys working in groups. He iz a cunous and
ability interested student. He usually fulfills his responsibilities.
Student 16 General mental She enjoys working in groups. She is a very curious
ability student with a high motivation to leamn. She fulfills her
responsibilities. She is highly strong analytic ability, and
successfol in research and design studies.
Student 17 General mental He enjoys working in groups. He fulfills his
ability responsibility. He is highly effective in design and
invention due to his creative thinking and analytical
thinking skills.
Student 18 General mental He has high level skills in mathematics and talented in
ability mind games He is a very curious and highly motivated
student. He fulfills his responsibilities. His strengths in
areas such as innovation, design, research, application.
Additionally, he is an outstanding student who takes the
class seriously and who gets along well with his peers.
Student 19 (General mental He iz curious, interested in design, inguisitive, and
ability motivated about research and applications.

The above table provided participants’ areas of giftedness and some individual

characteristics of participants. The participants’ areas of giftedness show the areas

which are recognized as gifted in order to attend BILSEM. In this table, the areas of

giftedness are those in which students are identified to attend BILSEM.

In particular, the participants are not familiar with mathematical modelling and

engineering design problems. Thus, engineering-based MEASs was applied this sample

purposefully. Although the current mathematics curriculum emphasized the

mathematical modelling, students do not have an opportunity to involve in model

eliciting activities in their regular classroom environments. On the other hand, the

activities in BILSEM enable them to communicate with their peers and work in

groups.
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3.4. Data Collection Tools

The data sources of this study are videotapes of gifted students’ modelling experiences
and interviews, their worksheets, researcher field notes and observation notes of the
teacher. When conducting research, all implementation process was recorded through
video or voice recorder. The following is an explanation of how the process is
actualized through the use of engineering-based MEAs.

3.4.1. Engineering-based MEAs

When preparing activities for elementary gifted students, the characteristics of
differentiated activities that cater to the unique needs of these students were identified
(Ozdemir, 2016). As a result, engineering-based MEAs were determined to be
appropriate activities due to the fact that they are multidisciplinary, open-ended,
complicated, and authentic (Lesh & Doerr, 2003). To put it more precisely, such
activities are challenging, interesting and requires higher level of thinking to satisfy

the instructional needs of gifted students (Ozdemir, 2016).

Accordingly, all three engineering-based MEAs used in the current study were
developed based on the six principles for designing MEA in mathematics and
engineering education (Diesfes-Dux et al., 2008) and the background knowledge of
this specific group, elementary gifted students. In accordance with the goal of the
present study, engineering-based MEAs were developed in response to the need for
gifted students to provide evidence of their modeling competencies in order to
successfully complete the modeling process. To put it plainly, when developing these
activities, it was expected that seven modeling competencies (internalizing,
interpreting, structuring, symbolizing, adjusting, organizing, and generalizing) would
be demonstrated, because as the stages required to complete the modeling process
proposed by Blum and Leif3 (2007) are related to modeling competencies. In the scope
of this study, Bridge Consruction, Dr. Ahmet’s Will and Mars Lunarcrete activities
were used. The purpose of using three distinct engineering-based MEAs is to conduct
an analysis of cognitive modeling competencies in a variety of activities that are
designed to prepare participants for various forms of engineering, which are civil,
architectural and data mining engineering. In other words, the Bridge Construction and

Mars Lunarcrete activities involve building a prototype using civil and architectural

72



engineering. The former is a situation frequently encountered in daily life, while the
latter is related to space. On the other hand, Dr. Ahmet’s Will activity requires
developing procedure, not the product. Hence, the researcher aims to investigate
elementary gifted students’ cognitive modelling competencies when they are engaged

in different forms of engineering-based MEAs.

In addition, it was concluded that gifted students are interested in the events occurring
in their surrounding area and across the world, as well as the issues on the agenda
(Taber, 2014). The context of the problems was chosen by BILSEM teachers in
mathematics and scientific education, as well as specialists in science and mathematics
education, taking into consideration gifted students’ individual areas of interest. For
instance, it was expected that, send your name to Mars project, which was on the
agenda at the time, the Mars Lunarcrete activity would capture the interest of the
students. In addition, the context of the activities including Bridge Construction and
Dr. Ahmet’s Will includes regional and global challenges that students may encounter

frequently in their daily lives.

Engineering-based MEAs were implemented by the researcher. In addition, the
science teacher was also present in the classroom as an observer. Before the
implementation, students solved apple pie problem (Schukajlow, Leiss, Pekrun, Blum,
Miiller, & Messner, 2012) individually. In this situation, Seving’s mother requested
her to purchase three kg of apples and return. Seving has two options from which she
must choose the most logical one. Option 1: At the grocery close to your home a half
kilogram of apples costs 1 Turkish Lira. Option 2: 1 kilogram of apples costs 1.5
Turkish Lira at a market a short distance from your home. Due to the distance to the
market, she must take the bus. Then, the interview conducted with each participant. In
the interview, some questions such as why you choose this option, what you consider
when choosing it, what you take into account any more factors were posed in order to
obtain the details of the solution. Based on the data from their modelling process and
interview, students were separated into two groups by the researcher and science and

mathematics teachers.

The participants worked in mixed-ability groups of three or four and spent five 45-

minute sessions on the engineering-based model eliciting activities. In the first session,
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elementary gifted students studied the newspaper article and the readiness questions
for Bridge Construction and Mars Lunarcrete activities. For Dr. Ahmet’s Will activity,
the students watched the video prepared by Turkey for the 2012 Olympic candidate
countries and replied the readiness questions. The Bridge Construction and Mars
Lunarcrete problem were presented to the students and they draw design sketches.
They determined which material they use for the construction of their bridge or
construction of their structure. In the Dr. Ahmet’s Will activity, the problem situation
was presented and they determined which variables they use to specify the best
location for relatives. In the next two sessions, they constructed their prototypes or
models and wrote letters to committee, cooperation or lawyer, describing and
documenting their prototypes or models. In the last two sessions, students revised their
prototypes or models for new criteria and present their models to the whole class for
discussion. Internet was available for them to make easier their explorations during the
development of their models. All of these procedures are summarized in Table 3.3.
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Table 3.3. The study’s progression plan and accompanying data collection tool

Sessions Bridge Construction Mars Lunarcrete Dr. Ahmet’s Will
Activity Activity Activity
Week 1 Warm-up task: e Warm-up task: e Warm-up
Newspaper Newspaper task: Video
article article prepared by
(The dramatic (Lunarcrete Turkey for
story of the construction in Tokyo 2012
Brooklyn Moon) Olympic
bridge) e Readiness candidate
Readiness questions counties
guestions e Mars e Readiness
The news video Lunarcrete questions
Bridge Problem sheet e The letter
Construction 1 and data set 1 from Dr.
problem sheet 1 e Drawing sheet Ahmet’s to
and data set 1 e Focus-group his relatives
Drawing sheet interview e Dr.Ahmet’s
Focus-group Will problem
interview sheet 1 and
data set 1
e Focus-group
interview
Week 2 First letter to o First letter to o  First letter to
committee corporation lawyer
Focus-group e Focus-group e Focus-group
interview interview interview
Week 3 Bridge e Mars e Dr. Ahmet’s
Construction Lunarcrete Will problem
problem sheet 2 problem sheet 2 sheet 2 and
and data set 2 and data set 2 data set 2
Focus-group e Focus-group e Focus-group
interview interview interview
Week 4 Second letter to e Second letter to e Second letter
committee corporation to lawyer
Focus-group e Focus-group e Focus-group
interview interview interview
Week 5 Group e Group e Group
presentation to presentation to presentation
whole class whole class to whole class
Whole class e Whole class e Whole class
discussion discussion discussion
Focus-group e Focus-group e Focus-group
interview interview interview
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In the next sections, the detailed information about each engineering-based MEAs are
provided.

3.4.1.1. Bridge Construction Activity

Bridge Consruction is a widespread activity in literature for students (e.g. Carroll,
1997; English, Hudson, & Daves, 2012; English & King, 2018). However, the news
video about the request of the peasants to construction of the bridge instead of
tumbledown, 60-year-old wooden suspension bridge which provides transportation
among three villages in the Black Sea Region of Turkey was related to real-life
problem as shown in Figure 3.2. Consequently, in the present study, the researcher
adapted the activity for the Turkish context.

Bridge Construction Problem 1
https://www.youtube.com/watch?v=dK14VtVYTwc

My name is Ayse, I am a middle school student in the village you watched in the
video. I have a dream of becoming a university student studying architecture. Our
village is facing a problem...

There is a dangerous situation in our village that makes it almost im possible to reach
the other side of the Harsit stream. We set up a committee to look at different bridge
prototypes so we can choose a bridge model to solve the problem. An excellent
bridge will help village residents travel from one side of the stream to the other.
The problem is we do not know which type will be the best. We want you to analyze
the prototypes of bridges that could do the job!

There are several bridge models. However, we do not know how to order bridge
models. Please write us a letter to determine which bridge model is best to present
to the committee.

The data table shows the materials from which the bridges can be built, the cost,
the glue used. Please summarize your decision making process for me so that this
information will help us in the future,

Some things to consider are: What do all bridges have in common? What are some
of the differences? Which bridge is the strongest? Look at the shapes used to build
each bridge. Which shape is the strongest? Which is the weakest? Why can you use
each type of shape to create hyperlinks?

Thanks for your help.

Best regards,
Ayse, a promising architect

Figure 3.2. Bridge Construction Problem 1

As stated in Figure 3.2., the data table is provided to show the materials from which
the bridges can be built, the cost, the glue used. In particular, as shown in Table 3.3,
this activity involves: (a) a warm up task including a newspaper article about the
construction and dramatic story of the Brooklyn Bridge to introduce the context of the

model-eliciting activity. (b) Readiness questions to be answered related to the article.
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Students defined vocabulary words for bridge construction. After whole class
discussion, different types of bridges (truss, arch and beam) were introduced. (c) The
news video about the request of the peasants to construction of the bridge instead of
tumbledown, 60-year-old wooden suspension bridge which provides transportation
among three villages in the Black Sea Region of Turkey. (d) The problem to be solved
with the data. Students are asked to use the information provided and any other
resources they may find useful to develop bridge prototype in order to help the
committee make the best type of the bridge. After completing the activity, students
write a letter to committee, documenting the method they use to develop their model.
After they construct their first bridge and write first letter to committee, the second

problem situation as shown in Figure 3.3 was presented to gifted students.

Bridge Construction Problem 2
Dear Engineering Team,

The Hargit Stream Bridge Construction Committee would like to thank you
for your outstanding work. The information that you provided in your letter
was quite helpful. But when we got the prototype bridge made of skewer,
the skewers broke in half. The problem we face is twofold. The peasants
want to know what the best prototype is in 3 days! The second problem is
that the company that we bought the skewers for a reasonable price was
closed for the holiday. Their suggestion is to use a model bridge prototype
made of spaghetti.

Now you need to reorder the bridge models with the new information you
have acquired. You may need to change your initial strategy in choosing
the best material. Please let us know what changes you need to make when
responding to this letter.

Best regards,
Ayse, a promising architect

Figure 3.3. Bridge Construction Problem 2

The students reviewed their first prototype in line with the second problem and, if
necessary, built a second prototype. After completing the prototype, they wrote a letter
to the committee explaining the procedures they used, comparing their first and second
prototypes. At the end of the process, elementary gifted students present their models
as a group to the whole class for discussion. That is to say, both groups gave each other

feedback on the prototypes that they had developed. Considering all of these, Bridge
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Construction activity addresses six model-eliciting principles for constructing models
in mathematics and engineering education as stated in literature review chapter
(Diesfes-Dux et al., 2008). The detailed information regarding Mars Lunarcrete

activity is provided in the following part of this section.

3.4.1.2. Mars Lunarcrete Activity

The activity was based on the work of CPALMS (2017b), the official source of
standards information and course descriptions for the State of Florida. CPALMS was
established by the Florida State University’s Florida Center for Research in Science,
Technology, Engineering, and Mathematics (FRC-STEM). In order to develop an
activity associated with Mars, the researcher developed the context of this activity by
using the literature (CPALMS, 2017b).

In this activity, students would create a model that works to determine the best regolith
for settlement in Mars and participate in NASA’s building design competition for
colonies settling in Mars. Students would contact a company requesting their services.
Students would examine the work done to create their own lunarcrete, work on this

issue and create their own lunarcrete as shown in Figure 3.4.

Mars Lunarcrete Problem 1
Dear students,

Mars Habitation Corporation is a corporation that wants to construct
mexpensive, energy-efficient apartments, townhouses, and single-family
residences on Mars using regolith in the future. Therefore, we request your
assistance in developing a procedure for regulating regolith binders.

Due to the restrictive nature of the study. we decided to use the best binders
available on Earth. However, we have decided to keep the identities of the
binders hidden and have requested that they refer to them as binder 1 and
binder 2. We want you to collaborate and determine the most effective
binder combination for housing on Mars.

Please send us a letter with your procedures. In addition, please describe
the binding materials you used to support your data and the order in which
you arranged your study.

Please provide brief procedures detailing o how your team developed your
result.

Kind regards,
Mars Habitation Corporation

Figure 3.4. Mars Lunarcrete Problem 1
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As shown in the above table 3.3 and Appendix H, this activity involves: (a) a warm up
task including a newspaper article about the Lunarcrete construction in Moon to
introduce the context of the model-eliciting activity. (b) Readiness questions to be
answered related to the article. Students replied the questions such as what lunarcrete
is, how it is constructed and what regolith is. (c) The problem situation related to
determining best regolith solution to construct structure on Mars. (d) The data was
provided with density, wind resistance, friability and cost. The ratio of regolith and
binders were also presented. (e) After writing the letter for their procedure, the new

situation was presented as shown in Figure 3.5.

Mars Lunarcrete Problem 2
Dear students,

Mars Habitation Corporation has found binding agent x in its
pursuit of an adhesive of higher quality. We have provided all
information required to do the analysis. In addition to this, we
request that you shorten setting time to reduce the cost.

Please send us a letter with your procedures. Additionally, please
describe the order of the binding agents and the research used to
support your results. Please describe in detail how your team arrived
at your conclusion.

Kind regards,
Mars Habitation Corporation

Figure 3.5. Mars Lunarcrete Problem 2

In addition to their initial request, the corporation asked students to shorten setting
time to reduce the cost. After their final decision, they wrote the letters which
summarize all the decisions they made and then discuss their models with other
groups’ members. Considering all of the processes used in this activity, it is evident
that it follows to the six essential model-eliciting principles for mathematics and
engineering education (Diesfes-Dux et al., 2008). For model-construction principle,
students create a model that works to determine the best regolith for settlement in Mars
by using multiple representations. For reality principle, students think about their

previous experiences, the boundaries of the real-life problem situation which is new
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trending topic, and the demands of the client when attempting to solve Mars
Lunarcrete problem. For self-assessment principle, Mars Lunarcrete activity gives
students the opportunity to analyze their progress, clarify their assumptions, and seek
for obstacles, problems, and alternative strategies while working in groups. For model
documentation principle, students document their model by writing a letter to the
corporation. For model shareability and reusability prenciple, students evaluate the
model’s applicability and generalizability. For effective prototype principle, multiple
feedback methods are provided to encourage students to rethink their models and to
explore the strengths and weaknesses of their models as well as other models in the
whole class discussion environment. In the next part of the section, the information

about Dr. Ahmet’s Will activity is provided.

3.4.1.3. Dr. Ahmet’s Will Activity

For this activity, the researcher searched for a context that can be associated with the
context of the video prepared by Turkey for the 2012 Olympic candidate countries.
Similarly, the O’Hare Airport Problem (Zawojewski & Lesh, 1999) and On-Time
Arrival (Chamberlin & Chamberlin, 2001) were used in the literature to determine the
best way. The phrase best was chosen deliberately since it is ambiguous and
encourages creativity as in the mentioned studies. Another reason for using this type
of activity is to highlight that engineering design is more than just prototyping; it also
entails the creation of procedures based on large amounts of data. In this regard, the
researcher adapted Dr. Ahmet’s Will activity context in CPALMS (2017a). In this
study, it was preferred to use the units that are used frequently in the world. For
instance, the price of a flight is indicated in dollars, the air temperature is expressed in
Fahrenheit degrees, the altitude is expressed in feet, and the rainfall is expressed in
inches. The purpose of this was to observe how students engage with these unfamiliar
units. For this activity, challenging problem situation was formed with many variables.
Students would determine the best location for reading Dr. Ahmet’s will. Students
interpret data sets including temperature, air pollution, travel costs, flight times and
health issues in order to rank five global locations for relatives of Dr. Ahmet as shown
in Figure 3.6.
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Dr. Ahm et’s Will Problem 1

Dear Relatives,

I am lawyer Bora, the representative of Dr. Ahmet Oztiirk’s last will and testament. I am
sorry to inform you that Uncle Ahmet passed away last Saturday. As you know, Uncle
Ahmet was a strange person. Uncle Ahmet loved to travel the world doing research and
collecting unusual plant specimens. As a result of his studies, he became a distinguished
pharmaceutical researcher for Amazon Medication. Uncle Ahmet was highly concerned
about his belongings. Therefore, it should not come as a surprise to anyone that his last
will and testament contains unusual directions to follow.

First of all, the reading of his will is scheduled to take place on April 1, which is also
Uncle Ahmet’s birthday. Second, in Uncle Ahmet’s last will and testament, he specified
that his family should get together in a specific location so that his will could be read.

In fact, the condition in his will; if a member of the family does not attend, all of his
wealth will be distributed to the pharmaceutical foundation. This means that everyone;
Cousin Ozan, Cousin Ezgi, Aunt Belma, Aunt Hatice, Uncle Nedim and Cousin Mert must
be present during the reading of the will. The third condition states that the reading of the
will should take place preferably in the spring rain. While Uncle Ahmet traveled the world,
he spent most of his time in the tropical rainforests and leamed to love the rain.
The uncle’s last requirement is for the six relatives to determine the best location
according to the requirements of the will. You should choose the most suitable location
for all family members to travel. As his lawyer, I am ready to meet in any of five global
locations: Istanbul, Turkey; Geneva, Switzerland; Kanpur, India; Buenos Aires,
Argentina; Sydney, Australia. Please write back to me and list the places that all six
relatives find the most ideal to meet on April 1st. Please include a detailed description of
how you rank the locations from best to worst. Do not forget to include the reasons why
vou chose your ranking.

Please note that it also includes a direct video message from Uncle Ahmet.
I look forward to hearing from you.

Sincerely
Lawyer Bora Aydin

Figure 3.6. Dr. Ahmet’s Will Problem 1

As shown in the above table 3.3 and Appendix F, this activity involves: (a) a warm up
task including a video prepared by Turkey for 2012 Tokyo Olympic candidate
countries to introduce the context of the model-eliciting activity. (b) Readiness
questions to be answered related to the video. They answered questions such as what
factors do you take into account when choosing a place, do you consider all factors,
and whether some factors are more important than others. (c) The letter from Dr.
Ahmet’s to his relatives to determine the best places in which given in the data set. (d)
The data sets which include temperature, air pollution, travel costs, flight times for

five global locations and character cards for relatives were provided. (e) determine the
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best location and wrote their procedure to lawyer. Then, the second problem situation

as shown in Figure 3.7 was presented.

Dr. Ahm et’s Will Problem 2

Dear Relatives,

[ am grateful to you for the excellent effort you did in selecting the location for
the reading of the will. However, [ have recently found a second video in which
Uncle Henry explains other factors to consider while choosing a location for the
reading of the will. Three of our relatives have asthma, lymphoma and albinism.
You will need to consult the accompanying disease information cards in order
to make a final decision regarding the location in which all family members will
meet. Remember that the original requirements of the will must also be
considered. Every member of the family who is mentioned in the will, mcluding
Cousin Ozan, Cousin Mert, Aunt Belma, Aunt Hatice, Uncle Nedim. and Cousin
Ezgi, must be present at the reading of the will on April 1st, and it 1s desired that
it be raining on that day.

You are expected to write a letter of response to the letter that was sent to you
with detailed instructions on the process that you used to select the location that
is most suitable for the family in light of the conditions outlined in the will and
their current health concerns.

Please rank the locations you've selected from most desirable to least desirable.
It is important that you keep in mind that the reading of the will can only take
place m one of my five offices around the world (Istanbul, Tuikey; Geneva,
Switzerland; Kanpur, India; Buenos Aires, Argentina; Sydney, Australia).

[ forward hearing from you very soomn.
Smcerely

Lawyer Bora Aydn

Figure 3.7. Dr. Ahmet’s Will Problem 2

For the second situation, three of the relatives had health problems, albinism, asthma
and lymphoma. Similar to the procedures for other engineering-based MEAs,
elementary gifted students reviewed their decision and wrote second letter to the
lawyer for considering both situations. Finally, they discussed their models with the
other group. Taken all of the aforementioned into account, this activity also conforms
to the six essential principles of model eliciting activity for mathematics and
engineering education (Diesfes-Dux et al., 2008) as seen in the Bridge Construction

and Mars Lunarcrete activities. As stated above, all the processes of elementary gifted
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students when they are engaged in engineering-based MEAs as a group was recorded
for data analysis. In addition, the worksheets they used and their letters are used as
data collection tool. The following section address the information about the

interviews.

3.4.2. Interviews

Interview is one of the most common data collection tool in qualitative studies
(Bogdan & Biklen, 2007). A qualitative interview enables researchers to pose general,
open-ended questions to participants and record their responses (Creswell, 2012).
Since elementary gifted students are engaged in engineering-based MEAS as a group
and this aims to investigate their modeling competencies as a group, focus group
interview was conducted in the present study. A focus group interview is referred to
as the process of collecting data by conducting interviews with individuals who are
participating in a focus group about a certain topic (Merriam, 2009). This form of
interview is used to collect a shared understanding from a number of different
participants as well as to get the perspectives of specific individuals (Creswell, 2012).
Focus group interview is a helpful tool to use when the interaction between
interviewees is likely to give the best information and collaborate with each other
(Frankel & Wallen, 2006). Throughout the process, at the end of each session, |
conducted group interview with students. She asked them to explain what they made
through the section. She directed why and how questions to elicit their thinking in the
design process. The participants listen to one another’s responses to the questions
while seated together in a group setting. After hearing the various responses, they
frequently provide additional commentary in addition to what they had first said. They
can either agree with one another or disagree with one another; consensus is not
required nor desired. The purpose of this method is to reveal students’ actual feelings
towards a topic by putting them in a social setting in which they may listen to the
perspectives of others and assess how those perspectives compare to their own
(Frankel &Wallen, 2006). Hence, engaging three to four groups of participants helps
the researcher validate the data and determine whether the findings are influenced by
specific group dynamic (Mills et al., 2009). In the following, there are some sample
questions asked the groups at the end of the first section of Bridge Construction

activity. For example; a) Could you tell us what you plan to construct your bridge in
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your drawing? (b) Which type of bridge will you construct? (c) Which materials will
you use? (d) What was the most important thing you considered to construct the
bridge? (e) Which shapes will you use and why? (f) How will you make your bridge
strong enough? (g) What will be the cost of your bridge? were asked the group of

students.

In addition, the sample questions which is asked at the end of the third section are as
follows: How did you change your model after the second situation? Why did you
revise your model or make a new model? How did you decide this? Do you think this

model of yours will be suitable for the new situation?

Finally, the following are examples of some of the questions that were asked during
the group discussions: When you compare both of your models, what are their
strengths and weaknesses? Which one do you think is better? Do you think this model
can be used for other situations? If available, how? What would you change if you
made a model again? In the following part of the section, the researcher field notes are

described in detail.

3.4.3. Researcher Field Notes

Field notes are defined as researchers’ written detailed written explanations of their
personal observations related to data collection (Frankel & Wallen, 2006). When
conducting a qualitative study in which the researcher also acts as the participant-
observer, it is important to collect field notes that are precise, accurate, and
comprehensive in order to produce credible findings (Bogdan & Biklen, 2007).
Accordingly, the researcher in the current study acted as a participant-observer and
properly documented her observations immediately after each section. In particular,
the researcher would take descriptive notes whenever there was an interesting
discussion, an unexpected situation throughout elementary gifted students’
engagement in engineering-based MEAs as a group, and the special characteristics of

the participant.

3.4.4. Observation Notes

Observation is a form of data gathering that enables the researcher to access the data

first-hand in describing and explaining the behaviors that are occurring in any setting
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or institution in detail (Creswell, 2012). The role of observation might change
depending on how the researcher chooses to gather data in order to gain a better
understanding of the key phenomenon with the participants in a given context (Frankel
&Wallen, 2006). A nonparticipant observer is an observer who visits a place and
records notes without taking part in the activities being carried out by the participants
(Creswell, 2012; Merriam, 2009). In the current study, science teacher at BILSEM acts
as nonparticipant observer. He has thirteen years of experience as a teacher and is a
Phd candidate in science education. He took some notes based on his observation and
shared with the researcher based on observation protocol (Appendix E). He is Due to
the interdisciplinary nature of this study, such notes help the researcher to reflect the

science aspects of the nonparticipant observer.
3.5. Data Collection Procedure

Data collection procure in this study included preparation of activities, the pilot study
and actual study implementation. Before beginning the implementation of the pilot
study, the relevant legal permissions were obtained from the METU Ethics Committee
as well as the Ministry of National Education. The context of the activities was
developed by the researcher by examining the relevant literature. Prior to the pilot
application, the drafts of the activities were presented to science, mathematics, and
technology teachers in BILSEM to provide their feedback. In the process of taking
expert opinions, the researcher was in the research environment when there were
science and mathematics classrooms, and spent time with the teachers and students in
order for students and teachers to accept the researcher in the environment and not to
feel alienated. In addition to the teachers in BILSEM, applying expert opinion from a
variety of fields such as science, technology and mathematics education and engineer,
the final form of the activities was implemented gifted students who attended
mathematics and science classrooms in the individual talent recognition programs at
BILSEM. Through this approach, the researcher was able to gain insight into the
behaviors of gifted students before to the actual study as well as monitor their
education process. During this process, materials such as video cameras and sound
recorders that were kept in the classrooms without recording in order not to affect the
natural behavior of the students. Table 3.4 includes a representation of a time schedule

that provides a summary of the data collection and analysis.
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Table 3.4. Time schedule for data collection and analysis

Date Data collection and analysis procedure
February 2017- April 2018 Development of engineering-based MEAS

May 2018- February 2019 Expert opinions about engineering-based MEAs and
implementation procedures

April 2019-May 2019 Pilot study
May 2019- June 2019 Analysis of the pilot study
July 2019-August 2019 Actual implementation of the study

August 2019- December 2021  Data analysis of actual study

As presented in Table 3.4., the first step of data collection was the development of
engineering-based MEAs. Considering the special characteristics of gifted students
and the purpose of this study, expert opinions were taken from specialists and teachers
from a variety of fields as mentioned. In line with expert opinions, the activities were
finalized and a pilot study was carried out. After the analysis of the pilot study, the
final form of the activities was implemented in the summer school at BILSEM. Finally,

the data from the actual study was analyzed and reported.

Think aloud protocol was used to capture students’ thought processes on videotape
when they involve in engineering-based MEAS. That protocol is used in many fields
including engineering and technology to elicit student design process and provides an
in depth understanding of the processes students use to solve engineering design
problems (Bursic & Atman 1997, Christiaans and Dorst 1992; Mentzer,2014). To
conduct verbal protocol, three step approach (recording, transcription/segmenting and
coding into categories is proposed by the researchers (Ericson & Simon,1993).
According to Ericson and Simon (1993), it enables to elicit the sequence of
information that is heeded by the student without altering the cognitive processes,
while other kinds of verbal reports may change these processes. The pilot study phases

of data collection procedure were provided in the following.
3.6. Pilot Study

The pilot study was carried out with groups of 2, 3 and 4 students in the mathematics
classroom. Each activity was carried out with a different class group with seven

students.The participants were elementary gifted students who attended individual
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talent recognition programs for both mathematics and science classrooms. The pilot
study was conducted in two 40-minute sections during the block class hour. During
the pilot implementation process, the mathematics teacher of the class was also in the

classroom as an observer.

Since the researcher participated as a participant observer throughout the pilot study
and actually applied the activities, she recorded her observations everyday after each
activity. Following the end of the implementation, those who had taken part in the pilot
implementation were invited to a discussion on the process. The following are some
of the topics that were covered in this discussion: the students’ feedback on the
activities and their suggestions for improvement. There were some changes after the
pilot study conducted. Because of the interconnected nature of the activities, it was
decided that the mathematics teacher and the science teacher should work together to
carry out the activities. Since the researcher was already mathematics teacher, the
science teacher took place in the actual study. Due to the lack of materials in the
mathematics classroom, the science laboratory, where easy access to both mathematics
and science-related materials can be provided, was determined as a research area. All
of these are the suggestions of the mathematics teachers. According to the observations
of the researcher, the time was insufficient for the students to realize their actual
potential. In her notes after the pilot study, she suggested four sections. However, in
the actual study, based on the phases of engineering design process, she planned five
sections as planning, constructing, testing, reconstructing and reflecting. Another
observation is that groups should consist of 3 or 4 students. When compared to the
other groups, the two-person groups had a more difficult time going through this
process. In the pilot study, they were assigned to the desired groups. However, this
situation prevented forming groups heterogeneously. Because of this, in the actual
study, the heteregenous groups was formed by researcher and their teachers
considering many criteria such as gender, grade level and special characteristics in
group work. After observing that some of the groups in the pilot study tended towards
sketching, it was determined that students should be asked to draw their designs for

prototypes.

Considering student requests in the context of the activities, a variety of materials were

used in the actual application. In line with the suggestions of the students, spaghetti,
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silicone and tape were included in the Bridge Construction activity as materials. When
it was observed that the materials they intended to use in the activities were very
different, the researcher planned the first lesson as planning and determining the
materials. Therefore, she considered being able to provide the materials they required
for the other session. Another view of the students was that illnesses of relatives in
Dr. Ahmet’s Will activity were not given. They claimed that since there was some
personal information about the relatives in the activity, they could make inferences
about which people might have asthma and lymphoma. They said this would make the
activity more challenging. Correspondingly, the researcher reduced the information
about the relatives who has such diseases. The other suggestion for Dr. Ahmet’s Will
activity is that they ask for a brochure to be prepared for their relatives at the end of
the activity. Hence, the researcher asked the students to prepare a brochure using the

Canva program about the most suitable place for relatives in the actual study.
3.7. Data Analysis

Analyzing qualitative data requires analyzing a large number of transcripts in search
of similarities and differences, and then discovering themes and constructing
categories (Creswell, 2012). In this process, the aim is to reduce the amount of data
into meaningful components so that the research question can be answered (Merriam,
2009). In this regard, multiple sources provided the data to draw conclusions while
preserving a clear chain of evidence in the current study (Yin, 2003). Creswell (2012)
specifies the six steps that should be followed in the approach for analyzing qualitative
data: prepare the data for analysis by arranging and organizing it; read all of the
obtained data; code the data; produce the themes and/or the descriptions from the data;
interrelate the themes and/or the descriptions; and interpret the meaning of the themes
and/or the descriptions. In this study, data analysis was conducted using the mentioned

steps.

In particular, the current study aims to investigate the cognitive modeling
competencies of elementary gifted students when they are engaged in engineering-
based MEAs and to determine to what extent they display cognitive modeling
competencies and related sub-modeling competencies as a group. Correspondingly,
the obtained data was analyzed based on the adapted version of classification of
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cognitive competency to investigate and assess proposed by de Villiers (2018). The
seven cognitive modeling competencies include internalizing, interpreting,
structuring, symbolizing, adjusting, organizing, and generalizing. In addition, the
extent to which elementary gifted students in groups displayed such cognitive
modeling competencies when they are engaged in engineering-based MEAs, namely,
Bridge Construction, Mars Lunarcrete, and Dr. Ahmet’s Will were determined based
on the adapted version of the group modeling competency observation guide proposed
by de Villiers (2018). To sum up, the cognitive modeling competency framework
which describe the related mathematical modeling and engineering sub-competencies
was used to explain the details of each cognitive modeling competency and its related
sub-modeling competency. In addition, the cognitive modeling competency
observation guide which identify the detail of each level with the score from zero to

three used to determine the level of groups’ cognitive modeling competency.

First of all, the video recordings of each group’s work and their interviews were
transcribed. For uncertain points, audio recordings and video recordings of the
classroom section were also used to make the data more understandable and
applicable. To gain a general sense of the data (Creswell, 2012), the researcher read
all transcribed data sentence-by-sentence and identified words and phrases that

described the participants’ responses.

In the process of coding, there are two common analysis methods: (a) open coding
approach, in which researchers construct codes based on their conceptual knowledge;
(b) employing predetermined codes, in which researchers use codes developed based
on the phenomena or literature findings (Creswell, 2012). After a review of the
relevant literature, it was determined to conduct the initial analysis of gifted students’
modeling competencies when they are engaged in engineering-based MEASs using the
provided framework by de Villiers (2018). De Villiers (2018) developed the
component of this framework pertaining to mathematical modeling competencies and
sub-competencies by associating the seven steps of the modeling cycle proposed by
Blum and LeiB (2005) with the taxonomy categories developed by Knott (2014). By
matching the mathematical modeling competencies defined in the literature with the
engineering technician competencies recommended by national and international

professional accreditation engineering organizations, the final form of the mentioned
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framework was developed by de Villiers (2018) to identify competencies that support
mathematical reasoning and understanding among first-year engineering students.
Hence, the researcher mapped engineering competencies with mathematical modelling
competencies in order to generate assessment guidelines that can monitor the evolution
of all relevant competencies through mathematical modelling (de Villiers, 2018).
Since engineering-based MEAs were used in the current study, initial data analysis
was conducted using this framework that matches mathematical modeling

competencies with engineering competencies.

In addition, the other aim of the current study was to determine to what extent
elementary gifted students’ display modeling competencies when they are engaged in
engineering-based MEAs. Based on the integration of studies by Arter and McTighe
(2001), Jensen (2007), and Knott (2014), de Villiers (2018) developed an observation
guide to assign scores corresponding to the extent to which students demonstrate the
relevant competencies when performing MEAs. The mentioned guide was intended to
assign levels of competence of all the investigated competencies, not only their
presence or absence. Through coding, the researcher indicated the level of competence

of the groups in the present study during the engineering-based MEAs using this guide.

In the data analysis process, each of the transcribed videotape and interview sessions,
in addition to the solution papers, were coded in order to assist in defining modeling
competencies that were involved in each stage of the design process. Throughout each
activity, this procedure was carried out on a one-by-one basis for each group. The
following stage of the data analysis consisted of identifying recurrent patterns within
the coded data by making comparisons between the patterns that had emerged for each
category of the activities. The researcher read through the coded data multiple times,
focusing on similarities and differences each time. This allowed her to generate the
names of the sub-modeling competencies. After repeatedly using certain codes and
phrases relating to students’ modeling competencies, the names of the students’ sub-
modeling competencies began to emerge, and as a result, initial codes were produced.
The researcher then went back through the transcribed data to make any necessary
changes to the categories (competencies) and subcategories (sub-modeling
competencies) before forming the final categories and subcategories. When the initial

coding was finished, the researcher got together with the second coder to discuss the
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findings. The second coder is a mathematics teacher with 9 years of experience and a
master’s degree with studies on the application of MEAs. Hence, it is asserted that she
has an adequate knowledge related to analysis of qualitative data and students’
experiences with MEAs. After the framework and group modeling observation guide
proposed by de Villiers (2018) presented to her along with comprehensive explanation.
After providing her with a thorough description of the framework and group modeling
observation guide proposed by de Villiers (2018), the generated codes were discussed.
When there was a disagreement between the researcher and the second coder regarding
the codes, the meanings of the codes were updated by looking for their instances in the
literature once more and making their meaning explicit. The process continued until
there was agreement on final codes both the researcher and the second coder. For
example, the researcher highlighted the codes related to ethical issues with red color.
Then, the researcher and second coder came together to discuss the code since the
observation guide proposed by de Villiers does not include such a code. Following
that, both coders discussed about how the code of ethical consideration relates to each
of the sub-modeling competencies for internalizing. This was done as part of the first
modeling competency since both of them agreed that the ethical consideration should
be carried out to internalize the problem situation. By examining the horizontal
relationship that the code has with other codes, it was decided that rather than
introducing a new level of sub-modeling competency, a new sub-modeling

competency was added.

Through the discussion, it was determined that some of the data obtained from the
findings of this study did not fully comply with the proposed framework. Therefore,
there was a need to expand the framework in line with the data of this study. The
above-mentioned procedure was followed for all new codes between coders in this
study. Accordingly, the new indicators that emerged from the data of the present study
related to engineering sub-modeling competency and mathematical modeling sub-
competency were classified under each modeling competency. Then, within the scope
of this study, there was a need to match the modeling competencies and sub-
competencies with the mentioned related engineering and mathematical modeling

competencies.
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In the following, the saturated codes and categories for each modeling competency
and its related sub-modeling competency are presented using a consistent presentation.
That is to say, at first table, the competency is formed by merging the indicators related
to mathematical modeling and engineering sub-competencies. In the following tables,
new codes and indicators that emerged within the scope of the current research were
highlighted with “*”. Subsequently, the revised framework based on the data of the
current study was provided. In this table, the indicators related to mathematical
modeling and engineering sub-competencies were categorized under the sub-modeling
competency according to findings of this study. This new categorization method is
another aspect that distinguishes this study from de Villiers (2018). The last table for
each modeling sub-competency indicates the level of display of cognitive modeling

sub-competency. All the details and changes are provided in more detail as follows.

The procedures performed for each modeling competency are described in detail
below. To prevent confusion, the competencies derived from the merging of
engineering competencies and mathematical modeling competencies within the scope
of this study are referred to as modeling competencies. The part of the framework that
corresponds to each internalizing modeling competency is provided in the following

section.

Table 3.5. Classification of internalizing competency to investigate and assess
(Villiers, 2018, pp. 136-138)

Modelling Related engineering sub- Related mathematical modelling
competencies competency sub-competency
Internalizing * Identify design aspect standards, =« Recognize the existence of and

codes and procedures to be
followed.

» Gather information required for
problem analysis.

* Identify acceptance criteria for
work product.

* Verify that the design problem i
amenable to solution by their own
techniques.

* Document functional solution
requirements and gain client
acceptance.
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the need to solve a problem.

*» Refer to previous experiences to
make sense of the problem.

* Question, research, bramstorm.
clarify, attend carefully to certain
information about the problem.

* Simplify the real-world
situation by connecting the
essential concepts.



Table 3.5. (continued)

Internalizing

* Identify design aspect standards,
codes and procedures to be
followed.

* Gather information required for
problem analysis.

» Identify acceptance criteria for
work product.

* Verify that the design problem is
amenable to solution by their own
techniques.

* Document functional solution
requirements and gain client
acceptance.

» Identify interested and affected
parties and their expectations. *

» Identify the central ethical
problem. *

» Identify how engineering affects
people and places. *

Consider possible approaches for
the problem.*

* Recognize the existence of and
the need to solve a problem.

*» Refer to previous experiences to
make sense of the problem.

* Question, research, brainstorm,
clarify, attend carefully to certain
information about the problem.

* Simplify the real-world
situation by connecting the
essential concepts.

* Formulate the activity in own
language.

* Distinguish between relevant
and irrelevant information.

» Simplify the problem referring
to previous real-life experience. *
* Add new variable to the
existing problem. *

» Make association among
variables. *

» Come up with original ideas to
develop new and unique
golution. *

As shown in the table above, the first modeling competency were defined with its
related engineering sub-competency and mathematical modeling sub-competency. In
other words, the indicators (identifying interested and affected parties and
expectations, identifying the central ethical problem and considering possible
approaches for the problem) were added to related engineering sub-competency of
internalizing competency since these are the descriptions of new codes emerged from
the data. In addition, the indicators (simplifying the problem referring to previous real-
life experience, adding new variable to the existing problem, making association
among variables and coming up with original ideas to develop new and unique
solution) were added to related mathematical modeling sub-competency of
internalizing. Based on the data of the current study, the part of the framework related

to internalizing competency was extended as shown in Table 3.6.
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Table 3.6. Classification of internalizing competency framework

Modelling Sub-modelling Indicators related to engineering Indicators related to
Competency competencies that  sub-competency mathematical meodelling sub-
support the competency
modelling
competency
* Identify design azpect * Becognize the existence of
standards, codes and procedures  and the need to solve a problem.
to be followed. * Refer to previous experiences
= Grather information required forto make sense of the problem.
Understanding the problem analysis. * Cuestion, research,
problem brainstorm_ clarify, attend
carefully to certain information
about the problem.
* Formulate the activity in own
lanzuage.
* Identify acceptance * Distinguish between relevant
Collecting relevant criteria for work product. and irrelevant information.
information = Verifyy that the design problem
1z amenable to solution by their
own techniques.
» Gather information required for
problem analysis.
= Identify design aspect
standards, codes and procedures
to be followed.
" * Diocument functional solution
| requirements and gain client
= acceptance.
g * Identify acceptance = Simplify the real-world
g criteria for work product. zituation by connecting the
» Document functional solution  essential concepts.
Simplifying the  requirements and gain client = Simplify the problem
sifuation acceptance. referring to previous real-life
* Identify design azpect experience ®
standards, codes and procedures
to be followed.
Ethical * Identify interested and affected
consideration™® parties and their expectations. *
» Identify the central ethical
problem. *
* Identify how engineering
affects people and places. *
* Consider possible approaches
for the problem. *
Flexibility and = Add new variable to the
Novelty® existing problem. *

* Male aszociations among
variaples *

* Come up with original ideas
to develop new and unigque
zolution ®
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As presented in Table 3.6., new sub-modeling competencies, ethical consideration,
and flexibility and novelty were emerged based on the data of this study. When
labeling these sub-modeling competencies, the descriptions in the relevant literature
were considered. For example, adding new variable to the existing problem and
making associations among variables are the descriptors of flexibility in the literature
related to creativity (Siswono, 2010; Taskin, 2016). Since flexibility and novelty
concepts were interrelated in this study, they were categorized under the same
modeling sub-competency. The same procedures were followed throughout all newly
emerging categories. As another example, the indicators of related engineering sub-
modeling competency were considered the descriptors of ethical considerations in the
literature related on engineering design (Moore et al., 2014; Wheeler, 2019). After
internalizing modeling competency and its sub-modeling competencies were

established as in the table above, the observation guide to assess the extent of each

sub-modeling competency was reviewed in line with the findings of this study.

Table 3.7. Group modeling competency observation guide for internalizing

Modelling Sub-modelling Unsatisfactory Emergent/Developing Proficient Exemplary
Competency  competencies that 0 1 2 3
support the modelling
competency
Internalizing  Understanding the You failed to identify,  You identified mam You successfully You clearly identified
problem summarize or explain  issues but did not identified and and summarized main
the main problem or summarize or explain  summarized the main  issues and explicitly
question in yourown  them clearly or issues, but did not explained whyhow
words. sufficiently. explain why/how they  they are problems or
are problems or create  questions.
questions.
Collecting relevant You gathered Your response wasnot  You used all relevant  You uncovered
information information that lacks  completely related to  information fromthe  hidden or implied
relevance, quality and  the problem. problem for working  information not
balance. towards a solution. readily apparent.
Simplifying the You were unable to Your situational model ~ Your situational model  You used multiple
sifuation recognize and connect  were essentially was complete and representations for
essential concepts correct, but not all accurate. explaining and
about the problem. concepts were simplifying the
accurately represented. problem.
Ethical consideration®  You failed to identify  You identified main You successfully You clearly identified
central ethical problem  ethical problem or identified central central ethical
or interested and mterested and affected  ethical problem, problem, interested
affected parties.® parties but did not interested and affected  and affected parties
explain them clearly or  parties, but did not and also how
sufficiently * explain how engineering affects
engineering affect people and places *
people and places.*
Flexibility and You were unable to You offered some Youofferedthedataa  You offered the data
Novelty* offer flexibility with flexibility with the great deal of flexibility  a great deal of
the data.® data.® but did not come up flexibility and came
with original ideasto  up with original ideas

develop new and
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The above table represents the updated version of group modeling observation guide
related for internalizing competency and its sub-competencies. In this table, “*”
denotes the emergence of novel codes and their descriptions within the scope of the

present study.

As shown, the group modeling observation guide consists of two parts: scores and their
descriptive expressions. Each of these criteria focuses on a different aspect of
performance. Descriptive criteria were employed to categorize the modeling
competencies of elementary gifted students that emerged during the process. It was
determined that evaluating each modeling activity based on the four criteria proposed
by de Villiers (2018) was sufficient. In this regard, the level of sub-modelling
competencies for the groups in this study was classified as 0 (unsatisfactory), 1
(emergent/developing), 2 (proficient) and 3 (exemplary). To be able to assess
performance with group modeling observation guide, the best performance indicators
are defined for each emerging sub-modeling competence. To put it more precisely,
different performances were evaluated and compared, and the best as well as other
performance indicators were described for each sub-modeling competency. In other
words, depending on the best group performance for each sub-modeling competency,

other performance criteria were determined.

Moreover, the second modeling competency, interpreting was revised with its related
engineering sub-competency and mathematical modeling sub-competency as shown
in Table 3.8.
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Table 3.8. Classification of interpreting competency to investigate and assess (De
Villiers, 2018, pp. 136-138)

Modelling Related engineering sub- Related mathematical modelling
competencies competency sub-competency
Interpreting * Interpret the client’s * Make relevant assumptions

requirements, leading to an agreed
statement of requirements.

* Clarify requirements, drawing
issues and impacts to the client’s
attention.

* Make assumptions.

» Identify accepted criteria for
work produect.

* Consider practical, economic,
social, environmental, quality
assurance, safety and statutory
factors that can influence the
situation.

* Identify conditions and
constraints, also in terms of the
efficient utilization and interaction
of people, materials, machines,
equipment, means and funding.

» Consider the interdependence,
interactions and relative
importance of factors. *

Identify widely accepted methods
to manage risk.*

regarding the problem and further
simplifies the situation.
Assumptions are stipulated clearly
and coherently whilst
consideration for the consequences
of the agsumptions have been
made.

* Recognize quantities and
variables that can influence the
problem situation and how they
relate to the problem.

* Note conditions and constraints
that will/will not work for the
problem situation.

» Identify conditions and
constraints referring to previous
experience. *

As shown in the Table 3.8., the indicators shown with ‘*’, (considering the

interdependence, interactions and relative importance of factors and identifying widely

accepted methods to manage risk) were added to related engineering sub-competency

of interpreting competency. Moreover, the indicator (identifying conditions and

constraints referring to previous experience) was added to related mathematical

modeling competency of interpreting. In light of the findings of the present study, the

section of modeling competency pertaining to the interpreting was extended, as can be

seen in Table 3.9.
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Table 3.9. Classification of interpreting competency framework

Modelling Sub-modelling Indicators related to Indicators related to
Competency competencies that engineering sub-competency  mathematical modelling sub-
support the competency
modelling
competency
Assumptions * Make assumptions. * Make relevant assumptions
gl + Tdentify widely accepted regarding the problem and
& methods to manage risk* further simplifies the situation.
E sInterpret the client’s Assumptions are stipulated
= requirements, leading to an clearly and coherently whilst
agreed statement of consideration for the
requirements. consequences of the
+ Consider practical, economic, assumptions have been made.
social, environmental, quality
assurance, safety and statutory
factors that can influence the
sitnation.
+ Consider the interdependence,
interactions and relative
umportance of factors.®
Determining « Interpret the chient’s * Recognize quantities and
particularities requirements, leading to an variables that can influence the
agreed statement of problem situation and how they
requirements. relate to the problem.
« Identify acceptance
criteria for work product.
* Clarify requirements, drawing
issues and impact to the client’s
attention.
+ Consider practical, economic,
social, environmental, quality
assurance, safety and statutory
factors that can influence the
sitnation.
+ Identify widely accepted
methods to manage nisk.*
Establishing + Identify conditions and + Note conditions and
Conditions and  constraints, also in terms of the constramnts that will/will not
Constraints efficient utilization and work for the problem situation.

interaction of people. matenials, + Identify conditions and

machines, equipment, means and constraints referring to previous
ing. experience. *

+ Identify accepted criteria for
work product.

« Consider the interdependence,
interactions and relative
importance of factors®

As shown in Table 3.9, some indicators are present in more than one sub-modeling

competencies. That is to say, elementary gifted students in this study showed these

indicators while demonstrating more than one sub-modeling competency. For

example, they consider the interdependence, interactions and relative importance of
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factors when both making assumptions and establishing conditions and constraints.

Correspondingly, group modeling observation guide as shown in Table 3.10 was

extended based the analysis of the data from the current study.

Table 3.10. Group modeling competency observation guide for interpreting

Modelling, Sub-modelling Unsatisfactory Emergent/Developing Proficient Exemplary
Competency competencies that 0 1 2 3
support the modelling
competency
Interpreting Assumptions Your assumptions were  You used an You chose appropriate, You chose innovative
not appropriate for the oversimplified approach  efficient assumptions for  and insightful
problem, you did not and assumptions to the simplifying and solving  assumptions and showed
simplify the problem. problem, you did not the problem. consideration for the
explain all the important consequences of the
information to simplify assumptions clearly and
the problem coherently.
Determining You did not recognize ‘You recognized some You recognized You created a general
particularities the information relevant ~ quantities and variables  important quantities and  rule or formula or
to the situation and and discarded some variables in the problem  strategy for solving
discarded irrelevant irrelevant information and you were able to related problems
information that have an  that could influence the  discard irrelevant You recognized
influence on the problem. problem. information that could important quantities and
influence the problem. variables in the problem
and how they related to
the problem considering
practical, economic,
social, environmental,
quality assurance, and
safety factors.
Establishing Conditions ~ You were unable to You established vague You established clear You established clear
and Constraints. recognize conditions that  conditions under which  conditions and conditions and
will work/not work for the problem will constraints for a constraints in terms of
the problem. work/not work. successful solution to the  efficient utilization and

problem.

interaction of people,

materials, machines,
equipment, means and
funding, as well as
explanations for such
conditions and
constraints.

In the above observation guide, the explanation of the criteria of exemplary level
related to determining particulates and establishing conditions and constraints were
revised and extended. First of all, the extra explanation, recognizing factors that can
influence the situation for determining the particularities sub-modeling competency
was removed since it was preferred to express the sub-modeling competencies in a
clear form. In this regard, the description (you recognized important quantities and
variables in the problem and how they related to the problem considering practical,
economic, social, environmental, quality assurance, and safety factors) was added the
criteria of exemplary level. In addition to rules and formulas, the appropriate
explanation has been updated to include the concept of strategy. Regarding
establishing conditions and constraints sub-modeling competency, the phase (in terms

of efficient utilization and interaction of people, materials, machines, equipment,
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means and funding) was included. When third modeling competency is considered,
the following table indicates the related engineering sub-competency and

mathematical modeling sub-competency proposed by de Villiers (2018).

Table 3.11. Classification of structuring competency to investigate and assess (De
Villiers, 2018, pp. 136-138)

Modelling Related engineering sub- Related mathematical modelling

competencies competency sub-competency

Structuring » Innovative planning and design * Create a realistic representation
(setting up a situation model). of the original situation, which
*» Construct Relations - maintain a  becomes a 'model of' the original
good balance between the real-world problem situation.
effectiveness of the solution » Identify and construct relations

process and the time/cost involved. between key variables.
» Consider the impact of decisions  +« Relate the situation to similar

on social, safety and ideas and constructs previously
environmental aspects, considering experienced.
all relevant legislation. * Represent ideas externally.

* Verify that the design problem is
amenable to solution by
candidate’s techniques.

As indicated in Table 3.11, no changes were essential to the indicators of structuring
modeling sub-competency according to the data obtained from this study. As with
other modeling competencies, sub-modeling competencies of structuring are matched

with appropriate modeling competency indicators, as indicated in Table 3.12.
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Table 3.12. Classification of structuring competency framework

Modelling Sub-modelling Indicators related to Indicators related to
competency competencies that engineering sub- mathematical modelling
support the competency sub-competenecy
modelling
competency
Innovative » Innovative planning and  » Create a realistic
planning and design (setting up a situation representation of the original
design model). situation, which becomes a
= Verify that the design 'model of the original real-
problem is amenable to world problem situation.
solution by candidate’s
on techniques.
E Constructing = Construct Relations — * Identify and construct
£ relations maintamm a good balance relations between key
E between the effectiveness of variables.
« « Relate the situation to

the solution process and the
time/cost involved.

= Consider the impact of
decisions on social, safety
and environmental aspects,
considering all relevant
legislation.

similar ideas and constructs
previously experienced.
* Represent ideas externally.

Above table indicated that the indicators related to engineering sub-competency and
mathematical modeling sub-competency proposed by de Villiers (2018) overlapped

with the data from this study. However, the criteria to assess sub-modeling

competencies were modified as shown in Table 3.13.

Table 3.13. Group modeling competency observation guide for structuring

Sub-modelling Unsatisfactory Emergent/Developing Proficient Exemplary
Modelling competencies that 0 1 2 3
Competency support the modelling

competency
Structuring Innovative planning You were unable to set  Your situational model  Your situational model  You used innovative

and design

planning and design to
set up situational

was complete and

up situational model of  were essentially
accurate (‘model of’).

the original situation.  correct, but not all

concepts were model with multiple

accurately represented. representations for
explaining the problem
(*madel of").

Constructing relations

You recognized You created a general

important relationships  rule or formula or

between the variables  strategy, model or

mn your problem. prototype for solving
problems considering
the interdependence,
interactions and
relative importance of
factors.

You were unable to You recognized some
recognize relationships  patterns and/or
between variables. relationships.

As can be seen from the table above, the extra explanations for sub-modeling

competencies, setting up a situational model for innovative planning and design and

considering the interdependence, interactions, and relative importance of various
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factors for constructing relations were excluded. For the innovative planning and
design sub-modeling competency, the phrase (used innovative planning and design to
set up situational model with) was included in criteria of the exemplary level. In order
to preserve the parallelism among the criteria, the explanation of unsatisfactory level
(you were unable to recognize and connect essential concepts about the problem) was
removed and replaced with another expression (you were unable to set up situational

model of the original situation).

In addition, the exemplary level criteria of constructing relations were revised by
adding the concepts (strategy, model or prototype) and phrase (considering the
interdependence, interactions and relative importance of factors) after the pilot study.
Since the nature of engineering-based MEAs for the current study requires to develop

strategy, model or prototype, the revision was made.

Furthermore, the third model competency, symbolizing and its related engineering
sub-modeling competency and related sub-modeling competency were presented in
Table 3.14.
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Table 3.14. Classification of symbolizing competency to investigate and assess

(Villiers, 2018, pp. 136-138)

Modelling competencies  Related engineering sub-competency

Related mathematical modelling sub-competency

Symbolizing » Insight - apply an acceptable level of understanding.
and technological knowledge to execute engineering
decisions.

» Take effective decisions where the technical tools at
their disposal are insufficient to provide solutions.

» Approach problems methodically — comprehend and
apply knowledge — principles, specialist knowledge,
jurisdictional and local knowledge.

» Display mastery of established methods, procedures
and techniques in the practice area.

* Apply knowledge underpinning methods, procedures
and techniques to support technician activities.

» Display working knowledge of areas that interact with
the practice area.

» Apply basic scientific principles for engineering
activity.*

* Transfer the real-world problem to a mathematical
problem.

* Choose appropriate mathematical symbols: properties
and parameters that correspond to the situational.
conditions and assumptions that are specified by the
modeler.

* Use those symbols to set up the mathematical model.

+ Schematize, formulate and visualize the problem in
different ways.

* Discover relations and regularities.

* Recognize perspective drawing consists of 2 or 3
dimensions. *

* Choose aspects to focus on, ignore irrelevant
information.

* Trim away the reality through processes such as
identifying and describing specific mathematics in a
general context.

* Switch between different representations by using
symbolic, formal and technical language and operations.
+* Mathematical reasoning — students make use of heuristic
strategies. While students mathematise the problem, they
translate and communicate the structure of the situation
into mathematical language.

* Set up a mathematical model — the student creates a
'model of' by translating the structure of the situation into
mathematical language to solve the problem.

* Rephrase the problem.

*Refine and test the symbolizations.

= Switch between symbolizations.

+ Add or eliminate restrictions, variables and assumptions.
+» Make new connections between picces of knowledge,
adding new pieces of knowledge to existing knowledge,
or correcting previous knowledge.

+ Apply interdisciplinary knowledge to solve the
problem.*

As shown in Table 3.14., the framework components related to symbolizing

competency was revised based on the data of this study. The description (applying

basic scientific principles for engineering activity) was inserted to related engineering

sub-competency of symbolizing. On the other hand, the indicator related to

mathematical modeling competency (recognizing isomorphic aspects in different

problems) was not observed in the current study and removed. Based on the data of

this study, two new explanations (recognizing perspective drawing 2 or 3 dimensions

and applying interdisciplinary knowledge to solve the problem) were provided to this

component. Additionally, the above-mentioned indicators were matched with the sub-

modeling competencies of symbolizing shown below.
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Table 3.15. Classification of symbolizing competency framework

Modelling Sub-modelling competencies Indicators related to engineering sub- Indicators related to mathematical modelling sub-competency
Competency  that support the modelling  competency
competency
o Choosing appropriate + Insight - apply an acceptable level of + Choose appropriate mathematical symbols: properties and
g symbols understanding and technological knowledge to parameters that correspond to the situational conditions and
= execute engineering decisions. assumptions that are specified by the modeler.
'E » Take effective decisions where the technical + Choose aspects to focus on, ignore irrelevant information.
& tools at their disposal are insufficient to provide * Transfer the real-world problem to 2 mathematical problem.
solutions.
Using the symbols * Display mastery of established methods, * Use those symbols to set up the mathematical model.
procedures and techniques in the practice area. * Schematize, formulate and visualize the problem in different
ways.
. aﬁisco\'e: relations and regularities.
* Recognize perspective drawing consists of 2 or 3 dimensions.®
* Rephrase the problem.
* Refine and test the symbolizations.
* Switch between symbolizations.
* Add or eliminate restrictions, variables and assumptions.
Switch between different representations by using symbolic,
formal and technical language and operations.
Approaching problems + Approach problems methodically - + Trim away the reality through processes such as identifying
methodically comprehend and apply knowledge — principles, and describing specific mathematics in 2 general context.
specialist knowledge, jurisdictional and local  » Mathematical reasoning - students make use of heuristic
knowledge. strategies. While students mathematize the problem, they
* Insight - apply an acceptable level of translate and communicate the structure of the situation info
understanding and technological knowledge to mathematical language.
execute engineering decisions. + Set up a mathematical model - the student creates a 'mode] of
by translating the structure of the situation into mathematical
language to solve the problem.
Applying interdisciplinary  * Display working knowledge of areas that * Make new connections between pieces of knowledge, adding
Imowledge® interact with the practice area. new pieces of knowledge to existing knowledge, or correcting

* Apply knowledge underpinning methods,  previous knowledge.

procedures and techniques to support technician * Apply interdisciplinary knowledge to solve the problem.*
activities.

+ Apply basic scientific principles for

engineening activity.®

As shown in the above table, along with the new indicators to both mathematical

modeling and engineering sub-competency, a new sub-modeling competency emerged

as a sub-category. Consequently, a revision was required in the group modeling

observation guide for determining the degree of modeling sub-competencies as in the

following.
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Table 3.16. Group modeling competency observation guide for symbolizing

Modelling Sub-modelling Unsatisfactory Emergent/Developing Proficient Exemplary
Competency competencies that 0 1 2 3
support the modelling
competency
Symbolizing Choosing appropriate  The mathematical, The mathematical, The mathematical, You chose
symbols scientific or scientific or scientific or mathematical,
engineering tools you  engineering tools you  engineering tools you  scientific or
chose would not lead  chose would leadtoa  chose would leadtoa  engineering tools that
to a correct solution. partially correct correct solution. would lead to an
solution. elegant solution.
Using the symbols Your use of You made minor Your mathematical You explained and
mathematical symbols  errors in your attempt ~ reasoning was described the symbols
will not explain the to communicate the essentially accurate. or tools used in your
problem or lead to a structure of the You explained and model, as well as
satisfactory solution situation into described the symbols  possible alternative
Your use of symbols mathematical used in your model methods for working
would not explain the  language. Your use of  accurately. with the problem.
problem or lead to a symbols would lead a
satisfactory solution. partially correct
solution.
Errors in reasoning Errors in reasoning Your reasoning was All aspects of your
were serious enoughto  were not serious essentially accurate. reasoning were
flaw your solution. enough to flaw your You substantially completely accurate.
Approach problems You were unable to solution. You made translated the structure  You translated the
methodically translate the structure  muinor errors 1n your of the situation into structure of the
of the situation into attempt to satisfactory solution. situation into
Mathematical solution  communicate the satisfactory solution.
satisfactory solution. structure of the
situation into
satisfactory solution.
Apply You did not apply You applied one or You applied You applied
interdisciplinary interdisciplinary more disciplinary interdisciplinary interdisciplinary
knowledge knowledge to solve the knowledge separately ~ knowledge to solve the knowledge to allow in
problem. to solve the problem.  problem. depth investigation
and solve the problem.

In this table, the criteria of each sub-modeling competency were revised in some
extent. For choosing appropriate symbols sub-modeling competency, scientific or
engineering phrase were added after pilot study in addition to mathematics to all
dimensions. In addition, the phase (or tools) were included in the exemplary level
description of using the symbols sub-modeling competency. In order to provide
consistency among the criteria, the explanations of unsatisfactory level (your use of
mathematical symbols will not explain the problem or lead to a satisfactory solution),
emergent /developing (you made minor errors in your attempt to communicate the
structure of the situation into mathematical language) and proficient (your
mathematical reasoning were essentially accurate) were removed. Instead of them, the
explanations of unsatisfactory (your use of symbols would not explain the problem or
lead to a satisfactory solution), emergent /developing (you explained and described the
symbols used in your model accurately) and proficient (your use of symbols would
lead to a partially correct solution) were added based on the criteria of exemplary level.
In the proposed framework by de Villiers (2018), there were two dimensions related

to approaching problem methodically. As one of the dimension serves only the
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mathematical model, the four criteria related to it was completely removed. Just
mathematical models were not developed based on all of the data collected for this
study. Accordingly, the phase (mathematical solution) change with other phase
(satisfactory solution) for above shown criteria of approaching problem methodically
in table 3.14. In order to maintain consistency among criteria, other changes included
the addition of descriptions of emergent/developing (errors in reasoning were not
serious enough to flaw your solution) and proficient (you substantially translated the
structure of the situation into satisfactory solution). While determining the
performance criteria of the applying interdisciplinary knowledge sub-competency that
emerged from the data analysis of this study, the highest level was determined first, as
in other newly emerged sub-modeling competencies. Then, the description of
unsatisfactory level of this sub-modeling competency were determined. Lastly, the
descriptions of intermediate-level related to applying interdisciplinary knowledge

were determined.

Similar procedures were applied to the fourth modeling competency, adjusting.
Nevertheless, there were some indicators of this modeling competency proposed by
de Villiers (2018) that the students in this study did not display. Hence, the related
engineering sub-modeling competency (engineers must keep themselves informed of
new technological developments in their various fields) and mathematical modeling
competency (rephrasing the problem and question his/her own model) were removed
from the table 3.17.
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Table 3.17. Classification of adjusting competency to investigate and assess (Villiers,
2018, pp. 136-138)

Modelling Related engineering sub- Related mathematical modelling
competencies competency sub-competency
Adjusting » Refining of the engineering » Adapt the model so that it makes
design. sense in the specific situation.
» Testing. *» Review or refine parts of the
= Identify interested and affected model or go through the entire
parties and their expectations. modelling process if the solutions
= Identify environmental impacts do not fit the situation.
of the engineermg activity. * Create a 'model for'.
» Identify sustainability issues. * Be capable to derive an elegant
* Propose measures to mitigate solution for the problem.
negative effects of engineering * Make new connections between
activity. pieces of knowledge, adding new

» Communicate with stakeholders.  pieces of knowledge to existing
» Consider possible approaches for knowledge, or correcting previous

the problem. * knowledge. *
» Adapt the new conditions » Take a creative approach to solve
casily.* the problem and explained the

underlying reasoning. *

As seen above, some new indicators shown with ‘*> were added to both dimension of
adjusting. In this regard, the descriptions (considering possible approaches for the
problem and adapting the new conditions easily) were added to related engineering
sub-competency and the descriptions (making new connections between pieces of
knowledge, adding new pieces of knowledge to existing knowledge, or correcting
previous knowledge and taking creative approach to solve the problem and explained
the underlying reasoning) were added to related mathematical modeling-competency.
Then, all the above mentioned indicators were categorized under the sub-modeling

competencies of adjusting as shown in Table 3.18.
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Table 3.18. Classification of symbolizing framework

Modelling Sub-modelling Indicators related to Indicators related to

Competency  competencies that engineering sub- mathematical
support the modelling  competency modelling sub-
competency competency

a0 Refining and Testing * Refining of the * Adapt the model so that

B engineering design. it makes sense in the

?,;' * Testing. gpecific situation.

E: * Review or refine parts
of the model or go
through the entire
modelling process 1f the
solutions do not fit the
situation.

* Create a 'model for'.

Explaining * Identify interested and *Recognize quantities
affected parties and their and variables that can

expectations. influence the problem

* Identify environmental situation and how they
impacts of the engineeringrelate to the problem.

activity.

» Identify sustamnability
155188,

* Communicate with

stakeholders.
Deriving an elegant * Propose measures to ~ » Be capable to derive an
solution mitigate negative effects elegant solution for the
of engineering activity.  problem.
Adaptability and * Consider possible *Make new connections
transferability* approaches for the between pieces of
problem. ¥ knowledge, adding new
» Adapt the new pieces of knowledge to
conditions easily * existing knowledge, or
correcting previous
knowledge. *
Creative approach* *Take a creative approacl

to solve the problem and
explained the underlying
reasoning ¥
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As seen above, two new emerging sub-modeling competencies were categorized under
the adjusting competency. The indicators identified in the relevant literature were
employed in the procedure of labeling these sub-modeling competencies. For instance,
creative approach is the concept for both gifted education literature (Mann et al., 2011)
and modeling literature (Sengil-Akar, 2017). Similar to the work of Renzulli (2020),
adaptability and transferability appeared as relevant concepts for gifted students in this

study. Besides, the assessment criteria of adjusting competency were presented below.

Table 3.19. Group modeling competency observation guide for adjusting

Modelling Sub-modelling Unsatisfactory Emergent/Developing Proficient Exemplary
Competency competencies that 0 1 2 3
support the
modelling
competency
Adjusting Refining and You found a solution You found multiple You found multiple You related the
Testing and then stopped. solutions, but not all solutions using underlying structure of
were correct. different the problem to other
interpretations of the similar problems
problem, you reviewed  (*model for”).
or refined parts of the
model or went through
the entire modelling
process when the
solutions did not fit the
situation (‘model for’).
Explaining You gave no Your explanation was ~ Your solution flowed You gave an in-depth

explanation for your
work.

redundant at places.

logically from one step
to the next.

explanation of your
reasoning.

Capable to derive
to an elegant
solution of the

Your methods were
clumsy and
inappropriate.

The methods you used
led to a partially
solution of the

The methods you used
led to solution of the
problem.

You applied methods
clegantly that led to the
solutions of the

problem problem. problem.
Adaptability and You did not adapt the ~ You partially adapted  Easily adapted the new  Easily adapted the new
transferability new condition or the new condition and  condition, but did not condition and

transfer any transferred the transfer the knowledge  transferred the

knowledge.

knowledge insider or
outside of school
settings.

inside or outside of
school settings.

knowledge inside or
outside of school
settings.

Creative approach

You did not take a
creative approach to
solve the problem.

You partially took
creative approach to
solve the problem.

You substantially took
creative approach to
solve the problem and
explained underlying
reasoning.

You took a creative
approach to solve the
problem and explained
the underlying
reasoning.

In the above table, the descriptions of four levels for the new emerging codes related
to adjusting, adaptability and transferability, and creative approach were determined
based on the data of the present study. After determining the highest and lowest levels
display of sub-modeling competency, the definitions for intermediate levels were

established, respectively.
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Moreover, the related engineering and mathematical modeling sub-competency

indicators of organizing sub-modeling competency were revised according to data of

this study as shown in Table 3.20.

Table 3.20. Classification of organizing competency to investigate and assess (De
Villiers, 2018, pp. 136-138)

Modelling Related engineering sub- Related mathematical modelling
competencies competency sub-competency

* Evaluate and engineering * View the problem in a different

judgement — the work must be form.

aimed at the full development of | « Reflect on the real problem and
Organizing the suggested solution to the use mathematical knowledge to

problem through a process of
synthesis, with the application of
all information acquired during
the problem investigation, also
using the design, development
and communication.

* Consider all relevant
engineering prineciples that can
influence the solution — recognize
and address the reasonably
foreseeable social, cultural and
environmental effects, and meet
all legal and regulatory
requirements.

» Consider the interdependence.
mteractions, and relative
importance of factors.

* Foresee consequences of
actions.

* Evaluate a situation in the
absence of full evidence.

* Draw on experience and
knowledge.

* Present the technical breadth
and depth of the process.*

solve the problem.

* Create a 'model for'.

* Validate the solution.

* Critically check and reflect on
solutions, review parts of the
process, reflect on other ways to
solve the problem.

* Generally question the model.

* Analyze, formulate, interpret, and
examine the model.

* Provide the details in the
explanation of the ideas to solve the
problem. *

Above table indicated that the description (presenting the technical breadth and depth
of the process) was included in related engineering sub-competency and the
description (providing the details in the explanation of ideas to solve the problem).
Accordingly, the new emerging sub-modeling competency and its related indicators
were presented in Table 3.21.
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Table 3.21. Classification of organizing competency framework

Modelling Sub-modelling Indicators related to Indicators related to
Competency  competencies that engineering sub- mathematical modelling
support the competency sub-competency
modelling
competency
a0 Evaluating and *Evaluate and engineering  * Analyze, formulate,
= judgement judgement — the work must  interpret, and examine the
2 be aimed at the full model.
go development of the * Validate the solution.
S sugpested solution to the * View the problem in a
problem through a process ofdifferent form.
synthesis, with the * Create a 'model for'.
application of all information
acquired during the problem
investigation, also using the
design, development and
communication.
* Foresee consequences of
actions.
* Evaluate a situation in the
absence of full evidence.
Reflection * Consider all relevant * Reflect on the real problem

engineering principles that and use mathematical

can influence the solution — knowledge to solve the
recognize and address the  problem.
reasonably foreseeable * Critically check and reflect
social, cultural and on solutions, review parts of
environmental effects, and  the process, reflect on other
meet all legal and regulatory ways to solve the problem.
requirements.

* Consider the

interdependence,

interactions, and relative

importance of factors.

Elaboration* * Present the technical * Provide the details in the
breadth and depth of the explanation of the ideas to
process. ¥ solve the problem *

* Draw on experience and
knowledge *

As it can be seen in Table 3.21, consistent with the literature on creativity (Guilford,
1967), the analysis of the data from the present study indicated elaboration was
emerged as sub-modeling competency. Consequently, group modeling observation
guide propped by de Villliers (2018) was revised with the new emerging sub-modeling

competency as indicated in Table 3.22.
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Table 3.22. Group modeling competency observation guide for organizing

Modelling Sub-modelling Unsatisfactory Emergent/Developing Proficient Exemplary
Competency competencies that 0 1 2 3
support the
modelling
competency
Organizing Evaluating and You did not evaluate You made attempts to You offered substantial Rich in content,
judgement your work, and little or  analyze, evaluate or information, evidence  insightful analysis,
no connections were judge your work, butthe  of analysis, synthesis  synthesis and
made between the connections between and evaluation: general  evaluation, clear
mathematical model your work and the real-  connections are made,  connections made to
and the real-world world problem were but are sometimes too  real-life situations or to
problem. limited. obvious or not clear. previous content.
Reflection Youdid notreflecton  You identified some You identified You identified
your own thinking perspectives about the strengths and strengths and
(viewing problem in problem, but did not weaknesses in your weaknesses in your
different form). consider alternate points  own thinking, you own thinking, you
of view. recognized alternative  recognized alternative
perspectives about the  perspectives about the
problem when problem when
comparing to others. comparing to others,
and evaluated them m
the context of alternate
points of view.
Elaboration You did not provide You provided some You presented the You presented the
any details in the details in the explanation technical breadth and  technical breadth and
explanation of the of the ideas. depth of the process by depth of the process by
ideas. substantially providing providing more details

substantial details in
the explanation of the
ideas.

in the explanation of
the 1deas.

As seen in the table 3.22, the exemplary level description of elaboration was

determined based on the high display of group work as presenting the technical breadth

and depth of the process by providing more details in the explanation of the ideas.

Then, the unsatisfactory, emergent/ developing and proficient level were determined

respectively.

As the last sub-modeling competency, generalizing and its related engineering and

mathematical modeling sub-competency were presented below.
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Table 3.23. Classification of generalizing competency to investigate and assess
(Villiers, 2018, pp. 136-138)

Modelling Related engineering sub-competency Related mathematical modelling sub-
competencies competency
Generalizing = Holistic approach to engineering * Establish similar relationship in

activities and reasoning.

= Considers the interdependence,
interactions, and relative importance of
factors.

» Present the technical breadth and
depth of the process. *

* Draw on experience and knowledge.*

different situations by adapting some of
the rules.

* General or independent reasoning and
acting — applying of deductive
reasoning to prove the solutions.

* Your successful model is easy to use
and you predict and make
generalizations to explore further
applications.

As seen in the Table 3.23., the descriptions (presenting the technical breadth and depth

of the process and drawing on experience and knowledge) were included in the related

engineering sub-competency of generalizing. According to data of the current study,

sub-modeling competencies of generalizing and their related indicators were shown in

Table 3.24.

Table 3.24. Classification of generalizing competency framework

Modelling Sub-modelling Indicators related to Indicators related to
Competency  competencies that engineering sub-competency mathematical modelling
support the sub-competency
modelling
competency
%ﬂ Establishing similar + Considers the = Establish similar
= relationship interdependence, relationship in different
e mteractions, and relative situations by adapting some
g importance of factors. of the rules.
General or = Holistic approach to = General or independent
independent engineering activities and  reasoning and acting —
reasoning reasoning. applying of deductive
reasoning to prove the
solutions.

Easy to use model

process, *

* Draw on experience and

knowledge.*

= Present the technical

breadth and depth of the

* Your successful model is
easy to use and you predict
and make generalizations to
explore further applications.

113



The above table indicated that new emerging codes were categorized under the sub-

modeling competency of easy to use model. Accordingly, the observation guide to

determine generalizing sub-modeling competency of generalizing was revised.

Table 3.25. Group modeling competency observation guide for generalizing

Modelling Sub-modelling Unsatisfactory Emergent/Developing Proficient Exemplary
Competency  competencies that 0 1 2 3

support the modelling

competency
Generalizing Establishing similar ~ You found no Your solution hinted ~ You connected your solution ~ Your connection to a

relationship connections to ataconnectiontoan  process to other problems, real-life application or
other disciplines or  application or another  areas of mathematies, or other  other disciplines was
mathematical arca of mathematics or  disciplines or applications. accurate and realistic.
coneepts. other diseiplines. You considered the
interdependence,
interactions and relative
important factors.
General or You exhibit an With assistance, you  You exhibit the ability to You exhibit the ability
independent inability to identify  identified a partially ~ identify a generalization when to identify a
reasoning a generalization correct generalization  presented with a specific generalization easily
when presented when presented with a  situation, but require when presented with a
with a specific specific situation. assistance. specific situation and
situatior. also apply deductive
reasoning to prove the
solution.
Easy to use model The complicated With minor The model can be transferred  The model can easily be

model cannot be
detached from the

adjustments, the
model can be used in

to other similar situations, but

adapted in an another
related situation and the

needs minor simplifications.
Predictions can be made from

the model.

other related
situations.

current context. predictions are

accurate.

As it can be seen above, the labels of all sub-competencies of the generalization
modeling competency were simplified within the scope of this study for clarity. That
is to say, the details of establishing similar relationships (in different situations by
adapting some of the rule), general or independent reasoning (applying deductive
reasoning to prove solutions) and the easy to use model (the successful model allows
for prediction). These descriptions were integrated into criteria of the related sub-
modeling competencies. Firstly, the phrase (other disciplines) were added to the
dimensions of unsatisfactory, emergent/developing and proficient levels of
establishing similar relationships sub-modeling competency. In addition to this, the
description (you considered the interdependence, interactions and relative important
factors) was added to the exemplary level criteria of this sub-modeling competency.
Secondly, the description (also apply deductive reasoning to prove the solution) was
added to the exemplary level indicator of general or independent reasoning sub-
modeling competency. Lastly, the description (predictions can be made from the
model) were added proficient level and description (and the predictions are accurate)

were added to exemplary level of easy to use model sub-modeling competency.
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3.8. Trustworthiness of the Study

In qualitative research, the trustworthiness of a study is the degree of confidence in the
data, interpretation, and methods employed to assure the quality of a study (Lincoln &
Guba, 1985). The researcher should establish the procedures followed to ensure
reliability and validity of the study (Shenton, 2004). In this regard, Lincoln and Guba
(1985) proposed four criteria that should be considered by qualitative researchers in
pursuit of a trustworthy study. They suggested using the terms credibility,
transferability, dependability, and confirmability instead of internal validity, external
validity, reliability, and objectivity, respectively. In the following, each of these

criteria and how these concerns are addresses in this study are provided in detail.

Firstly, credibility, which represents internal validity, is one of the most essential
aspects in qualitative research to ensure reliability (Lincoln & Guba, 1985). According
to the definition provided by Merriam (2009), “Internal validity deals with the topic of
how study findings mirror reality. How congruent are the findings with reality?”
(p-213). There are some strategies, “prolong engagement, persistent observation,
triangulation, peer debriefing, member checking and the reflexive journal” (Lincoln &
Guba, 1985, p.328) to ensure the credibility of the researcher’s conclusions. Among
these strategies, most of them were employed in the current study. As a participant
observer, the researcher in this study spent extended periods of time observing and
taking field notes in the context of the research setting (Lincoln & Guba, 1985;
Merriam, 2009). In order to establish a long-term interaction with the participants prior
to the pilot study, the researcher in this thesis study observed the students in BILSEM
for one month, two lesson hours per week, and ensured the development of a trust-
based environment with participants. Hence, the researcher spent a significant amount
of time (four months) in the research area, and as a result was exposed to different
aspects of the subject under investigation. Triangulation through multiple data sources
was also used to enhance the accuracy of the acquired data (Creswell, 2012; Merriam,
2009). By collecting data from a variety of sources, including video recordings of the
different engineering-based MEAs, documents, field notes from observations, and
group interviews allowed the researcher in this study to cross-check and to form

themes among data sources so that it enhanced credibility of the study (Creswell, 2009;
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Shenton, 2004). In addition, a second coder who is a mathematics teacher with nine
years of experience and an expert in mathematical modeling contributed to
triangulation. After reviewing and debating the information that had been generated,
the coders used a color-coding scheme consisting of green, yellow, and red to evaluate
the degree to which each data point converged across method and data source. The
level of agreement between the coders was continuously high for the green and red
codes. However, the yellow codes required a more in-depth analysis in order to
determine the final triangulation code. By applying the literature about the yellow and

red codes, the final green codes were accepted by both coders.

Secondly, transferability, referred to external validity, is another criterion for ensuring
the trustworthiness of qualitative research (Lincoln & Guba, 1985). Due to the
selection of the participants and nature of the qualitative research, it is not appropriate
to generalize the results to the entire population (Merriam, 2009). Instead of
generalizability, there is another concept for qualitative research, transferability
(Shenton, 2004). It defines the responsibility of a qualitative researcher as discussing
the possibility of transferring findings of the research to similar settings (Merriam,
2009; Shenton, 2004). Therefore, the researcher should describe whole process in
detail in order readers to transfer the descriptions to similar settings (Lincoln & Guba,
1985). In this regard, the context and participants of the study, data collection methods
and data analysis procedures are provided in detail to ensure transferability of the

current study.

Thirdly, dependability, which represents reliability, refers to the consistency the
research procedure employed over time and is concerned with the ability to replicate
research findings (Merriam, 2009). To address the issue of dependability more
directly, the processes within the study should be described in sufficient detail a future
researcher to repeat the work, although not necessarily obtain exactly the same results
(Lincoln & Guba, 1985). Thus, the researcher in the current study described the
research procedure in detail. The code-recode strategy was another technique that was
used to enhance the dependability of the study. This strategy suggested that whether
or not another rater with the same theoretical framework could have interpreted the

same phenomena in the same way (Anney, 2014). Accordingly, the researcher waited
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three weeks after coding a section of data before returning to recode the same data and
examine the findings. In addition, as mentioned in the data analysis section of this
chapter, the researcher discussed her research findings with colleague who has
experience on mathematical modeling research and teaching. Hence, this peer
debriefing provides a qualified peer researcher to review and evaluate transcripts,
emerging and final categories derived from those transcripts, and the final themes or
findings of the current study (Yildirim& Simsek, 2011).

Fourthly, confirmability which refers to objectivity, is concerned with demonstrating
that facts and interpretations of the findings are not figments of the investigator’s
imagination, but rather are clearly drawn from the data (Yildirnm & Simsek, 2011).
The confirmability of this study was established through audit trail and reflective
journals (Lincoln & Guba, 1985). Using an audit trail at critical decision points
throughout a qualitative study can strengthen the research’s rigor and confirmability,
while also revealing any biases (Creswell, 2012). In qualitative research, an audit trail
is a record of how a qualitative study was conducted and how researchers reached their
conclusions. In this regard, science teacher who is a PhD candidate examined the data
collection process and documented critical decisions throughout the study. A reflective
journal that further describes the reasoning for decisions made within this study is
another tool that was used to consistently establish and maintain confirmability. In
order to minimize the influence of investigator bias (Shenton, 2004), it is essential that
the importance of the role that triangulation plays in ensuring such confirmability is
once again emphasized. In addition to all of these, another crucial consideration is the
researcher’s role to establish trustworthiness in the qualitative research presented in

the following section in detail.

3.9. Researcher Background and Role in the Study

In qualitative research, one of the crucial issues to consider is the researcher’s
background. In the current study, researcher is a PhD student at Department of
Mathematics and Science Education in Faculty of Education in a public university.
Before gathering the data, she took a course in qualitative research, and learned the
qualitative research paradigms and qualitative research procedures. The researcher

attended the thematic working group of the conference on mathematical modeling. She
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also enrolled in the Scientific and Research Technological Council of Turkey (In
Turkish, TUBITAK) 2237 project, Mathematical Modeling and Applications in
Scientific Process. She conducted research on differentiation strategies for gifted
students by using qualitative research. In addition to research experience, she had five-
year teaching experience with varying grade levels in elementary education. More
specifically, she had a teaching experience with gifted students in both homogeneous
and heterogeneous classrooms. Moreover, she participated one-year in-service teacher
training program for gifted students. Taking into account all of these aspects, it is
possible to conclude that the research and teaching expertise of the researcher matches
with the subject of interest of the current study, making her an appropriate candidate

for carrying it out.

Furthermore, the researchers in most of the qualitative studies are the primary
instrument of data collection; therefore, it is crucial for the credibility of qualitative
research that researchers are recognized for their roles in data collection (Creswell,
2012). For this reason, it is essential for the researcher in the current study to play an
active role in the data collection process, prepare the engineering-based MEAs,
organize the research environment, interview and observe the participants, analyze the
data, and be personally involved in the process when the students are engaged in
engineering-based MEAs. Since the researcher took an active role in the process of the
research as both a teacher and a researcher while the data was being collected, she was
considered a “participant as an observer” in this study (Merriam, 2009). In other
words, the role of the researcher was to be actively involved in this study, interacting
directly with the study group, meeting directly with the group, and, when necessary,
intensely experiencing the experiences of the study group, and then using these

experiences in the analysis of the data that was collected.

The researcher designed the activities and learning environment, implemented the
activities herself, and answered the questions posed by the students during the process.
During the application process, she did not provide direct information and
interventions to the students. Instead, she prompted them to think by asking pertinent
guestions and assisted them in finding their own answers. During the presentation

phase of the process, the researcher adopted the position of moderator and guide,
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ensuring that the process run smoothly, that students communicated their ideas
properly and defended their models, and opposing viewpoints were discussed in the
research setting. All of these allowed the researcher to participate in the process and
to objectively describe and reflect the process. In addition, in qualitative research, the
researcher spends a significant amount of time in the natural setting of the study and
maintains direct contact with the participants (Merriam, 2009). Accordingly, the
researcher observed the students in their natural settings at BILSEM once a week for
a month before starting the pilot study. After three or four observations, the students
were accustomed to the researcher, and she was able to begin the actual progress of
data collection.

3.10. Ethical Considerations

In conducting qualitative research, the researchers have a responsibility to address a
number of ethical considerations, including the protection of subjects from harm, the
right to privacy, the concept of informed consent, and the issue of deception (Creswell,
2012, p.230). In this regard, the ethical issues that were followed throughout the

current study were stated as follows.

Before conducting this research, the appropriate authorizations were obtained from the
Applied Ethics Research Center at Middle East Technical University (METU).
Appendix A provides evidence that the Human Subjects Ethics Committee given their
consent to the research. In addition, the Ministry of National Education provided their
approval, which was required in order to carry out the research. Then, the necessary
permission was obtained from the principal of each of the BILSEM by presenting a
legal document issued by MoNE. Upon the approval of the principal, the researcher
informed all teachers and students attending individual talent recognition program
about the purpose and scope of the study. After informing students, the researcher
requested their voluntary participation in the study. Subsequently, parents of students
who volunteered to participate in the study were given an informed consent form to

sign (See Appendix D).

After receiving the consent from parents, the researcher explained the details of the
study to students. Before the study, the researcher conducted informal introduction
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meetings with the participants to provide them with the necessary information about
the nature of the study. The participants were informed about the research topic and
research questions, the structure of the study and interviews and also the time schedule
of the study. In addition, they were informed about the usage of voice recorders and
cameras during the experiment. The researcher ensured that the participants
understood their rights as participants, that their involvement in the research study was
not related to any program evaluation within the school district or BILSEM, and that
they could withdraw themselves from study participation at any time. Hence, the
conformity of the participants for the study understood both by the researcher and the
participants. Moreover, the anonymity of the participants by assigning numbers and
the groups by assigning letters was preserved. Taking into account the confidentiality
of student identity, careful consideration was given to the selection of images to

illustrate the findings section of this study.
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CHAPTER 4

FINDINGS

The aim of this research study was to investigate the cognitive modeling competencies
of elementary gifted students when they are engaged in engineering-based model
eliciting activities (MEAS). In line with this aim, this chapter categorizes the findings
of this study in seven main sections and their related subsections, each of which
focuses on different cognitive modeling competencies. In this regard, the findings of
three engineering-based MEAs are presented based on the adapted version of the group
modeling competency observation guide proposed by de Villiers (2018) as stated in
the methodology chapter. The seven main sections are: internalizing, interpreting,
structuring, symbolizing, adjusting, organizing, and generalizing. Each section
examines the extent to which elementary gifted students in groups displayed such
cognitive modeling competencies when they are engaged in engineering-based MEAs,

namely, Bridge Construction, Mars Lunarcrete, and Dr. Ahmet’s Will.

A consistent reporting method is used to present the findings in each section. Firstly,
a brief description of the cognitive modeling competency and its related sub-
competencies is provided. Then, the saturated codes and categories for the relevant
competency are stated in the table along with their accompanying indicators. In the
table, the competency is formed by merging the indicators related to mathematical
modeling and engineering sub-competencies. Subsequently, the cognitive modeling
competency and related sub-competencies of the two different groups are provided in
detail through the presentation of examples for each activity. Lastly, the findings
obtained from these three engineering-based MEAs are summarized in terms of the

extent to which elementary gifted students in groups displayed the cognitive modeling
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competency and its related sub-competencies. The following seven sections report the

findings in more detail concerning the emergent categories mentioned previously.
4.1. Modeling Competency 1: Internalizing

The data-driven findings related to cognitive modeling competencies were classified
into seven main sections based on the classification of cognitive modeling
competencies suggested by de Villiers (2008). This section presents the findings of the
first modeling competency, internalizing. The internalizing competency was
investigated under the sub-modeling competencies: understanding the problem,
collecting relevant information, simplifying the situation, ethical consideration, and
flexibility and novelty. In addition, the extent to which elementary gifted students in
groups displayed the internalizing modeling competency and its sub-modeling
competencies when they engaged in Bridge Construction, Mars Lunarcrete, and Dr.
Ahmet’s Will activities are presented in this section. In each activity, examples of two
different groups were provided to demonstrate sub-modeling competencies of
elementary gifted students. Specifically, the internalizing competency of elementary
gifted students was analyzed through its sub-modeling competencies and their
indicators related to the engineering and mathematical modeling sub-competencies as
shown in Table 4.1. In this table, new codes that emerged within the scope of the

current research are highlighted with “*’.
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Table 4.1. Classification of internalizing competency framework

Modelling Sub-modelling Indicators related to engineering Indicators related to
Competency competencies that  sub-competency mathematical meodelling sub-
support the competency
modelling
competency
* Identify design azpect * Becognize the existence of
standards, codes and procedures  and the need to solve a problem.
to be followed. * Refer to previous experiences
= Grather information required forto make sense of the problem.
Understanding the problem analysis. * Cuestion, research,
problem brainstorm_ clarify, attend
carefully to certain information
about the problem.
* Formulate the activity in own
lanzuage.
* Identify acceptance * Distinguish between relevant
Collecting relevant criteria for work product. and irrelevant information.
information = Verifyy that the design problem
1z amenable to solution by their
own techniques.
» Gather information required for
problem analysis.

= Identify design aspect

standards, codes and procedures
to be followed.

* Diocument functional solution
requirements and gain client

acceptance.

* Identify acceptance = Simplify the real-world
criteria for work product. zituation by connecting the
» Document functional solution  essential concepts.

Simplifying the  requirements and gain client = Simplify the problem

Internalizing

sifuation acceptance. referring to previous real-life
* Identify design azpect experience ®
standards, codes and procedures
to be followed.

Ethical * Identify interested and affected

consideration™® parties and their expectations. *
» Identify the central ethical
problem. *
* Identify how engineering
affects people and places. *

* Consider possible approaches
for the problem. *
Flexibility and = Add new variable to the
Novelty® existing problem. *
* Male aszociations among
variaples *

* Come up with original ideas
to develop new and unigque

solution.

As seen in Table 4.1, the analysis of this study revealed that in addition to the sub-

codes suggested by de Villiers (2018), internalizing sub-competencies, understanding
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the problem, collecting relevant information, and simplifying the situation, the
following sub-codes emerged based on the findings of the current study, ethical
consideration and flexibility and novelty. Accordingly, the indicators of internalizing
sub-competencies in terms of engineering and mathematical modeling sub-
competencies when elementary gifted students are engaged in engineering-based
MEAs are presented in Table 4.1.

First of all, the findings of group A and group B regarding internalizing competency
and related sub-competencies while they are engaged in the Bridge Construction
activity are presented in this part of the section. The internalizing competency of
elementary gifted students is examined under the sub-modeling competencies:
understanding the problem, collecting relevant information, simplifying the situation,
ethical consideration, and flexibility and novelty. In addition, the extent to which
elementary gifted students in groups displayed the internalizing modeling competency
and its sub-modeling competencies is shown in Figure 4.1. Based on the group
modeling competency observation guide, the level of sub-modeling competencies for
the groups was classified as 0 (unsatisfactory), 1 (emergent/developing), 2 (proficient)

and 3 (exemplary), proposed by de Villiers (2018).

Internalizing Competency: Bridge Construction

3
0

Competency Level
-

Group A Group B
m Understanding the problem Collecting relevant information
Simplifying the situation Ethical consideration

m Flexibility and novelty

Figure 4.1. Internalizing Competency: Bridge Construction

As shown in Figure 4.1, the findings of the current study indicated that elementary
gifted students in groups A and B in the Bridge Construction activity exhibited
exemplary modeling sub-competencies of internalizing. To clarify and expand on the

124



aforementioned categories, sample excerpts representative of each category are
provided below.

Understanding the problem. Following the presentation of the video related to the
Bridge Construction problem situation in Harsit Stream, both groups of elementary
gifted students asked to watch the video two more times in order to observe the
conditions in the village. The members of group A identified the problem as “now, our
problem is that there is a 60-year-old wooden suspension bridge and it is about to
collapse. So, a girl named Ayse asked us for help, and we designed a bridge”. The
excerpt showed that the group members summarized the problem in their own
language. Differently, the members of group B read the problem one more time to

internalize it. Then, they negotiated what they knew about the problem.

Student 6: In the video, the suspension bridge, which is 10 meters above the

stream, is requested to be renewed.

Student 5: Its location is important for three villages. It is also located close to

residential areas.

Student 4: In the video, someone said that vehicles and school buses passed

over this wooden bridge. It is too old and dangerous.

Student 5: I agree. It is too dangerous for students.
The above indicates that they clarify and attend carefully to problem details. The
students in group B tried to perceive what information from the video and the problem
text was different. Both groups explicitly determined and summarized the major
concerns and also clarified why and how Bridge Construction is a problem for the
peasantry. This can be accepted as evidence that both groups displayed the exemplary
modeling sub-competency in understanding the problem. In addition, the members of
group B identified the central ethical problem and considered the impact of
engineering on people and places in the above extract. These were indicators of the

ethical consideration of the sub-modeling competency.

Collecting relevant information and flexibility and novelty. The findings of this study
revealed that elementary gifted students internalize the task by distinguishing between
relevant and irrelevant information (collecting relevant information). For instance,
none of the groups preferred to construct truss, arch, or girder bridges separately, as

given in Bridge Construction Data Set 1. Instead, they stated that they combined the
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properties of the three to construct their bridges. Hence, this showed evidence that
elementary gifted students identified acceptance criteria for work product as an
indicator of the engineering sub-competency under collecting relevant information. In
a similar vein, neither group found the materials sufficient to construct a bridge. These
groups expressed their opinion that they bring recyclable household materials for
constructing their bridges in the next session. They shared the responsibilities among
the group members investigating who can bring which materials from the house. The
researcher asked the whole class how they would plan to determine the cost of their
household materials. After the whole class discussion, they reached a consensus that
it was best to search for the cost of the material via the internet and then they calculated
the cost of the material required, keeping in mind the current internet price. Such
preferences showed that elementary gifted students do not strictly depend on the given
data. Both groups offered a great deal of flexibility with the given data related to the
type of bridge, materials, and material cost. As a result, they added new variables to
the existing problem and made associations among variables (flexibility). The ideas
stated above can be accepted as original ideas to develop new and unigue solutions
since it is an extraordinary situation for the scope of the problem (novelty). Thus, the
stated indicators can be accepted as evidence of the exemplary flexibility and novelty
modeling sub-competency. Moreover, both groups uncovered hidden information not
readily apparent and showed indicators of the exemplary collecting relevant
information modeling sub-competency. Together these findings provided evidence
regarding the engineering sub-competency that elementary gifted students gathered
information required for problem analysis. Accordingly, they showed that it is possible
to solve the Bridge Construction problem employing their own techniques. To
construct their bridges, elementary gifted students specified their rules, methods, and
materials as the engineering sub-competency of collecting relevant information.
Furthermore, both groups approached the design process with a positive approach,
namely that improvements can be made in design identifying possibilities and
opportunities in situations. This indicated that they considered possible approaches for

the problem as an indicator of the ethical consideration modeling sub-competency.

Simplifying the situation and ethical consideration. When they engaged in the Bridge

Construction activity, both groups simplified the real-world situation by integrating
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the core ideas. In order to create the prototype, the groups clarify the real-world
situation to determine the factors affecting the context given in the activity. An excerpt

from group A to simplify the situation in Bridge Construction activity is given below.

Student 1: In the video, the bridge in the video lasts 60 years. So, the bridge
prototype should be durable when we compare it with the existing one.
Student 2: The bridge is swaying now. It must be strong enough to weigh
vehicles and people as well.

Student 3: I agree with both of them. Its use should be suitable for peasants and
children. According to the conditions of the village, there should be a road for
cars and pedestrians. We also keep in mind that we have a restricted budget
because these peasants have difficulty paying.

As seen above the excerpt, group A members considered various factors such as
durability, strength, and economic feasibility in order to simplify the problem situation

and reached a consensus for the prototype. On the other hand, Group B members

discussed the problem concerning Student 6’s observation in real life:

Student 6: There is a residential area where my grandmother lives similar to

this one, and there is little water there. There are two bridges across the water.

Why did they construct two bridges there?

Student 4: | think they should be for different purposes. Are they not?

Student 6: One of them is for people, and the other is for cars. Their appearance

is the same, but they carry different weights. The materials they used are also

different. While the abutments of one of them are iron, the other’s is steel. The

main body of the bridge is wood, and the other is iron.

Student 5: We think of the people and cars for constructing our bridge, too.

Constructing two bridges may increase the cost for peasants. It should be

available for cars and people. The strength is also important for our prototype.
The above indicates that Student 6 referred to past experience to internalize the
problem. The group discussed a similar situation considering the situation in the
Bridge Construction activity. They simplified the situation referring to previous real-
life experience. The dialogues from both groups also showed exemplary evidence
related to the ethical consideration modeling sub-competency, namely that elementary
gifted students identified interested and affected parties and their expectations,
acceptance criteria for work product, and also how engineering affects people and
places. As an engineering sub-competency of simplifying the situation, they
documented functional solution requirements to be accepted by peasants. In addition

to this, elementary gifted students determined the design aspect standards of the
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bridges to ensure safety, durability and serviceability. When all of the above instances
were considered, elementary gifted students displayed exemplary simplifying the

situation competency since they used multiple representations to explain the problem.

Secondly, this part of the section presents the findings from group C and D on
internalizing competency and related sub-competencies when engaging in the Mars
Lunarcrete activity. Through the sub-modeling competencies: understanding the
problem, collecting relevant information, simplifying the situation, ethical
considerations, and flexibility and novelty, the internalizing competency of elementary
gifted students in groups were examined when they engaged in this activity.
Additionally, Figure 4.2 indicated the extent to which elementary gifted students
displayed the internalizing modeling competency and related sub-modeling
competencies when they are engaged in the Mars Lunarcrete activity. The level of
sub-modeling competencies for the groups was categorized as O (unsatisfactory), 1
(emergent/developing), 2 (proficient), and 3 (exemplary), based on the group modeling

competence observation guide proposed by de Villiers (2018).

Internalizing Competency: Mars Lunarcrete
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m Flexibility and novelty

Figure 4.2. Internalizing Competency: Mars Lunarcrete

As illustrated in Figure 4.2, the findings of this study indicate that elementary gifted
students in groups C and D generally exhibited exemplary modeling sub-competencies
of internalizing when they are engaged in the Mars Lunarcrete activity except for
flexibility and novelty. The above figure also showed that group C displayed proficient
flexibility and novelty sub-modeling competency engaging in the activity.
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Accordingly, the sample instances of this competency related to the aforementioned
sub-categories are provided below.

Understanding the problem and ethical consideration. When the Mars Lunarcrete
problem situation, data set 1, and a recipe for this activity were given to the groups,
each group approached the problem in a different way. For example, group C
negotiated what is given and what is asked in the problem:

Student 8: Do we understand what the corporation requested from us? What
was given to us?

Student 7: Density, wind resistance, friability. The ratio of regolith and binders
were also given.

Student 9: The recipe was given to us. The ratios in the recipe are not exactly
the same in data set 1, but close to what we would choose.

Student 8: | see you both forgot the price. You continue the discussion; I will
read the texts again in order not to miss anything.

Student 7: We determine the best regolith for settlement on Mars and this is
what the corporation requested.

Student 9: In the letter, a company is looking to build efficient, affordable
housing, townhomes and single family homes.

Student 8: If there is a trip to Mars and settlement there in the future, we can
also use our building material.

The above indicates that elementary gifted students examined the given data in detail.
Then, they compared the data in both data set 1 and the recipe to understand the
problem. Hence, they identified the main issues and gathered information required for
problem analysis, reflecting the engineering sub-competency of understanding the
problem. As seen in the dialogue above, the students recognized the existence of and
the need to solve the problem, referring to the request of the company (understanding
the problem). In addition, they identified design aspect standards, codes, and
procedures to be followed and showed evidence of the engineering sub-competency
of understanding the problem. Also, Student 9 identified affected parties and their
interests, and so group C displayed evidence of the ethical consideration modeling
sub-competency. On the other hand, group D carefully read each variable in the data
set and discussed what they had to solve in the problem:

Student 11: Everyone, take a look into the data. Let me know if you have
another idea. I think we will take into account those who say let us do it this
way.
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Student 12: We should discuss our variables for the condition of Mars. We
should make our choices based on temperature differences.

Student 10: Normal concrete cannot be used there because it cannot withstand
the heat and cold of Mars. We should use a building material called lunarcrete
there because it can withstand the weather conditions there.

Student 12: We should combine regolith and binder solutions to create the
building model the corporation desires.

As it is presented above, elementary gifted students identified design aspect standards
and procedures to be followed by recognizing the presence of and the necessity to
address the problem, indicating the engineering sub-competency of understanding the
problem. They tried to understand the real-life situation beyond the data in order to
make the problem more meaningful. Thus, they referred to previous experiences about
the condition of Mars to make sense of the problem (understanding the problem).
Further, they made associations among variables and came up with original ideas to
create the model since they generated numerous original and different types of ideas.
This can be accepted as exemplary evidence of the flexibility and novelty modeling
sub-competency. The above dialogue also indicates that they collaborate with their
group members and value their viewpoints as they attempt to understand the problem.
As seen in the dialogues above, both groups clearly defined and summarized the main
issues and explicitly explained why this is a problem. This can be accepted as
exemplary evidence of the understanding the problem modeling sub-competency. In
addition, both groups recognized interested and affected parties as well as their
expectations and also how engineering affects people and places exemplary indicators

of the ethical consideration modeling sub-competency.

Collecting relevant information. The findings from the Mars Lunarcerete activity
indicated that elementary gifted students scrutinized carefully relevant information
about the problem by questioning, brainstorming, and clarifying. For example, group

D criticized all the information in the data set and recipe:

Student 11: What is the effect of density on the structure?

Student 10: Density keeps the structure more solid. For instance, it really stays
strong in an earthquake.

Student 12: So, why is wind resistance important?

Student 11: Wind resistance is also important. Let’s see.
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Student 10: Density and wind resistance, both of them can create a stronger
structure.

Student 12: Cost is an important factor for corporation.

Student 11: What is the effect of salt?

Student 12: | think it holds tighter.

Student 10: | also think salt is important. On the other hand, I think diluting the
glue before adding it to the solids adds strength, but it increases the stickiness
of the solution.

Student 11: For example, if we add spices, it always smells.

Student 12: Does flour hold better or corn flour?

Student 10: I can try it at home without trying the recipe next week. I don’t
have a guess for now.

As it was deduced from the dialogue above, this group uncovered implied information
not readily apparent and so exhibited exemplary indicators of collecting relevant
information. In addition to this, they made associations among variables and explored
solutions to engineering problems utilizing original ideas (flexibility and novelty). In a

similar vein, group C discussed the relevant information required for the problem

situation:

Student 9: Density and wind resistance help us to build strong and durable
structures. Both of them are like the same thing. The higher the density, the
higher the wind resistance. Of course, we also consider the cost.

Student 7: 1 think the cost is not important.

Student 8: How is it not important? Cost is also important. The company could
go bankrupt.

Student 9: Should we add salt?

Student 8: | think it works. Will it be flourless? Not at all. | think it would be
unstable.

Student 7: But there are options below, I think we can use sand.

Student 8: We will vote on the ideas. | agree with the idea that cost is important.
However, we can use such options if our most suitable recipe does not work.
Student 9: Nice idea.

Student 7: It is ok for me.

This dialogue shows that there were some disagreements among the group members.
However, they reached consensus by voting. This indicated evidence that the members
of group C collaborate with their group members and value their viewpoints. In the
above excerpt, the group members made associations among variables to generate
different types of ideas and so showed evidence of flexibility. Accordingly, they
considered possible approaches if their recipe did not work (ethical consideration).

Besides, they documented functional solution requirements to gain client acceptance,

131



reflecting the engineering sub-competency of collecting relevant information. On the
other hand, group C also exhibited an exemplary indicator of collecting relevant
information since they uncovered information not readily apparent such as the
relationship between the density and wind resistance. As a concluding point, both
groups distinguished between relevant and irrelevant information based on their
arguments as presented in the above dialogues (collecting relevant information).

Simplifying the situation, and flexibility and novelty. The findings from the Mars
Lunarcrete activity showed that elementary gifted students simplified the situation by
connecting the essential concepts. In this activity, the members of group D discussed
the real-world situation from different perspectives. For instance,

Student 11: Wind resistance should be considered because there can be
sandstorms there. Although sand is such a small thing, it can swing homes.
Student 12: Cost is also important information in order to transfer the material
into Mars.
Student 10: But there are too many factors we should consider. We have
difficulty deciding. Let us start with the most important. | think strength.
Student 12: You said the temperature differences in Mars. The building
material we will make should be heat resistant.
Student 11: Now, we eliminate any substance that can be affected by
temperature.
The above excerpt shows that elementary gifted students simplified the situation by
considering the given data and actual context. This simplified the situation to create a
real model by referring to previous real-life experience (simplifying the situation).
Correspondingly, group D made associations among variables both in the given data
and previous real-life experience (flexibility). Moreover, they came up with original
ideas to develop new and unique solutions by explaining why wind resistance is an
important variable to simplify the situation (novelty). Hence, elementary gifted
students in group D displayed an exemplary flexibility and novelty modeling sub-
competency since they offered a great deal of flexibility and generated original ideas
to support their claim. As an engineering sub-competency of simplifying the situation,
elementary gifted students determined the design aspect standards of the building
material to ensure strength, heat resistance, and economy. They also documented the
functional solution requirements to be accepted by corporation as an indicator of the

engineering sub-competency of simplifying the situation. As exemplary indicators of
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the ethical consideration sub-competency in the above dialogue, they identified
interested and affected parties and their expectations and also how engineering affects

people and places.

On the other hand, group C simplified the situation using mathematical data in the

recipe. For example:

Student 8: We said we would add salt. First, let us eliminate the 2:1 regolith
recipe because there is no salt in this recipe. The rest is all the same amount of
salt.

Student 9: Let’s eliminate that too. The amount of water is too much.

Student 7: This is also a little close, but the amount of water is too much. It also
spreads like dough. We do not want to add too much water either. Now, the
density should be high. So, we should add enough flour.

Student 9: Wind resistance is very important. Let us try something less costly
first.

Figure 4.3. An example of group C to simplify the problem

As can be deduced from the dialogue and Figure 4.3, group C simplified the problem
by reducing the regolith recipe. They compared mathematical information in the given
data and eliminated them considering the important factors in creating a real model.
This means that they made associations among variables (flexibility) but they did not
come up with original ideas to develop new and unique solutions. Hence, group C
displayed proficient evidence of the flexibility and novelty sub-modeling competency.
In addition, they showed evidence of ethical consideration by considering possible
approaches for the problem. The dialogues above also show evidence related to the
engineering sub-competency that elementary gifted students in both groups identified
acceptance criteria for work product and documented functional solution requirements
to be accepted by corporation (simplifying the situation). When all of the above-

mentioned instances of both groups were taken into consideration, elementary gifted
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students exhibited exemplary indicators of the simplifying the situation modeling sub-
competency by using multiple representations to explain and simplify the problem.

Finally, this part of the section presented the findings from groups E and F about the
internalization of competency and related sub-competencies when they are engaged in
the Dr. Ahmet’s Will activity. The internalizing competency of elementary gifted
students engaged in this activity was investigated in terms of the sub-modeling
competencies: understanding the problem, collecting relevant information,
simplifying the situation, ethical consideration, and flexibility and novelty. Moreover,
the extent to which elementary gifted students in groups displayed the internalizing
modeling competency and its sub-modeling competencies when they are engaged in
the Dr. Ahmet’s Will activity is shown in Figure 4.4. According to the group modeling
competence observation guide, the sub-modeling competencies of the groups were
classified as 0 (unsatisfactory), 1 (emergent/developing), 2 (proficient), and 3
(exemplary), proposed by de Villiers (2018).

Internalizing Competency: Dr. Ahmet's Will
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Figure 4.4. Internalizing Competency: Dr. Ahmet’s Will

As seen in Figure 4.4, when elementary gifted students in groups E and F engaged in
the Dr. Ahmet’s Will activity, they generally exhibited exemplary modeling sub-
competencies of internalizing, except for flexibility and novelty. From the graph
above, it can be asserted that both groups displayed proficient evidence of the
flexibility and novelty sub-modeling competency. In order to explain and expand on
the components of internalizing competency, sample extracts, which are representative

of each sub-competency, are given below.
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Understanding the problem. The findings of the current study revealed that elementary
gifted students made a concerted attempt to understand the problem. The members of
group E attempted to make sense of what they had to do at the beginning of the
problem investigation, but they did not address the essence of the problem situation. It
seemed apparent to them that they should match the location of the relatives with one
of the most appropriate cities in the data set. They did not internalize the problem in

their attempt to select a common meeting point for all relatives. For instance:

Student 13: | am not sure what the table is all about. There are travel times and

flight costs.

Student 14: There are six relatives here. But, there are five options to go.

Student 13: Will two people go to the same city?

Student 15: Let us try to choose the best option for each of our relatives.
This conversation indicates that the students initially had difficulty in understanding
the main problem. When they probed further into the problem, the members of group
E tried to clarify different information in the data set and problem situation
(understanding the problem). After a long discussion, all the group members agreed
that six relatives should meet in a common place to read Dr. Ahmet’s Will. They
commented “if someone did not come, Dr. Ahmet would donate his entire will to the
foundation”. They thus explained and summarized the main issues in the problem
situation. In a similar vein, the members of group F spent a significant amount of time
reading the problem aloud, focusing on particular information for each city and
attempting to understand what the numbers in the table meant. Hence, they gathered
information required for problem analysis, a reflection of the engineering sub-
competency of understanding the problem. Also, they made comparisons among cities
to gain a better understanding of the problem by showing the position on a world globe

sphere 3D model in Figure 4.5.
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Figure 4.5. An example of group F trying to understand the problem

Then, they marked on the map the cities where the lawyer’s office is located and the
cities where the relatives live as shown in Figure 4.5. Group F summarized the main
problem as “Dr. Ahmet died and left a will for us. On his birthday, April 1, his will can
be read if one person from each family attends. On a rainy day, he also desires to have
his request granted”. This showed that they explained the main problem situation in
their own words (understanding the problem). The above excerpts provide evidence
that having the relatives meet at a common point and satisfying the conditions
determined by Dr. Ahmet were the main issues in the problems for both groups. Thus,
both groups exhibited exemplary evidence of the understanding the problem modeling
sub-competency since they clearly identify the main issues and explicitly establish

why they are problems.

Collecting relevant information and ethical consideration. Another sub-competency
of internalizing obtained from the findings of elementary gifted students in the Dr.
Ahmet’s Will activity is related to the collection of relevant information and ethical
consideration. When examining the relevant information, both groups preferred to
prioritize the given data. Elementary gifted students initially examined travel time and
flight cost together. Other relevant information for working towards a solution was
determined as the lowest temperature and average rainfall. As students tried to better
understand the relevant information, they made comparisons among the importance of
the information to select the best option for relatives. Both groups documented the
functional solution requirements for the problem situation in terms of flight costs,

travel time, temperature, altitude, snowfall, and pollution levels, indicative of the
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engineering sub-competency (collecting relevant information). The following is a

discussion example from among the members of group F:

Student 18: First we have to look at travel time and temperature.

Student 17: | think that travel time is more important.

Student 16: | also think that the temperature is more important.

Student 18: The degree of pollution is more important than rainfall.

Student 19: Lastly, the amount of snowfall is important.

Student 17: Altitude is also important. When places are higher, it rains more.

Student 18: The snowfall was not that important anyway.
As can be seen in the above extract, elementary gifted students tried to reach a
consensus on relevant information in this problem situation. Student 17 presented the
relevance of the information for the problem situation with an explanation and the
reason was associated with the desired situation. Hence, group F distinguished
between relevant and irrelevant information to internalize the problem (collecting
relevant information). Besides, both groups considered the characteristics of each
relative such as age, job, and where they live. Differently, group E took some notes

about certain information about the problem as in Figure 4.6.

Figure 4.6. The notes of group E related to Dr. Ahmet’s relatives

As shown in Figure 4.6, they recorded the name of the relatives, the age, professions,
economic situation, where the relatives live, and certain characteristics such as raising
seven children and premature hair loss. Hence, the elementary gifted students
considered not only externally given data but also implied information related to the

characteristics of each relative to internalize the problem. This could be accepted as
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exemplary evidence of the collecting relevant information modeling sub-competency
for both groups. In light of all of this, these students clarified relevant information
about the problem by identifying interested and affected parties and their expectations,
and by considering the impact of decisions on people and places and so showed

evidence of the exemplary ethical consideration modeling sub-competency.

Simplifying the situation and flexibility and novelty. The findings from groups E and
F engaging in Dr. Ahmet’s Will activity suggest that elementary gifted students
progressed in simplifying the problem from its initial conditions to the specific
problem based on the characteristics of the relatives (simplifying the situation). They
also tried to eliminate some variables to reduce the options. The following dialogue

among members of Group F could be given as an example:

Student 18: Since there is no flight to Kanpur, it certainly will not be an option.
Student 19: Why not? Do they have to fly; they can go by car or another way?
Student 16: Maybe one of the relatives will come and get him and they will go
together.
Student 17: How should they go? Then it will be costlier.
Student 18: Let’s take a look at the map, shall we? Is another way possible?
Student 16: Let this be our last option for now. We can reconsider other
situations.
The above excerpts show that the members of group F offered the data a great deal of
flexibility but did not come up with original ideas to develop a new and unique solution
(flexibility). Although they proposed some ideas in their attempt to find a new way,
they did not critically discuss their reasons. Hence, these ideas could be categorized as
proficient evidence of the flexibility and novelty modeling sub-competency since they

exhibited flexibility but not novelty to the problem situation.

In addition to the excerpts above, group E eliminated Kanpur not only with no flight
due to but also its high degree of pollution. Thus, elementary gifted students specified
that certain pieces of information were irrelevant to provide the necessary condition.
That is to say, they simplify the situation by connecting essential concepts within the
problem. On the other hand, the members of group E found the total travel time of the
relatives for each option in order to simplify the travel time of each relative to the
location of the office. Hence, they applied mathematical operations to simplify the

problem situation by connecting the essential concepts. This provided evidence
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regarding the flexibility modeling competency that group E made an association
between the multiple representations of the data and the purpose of the problem.
However, they did not generate original ideas in order to develop new and unique
solutions. Thus, they displayed evidence of proficient demonstration of the flexibility
and novelty modeling sub-competency. On the other hand, when all the above-
mentioned instances for both groups are taken into consideration, they demonstrated
exemplary evidence of the simplifying the situation modeling sub-competency by

utilizing multiple representations to explain and simplify the problem.

To summarize, the preceding parts of this section presented the findings regarding the
emerging categories of internalizing competency when elementary gifted students
engaged in the engineering-based MEAs mentioned above in more detail. These sub-
modeling competencies of internalizing covered understanding the problem,
collecting relevant information, simplifying the situation, ethical consideration, and
flexibility and novelty. Although the findings in the sub-modeling competencies of
understanding the problem, collecting relevant information, and simplifying the
situation were mostly classified according to the group modeling competency
observation guide proposed by Villiers (2018), a new indicator related to a
mathematical modeling sub-competency of simplifying the situation was added based
on the emerging codes from the current study. In addition to the group modeling
competency observation guide proposed by Villiers (2018), ethical consideration, and
flexibility and novelty sub-modeling competencies emerged from the data of the
current study. The findings of this study demonstrated that elementary gifted students
in groups exhibited instances of exemplary engagement in engineering-based MEAS
by understanding the problem, collecting relevant information, and simplifying the
situation in order to internalize the problem. Beyond that, they displayed exemplary
modeling competencies in specific instances of ethical consideration as well as
flexibility and novelty.

4.2. Modeling Competency 2: Interpreting

This section of the chapter investigates the findings for interpreting, the second
modeling competency based on the classification of cognitive modeling competencies
proposed by de Villiers (2018). The interpreting competency was analyzed with
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respect to the sub-modeling competencies: assumptions, determining particularities,
and establishing conditions and constraints. Further, the extent to which elementary
gifted students in groups displayed the interpreting modeling competency and its sub-
modeling competencies when they are engaged in Bridge Construction, Mars
Lunarcrete, and Dr. Ahmet’s Will activities were investigated in this section. The
findings for each activity included examples of two distinct groups exhibiting the sub-
modeling competencies of elementary gifted students. In particular, the interpreting
competency of the students was analyzed through these sub-modeling competencies
and their related engineering and mathematical modeling sub-competency as shown
in Table 4.2. In the table, new codes that emerged from the analysis of the current

study are indicated with “*’.

Table 4.2. Classification of interpreting competency framework

Modelling Sub-modelling Indicators related to Indicators related to
Competency competencies that engineering sub-competeney ~ mathematical modelling sub-
support the competency
modelling
competency
" Assumptions » Make assumptions. *» Make relevant assumptions
£ * Identify widely accepted regarding the problem and
% methods to manage risk* further simplifies the situation.
] *Interpret the client’s Assumptions are stipulated
s requirements, leading to an clearly and coherently whilst
agreed statement of consideration for the
requirements, consequences of the
+ Consider practical, economie, assumptions have been made.
social, environmental, quality
assurance, safety and statutory
factors that can influence the
situation.
* Consider the interdependence,
interactions and relative
importance of factors.*
Determining * Interpret the client’s * Recognize quantities and
particularities requirements, leading to an variables that can influence the

agreed statement of
requirements.

* Identify acceptance

criteria for work product.

* Clarify requirements, drawing
issues and impact to the client’s
attention.

problem situation and how they
relate to the problem.
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Table 4.2. (continued)

= Consider practical, economic,
social, environmental, quality
assurance, safety and statutory
factors that can influence the
situation.

* Identify widely accepted
methods to manage risk.®

Establishing = Identify conditions and * Note conditions and
Conditions and  constraints, also in terms of the constraints that will/will not
Constraints efficient utilization and work for the problem situation.

interaction of people, materials, + Identify conditions and
machines, equipment, means and constraints referring to previous
funding. experience. *

= Identify accepted criteria for

work product.

» Consider the interdependence,

interactions and relative

importance of factors*

As shown in Table 4.2, the analysis of this study revealed that the interpreting sub-
competencies assumptions, determining particularities, and establishing conditions
and constraints, proposed by de Villiers (2018), emerged as sub-codes. The indicators
of interpreting sub-competencies in terms of engineering and mathematical modeling
sub-competencies when elementary gifted students engaged in engineering-based
MEAs are indicated in Table 4.2.

As the first example of engineering-based MEAs, the findings for the Bridge
Construction activity related to the interpreting competency of groups A and B are
presented regarding the sub-competencies of assumptions, determining particularities,
and establishing conditions and constraints. Moreover, the extent to which elementary
gifted students exhibited the interpreting modeling competency and related sub-
modeling competencies when engaging in the Bridge Construction activity is
illustrated in Figure 4.7. Based on the group modeling competency observation guide
proposed by de Villiers (2018), the level of sub-modeling competencies for the groups
was classified as 0 (unsatisfactory), 1 (emergent/developing), 2 (proficient), and 3

(exemplary).
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Interpreting Competency: Bridge Construction

Competency Level
-

Group A Group B

m Assumptions
Determining particularities

Establishing conditions and constraints

Figure 4.7. Interpreting Competency: Bridge Construction

As seen in Figure 4.7, when elementary gifted students in groups A and B engaged in
the Bridge Construction activity, they exhibited exemplary sub-modeling
competencies of interpreting. Examples of this competency in relation to the
aforementioned sub-categories are presented below.

Assumptions. The elementary gifted students made assumptions drawn from real-life
situations during the construction of their bridges. Their main focus was to make the

bridge strong. This was revealed through their dialogue, as can be seen below:

Group A: We thought about fixing abutments so that the road does not fall,

how we will keep the road on abutments, then we thought about how to keep

the road from above if the abutments fell down (Student 1).

Group B: Abutments and arches hold the bridge (Student 5). If the abutments

are broken, it would be held from the other side (Student 6).
This dialogue excerpt indicates that both groups made assumptions regarding the
possibility of the bridge collapsing because of the failure of different parts and
produced an alternative support mechanism for that condition, thus demonstrating
evidence of the manage risk as engineering sub-competency. Excerpts for both groups
also showed evidence of the engineering sub-competency in that they considered the
interdependence, interactions, and relative importance of factors (assumptions). Not
only did they clearly specify the assumptions but they also considered the

consequences of the assumptions they made.
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As stated above, both groups displayed exemplary evidence of the assumptions
modeling sub-competency since they made innovative and insightful assumptions, and

showed consideration for the consequences of the assumptions clearly and coherently.

Determining particularities. The analysis of the data revealed that elementary gifted
students interpreted the client’s requirements, leading to an agreed statement of
requirements and reflecting the engineering sub-competency of determining
particularities. For example, the students initially drew sketches of their bridges by
defining predetermined requirements. As an engineering sub-competency of
determining particularities, both groups identified accepted criteria in order to design
their bridges in a way considerate of strength, durability, safety, and serviceability.

Specifically, the protocol proposed by Song and Agogino (2004) was used to
characterize the design sketches of the elementary gifted students. In the analysis of
the sketches in designing their bridges, the concept of annotation, “type of support
notation metric, which includes labels, lists, narratives, dimensions and calculations”
(Song & Agogino, 2004, p.2) guided the coding of sketches. As shown in the groups’
sketches below (See Figure 4.8 and 4.9), both groups used basic and two-dimensional
sketches. Their sketches included bridge measurements such as tall, width, and height
coding. While group A labeled the materials used, the other group did not.

Figure 4.8. The bridge drawing of group A
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Figure 4.9. The bridge drawing of group B

As can be seen from Figures 4.8 and 4.9, elementary gifted students clarified
requirements, drawing issues and impacting the client’s attention, demonstrating the
engineering sub-competency of determining particularities. Moreover, both groups
recognized the type of bridge, the materials, and the cost as important variables in the
Bridge Construction problem. However, neither preferred to use only the given
materials in the given data set. As stated before, they brought flexibility to the data
related to materials and their cost without changing the scope of the problem. Thus,
the students recognized quantities and variables that can influence the problem

situation and how they relate to the problem (determining particularities).

In addition, these elementary gifted students reflected that their first priority was to
make the bridge stable. Accordingly, they chose to use extra materials to reach this
aim. Both groups considered economic factors that influenced the problem situation.
In the following extract, the members of group B discussed the cost of the bridge they

will construct:

Student 5: It may be very expensive as it has to be strong. | estimated the cost
at 1500 Turkish Liras (TL).

Student 6: Is it 1500 TL? It might be 2500 TL.

Student 4: 2500 TL makes sense to me.

Student 6: How much is 1 kg of iron? We can calculate...

The above excerpt shows that they estimated the cost of the real-bridge rather than the

prototype. They identified the accepted criteria related to the cost of the work product

as engineering competency (determining particularities). Furthermore, group A found
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their bridge a little costly but they supported the idea that it will be worth what they
do. Students’ reflections on the cost of the bridge in their initial planning showed that
constructing an economic bridge was not their first priority. On the other hand, both
groups also considered practical, social, quality assurance, and safety factors that can
influence the situation from different perspectives, an indicator of the engineering sub-
competency (determining particularities). An instance of interpretation occurred as

the members of group A specified the factors when they drew their bridge:

Student 2: We draw a design sketch of our bridge like this. We will use pet
bottle caps for those who go to one side and soda caps for those who go to the
other side of the road. To avoid confusion and to prevent people from hitting
each other.
Student 1: We will also make a pedestrian crossing for people to cross to the
other side if they take the wrong path, and we will use tongue sticks or
toothpicks there.
Student 3: We will also make the abutments with very thick cardboard. We will
also support them with tongue sticks so that it does not fall out and open. These
will be 25 cm.
The above could be accepted as evidence that members of group A gave detailed
information about their drawing and care about the user-friendly bridge. As seen in the
dialogue above, group A considered practical factors in terms of efficient utilization
of the people, an indicator of the engineering sub-competency (determining
particularities). Together these findings of both groups provide exemplary evidence
regarding the sub-competency determining particularities, in that they recognized
important quantities and variables in the problem and how they related to the problem

considering practical, economic, social, safety, and quality assurance factors.

Establishing conditions and constraints. Elementary gifted students identified
conditions and constraints, including the efficient use and interaction of people and
materials, reflecting the engineering sub-competency (establishing conditions and
constraints). For example, the members of group A considered the maximum amount

of material for each item and its cost as in the following excerpt:

Student 2: The maximum amount of material we will use for tongue sticks is
300. The cost of it is 9.75 TL. Too expensive.

Student 1: How can we construct our prototype?

Student 3: I can bring cardboard for the next session. | have one big enough at
home. So, we can decrease the cost of bridges.
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Student 1: But, we can use the tongue stick for the road. Do you think it will
work?
Student 2: We think so, label the drawing. But, we will discuss when
constructing the bridge.
This conversation above provided evidence of the engineering sub-competency that
elementary gifted students identified cost as the acceptance criterion for work product
(establishing conditions and constraints). Different from group A, the members of
group B discussed the cost of the material and decided to construct a small prototype

for the peasants:

Student 5: It is only a prototype, not a real bridge. We can make small

prototypes.

Student 6: Hmm... How can we demonstrate all the things we draw?

Student 4: Its length is the same as a ruler. We do not need many materials to

construct it.

Student 5: Yes, in my opinion, putting two tongue sticks is enough according

to our drawing.

Student 4: So, we can construct it cheaper.
This snippet highlights the interpretation competency of elementary gifted students,
how they investigate whether the conditions and constraints will work for the problem
situation (establishing conditions and constraints). Overall, the findings of this study
revealed that both groups also considered the interdependence, interactions, and
relative importance of factors to interpret the Bridge Construction activity, indicators
of the engineering sub-competency (establishing conditions and constraints). The
dialogue excerpts from both groups also showed exemplary evidence related to the
establishing conditions and constraints modeling sub-competency. They established
clear conditions and constraints in terms of efficient utilization and interaction of
people, material, equipment, means, and funding, as well as explanations for such

conditions and constraints.

As a second example of engineering-based model eliciting activities, the findings of
the Mars Lunarcrete activity related to interpreting competency of group C and D in
the activity were investigated under the sub-competencies of assumptions, determining
particularities, and establishing conditions and constraints. In addition, the extent to
which the groups displayed the interpreting modeling competency and its sub-
competencies when engaging in the Mars Lunarcrete activity are given in Figure 4.10.

According to the group modeling competence observation guide proposed by de
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Villiers (2018), the sub-modeling competencies of the groups for interpreting
competency were classified as 0 (unsatisfactory), 1 (emergent/developing), 2
(proficient), and 3 (exemplary) proposed by de Villiers (2018).

Interpreting Competency: Mars Lunarcrete
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Competency Level
-

Group C Group D

® Assumptions
Determining particularities

Establishing conditions and constraints

Figure 4.10. Interpreting Competency: Mars Lunarcrete

As illustrated in Figure 4.10, elementary gifted students in groups C and D generally
displayed exemplary sub-modeling competencies of interpreting when they are
engaged in the Mars Lunarcrete activity. In order to clarify and elaborate on the
aforementioned categories, some specific instances of interpreting competency for

each category are provided below.

Assumptions. Elementary gifted students made pertinent assumptions concerning the
problem and simplified the situation even more. The following was an example of
interpretation by members of group D while drawing assumptions on the Mars

Lunarcrete activity:

Student 12: First of all, the amount of building material we will make should
be sufficient to establish a settlement on Mars. For example, we can build one
house, but we do not have enough material to build the others. The spacecraft
may need to be sent again, resulting in a higher cost.

Student 10: The cost should be moderate. There must be more flour, otherwise,
it will not be solid. It should turn into a solid.

Student 11: Binder should be more. So it holds up better. Also, the regolith
becomes like a brick. The structure becomes more durable and safer for people.

As shown in the dialogue above, elementary gifted students made their assumptions
based on the variables that affect the desired situation in the problem. They not only

stipulated assumptions clearly and coherently but also reflected the consequences of
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the assumptions they made. Correspondingly, the members of group D considered
practical, economic, and safety factors that can influence the consequences of
assumptions, indicators of the engineering sub-competency (assumptions). On the

other hand, group C interpreted the client’s requirements. For instance:

Student 8: We should develop a functional model to determine the ideal

regolith and binder solution for Mars settlement.

Student 7: The corporation has requested to create models of the colony. They

want to use regolith to construct efficient, affordable condos, townhomes, and

single-family houses on Mars.

Student 9: The buildings must be durable and strong. It is also important

whether they are airtight or not.

Student 8: Comfort is also important because people will live there. Student 7

says we will build many types of houses for settlement. We need to create a

model for people to live with their families.
The above excerpt showed that the students considered not only economic, social, and
quality assurance factors that can influence the situation but also the usability of the
model to live in the Mars. Hence, both groups made their assumptions considering the
client’s requirements to develop a real working model. Together these findings
provided evidence regarding the engineering sub-competency of the assumptions
modeling sub-competency that they considered the interdependence, interactions, and
relative importance of factors. As seen in the dialogues above, the assumptions about
airtightness for group C and the amount of building material for group D could be
accepted as innovative and insightful instances. Thus, this can be asserted as
exemplary evidence of the assumptions modeling sub-competency since they
considered the consequences of their assumptions clearly and coherently beyond

making innovative and insightful assumptions.

Determining particularities, and establishing conditions and constraints. The findings
of this study showed that elementary gifted students determined particularities for the
settlement on Mars by drawing. Both groups determined the accepted criteria in their
attempts to create models of the colony, focusing on strength, durability and
affordance, reflecting the engineering sub-competency (determining particularities).
Nevertheless, their drawings indicated that they determine the factors that can
influence the settlement on Mars in a different way. Similar to the drawings in the
Bridge Construction activity, Song and Agogino's (2004) concept of annotation, “type

of support notation metric, which includes labels, lists, narratives, dimensions, and
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calculations” (p.2) guided the coding of sketches in the analysis of elementary gifted
students’ sketches in designing their settlement on Mars. Both groups used basic and

two-dimensional sketches, as demonstrated in the sketches below.

In particular, the members of group C discussed different ideas when drawing their
particularities. They firstly determined the building as shown in Figure 4.11. However,
student 8 commended “but there needs to be additions there, box chambers and so
on”. This indicated that they need to clarify requirements, drawing issues and impacts
to the client’s attention, an indicator of the engineering sub-competency (determining
particularities). Then, they agreed on the sketch of the building as shown in Figure
4.12.

Group C: We are thinking of doing this. It is like that pyramid. It has solar
panels on the sides and a generator inside. Power unit at the bottom. (Figure
4.12)

Figure 4.11. The first building sketch Figure 4.12. The final building sketch

As shown in the excerpts from group C, they recognized the building, greenhouse, and
power plant as important requirements for the settlement on Mars in the problem and
specified the characteristics of these requirements by considering the condition of
Mars. Thus, they exhibited exemplary determining particularities behavior since they
stated how the variables relate to the problem situation considering practical, social,

and environmental factors.

After they decided on the building, they established the conditions and constraints for

a greenhouse and power plant. For example:
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Student 7: What could be suitable as a greenhouse? Considering the conditions
of Mars?

Student 9: In the movie The Martian, in his greenhouse, water was formed by
steam in the greenhouse, and when they became water, the plants were watered.
Thus, he was able to afford drinking water. For example, he was growing
potatoes.

Student 8: There are also steps here. | think this drawing is suitable for a
greenhouse. (See Figure 4.13)

Figure 4.13. The sketch of greenhouse

As shown in the above excerpt, Student 9 referred to previous experience to identify
conditions and constraints. The justifications of group C on drawings also showed that
they considered the efficient utilization and interaction of people, material, equipment,
and means, reflecting the engineering sub-competency (establishing conditions and
constraints). The following dialogue indicated that they established conditions and
constraints with regards to efficient utilization. “Student 9: That could also be a power
plant in the shape of a pyramid (See Figure 4.14). Student 8: If it can produce energy,

i

yes”.

Figure 4.14. The sketch of power plant
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As seen in the above dialogues, group C provided exemplary evidence of the
establishing conditions and constraints modeling sub-competency since they
established clear conditions and constraints in terms of efficient utilization and
interaction of people, materials, equipment as well as explanations for such conditions
and constraints. On the other hand, the justification of group D on their drawings
revealed that they recognized different factors that can influence the settlement on

Mars (determining particularities):

Student 10: This is the greenhouse (See Figure 4.15). There are such serums in
the greenhouse. But the serum has more water capacity and the water goes
faster, because all of them have to be distributed in the greenhouse. We put two
for the least cost, and there are two fans to keep the air flowing inside.
Student 11: The house we know is next to the greenhouse. We did not need to
design it. It will be like the house we know, a regular house.

Student 12: There is also a garage next to it. The garage has a forward sloping
door. There is a folding door. We thought that the reason why it is inclined will
be to be more resistant to the wind, since it will hit the direct winds in such a
sloping way, not straight.

Student 11: There will be spare materials in the garage, everything will be
inside. For example, there will be vehicles. There will be backups of our fans
here.

Student 10: Because everything can go wrong at any time. We must be
prepared for any situation. This is Mars.

Figure 4.15. The design of the group D for the settlement on Mars

The conversations of group D demonstrate that they determined the particularities of
greenhouse, building, garage, solar panel and basement by clarifying requirements,
drawing issues and impacts to the client’s attention as engineering sub-competency
(determining particularities). The above excerpt provided exemplary evidence of

determining particularities that the members of group D considered practical,
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economic, social, environmental, quality assurance, and safety factors when
recognizing important variables in the settlement on Mars and their relationship to the
problem. The above dialogues also showed that the students identified widely accepted
methods such as backup plans to manage risk, an indicator of the engineering sub-

competency (determining particularities).

Furthermore, the students in group D established conditions and constraints clearly as

well as justifications for them. For instance:

Student 12: Apart from that, there is a solar panel here (see Figure 4.16). The
generator here collects the lights coming from here. The generator here collects
the sun’s rays as follows. That is how we use our vehicles from here. We will
use a hair dryer to do it.

Student 10: There is a small basement. There is food and more water in terms
of storage if they are finished.

Student 12: There is a second generator. Let us say we were using it in the
evening, the light went out, this comes into play. It also gets its energy from
the solar panel. It stores the energy here, and it sends it from here to here. When
we run out of energy storage here, it goes to the one below.

Figure 4.16. The solar panel design of the group D

As can be deduced from the dialogues above, the members of group D established
conditions and constraints that will or will not work for the problem situation. Beyond
that, they showed exemplary evidence of establishing conditions and constraints since
they explained such conditions and constraints in terms of efficient utilization and
interaction of people, material, machines, equipment, means, and funding. As a
concluding point, it can be asserted that group D also provided evidence regarding the
engineering sub-competency since they considered the interdependence, interactions,

and relative importance of factors.
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As the last example of engineering-based MEAs, the findings of the Dr. Ahmet’s Will
activity with respect to the interpreting competency of groups E and F were
investigated. The sub-competencies of interpreting were categorized under the sub-
title of assumptions, determining particularities and establishing conditions and
constraints. In addition, the extent to which the elementary gifted students displayed
the interpreting modeling competency and related sub-modeling competencies when
engaging in the Dr. Ahmet’s Will activity is presented as shown in Figure 4.17.
According to the de Villiers’s (2018) group modeling competence observation guide,
the sub-modeling competencies of the groups for interpreting competency were
classified as follows: 0 (unsatisfactory), 1 (emerging/developing), 2 (proficient), and
3 (exemplary).

Interpreting Competency: Dr. Ahmet's Will

N W

Competency Level
-

Group E Group F

® Assumptions
Determining particularities

Establishing conditions and constraints

Figure 4.17. Interpreting Competency: Dr. Ahmet’s Will.

As is shown in Figure 4.17, the findings of the current study revealed that the
elementary gifted students in groups E and F displayed exemplary modeling sub-
competencies of interpreting when engaged in the Dr. Ahmet’s Will activity. As a
result, the following part provides examples of this competency related to the sub-

categories indicated above.

Assumptions. When interpreting the client’s requirements, both groups made the
assumptions that old persons could not withstand long journeys. In the following
extract, the members of group F considered the consequences of the assumptions in

terms of practical and social factors, an indication of the engineering sub-competency:
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Student 18: Actually, we expect it will rain more in Sydney, but Uncle Nedim’s

journey will take 49 hours.

Student 16: 1 do not think Uncle Nedim can stand to go for that long.

Student 18: Cousin Ozan arrives after 47 hours of travel.

Student 17: It is a tremendous burden for Uncle Nedim.

Student 16: Aunt Belma cannot stand to go to Kanpur with seven children, for

example. We did not choose Kanpur from it either.
As can be deduced from the dialogue above, elementary gifted students further
simplified the situation in terms of efficient utilization of people (assumptions). In
addition, both groups assumed that the financial situation of the relatives would afford

them the ability to travel to the location they chose. Group E commented:

We considered the relatives’ financial status as well. Cousin Ozan, for
example, resided in the basement. Istanbul was a little budget-friendly for him.
However, aunt Hatice's travel time to Istanbul was longer than her travel time
to Geneva. We also investigated such factors.
This showed evidence that elementary gifted students interpreted not only client
requirements, leading to an agreed statement of requirements but also the particular
characteristics of the relatives. The stated ideas above on assumptions can be accepted
as indicators of innovative and insightful assumptions within the scope of the problem
since they led the students to change the strategy of the solution. Thus, both groups
indicated exemplary evidence of assumptions modeling sub-competency, in that they
considered the consequences of the innovative and insightful assumptions in a clear
and coherent way.

Determining particularities. The findings also showed that elementary gifted students
recognized important quantities and variables that can influence the Dr. Ahmet’s Will
problem situation and how they relate to the problem (determining particularities).
The following was an example of interpretation used by members of group F to

determine particularities:

Student 16: Geneva seems the most suitable city for all relatives.

Student 18: Most costly for whom?

Student 16: It is costly for Cousin Ezgi, but I guess she works, too. | suppose
Cousin Ezgi pays the loan as well.

Student 17: Cousin Ezgi, after all, graduated from university and probably
earns a certain amount of money.

Student 18: She was employed. She still works at Sony.
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Student 16: She can pay this money because she works. She can save up and
pay off this money for months.

As seen in the dialogue above, elementary gifted students identified economic factors
influencing the problem and explained their relationship with the situation, a reflection
of the engineering sub-competency. Similarly, the members of group E discussed the
important variables in the problem as follows:

Student 13: Geneva appears to be an appropriate location, as the travel time is
short and the rainfall is not too unpleasant. It is already very high altitude. Due
to the high altitude, there may be considerable rainfall.

Student 15: If we had chosen Buenos Aires or Sydney, the costs and travel
times would not have been suitable for the relatives.

Student 14: In our opinion, Geneva is the cheapest and fits most of the factors.
Student 15: Who will travel the longest?

Student 13: Aunt Hatice, whose travel time is approximately 23 hours.
Student 14: Can she withstand the journey that long?

Student 13: | believe she can.

Student 15: The flight cost of Geneva is available to all relatives.

Student 13: Also, Aunt Hatice lives in Hawaii, which is a warm place. If we

had sent her to a cold place, she would probably get sick. There would also be

rain, he might catch a cold and be sick, so she could not come to meet.
According to their conversations, elementary gifted students in both groups considered
how practical, economic, social, and environmental factors would affect the situation
beyond explaining the variables that could influence the situation and its relevance
with the problem. This showed evidence that both groups displayed the determining

particularities sub-competency in exemplary fashion.

Establishing conditions and constraints. Based on the findings of this study, both
groups established clear conditions and constraints that will or will not work for the
problem situation. An excerpt from group F reflecting their attempt to identify
conditions and constraints in the Dr. Ahmet’s Will activity is given below:

Student 17: All the relatives should be together; this is our condition. The
temperature degrees are also suitable for the rain.

Student 19: The other condition is that only one person from each family will
come.

Student 16: 1 do not think any of the seven children have any expenses, except
for water and toilet fees. Perhaps, they can stay at home if they are
accompanied by an older person.
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Student 19: The triplets are under the age of twelve. As a result, she must also
take them. That is why it is a little expensive for her.

Student 16: For Aunt Hatice, the flight cost is $1340. Are the kids free?
Student 18: Maybe.

Student 17: She had goats, she could cover the cost by selling goat milk. Or if
she sells the goats and buys donkeys, donkey milk is quite expensive.

Student 19: Exactly, she can somehow cover the cost by selling donkey milk.
Student 18: She has a farm and she can sell something from there.

Here, the students established clear conditions and constraints as well as explanations
for them. An indicator of the engineering sub-competency, they also identified
conditions and constraints in terms of the efficient utilization and interaction of people
and funding. Considering the social factors that influence the situation, they
determined the accepted criteria for the best location and suggested alternative
solutions. Additionally, the members of group E considered the temperature and
altitude conditions in which each relative was used to living and examined whether

they would adapt to the conditions of their chosen location. For instance:

Student 15: Let us compare cities by conditions. We said Geneva is our first
option. Let us compare the temperatures.

Student 13: Aunt Hatice can definitely endure. The highest temperature where
she lives is 83 degrees. She can tolerate it.

Student 15: Geneva appears to be in excellent condition at the moment, both at
the highest and lowest temperatures.

Student 14: But, the altitude is too high in Geneva.

Student 15: Aunt Belma lives in Bogota at an altitude of 8612 ft.

Student 13: Uncle Nedim, let us have a look at Nairobi. The highest
temperature is 77 degrees. The lowest temperature is 56 degrees. While the
highest temperature in Geneva is 56 degrees, it is the lowest there.

Student 14: Both of them can handle it.

Student 13: Now let us look at Cousin Mert in Amsterdam

Student 14: But the highest temperature there is 55 degrees. Do you think you
cannot tolerate it?

Student 13: Of course it will. Then, that is ok. Let us look at Aunt Belma. The
lowest temperature is 46 degrees and the highest temperature is 66 degrees in
Bogota. She can come, too.

Student 14: Cousin Ezgi also lived in Tokyo. The temperature is also ideal for
her. But the altitude is too much for her. She will go from 59 ft. to 1210 ft.
Student 15: So far, Geneva seems suitable for all conditions.

Student 14: But the altitude is not suitable.

Student 13: I think you’re right. However, the temperature is more important
than the altitude.

As can be understood from the extract presented above, the elementary gifted students

identified conditions and constraints in terms of the efficient utilization and interaction
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of people. This could be accepted as indicators of exemplary demonstration of the
establishing conditions and constraints sub-modeling competency. The dialogues
from both groups presented above also showed evidence related to the engineering
sub-competency, in that they considered the interdependence, interactions, and relative
importance of factors for the problem situation (establishing conditions and

constraints).

In summary, the second section of findings chapter investigated the elementary gifted
students’ sub-modeling competencies when they engaged in engineering-based
MEAs, including assumptions, determining particularities, and establishing
conditions and constraints under the interpreting competency. The group modeling
competency observation guide proposed by de Villiers (2018) was revised during the
analysis of the elementary gifted students’ experiences in the engineering-based model
eliciting activity and adapted according to the data analysis. In this scope, the findings
of this study indicated that elementary gifted students in groups exhibited an
exemplary modeling competency in determining particularities considering practical,
economic, social, environmental, quality assurance, and safety factors. Besides these,
they established conditions and constraints in terms of the efficient utilization and
interaction of people, materials, machines, equipment, means, and funding. Such
explanations were added to the relevant dimensions in line with the findings obtained
from this study. On the other hand, elementary gifted students in groups displayed
exemplary modeling competency in making innovative and insightful assumptions by
consideration for the consequences of the assumptions in real life. In addition, the
indicators related to the engineering sub-competency of the internalizing competency
were included in the group modeling observation guide based on the analysis of the

current study.
4.3. Modeling Competency 3: Structuring

The findings of the third modeling competency, structuring, are reported in this section
based on the classification of cognitive modeling competencies proposed by de Villiers
(2008). The structuring competency was examined as part of the sub-modeling
competencies of innovative planning and design, as well as constructing relations. In

addition, the extent to which elementary gifted students in groups displayed the
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structuring modeling competency and its sub-modeling competencies when they are
engaged in Bridge Construction, Mars Lunarcrete, and Dr. Ahmet’s Will activities are
provided in this section. In each activity, examples of two different groups are
presented to reflect the sub-modeling competencies of elementary gifted students. In
particular, the structuring competency of elementary gifted students is analyzed
through its sub-modeling competencies and their indicators related to the engineering

and mathematical modeling sub-competencies as indicated in Table 4.3.

Table 4.3. Classification of structuring competency framework

Modelling Sub-modelling Indicators related to Indicators related to
competency  competencies that engineering sub- mathematical modelling
support the competency sub-competency
modelling
competency
Innovative = Innovative planning and  + Create a realistic
planning and design (setting up a situation representation of the original
design model). gituation, which becomes a
= Verify that the design 'model of the original real-
problem is amenable to world problem situation.
solution by candidate’s
" techniques.
E Constructing = Construct Relations — « Identify and construct
£ relations maintain a good balance relations between key
g between the effectiveness of variables.

the solution process and the « Relate the situation to
time/cost involved. similar 1deas and constructs
= Consider the impact of  previously experienced.
decisions on social, safety  « Represent ideas externally.
and envirommental aspects,

considering all relevant

legislation.

Specifically, as indicated in Table 4.3, the findings of this research demonstrated that
the structuring sub-competencies of innovative planning and design and constructing
relations, provided by de Villiers (2018), emerged as sub-codes. When the elementary
gifted students engaged in engineering-based MEAs, the indicators of the structuring
competency in terms of engineering and mathematical modeling sub-competencies

that emerged are presented in Table 4.3.

First of all, the findings from groups A and B regarding the Bridge Construction

activity were provided as an example of the structuring competency in the engineering-

based MEAs. In addition, the extent to which elementary gifted students displayed the

structuring modeling competency and its sub-modeling competencies of innovative
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planning and design and constructing relations when engaging in the Bridge
Construction activity was illustrated in Figure 4.18. Using the group modeling
competency observation guide suggested by de Villiers (2018), the sub-modeling
competencies of the groups for structuring competency were classified into four
categories: 0 (unsatisfactory), 1 (emerging/developing), 2 (proficient), and 3
(exemplary).

Structuring Competency: Bridge Construction

0

Group A Group B

N

[N

Competency Level
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Figure 4.18. Structuring Competency: Bridge Construction

As is shown in Figure 4.18, the findings of the current study revealed that the
elementary gifted students in groups A and B offered an exemplary display of the
modeling sub-competencies of structuring when engaged in the Bridge Construction
activity. The following provides examples of this competency related to the sub-
categories indicated above.

Innovative planning and design, and constructing relations. The findings of the data
showed that elementary gifted students consider the impact of decisions in
constructing their bridges. In particular, the members of group A substantially
conformed to their initial design and sketch. While constructing the first bridge design,
the group changed the measurement of abutments. They commented as in the

following:

Student 3: Now, | cut the 25 cm for abutment. It is difficult to cut cardboard.
There will not be exactly 25 cm because of cutting.

Student 2 and Student 1: We pasted the parts you cut. But 25 cm is too long for
height. Can we change it to 15 cm?

Student 3: We can. The suspension bridge was 10 meters high from the stream.
We should also change the width. Do you agree?
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Student 1: 2.5 cm can be better. Is it ok for you?

Student 2 and 3: Ok.
This excerpt indicates that the group tried to create a realistic representation of the
original situation (innovative planning and design). The above excerpt also showed
that group members related the situation to real life in the decision-making process.
Hence, this could be exemplary evidence for the innovative planning and design since
the students differentiated the plan considering the original real-world situation. On
the other hand, they received approval for group members to justify their design
solutions. This showed evidence that they represent ideas externally to group members
(constructing relations). In addition, they stated the following:

Group A: In the preliminary plan, we plan to use pet bottle caps for those who
go to one side and soda caps for those who go to the other side of the road.
However, we gave up on using them. Instead, we decided to use an arrow for
pedestrian crossing. Also, we prefer to make the middle abutment bigger than
the other abutments to make the bridge stronger.
Student A disagreed with the other group members, stating that “I prefer to make one
sided road. | think pedestrians must go as they want, making pedestrian crossing
unnecessary”. However, group members convinced student A to make it to avoid
confusion. This showed evidence that they valued each other’s perspectives and
worked collaboratively. On the other hand, the dialogues above indicate that they
maintained a balance between the effectiveness of the solution process and the time
involved, an indication of the engineering sub-competency (constructing relations).
Consequently, they constructed an arch bridge. They stated the reason of why they

construct an arch bridge as:

Student 1: If we build an arch bridge, we can also support the bridge from the
other sides. If the abutments of the bridges collapse, the bridge can be used
longer with the support of an arch.
Student 2: We used 2 small straws and a square cardboard to fix the arch. It can
perform the same function as the abutments of the bridge.
Such reflections show that the students considered social, safety and environmental
implications of their decisions, an indicator of the engineering sub-competency of
constructing relations. In addition, they considered the interdependence, interactions,
and relative importance of various factors as stated in the above dialogue. Thus, these

could be understood as exemplary indicators of the constructing relations sub-
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modeling competency for group A. They tried to make alternative support mechanisms
in the case of the collapse of the bridge abutments. As stated in their initial plan, they
made two pedestrian roads and two intersections. Although the height of the abutments
is equal in the drawing, the final version made the bridge more durable in their opinion,
as can be seen in Figure 4.19. Taken together, the members of group A recognized and

connected essential concepts about the Bridge Construction problem when setting up

i |

a situational model (constructing relations).

Figure 4.19. The structuring of bridge for group A

Similar to group A, group B also changed the abutments of the bridge. They

commented:

Group B: In the initial planning, we thought the width of the abutment would
be 5 cm. However, the amount of the material was not enough to make the
road. So, we made 7 abutments thinner than we planned. So, our bridge is not
the same as the sketch of the bridge. There are several arches in our sketch.
Other parts are slightly similar. The abutments are connected together by wires.
But we prefer to use more abutments because our wires are not very strong for
connection. We think that more abutments can be stronger than our initial
planning.

Their reflections indicated that the members of group B considered the impact of
decisions on safety aspects, which is an indication of the engineering sub-competency
(constructing relations). When constructing their bridge, they had difficulty applying

their plan and changed their plan because of the nature of the material. Due to the
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elementary gifted students’ differentiation of the plan, this might be considered an

exemplary indication of innovative planning and design. For example:

Student 4: We were not able to realize all our intentions. We wanted to build a

wire arch over the girder bridge.

Student 5: However, we could not cut the wire, instead we decorated the bridge

with LED lights and beads.
As can be understood from the dialogue above, the group differentiated the design as
shown in Figure 4.20 when setting up the situational model, taking not only essential
concepts but also aesthetic aspects in mind. Thus, group B also exhibited an exemplary
display of the constructing relations sub-modeling competency, since they generated
the prototype to solve the Bridge Construction problem considering the
interdependence, interactions, and relative importance of factors. The dialogues above
show evidence from both groups related to the engineering sub-competency of
innovative planning and design, in that they are able to solve the design problem using

techniques that they developed.

Figure 4.20. The structuring of bridge for group B

Secondly, the structuring competency of group C and group D in the Mars Lunarcrete
activity was investigated in terms of innovative planning and design as well as
constructing relations. In addition, the extent to which these elementary gifted students
exhibited the structuring modeling competency and its modeling sub-competencies
when engaged in the activity is shown in Figure 4.21. In accordance with the group

modeling competence observation guide proposed by de Villiers (2018), the sub-
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modeling competencies of the groups for structuring competency are classified into
four categories: O (unsatisfactory), 1 (emerging/developing), 2 (proficient), and 3

(exemplary).

Structuring Competency: Mars Lunarcrete

3
2
1
0

Group C Group D

Competency Level

m [nnovative planning and design m Constructing relations

Figure 4.21. Structuring Competency: Mars Lunarcrete

As presented in Figure 4.21, when elementary gifted students in groups C and D
engaged in the Mars Lunarcrete activity, they provided an exemplary display of the
sub-modeling competencies of structuring. The following presents the instances of this

competency in relation to the aforementioned sub-categories.

Innovative planning and design, and constructing relations. The findings from the
Mars Lunarcrete activity show that the elementary gifted students did not strictly
depend on the given data. In order to create a realistic representation of the original
situation, they compared the recipes and tried to make an inference. Hence, they
showed exemplary indicators of innovative planning and design for group D by

differentiating the given data. For example:

Group D: We chose C from data set 1 and 4:3 from the recipe. We will try it.

Student 11: Actually A is the best but very expensive. It says 10.9 for regolith,
but I will convert it to 11. 11 million dollars. Serious money when you include
the cost of transferring it to Mars.

Student 12: So we chose C. Because it ranks second among the other options
in terms of wind resistance and the density is also high. The money is cheap,
4.4 million. Better than D even though it is 7.1 million.

Student 10: The ratio of C is normally 2:1 but we choose 4:3. Since we thought
that the materials in 4:3 could be more and their density could be more. Hence,
it protects itself better.

Student 12: The 2:1 ratio is smaller than 4:3 and may not be enough to build
houses. The cost of sending the spacecraft increases.
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Student 11: The binder needs to be more, so we chose to do this. So it holds
better.
As deduced from the dialogue above, elementary gifted students identified and
constructed relations between key variables such as density, wind resistance, and cost.
In addition, they considered the interdependence, interactions, and relative importance
of various aspects, indicators of the engineering sub-competency, and explained the
consequences of actions (constructing relations). This could be accepted as exemplary

evidence of the constructing relations modeling sub-competency for group D.

Consequently, the members of group D created a model to determine the ideal regolith
and binder solution for the Mars colony in accordance with the conditions, constraints,
and assumptions they established before (innovative planning and design). Besides,
they tried to reach a consensus with their group members before applying the recipe.

For example:

Student 12: We discussed the use of corn flour before. But we have not

discussed this issue again. What do you think about it? Do you think we should

add some? Student G, did you try the recipe with corn flour?

Student 10: | tried and now, | have some idea about the nature of corn flour.

But, we will discuss it together.

Student 11: If this recipe (4:3) does not work, let us consider trying it later.

Student 10 and 12: That is nice. Let us try and see.
The above dialogue shows that they reached a consensus on the recipe they followed
and represented ideas externally (constructing relations). This also indicates evidence
that they approached the design process with the belief that products and designs may
be improved and solved with their own techniques, reflecting the engineering sub-
competency (innovative planning and design). Correspondingly, group D prepared
their models using 800 grams of flour, 200 grams of salt, and 930 ml of water. They
used a beaker to measure the amount of water. Also, they put the flour and salt in the
beaker and weighed it including the tare weight, with a precision balance as shown in

Figure 4.22.
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Figure 4.22. Preparation of group D’s model

In a similar vein, the members of group C did not prefer to use the ratio of the chosen
regolith and binder solution. Instead, they tried to create a working model of the
original situation based on their simplification. Such ideas can be accepted as evidence
that group C displayed an exemplary demonstration of the modeling sub-competency

regarding innovative planning and design. For example:

Student 8: A is the best but very costly.

Student 9: C is the second best option

Student 7: But its density is very low compared to A.

Student 9: We chose the 7:2 recipe, it seemed the most logical to us.

Student 8: If not, we will choose A and go bankrupt. We will try 4:3 in that
condition.

Student 9: 400 g of flour and 250 ml of water. So do you think it makes sense?
Such a recipe.

Student 7: But we eliminated this recipe before because there is no salt.
Student 9: Now, it does not make sense.

Student 7: Lunarcrete can pass through the air.

Student 8: Although it has half the durability of concrete, it can be done if the
pressure and temperature differences on Mars are considered.

The above excerpt revealed that elementary gifted students set up a situation model
considering the interdependence, interactions, and relative important factors such as
the nature of the material, pressure, and temperature differences. Hence, this
demonstrates exemplary evidence of the constructing relations sub-modeling
competency for group C. Although they simplified the situation and determined
particularities before structuring, they reconsidered their decisions and reached a
consensus for the first model. Then, group C prepared their models using 500 grams
of flour, 200 grams of salt, and 250 ml of water. Similar to group D, they used a beaker
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to measure the amount of water. Also, they put the flour and salt in the beaker and
weighed it with tare weight with a precision balance. After that, they added the
ingredients and kneaded the dough as shown in Figure 4.23. They continued the

kneading process until all the ingredients were mixed together as seen in Figure 4.24.

Figure 4.23. Preparation of group Figure 4.24. Kneading process of

C’s model group C
Finally, the structuring competency of groups E and F was examined in the context of
the Dr. Ahmet’s Will activity in terms of innovative planning and design as well as
constructing relations. The distribution of each sub-competency regarding the extent
to which elementary gifted students in groups E and F displayed the structuring
modeling competency is represented in Figure 4.25. Based on the group modeling
competency observation guide proposed by de Villiers (2018), the level of sub-
modeling competencies for the groups was classified as 0 (unsatisfactory), 1

(emergent/developing), 2 (proficient), and 3 (exemplary).
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Structuring Competency: Dr. Ahmet's Will
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Figure 4.25. Structuring Competency: Dr. Ahmet’s Will

As is shown in Figure 4.25, the findings of the current study revealed that, with the
exception of innovative planning and design, elementary gifted students in groups E
and F displayed exemplary demonstrations of the modeling sub-competencies of
structuring when engaged in the Dr. Ahmet’s Will activity. When the innovative
planning and design modeling sub-competency is considered, both groups are seen to
exhibit a proficient level of modeling sub-competency as stated in the above
illustration. As a result, the following part provides examples of this competency
related to the sub-categories indicated above.

Innovative planning and design, and constructing relations. The findings obtained
from the data revealed that elementary gifted students generated a realistic
representation of the original situation, which served as a model of the original real-
world problem situation (innovative planning and design). Both groups related the
situation to similar ideas and constructed previously experienced (constructing
relations). When setting up a situational model, they used not only the given data but
also the characteristics of the relatives. However, it was not regarded as exemplary
evidence of innovative planning and design because it did not provide a novel
approach to the problem. Hence, it was accepted that both groups exhibited a proficient
level of the innovative planning and design modeling competency since their

situational model was complete and accurate.

Although the first and last options of both groups were the same, the other options
were different because of their preferences. As previously indicated, both groups

considered Kanpur as the last option due to the lack of flights and the high level of

167



pollution as well as the special status of aunt Belma. After critical examinations and
long discussions, both groups agreed on Geneva as the first option. The next extract
also highlighted the process of structuring, as the members of group F were discussing

their situational model for explaining the problem:

Student 19: | think the second option would be Sydney. Sydney offers
moderate temperatures, average rainfall and little pollution. Let us examine it.
Student 18: The highest rainfall is already there.

Student 19: But Sydney’s travel time is much longer than other places.
Student 16: Aunt Hatice travels 10 hours.

Student 17: However, uncle Nedim’s travel time is 49 hours, cousin Ozan's is
47 hours, cousin Mert’s is 39 hours, and aunt Belma’s is 30 hours.

Student 16: How long do they go to Geneva? That's right, Uncle Nedim cannot
handle it.

Student 17: In the second option, | think the travel times of the relatives should
be less than 25 hours. If it exceeds 25, it will not be suitable.

Student 18: How is Istanbul?

Student 19: Let us take a look at Istanbul. | believe that it is appropriate. The
degree of pollution is 3, which is still less than 5.

Student 17: The rainfall is 1.9 inches

Student 16: It is more than 1. Let Istanbul be the second option.

Student 17: Then, let us have a look at the flight cost to Istanbul.

Student 16: $719, $239 and so on. I think it is appropriate.

Student 17: 1 think so.

Student 16: Cousin Ozan is a bit poor, but he can easily pay $831.

Student 17: Absolutely.

Student 19: The level of pollution in Istanbul is higher than the others.
Student 17: We definitely sifted the Kanpura. The level of pollution is the
highest.

Student 16: There is no flight anyway.

Student 18: So, do we put Sydney in the third option?

Student 19: | think Sydney should be last, considering the travel times.

This conversation above indicates that the students identified and constructed relations
between key variables. As an indicator of the engineering sub-competency, the
members of group F maintained a good balance between the effectiveness of the
solution process and the time/cost involved (constructing relations). They also
considered the impact of decisions on social, economic, and environmental aspects
(constructing relations). When determining a suitable location for the relatives, they
considered the special cases of the relatives such as their age, economic situation, and
familiar environment in addition to more common factors such as cost, travel time,

weather conditions, and pollution level (constructing relations). In the first letter of
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group F to the lawyer as shown in Figure 26, they created a general procedure to solve
the problem.

Figure 4.26. The first letter of group F

As presented in Figure 4.26, the students in group F stated that old people should not
travel for a long time. Also, they supported the idea that people may be overwhelmed
by the high temperature. Then, they reported that they examined flight cost, pollution
level, and rainfall, respectively. This showed evidence that they considered the specific
conditions of the problem after determining a general procedure for solving related
problems. Thus, this could be accepted as exemplary evidence of constructing the
relations for group F because they generated a general procedure to solve the problem,
taking the interdependence, interactions, and relative importance of factors into

account.

Regarding the students’ own reflections, the members of group E examined the travel
time and flight cost initially. Then, they tried to find a strategy by making the problem
specific to individuals (innovative planning and design). As stated in the dialogue in
the interpreting competency section above, group E examined the living conditions of
each relative in terms of weather conditions and altitude and compared the location

where they live with the location they will choose. Different from group F, they created
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a realistic representation of the original situation for this specific situation (innovative
planning and design). For example:

Student 14: Have you seen that everyone is going to Geneva in a short time?
11 hours, 1 hour and the remaining 23 hours, 16 hours, and 12 hours.

Student 15: | think this is suitable for all. The temperature is also manageable.
Student 13: Do you believe that 23 hours of travel time is reasonable?
Student 14: | think it is appropriate, compared with the others.

Student 15: For instance, if we chose Kanpur, how will Aunt Belma manage
54 hours of travel with seven children?

Student 14: But, let us have a look at the flight cost to Geneva.

Student 15: $723, $134, $1262, $1407, $1155

Student 13: However, Aunt Hatice is 85 years old.

Student 14: Yes.

Student 13: But, how is she going to travel 23 hours? | doubt she can.

Student 15: She is going to go by plane anyway. Then, how can Uncle Nedim
travel to Sydney for 49 hours?

Student 13: I am not saying he should go to Sydney.

éfudent 14: Our first choice is Geneva because it receives more rain in April

than other locations.

Student 13: Since the rainfall of Istanbul is slightly lower, we put it in second

g:ﬁgee.nt 15: When we compare Buenos Aires and Sidney, we prefer to put

Buenos Aires in the third choice because travel time is shorter than Sidney.
As is shown in the above extract, elementary gifted students identified and constructed
relations between key variables based on the conditions and constraints in the problem
situation (constructing relations). They maintained a good balance between the
effectiveness of the solution process and the time/cost involved as an engineering sub-
competency (constructing relations). Additionally, they considered the social,
economic, and environmental consequences of decisions (constructing relations).
Hence, such ideas stated above could be accepted as exemplary indicators of
constructing relations for group E since they generated a strategy for solving the
problem considering the interdependence, interactions and relative importance of
factors. Consequently, both groups established an engineering sub-competency in that

the design problem is amenable to solution using their own procedures.

Overall, in this section, the findings from elementary gifted students’ engagement in
engineering-based MEASs were investigated in terms of the innovative planning and
design and constructing relations sub-competencies of structuring. The analysis of the

data revealed that the students exhibited exemplary modeling competency in
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structuring competency using innovative planning and design to set up situational
models when they engaged in some of the engineering-based model eliciting activities.
In addition, they constructed relations considering the interdependence, interactions,
and relative importance of factors in an exemplary demonstration of the sub-modeling
competency of constructing relations. Hence, the revision was made in the group
modeling competency observation guide proposed by de Villiers (2018). The stated
explanations above were added to the relevant dimensions in accordance with the

findings of the current study
4.4. Modeling Competency 4: Symbolizing

The findings of the fourth modeling competency, symbolizing, are provided in this
section of the chapter based on the classification of cognitive modeling competencies
suggested by de Villiers (2008). The symbolizing competency was analyzed with
respect to the sub-modeling competencies: choosing appropriate symbols, using the
symbols, approaching problems methodically, and applying interdisciplinary
knowledge. Moreover, the extent to which elementary gifted students in groups
displayed the symbolizing modeling competency and its sub-modeling competencies
when they are engaged in Bridge Construction, Mars Lunarcrete and Dr. Ahmet’s Will
activities are investigated in this section. The findings for each activity present
examples of two distinct groups demonstrating the elementary gifted students’ sub-
modeling competencies. These sub-modeling competencies, as well as their related
engineering and mathematics modeling sub-competency, as indicated in Table 4.4, are
used to examine the students’ symbolizing competency in more detail. New codes that
arose as a result of the analysis of the current study are marked by the symbol ‘*’ in

the table below.
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Table 4.4. Classification of symbolizing competency framework

Modelling Sub-modelling competencies Indicators related to engineening sub- Indicators related to mathematical modelling sub-competency
Competency  that support the modelling ~ competency
competency
" Choosing appropriate * Insight - apply an acceptable level of * Choose appropriate mathematical symbols: properties and
g symbols understanding and technological knowledge to parameters that correspond to the situational conditions and
z execute engineering decisions. assumptions that are specified by the modeler.
'ﬁ * Take effective decisions where the technical = Choose aspects to focus on, ignore irrelevant information.
& tools at their disposal are insufficient to provide * Transfer the real-world problem to a mathematical problem.
solutions.
Using the symbols * Display mastery of established methods, * Use those symbols to set up the mathematical model.
procedures and techniques in the practice area. * Schematize, formulate and visualize the problem in different
Ways.
* Discover relations and regularities.
* Recognize perspective drawing consists of 2 or 3 dimensions ®
* Rephrase the problem.
* Refine and test the symbolizations.
* Switch between symbolizations.
* Add or eliminate restrictions, variables and assumptions.
Switch between different representations by using symbolie,
formal and technical language and operations.
Approaching problems * Approach problems methodically - * Trim away the reality through processes such as identifying
methodically comprehend and apply knowledge - principles, and describing specific mathematics in a general context.
specialist knowledge, jurisdictional and local  » Mathematical reasoning — students make use of heuristic
knowledge. strategies. While students mathematise the problem, they
* Instght - apply an acceptable level of translate and communicate the structure of the situation into
understanding and technological knowledze to mathematical language.
execute engineering decisions. + Set up a mathematical model - the student creates a 'mode] of
by translating the structure of the situation info mathematical
language to solve the problem.
Applying interdisciplinary  » Display working knowledge of areas that = Make new connections between pieces of knowledge, adding
knowledge® interact with the practice area. new pieces of knowledge to existing knowledge, or correcting

* Apply knowledge underpinning methods,  previous knowledge.

procedures and techniques to support technician * Apply inferdssciplinary knowledge to solve the problem.*
activities.

* Apply basic scientific principles for

enginesring activity.®

As presented in Table 4.4, the analysis of this study revealed that in addition to the

symbolizing sub-competencies, suggested by de Villiers (2018), of choosing

appropriate symbols, using the symbols, and approaching problems methodically,

applying interdisciplinary knowledge emerged as a sub-code based on the findings of

the current study. Accordingly, the indicators of symbolizing sub-competencies in

terms of engineering and mathematical modeling sub-competencies when elementary

gifted students are engaged in engineering-based MEASs are provided in Table 4.4.
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As the first example of engineering-based model eliciting activities, the findings for
the Bridge Construction activity related to symbolizing competency of groups A and
B were presented regarding the sub-competencies of choosing appropriate symbols,
using the symbols, approaching problems methodically and applying interdisciplinary
knowledge. In addition, the extent to which elementary gifted students exhibited the
symbolizing modeling competency and related sub-modeling competencies when
engaging in the Bridge Construction activity was shown in Figure 4.27. Based on the
group modeling competency observation guide proposed by de Villiers (2018), the
level of sub-modeling competencies for the groups was classified as 0 (unsatisfactory),
1 (emergent/developing), 2 (proficient), and 3 (exemplary).

Symbolizing Competency: Bridge Construction

Competency Level

Group A Group B

m Choosing approriate symbols Using the symbols

Approaching problems methodically = Applying interdisciplinary knowledge

Figure 4.27. Symbolizing Competency: Bridge Construction

As presented in Figure 4.27, elementary gifted students in groups A and B generally
displayed exemplary modeling sub-competencies of symbolizing when they are
engaged in the Bridge Construction activity, with the exception of the using the
symbols modeling sub-competency. Group B exhibited a proficient level of the using
the symbols modeling sub-competency as demonstrated in the figure above. Thus, the
next part provides specific instances of this competency in relation to the preceding

sub-categories.

Choosing appropriate symbols and using the symbols. The findings of the data showed
that elementary gifted students not only chose appropriate mathematical tools but also
scientific and engineering tools in constructing their bridges. As stated in the

interpreting competency section of this chapter, the members of group B chose
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appropriate mathematical symbols in their drawing. They generally gave information
about the height and width of the bridge at first by using units that correspond to the

situational conditions (choosing appropriate symbols). For instance:

Group B: There are two roads here. So, we thought of it as a double-sided road.
It will be 40 cm tall. Since there is 12 cm, here is 5 cm. It is 40 cm tall. Based
on our calculations, this is 12,5 cm. If these are 5 cm, then 5+5+5=15 cm. If
we subtract 15 from 40, it becomes 25. If we divide it by 2, it becomes 12,5
cm. This is how we plan to construct our bridge (Student 5).
As presented in the above extract, the members of group B used mathematical symbols
to set up the mathematical model (using the symbols). In a similar vein, the excerpt
shown in the structuring competency section of this chapter related to group A
indicated that elementary gifted students choose appropriate mathematical symbols in
order to transfer the real-world problem to a mathematical problem in their drawing.
Considering all these instances, both groups used symbolic, formal, and technical
language, and operations to switch between different representations of their bridges
(using the symbols). Moreover, both groups used geometric shapes in their planning
and constructing their bridges (using the symbols). The students in group B expressed

their chosen shapes as follows:

Student 6: The reason we use a rectangle is to be fixed to the ground.

Student 5: We also use cross bracing to fix the abutments to each other. So that
the abutments are not broken.

Student 6: We made an arch to connect these parts together.

In addition, the students in group A commented on their chosen shapes as follows.

Student 3: Here we will use the rectangle to fix the infrastructure. We thought
if people fell, they would not be harmed.
Student 1: We made a half circle here. We thought that the whole road should
hold when it is broken so that the ropes are fixed more.
As deduced from the dialogue above, both groups made effective decisions where the
technical tools at their disposal are insufficient to provide solutions, an indicator of the
engineering sub-competency (choosing appropriate symbols). The reflections of
students revealed that elementary gifted students use shapes to make their bridge
stronger. Specifically, both groups preferred to use rectangles to make the ground more

stable. This showed evidence that they displayed mastery of established methods,
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procedures, and techniques in the practice area, reflective of the engineering sub-

competency (using the symbols).

In addition to choosing and using the symbols in mathematics, elementary gifted
students also chose and used the appropriate materials and methods to construct their
bridges. For example, the members of group B expressed why they chose to use such

materials as in the following:

Group B: We will use wire in the places to fix these two arches, wire in here
and wire in the places to connect these together (Student 4).
The above excerpt showed that they determined the materials to provide their
predetermined conditions (choosing appropriate symbols). Similarly, the members of

group A commented as follows:

Student 2: We will also make the abutments with very thick cardboard. We will
also support them with tongue sticks so that it does not fall out and open.
Student 3: We will silicon the straws and paste them to the side, we will make
a rope from here so that we support it from the height. We will also stop the
bridge from above with thick cardboard.
Student 1: Copper wire will be used. Rope will also be used. We think that rope
is enough because we sufficiently support from the bottom and it is enough to
support the rope from the top.
As it is presented in the above dialogue, elementary gifted students explained and
described the tools used in their model as well as alternative methods for working with
the problem. Hence, this could be accepted as exemplary evidence of the using the
symbols modeling sub-competency for group A. However, the members of group B
explained and described the symbols used in their model accurately but did not identify
alternative methods and so showed proficient evidence of using the symbols. On the
other hand, the excerpts of both groups showed that they preferred extra materials in
order to make their bridge stronger. They used original ideas not directly from an
external source to develop solutions to the engineering problems. This showed
evidence regarding the engineering sub-competency, in that elementary gifted students
took effective decisions where the materials at their disposal were insufficient to
provide solutions (choosing appropriate symbols). Accordingly, both groups exhibited

exemplary demonstration of the choosing appropriate symbols sub-modeling
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competency since they chose mathematical, scientific and engineering tools that would
lead to an elegant solution of the problem.

Approaching problems methodically and applying interdisciplinary knowledge. In
addition to all these, both groups approached problems methodically by
comprehending and applying knowledge. Throughout the engineering design process,
group A applied science, mathematics, and engineering knowledge regarding
materials and properties according to which different bridge types support load in
science, use of certain shapes, estimation and measurement skills, cost efficiency in
mathematics, methods of strengthening the abutments and increasing the stability and
strength of the bridge (applying interdisciplinary knowledge). The first prototype of

group A was shown in Figure 4.28.

Figure 4.28. The first prototype of group A

On the other hand, group members reflect their views regarding the processes by which

they apply science, technology, and engineering knowledge. For example:

Student 2: If any part does not support the bridge, we form the alternative to
support the bridge. The water removal system is also (science);

Student 3: (engineering) in the whole process because we draw, design, and
think about how to design;

Student 1: We estimate, calculate, and try the measurements of abutments, try
to adjust the diameter of the semicircle and think about how to fix it. We
consider the angles while fixing the bridge from the top. We also use
(mathematics) to adjust the size of signboards. While constructing our bridge
we applied science, engineering, and mathematics in each phase and decision.
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As shown in the above excerpt, elementary gifted students employed their knowledge
of the processes and procedures underpinning science to support their decisions in
accordance with mathematical knowledge (applying interdisciplinary knowledge).
Similar to the other group, Group B also demonstrated science, technology and
engineering knowledge and applied them in the design process. The first prototype of

group B was presented in Figure 4.29.

Figure 4.29. The first prototype of group B

Differently, they used the nature of the material to construct new bridges. They
indicated knowledge of material use and force (science), measurement, geometry, and
cost effectiveness (mathematics), and design process and strategies to construct
stronger and more stable bridges (engineering). Elementary gifted students also
reflected how they apply science, technology, engineering, and mathematics
knowledge to the nature of spaghetti in science; adjusting the measurement of
cardboard and spaghettis, placing beads in equal intervals in mathematics and the
whole design process in engineering (applying interdisciplinary knowledge). Such
reflections showed that they applied their engineering and mathematics knowledge to
increase the strength and stability of their bridge. This provided evidence that both
groups demonstrated working knowledge of areas that interact with the area of
practice, an indicator of the engineering sub-competency of applying interdisciplinary
knowledge. Taken together, both groups displayed exemplary applying

interdisciplinary knowledge sub-modeling competency by enabling in-depth
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investigation integrating many different disciplines in order to solve the problem. It
can be concluded that the design processes of both groups involved a step-by-step
consideration of facts and evidence, as well as the logical conclusions that could be
drawn from this consideration of facts and evidence (approaching the problem
methodically). Hence, all aspects of their reasoning resulted in satisfactory solutions
and both groups exhibited exemplary demonstration of the approaching problems

methodically sub-modeling competency.

As the second example of an engineering-based model eliciting activities, the findings
of the Mars Lunarcrete activity related to the symbolizing competency of groups C
and D in the activity were investigated under the sub-competencies of choosing
appropriate symbols, using the symbols, approaching problems methodically, and
applying interdisciplinary knowledge. Moreover, the extent to which elementary
gifted students exhibited the symbolizing modeling competency and related sub-
modeling competencies when engaging in the Mars Lunarcrete activity is illustrated
in Figure 4.30. Based on the group modeling competency observation guide proposed
by de Villiers (2018), the level of sub-modeling competencies for the groups was
classified as 0 (unsatisfactory), 1 (emergent/developing), 2 (proficient) and 3
(exemplary).

Symbolizing Competency: Mars Lunarcrete

Competency Level

Group C Group D

m Choosing approriate symbols Using the symbols

Approaching problems methodically = Applying interdisciplinary knowledge

Figure 4.30. Symbolizing Competency: Mars Lunarcrete

As shown in Figure 4.30, the findings of the current study indicate that the elementary
gifted students in groups C and D, when they engaged in the Mars Lunarcrete activity,

exhibited exemplary modeling of the sub-competencies of symbolizing. To clarify and
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expand on the aforementioned categories, sample excerpts representative of each
category are provided below.

Choosing appropriate symbols and using the symbols. The findings from the Mars
Lunarcrete activity related to the competency of symbolizing revealed that both groups
chose appropriate mathematical symbols in their initial planning and structuring of
their model. First of all, the groups found the reduced ratios. As an example, the

worksheet of group C was shown in Figure 4.31

Figure 4.31. The worksheet of group C

The above Figure 4.31 and the excerpt below showed evidence that the members of
group C used symbolic, formal, and technical language and operations to switch

between multiple representations (using the symbols). For instance:

Student 9: We discard the zeros first. How many can we divide 49 by?
Student 8: Itis divided by 7. Yes. 7 times 7 is equal to 49. Can we divide more?
Student 7: We cannot divide.

Student 9: If we divide 7000 by 2, this will be 3500. Then, itis 1 to 3.5.
Student 7: But, we will write using integers. You can write 7:2.

Student 8: If we divide this by 11, we get 8. This is 3.

Student 7: If we divide C by 4. It is 2100. If we divide this by 4, it is 1050. The
reduced ratio is 2:1

Student 9: That is going to be 4:1. It happens at 20:5.

Student 8: But we should use the simplest form. If we divide by 30, 4:1.

As indicated in the above dialogue, members of group C chose appropriate
mathematical symbols, properties, and parameters that corresponded to the situational
conditions (choosing appropriate symbols). In addition, they focused on the reduced

ratio to more easily see the relationship between regolith and binder (choosing
appropriate symbols). The above dialogue also shows exemplary evidence of the using
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the symbols sub-modeling competency for group C, in that they explained the symbols
used in their model as well as the alternative methods of dealing with the situation.

Approaching problems methodically and applying interdisciplinary knowledge.
Moreover, the above dialogue indicated that elementary gifted students used heuristic
strategies such as discarding the zeros (approaching problems methodically). When
they mathematized the problem, they also transferred the structure of the situation into
a mathematically comprehensible language (approaching problems methodically). In
addition to this, group D used units and described the meaning of the ratio in the

context of the situational condition, as illustrated in Figure 4.32. For instance:

Student 12: Let us find the reduced ratios first. It can be divided by 7000.
Student 10: If we are going to use 7 items of regolith, we will use 2 items of
binder solution.

Student 11: Now let us look at this, if we are going to use 11 ml of regolith
when divided by 11,000, 3 ml of binder.

Student 10: We should use something liquid in order to make the binder a solid.
Something like water or liquid glue. For example, we mix water to make
concrete.

Student 12: 4:2 but there is a simpler version 2:1

Student 11: It is 20:5. Then it becomes 4 to 1.
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Figure 4.32. The worksheet of group D

As deduced from the dialogue and figure above, elementary gifted students in group
D trimmed away the reality through procedures such as identifying and describing
mathematics in a broad perspective (approaching problems methodically). Moreover,
they made new connections between pieces of knowledge to correct previous
knowledge (applying interdisciplinary knowledge). This showed evidence that they
demonstrated a comprehensive understanding of established methods and procedures

in the practice area, indicative of the engineering sub-competency of using the
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symbols. As shown in the drawings of both groups before, they schematize, formulate
and visualize the problem in different ways (using the symbols). To illustrate, in the
extract below group C explained why they use such visualizations by applying science

knowledge:

Researcher: Which geometric shapes does it have?

Student 8: Pyramid on top, prisms and triangles on other parts

Researcher: Why did you choose them?

Student 9: Because they are more convenient when they receive sunlight. They

are more advantageous in benefiting from sunlight, so we used it.
The above excerpt demonstrates that the elementary gifted students displayed working
knowledge of science interacting with the area of practice, indicative of the
engineering sub-competency of applying interdisciplinary knowledge. The above
dialogue also indicates that they applied an acceptable level of understanding to
execute engineering decisions to use the geometric shapes in an effective way
(choosing appropriate symbols). In addition, the members of group C recognized the

type of drawing and perspective drawing. For instance:

Student 8: Are you drawing in 2D?

Student 9: Yes. Should we draw in 3D?

Student 8: No, I just asked. It will be easier to draw in 2D.

Student 9: If appropriate, | will continue.

Student 7: Are you drawing the view from above? (See Figure 4.11)

Student 9: Yes.

Student 7: For example, let me draw a side view of this.
As shown in the dialogue above, elementary gifted students used different perspectives
of shapes in their drawings (using the symbols). On the other hand, the excerpt in
interpreting related to group D indicated that they sketched the garage with a forward
sloping door and explained the reason to be more resistant to wind. This showed
evidence that elementary gifted students transferred the real world situation to their
drawing (approaching problems methodically). In addition, they applied an adequate
level of technological and scientific knowledge to perform engineering judgements
(applying interdisciplinary knowledge). In addition, as shown in the competency of
structuring, the members of group D compared the ratio of 2:1 and 4:3 in terms of the
amount of regolith and binder solution they have. Hence, they applied mathematics to
support engineering activities by using the knowledge that underpins methodologies

and approaches (applying interdisciplinary knowledge).
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Furthermore, both groups used the beaker correctly to measure the amount of water
they used and performed the measurement by paying attention to the units. They also
put the substances they use, such as flour and salt, into the beaker. Then, they
calculated and noted the tare weight of the beaker, and then weighed on a precision
balance and recorded the result. Lastly, they subtracted the recorded result from the
tare weight of the beaker and found the amount of substances. This showed evidence
that elementary gifted students applied knowledge of measurement to set up the

mathematical model (approaching problems methodically).

In accordance with knowledge of mathematics, elementary gifted students applied
knowledge of the methods and procedures underpinning science to support their
sketches (applying interdisciplinary knowledge). Group C stated that they use plastic,
glass, and cardboard to create the design of their sketch (choosing appropriate
symbols). On the other hand, group D explained the materials they plan to use for their

sketch in the excerpt below:

Student 12: We can use insulated materials for thermal insulation.

Student 11: I think we can use double wool and Styrofoam. That is why we use

Styrofoam to make the edges heat resistant.

Student 12: We probably make things like the garage and basement which is

important there using Styrofoam.

Student 10: There is something like an aluminum jacket inside the first aid kits

that 1 know of. The burnt jacket is that kind of thing; it provides thermal

insulation. That way, aluminum things can be used for thermal insulation of

the edges.

Student 11: Other than that, we can use it to fasten plastic, cardboard, wire,

copper wire, etc. to other places.
As deduced from the dialogue below, Student 10 made new connections between
pieces of knowledge, adding new pieces of scientific knowledge based on one’s
previous experience (applying interdisciplinary knowledge). Group D also
incorporated the temperature differences on Mars in the real-world problem to choose
the appropriate material (choosing appropriate symbols). In addition, group D
explained and described the tools used in their model as well as alternative methods
for working with the problem and showed exemplary evidence of the using the symbols
sub-modeling competency. The dialogues above showed exemplary evidence among

both groups related to the choosing appropriate symbols sub-modeling competency in
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that they chose mathematical and scientific tools to arrive at the desired solution with
the least amount of material and effort wasted.

Besides, both groups approached the problem methodically by comprehending and
applying knowledge. During the engineering design process, both groups applied
science, mathematics, and engineering knowledge regarding materials and properties,
how density, wind resistance, and temperature differences affect building on Mars,
interpretation of data, calculation of reduced ratios, how to use certain shapes,
estimation, and measurement skills, cost efficiency in mathematics, and also how to
increase the stability and durability of the building in engineering. Taking all of the
aforementioned into account, both groups displayed exemplary evidence of the
applying interdisciplinary knowledge sub-modeling competency by integrating many
different disciplines to allow in-depth investigation and to ultimately solve the
problem. In conclusion, it can be stated that the modeling processes of both groups
involved a step-by-step examination of facts and evidence, as well as the logical
inferences that could be taken from this examination of facts and evidence
(approaching the problem methodically). Thus, both groups demonstrated exemplary
evidence approaching problems methodically sub-modeling competency since all
aspects of their reasoning were accurate and translated the structure of the situation

into satisfactory solutions.

As the last example of an engineering-based model eliciting activity, the findings of
the Dr. Ahmet’s Will activity related to the symbolizing competency of group E and F
in the activity were investigated with respect to sub-competencies: choosing
appropriate symbols, using the symbols, approaching problems methodically, and
applying interdisciplinary knowledge. The distribution of each sub-competency
regarding the extent to which elementary gifted students in groups E and F displayed
the symbolizing modeling competency is represented in Figure 4.33. Based on the
group modeling competency observation guide proposed by de Villiers (2018), the
level of sub-modeling competencies for the groups was categorized as 0

(unsatisfactory), 1 (emergent/developing), 2 (proficient) and 3 (exemplary).
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Symbolizing Competency: Dr. Ahmet's Will
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Figure 4.33. Symbolizing Competency: Dr. Ahmet’s Will

As shown in Figure 4.33, when elementary gifted students in groups E and F engaged
in the Dr. Ahmet’s Will activity, they generally exhibited exemplary modeling of the
sub-competencies of symbolizing. From the graph above, it can be asserted that group
E displayed a proficient level of using the symbols sub-modeling competency engaging
in the activity. In order to explain and expand on the components of symbolizing
competency, sample extracts which are representative of each sub-competency are

given below.

Choosing appropriate symbols and using the symbols. As stated in the dialogues in
previous sessions, the findings from the Dr. Ahmet’s Will activity showed that
elementary gifted students chose appropriate mathematical symbols, properties and
parameters that correspond to the situational conditions in their planning and
structuring (choosing appropriate symbols). In particular, both groups discovered
relations and regularities by comparing many variables (using the symbols). They
compared flight costs of each relative to the selected location in dollars. However, they
preferred to use hours excluding minutes. Thus, they refined and tested symbolization
(using the symbols). On the other hand, both groups schematized, formulated, and
visualized the problem in different ways (using the symbols). For example, the
members of group F categorized flight cost as cheap and expensive and travel times as
less and more to formulate the data, but concluded that this was not appropriate to
reach the solution of the problem. In a similar way, group E calculated the total travel
time of the relatives for each option in order to simplify the problem of the travel time
of each relative to the location of the office as stated before but it did not work. Hence,
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they chose aspects to focus on and ignored irrelevant information (choosing
appropriate symbols). Considering all these instances, both groups exhibited
exemplary evidence of choosing appropriate symbols by choosing mathematical and

scientific tools to reach the desired solution with the least amount of time and energy.

Besides, they switched between different representations by using symbolic, formal,
and technical language and operations (using the symbols). The next extract details

how the members of group F converted temperatures from Fahrenheit to Celsius:

Student 18: There are those that travel to locations of extreme temperatures
they have never experienced.

Student 17: They are capable of surviving in extreme cold.

Student 19: How do you survive in temperatures of 83 degrees? Do you prefer
the cold or the heat?

Student 16: Do we maintain ice at -10 degrees Celsius during the winter?
Student 19: There is no possible way to travel to Siberia.

Student 17: Humans are more prone to living in the cold.

Student 19: We can withstand -10 to -20 degrees Celsius here.

Student 16: Look at the lowest temperatures now, can you not stand 30
degrees?

Student 18: We can stand it because we experience that temperature.

Student 16: The highest temperature in Geneva is 56 degrees. Also, Honolulu
has the highest temperature.

Student 18: | say the lowest temperature.

Student 16: What is between 83 and 68? Let us write. (See Figure 4.34)
Student 17: All of these temperatures are already occurring. They experienced
it all.

Student 18: Do you have 38 and 39 here? (Crying). No. Is 38 degrees between
83 and 68 degrees. How can an 84-year-old woman handle living in a hot city?
Student 19: A change of 32 degrees Fahrenheit is equivalent to a change of 0
degrees. Look at the thermometer on the wall.

Student 18: You are looking at a high temperature; 1 am looking at a low
temperature.

Student 16: There is no better place than Geneva.

Student 18: | am not saying there should be a place other than Geneva. | just
want to discuss this. Where is 38 degrees Fahrenheit by the way?

Student 19: Also, consider this. 83 degrees Fahrenheit is equal to 28 degrees
Celsius

Student 17: 3 meters, 1 foot in height. We can think so.
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Figure 4.34. The difference in temperature between the highest and lowest
temperatures in Honolulu.

The conversation above indicates that the members of group F tried to use a common
language by converting temperature to the unit they often use in their daily lives to
resolve the conflict between them. Hence, they showed an engineering competency by
displaying mastery of established methods, procedures, and techniques in the practice
area (using the symbols). In addition, both groups made accurate decimal comparisons
when comparing the amount of rainfall at the possible locations. As is presented in the
above dialogue, elementary gifted students explained and described the tools they
utilized in their model as well as alternative approaches to deal with the problem
situation. Hence, this could be accepted as exemplary evidence of the using the
symbols modeling sub-competency for group F. On the other hand, the members of
group E explained and described the symbols used in their model accurately but did
not identify alternative methods and so showed proficient evidence of the using the
symbols modeling sub-competency.

Approaching problems methodically and applying interdisciplinary knowledge. The
above dialogue also indicated that elementary gifted students in group F made new
connections between pieces of knowledge, adding new pieces of knowledge to existing
knowledge and correcting previous knowledge (applying interdisciplinary
knowledge). They also displayed working knowledge of areas that interact with the
practice area, which is an indicator of the engineering sub-competency (applying
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interdisciplinary knowledge). Furthermore, both groups approached the problem
methodically by comprehending and applying knowledge. Throughout the engineering
design process, both groups applied knowledge of science, mathematics, and
engineering. They applied data interpretation, computation, estimation, and
measurement skills and cost/time efficiency in mathematics. They applied knowledge
of how rainfall, pollution level, and temperature differences affect travel in science
and the design process in order to meet well defined requirements and make
arrangements that fulfill all requirements as efficiently and economically as possible
in engineering (approaching problems methodically). Taking all the aforementioned
into account, both groups displayed exemplary evidence for applying interdisciplinary
knowledge sub-modeling competency by in-depth investigation of the problem. As a
concluding point, it can be asserted that both groups displayed exemplary indicators
of approaching problems methodically because all aspects of their reasoning resulted
in satisfactory solutions using step-by-step investigation of the evidence.

To sum up, this section investigated the elementary gifted students’ symbolizing
competency through the lens of choosing appropriate symbols, using the symbols,
approaching problems methodically, and applying interdisciplinary knowledge when
they are engaged in engineering-based model eliciting activities. The findings from
this study revealed that elementary gifted students exhibiting symbolizing modeling
competency science and engineering knowledge beyond their knowledge of
mathematics. Hence, applying an interdisciplinary knowledge dimension was added
to the group modeling competency observation guide proposed by de Villiers (2018).
In accordance with this, the other dimensions that are related only to mathematics were
revised. In addition, the inclusion of applying in-depth interdisciplinary knowledge

into the situational condition was also unique for elementary gifted students.
4.5. Modeling Competency 5: Adjusting

De Villiers (2008) proposed a categorization of cognitive modeling competencies that
included seven modeling competencies. In accordance with the aim of the current
study, the findings of the fifth modeling competency, adjusting, were presented in this
section of the chapter. In particular, the adjusting competency was analyzed with
respect to the sub-modeling competencies of refining and testing, explaining, deriving
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an elegant solution, adaptability and transferability as well as creative approach.
Additionally, the extent to which elementary gifted students in groups displayed the
adjusting modeling competency and its sub-modeling competencies when engaging in
the Bridge Construction, Mars Lunarcrete, and Dr. Ahmet’s Will activities were
examined in this section of the research. The findings for each activity provided
examples of two distinct groups exhibiting the sub-modeling competencies.
Specifically, the adjusting competency of elementary gifted students was analyzed
through the aforementioned sub-modeling competencies and their related engineering
and mathematical modeling sub-competency as presented in Table 4.5. In the table
below, new codes that emerged as a result of the analysis of the present study are

represented by the symbol “*’.

Table 4.5. Classification of adjusting framework

Modelling Sub-modelling Indicators related to Indicators related to

Competency  competencies that engineering sub- mathematical
support the modelling  competency modelling sub-
competency competency

& Refining and Testing * Refining of the * Adapt the model so that

8 engineering design. it makes sense in the

?,;' * Testing. specific situation.

3_1 » Review or refine parts
of the model or go
through the entire
modelling process if the
solutions do not fit the
situation.

* Create a 'model for'.

Explamning * Identify interested and +Recognize quantities
affected parties and their and variables that can

expectations. influence the problem

» Identify environmental situation and how they
impacts of the engineeringrelate to the problem.

activity.

* Identify sustainability
1ssles.

* Communicate with
stakeholders.

Deriving an elegant * Propose measures to * Be capable to derive an

solution mitigate negative effects elegant solution for the

of engineering activity.  problem.

Adaptability and * Consider possible *Make new connections

transferability* approaches for the between pieces of

problem. * knowledge, adding new
* Adapt the new pieces of knowledge to
conditions easily.* existing knowledge, or
correcting previous
knowledge. *

Creative approach* *Take a creative approact
to solve the problem and
explained the underlying
reasoning. *
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As shown in Table 4.5, in addition to the adjusting sub-competencies of refining and
testing, explaining, and deriving an elegant solution proposed by de Villiers (2018),
the analysis of the current study’s findings revealed that adaptability and
transferability, as well as creative approach also emerged as sub-codes. The indicators
of symbolizing sub-competencies in terms of engineering and mathematical modeling
sub-competencies when elementary gifted students engaged in engineering-based
MEAs are presented in Table 4.5.

As the first example of engineering-based model eliciting activities, the findings for
the Bridge Construction activity related to the adjusting competencies of group A and
B are presented regarding the sub-competencies of refining and testing, explaining,
deriving an elegant solution, adaptability and transferability, and creative approach.
Moreover, the extent to which elementary gifted students showed the adjusting
modeling competency and related sub-modeling competencies when engaging in the
Bridge Construction activity was illustrated in Figure 4.35. Based on the group
modeling competency observation guide proposed by de Villiers (2018), the level of
sub-modeling competencies for the groups was classified as 0 (unsatisfactory), 1

(emergent/developing), 2 (proficient) and 3 (exemplary).

Adjusting Competency: Bridge Construction
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Figure 4.35. Adjusting Competency: Bridge Construction

As presented in Figure 4.35, when elementary gifted students in groups A and B
engaged in the Bridge Construction activity, they generally displayed exemplary sub-
modeling competencies of adjusting except creative approach. Regarding the level of
creative approach sub-modeling competency, group A demonstrated a proficient level

of the creative approach sub-modeling competency, as shown in Figure 4.35. The
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following part presented the instances of this competency in relation to the
aforementioned sub-categories.

Refining and testing, and explaining. The analysis of the data revealed that while group
A refines the part of the model, group B creates a new model in refining the
engineering design as the engineering sub-competency of refining and testing. After
group A assessed their design, they made some changes in reconstructing the bridge.
For example, they named the bridge CDA because they thought that the bridge should

carry the initial names of the builders as shown in Figure 4.36.

Figure 4.36. The second prototype of group A

In addition, they expressed their changes for the second prototype as in the following

excerpt:

Student 2: We place lamps outside the bridge. If we place it indoors, it can
blind the pedestrians and drivers. We put two signboards in the entrance
(Welcome to Harsit Stream) and exit of the bridge (We look forward to seeing
you again).

Student 1: We think that people come to the bridge and say what a beautiful
and nice village and bridge there is. So, we make advertisements for the village
and bridge without any charge.

Student 3: We discussed how we can ensure that the bridge is affected much
less by rainfall. For the second design, we build a shed to prevent getting water
on rainy days.

The reflections of the students revealed that the group adapted the model so that it
makes sense for the specific situation for the village (refining and testing). When

testing their model, the members of group A expressed that the new situation and
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material did not require their model totally (refining and testing). As shown in the
above excerpt, they mostly focused on representation of the bridge. This can be an
accepted indicator related to the engineering sub-competency that they identified
interested and affected parties and their expectations (explaining). In addition, they
associated the underlying structure of the problem with other similar problems and
thus decided to develop a mechanism to prevent the second prototype from being
affected by rain. This was an exemplary demonstration of the refining and testing
modeling sub-competency. Correspondingly, the members of group A gave an in-
depth explanation of their reasoning and showed exemplary instances of the explaining
modeling sub-competency. Identifying the environmental impacts of engineering
activity and associated sustainability issues, which is an indicator of the engineering
sub-competency in the above extract, could be accepted as evidence of exhibiting an

exemplary explaining modeling sub-competency.

Furthermore, the members of group B assessed their first bridge construction (refining
and testing). Group members had a consensus that their first bridge prototype was
more suitable for the city and more expensive. They stated that decoration of the bridge
such as using more silicone to paste beads and colorful tongue sticks increases its cost.
Hence, they identified interested and affected parties and their expectations, an
indicator of the engineering sub-competency of explaining. Correspondingly, they
changed their strategy for the second construction of the bridge. Group members
allocated more time to plan the reconstruction of their bridge. They decided to
construct a totally new bridge for the new situation using new material, spaghetti, as
shown in Figure 4.37. Hence, they created a new model to deal with the changing

circumstance (refining and testing).
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Figure 4.37. The second prototype of group B

This showed that the group goes through the entire engineering design process if the
prototype does not fit the situation (refining and testing). The extract below presents

reflections of the members of group B on their second prototype of the bridge:

Student 6: In the science lesson, we learned that spaghetti remained above the
water so we constructed a floating bridge in the second design. We only use
cardboard, spaghetti and tape as the materials of this bridge. If one land is here
and the other land is here, you can use it when you place the bridge in between.
Student 5: We also have a pedestrian path on the bridge. The peasantry can use
the floating bridge whenever they want, it is less costly and more useful.
Student 4: For instance, we never used silicon in the second bridge and we use
the tape to cover the surface of the bridge since the cost of the tape is low.
Student 6: We also thought that silicon might not hold the cardboard, as
cardboard is heavy. There is almost 1 package of spaghetti on this bridge, so
even if you want to break it, you cannot break it, we think it is stable.
The above conveys that the members of group B found multiple solutions based on
various interpretations of the problem and refined the engineering design (refining and
testing). It is clear from the conversation above that the students in group B associated
the underlying structure of the problem to other similar problems involving bridge
situations over streams, rivers, and the sea. Hence, they showed exemplary evidence
of the refining and testing modeling sub-competency. After reconstruction, they
thought that their first design was more aesthetic and expensive but the second design
was cheaper and stable and also more available for the village condition. As is shown
in the reflections of group B, they explained their reasoning extensively and provided

exemplary instances of the explaining sub-modeling competency.

192



Deriving an elegant solution, adaptability and transferability, and creative approach.
The findings of the data revealed that elementary gifted students were capable of
deriving an elegant solution to the Bridge Construction problem. In the above excerpt
from group B’s collaborative communication, they sought the most elegant solution to
construct the second prototype with the least amount of materials and effort and so
showed exemplary evidence of the deriving an elegant solution sub-modeling
competency. On the other hand, group A reviewed only some parts of their first
prototype, demonstrating that an exemplary deriving an elegant solution sub-modeling
competency could be exhibited through the use of appropriate methods and materials.
As deduced from the above dialogues, both groups easily adapted to the new condition
and considered possible approaches for the problem situation as engineering sub-
competency of adaptability and transferability. While group A applied a water
removal system to construct their bridge in case of rainfall, group B transferred their
knowledge of science into the problem solution. This means that both groups exhibited
exemplary evidence of adaptability and transferability by transferring the knowledge
both inside and outside of the school setting. On the other hand, the idea of
constructing the floating bridge could be accepted as an exemplary instance of the
creative approach sub-modeling competency for group B since they came up with a
new, unique, unexpected, and useful idea as well as appropriate and adaptive in terms
of existing constraints of the problem. The members of group B made proposals about
how the prototype could function as well as the nature of the components and materials
that would be necessary to accomplish this. However, group A substantially took
creative approaches and explained the underlying reasoning and so showed proficient
evidence of creative approach. The ideas of placing a lamb outside the bridge and
making advertisements without any charge could be accepted as proficient instances
of creative approach within the restrictions of the problem. Different from the
members of group B, the members of group A presented a proposal mostly about the

features of the prototype.

As the second example of an engineering-based model eliciting activity, the findings
for the Mars Lunarcrete activity related to the adjusting competency of groups C and
D were investigated with respect to the sub-competencies: refining and testing,
explaining, deriving an elegant solution, adaptability and transferability as well as

creative approach. In addition, the extent to which elementary gifted students
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exhibited the adjusting modeling competency and related sub-modeling competencies
when engaging in the Mars Lunacrete activity is shown in Figure 4.38. According to
the group modeling competence observation guide, the sub-modeling competencies of
the groups were classified as 0 (unsatisfactory), 1 (emergent/developing), 2

(proficient), and 3 (exemplary) proposed by de Villiers (2018).

Adjusting Competency: Mars Lunarcrete
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Figure 4.38. Adjusting Competency: Mars Lunarcrete

As illustrated in Figure 4.48, the findings of the current study revealed that the
elementary gifted students in groups C and D, when engaging in the Mars Lunarcrete
activity, generally exhibited exemplary modeling sub-competencies of adjusting with
the exception of creative approach. When the sub-modeling competency of creative
approach was considered, the students in group C exhibited proficient evidence of the
creative approach modeling sub-competency. To clarify and expand on the
aforementioned categories, sample excerpts representative of each category are

provided below.

Refining and testing. The findings from the Mars Lunarcrete activity related to the
competency of adjusting revealed that both groups tested their models. After they
assessed their first design, their first model did not fit the situation totally (refining and

testing). The group C reflected on their first model as shown in Figure 4.39.
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Figure 4.39. The first model of group C

They commented “if we build a structure from such a material that can be friable very
easily when it dries a little more, it will be unstable”. This statement showed that the
elementary gifted students’ model was not suitable for the conditions and constraints
of the problem situation. Consequently, because their first model was inadequate they
went through the entire modeling process to address the particularities of the problem
(refining and testing). On the other hand, group D stated that their model as shown in

Figure 4.40 may be adaptable to new situations.

Figure 4. 40. The first model of group D

For instance, “Let us wait until next week, maybe we can put the substances we think
about for the new situation (see Figure 4.40). We can test its density and durability
once again”. Their comments showed evidence that elementary gifted students
approached the design process with the belief that their models may be improved. This
indicated that if their model fits the situation they adapt their model to make sense in
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that specific situation (refining and testing). Consequently, both groups found multiple
solutions using different interpretations of the problem and refined parts of the model
or went through the entire modeling process when their models did not fit the situation.
Beyond that, together these findings provided exemplary evidence regarding refining
and testing modeling sub-competency since they related the underlying structure of
the problem to other similar problems in terms of density, durability, and property of

substance.

Explaining. Furthermore, both groups communicated with stakeholders, reflecting the
engineering sub-competency of explaining. The elementary students gave brief
information about the refining and testing process of their models by writing. For

instance, the reflections of group C members regarding their first model are presented
in Figure 4.41.

Figure 4.41. The reflections of group C on their first model

As shown in Figure 4.41, the members of group C explained which recipe they used
in their first model and which method did not work. In addition, they expressed which
substance they plan to use (explaining). Similarly, the reflections of group D on their

first model are shown in Figure 4.42.

Figure 4.42. The reflections of group D on their first model

As presented in Figure 4.42, the group members of group D refined the model entirely
because it did not work in some way and planned to use new substances for the second

model (explaining). The above reflections from members of both groups also shows
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evidence related to the engineering sub-competency of explaining in that they
identified interested and affected parties and their expectations to test their first model

and refine them.

Deriving an elegant solution, adaptability and transferability, and creative approach.
In addition to their initial request, the corporation asked students to shorten setting
time to reduce the cost. Hence, the students reexamined their plans for the second
model considering their reflections for the first model and the new situation. Both
groups changed their strategy and determined the new recipe after long discussions
with group members. They predicted the consequences of their actions, evidence of
the engineering sub-competency, given that they adapted the new conditions easily
and considered possible approaches for the problem (adaptability). Different from the
process of creating the first model, both groups created their second model determining
the minimum amount of substances in the recipes. Hence, they made new connections
between pieces of knowledge by using their experiences when constructing their first
model (transferability). They compared the amount of substances in the recipes and
the consequences of actions in the first model. For instance, the extract below

presented the decision-making process of group C for the second model:

Student 7: Now, when we look at the 7:2 and 3:1 recipe, 7:2 has a little more
flour. If we reduce the salt, which I think we should make at least 100 gr., then
we will also reduce the water, because they are the same amount in both
recipes.

Student 8: When we tried it, we saw that it does not work when there is too
much salt. Maybe 100 gr or 150 gr. We can look at it by adding little by little.
Let us decide on the mix after we have agreed on something minimal. 125
grams is fine.

Student 9: I think we need to reduce the water a little.

Student 7: We can also add glue to create a stronger structure.

Student 8: What do you think, maybe this will reduce the setting time?
Student 9: Nice, let us try.

Based on the discussion snippet above, the elementary gifted students tried to derive
an elegant solution for the new problem situation. Group C also made an in-depth
investigation about comparing the ratios in recipes in terms of the ingredients as well
as the reflections stated above and so showed exemplary evidence of explaining.

Besides, they made an inference to determine the minimum amount of substance to be

used in the recipe applying their experiences in the first model. This could be accepted
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as exemplary evidence of adaptability and transferability since they not only adapted
their model easily to the new situation but also transferred the previous knowledge of
modeling into the problem situation. Due to their efforts to reduce the amount of
materials and processes required to construct their second prototype, the members of
group C provided exemplary instances of the deriving an elegant solution sub-
modeling competency. In addition, the ideas stated above for determining the
minimum amount of substance and using glue to reduce setting time can be accepted

indicators of a proficient level of creative approach.

Interestingly, group D differentiated the recipe they would use for their model. The

discussion among group members unfolded as follows:

Student 10: | do not think we should add corn flour, we added water to corn
flour in science class. Then a liquid substance emerges. If we hit it hard, it
becomes like a stone, so if you put your hand flat, something liquid comes out.
Student 12: | know that but wasn't it cornstarch instead of cornmeal? For
example, when you try to sink your hand so quickly, it does not sink, but when
you do it slowly like that, it sinks into your hand.

Student 10: Yeah right, | said it wrong. Actually, I thought we could use it as
a binder instead of water. We can use an oobleck substance made with
cornstarch and water as a binder. In that case, we add the cornstarch to the
recipe. For example, in science lessons, we added 400 or 200 ml of water little
by little, and we got such a slightly liquid but agglomerated substance.
Student 11: How much water will we use? We will add it little by little.
Student 10: I think we should do it with cornstarch. Let's use the oobleck
substance instead of water. It will also be something harsh. We can also use
water. [ don’t know.

Student 11: How large of a substance did it become when you prepared it with
400 ml, for example?

Student 10: [Shows the size with hand]

Student 11: It is huge. Let us try half of it with 200 ml.

Student 10: I think if we mix it with wheat flour, it will be doughier, there will
be no lumps in it.

Student 12: We determine the ratio of our own recipe. We also get ideas from
the recipes here.

Student 10: There will be water in the oobleck substance, we cannot say for
sure that it will be this much right now. We will add it according to its
consistency. Only the water in the oobleck substance will be enough.

This dialogue segment could be accepted as evidence that the students offered an
extraordinary, original, and appropriate solution to the problem and so showed
exemplary creativite approach modeling sub-competency. In particular, student 10

transformed their previous knowledge of science and experiences into the problem
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situation. The above discussion allowed elementary gifted students in-depth
investigation of their thinking, leading to exemplary evidence of explaining. In the end,
they used 460 ml of water, 100 g salt, 107 gr cornstarch, and 300 g flour. This showed
evidence that they did not stick to the predetermined conditions they set. Hence, they
differentiated the strategies and adapted the model based on the changing conditions
they encountered. Quite interestingly, group D exhibited exemplary indicators of
adaptability and transferability by adapting their model to the new situation and
transferring their knowledge of science and mathematics into making their second
model. As stated above, extract of group D indicated that they also considered possible
approaches for the problem, an undertaking indicative of the engineering sub-
competency (deriving an elegant solution). As a concluding point, it can be asserted
that the members of group D displayed exemplary evidence of deriving an elegant
solution by achieving maximal effect with appropriate methods and materials as a
result of their efforts.

As the final example of an engineering-based model eliciting activity, the findings of
the Dr. Ahmet’s Will activity regarding the adjusting competency of groups E and F
are provided. The sub-competencies of adjusting are categorized under the subtitles of
refining and testing, explaining, deriving an elegant solution, adaptability and
transferability as well as creative approach. In addition, the extent to which
elementary gifted students displayed the adjusting modeling competency and related
sub-modeling competencies when engaging in the Dr. Ahmet’s Will activity is
presented as shown in Figure 4.43. According to de Villiers’s (2018) group modeling
competency observation guide, the sub-modeling competencies of the groups for the
adjusting competency were classified as follows: 0 (unsatisfactory), 1

(emerging/developing), 2 (proficient), and 3 (exemplary).
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Adjusting Competency: Dr.Ahmet's Will
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Figure 4.43. Adjusting Competency: Dr. Ahmet’s Will

As seen in Figure 4.43, when the students in groups E and F engaged in the Dr. Ahmet’s
Will activity, they generally exhibited exemplary sub-modeling competencies of
adjusting. However, the students in group F displayed a proficient level of the creative
approach sub-modeling competency when engaging the activity. Thus, examples of

this competency in relation to the aforementioned sub-categories are presented below.

Refining and testing, and explaining. The analysis of the data revealed that both groups
adapted the model to the new situation (refining and testing). According to the current
case, three of the relatives were diagnosed with asthma, lymphoma, and albinism, and
the lawyer was asked to reconsider the choices of elementary gifted students in light
of the new information. First of all, the students determined the kinds of environments
in which individuals with such diseases lived. Then, they compared the conditions they
determined with the conditions suitable for people with these diseases. Thus, these
might be acceptable indicators of the engineering sub-competency because both
groups identified interested and affected parties and their expectations and the
environmental impacts of the engineering activity as well as sustainability issues

(explaining).

Furthermore, they stated that they do not intend to change their choices if appropriate.
When reviewing the models, the groups did not change their first and last preferences
for the new situation, but they changed other options (refining and testing). The

reflections of the members of group F on their models were as follows:

Student 18: To begin, we decided which office in which city would be the most
suitable. We looked at the weather conditions where the relatives live, and then
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we looked at the weather conditions where the offices are located. According
to us, it was Geneva that suited both.

Student 19: We reviewed all of the precipitation, temperature degrees, and
altitude, etc. Then, we discussed diseases.

Student 16: We wanted to decide again which is the most appropriate,
including diseases.

Student 17: Geneva seemed like a pleasant place, the degree of pollution is low
and other conditions are also suitable.

Student 19: We paid attention to the characteristics of each person when
identifying diseases.

Student 17: We put Istanbul in the last place before Kanpur. Then, we moved
one row.

Student 18: We assumed as much because Aunt Hatice would be unable to
travel for an extended period of time due to her old age. Additionally, Aunt
Belma also had seven children. Personality characteristics and rainfall were
important factors in our decision.

The dialogue here shows evidence that group F adapted parts of their model to make
sense in the new situation (refining and testing). Although their solutions partially fit
the problem situation, they reconsidered all the conditions again. Together these
findings provided exemplary evidence of refining and testing because both groups
related the underlying structure of the problem with the new case and created a new

model for the situation by adjusting parts of their initial model.

Deriving an elegant solution, adaptability and transferability, and creative approach.
When the elementary gifted students’ reflections were examined, they offered
strategies to minimize the negative consequences of the engineering activity - an
indicator of the engineering sub-competency (deriving an elegant solution). That is to
say, they developed a new method to reduce the negative consequences of many
factors such as the illnesses of the relatives, age, economic situation, and weather
conditions. As stated in the below extract, the members of group F eliminated some

variables in the same way that they followed for their first model:

Student 16: We validated that all the conditions required from us were met.
Student 18: We went through all of them in turn. We eliminated them one by
one.

Student 17: We eliminated Kanpur first. The heat and pollution were too much.
There was no flight.

Student 19: We continued like that, our opinion did not change for the second
time.

Student 16: We found out which of the cards with the characteristics of the
people has which disease.
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Student 17: Our first option did not change when the situation occurred, but we
changed the others.

Student 18: In my opinion, the first place we chose has not changed since we
examined the diseases from the character cards. For both, we actually paid
attention to them.

Student 19: | agree.

Student 17: Our first choice is always the best, but our other preferences have
changed because of diseases and our perspective on them has changed as well.

This conversation above indicates that group F flowed logically from one step to the
next to explain their process as they considered all the conditions. Beyond that, they
showed exemplary evidence of the explaining sub-modeling competency since they
explained their reasoning in-depth. As a result of long discussions, the members of
group F assumed that Uncle Nedim suffered from asthma, Cousin Ezgi had albinism,
and Cousin Ozan had lymphoma. To reach this assumption, they matched the
characteristics of the relatives, the location where they live, the appropriate conditions
where patients live and diverse characteristics of the disease. For example, they
concluded that cousin Ezgi generally works on the computer and she does not need to
go out much. They stated that she is not exposed to the sun and so she could have
albinism. This showed exemplary evidence that the students in group F adapted their
solution easily and transferred the previous knowledge, knowledge of science, and
medicine to the problem situation when adjusting the problem (adaptability and
transferability). On the other hand, the above statements indicated that group F
substantially took a creative approach to solve the problem and explained the
underlying reasoning. This could be considered proficient evidence of the creative
approach sub-modeling competency because their proposals were based on the data
that were given for the problem, and none beyond it. Furthermore, the following
dialogue is given as an example of how the members of group E discussed their illness:

Student 14: For example, aunt Hatice cannot have albinism. She is always out
in the sun. Someone who suffers from asthma requires fresh air, which should
not be too hot.

Student 15: Let us examine Geneva from these perspectives. First we need a
clean place.

Student 14: We do not know who possesses which diseases. Let us find this
first.

Student 13: It is not necessary, instead let us select a location that fits these
characteristics. How can the relatives with these diseases travel to a common
place?
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As shown in the above extract, elementary gifted students investigated each relative
and examined their suitability for the situation. On the other hand, Student 13 gave an
in-depth explanation of one’s reasoning. However, the other group members did not
support that idea and examined all the relatives to determine which diseases they have:

Student 14: We need to find who has each disease. Cousin Mert does not suffer

from asthma because he is interested in plants.

Student 15: Uncle Nedim cannot suffer from asthma either.

Student 13: We have three diseases. Has cousin Mert been diagnosed with

albinism?

Student 15: How old is he? If tulips are in the garden, he should take care of

them.

Student 14: Therefore, he cannot have albinism. But I'm not so sure. It is

acceptable if he goes out every week.

Student 13: He can go out wearing a hat. He lives in Amsterdam. Amsterdam

is located to the north of us, and it is not very sunny where he lives.

Student 15: My grandfather is also bald and does not go out much because he

has no hair.

Student 14: Much evidence contradicts your claims. That is what we are trying

to convey to you.

Student 13: Cousin Mert and uncle Nedim are taking care of plants. | do not

think they suffer from asthma.
The extract above presents a discussion highlighting how elementary gifted students
identify interested and affected parties and their expectations as well as the
environmental impacts of the engineering activity (explaining). These could be
accepted as exemplary indicators of explaining for group E because of the in-depth
investigation of their reasoning. In addition, the dialogue above indicates that
elementary gifted students in group E easily adapted to new circumstances and
transferred their previous knowledge and other disciplinary knowledge into the
solution process of the problem and so showed exemplary evidence of the adaptability
and transferability sub-modeling competency. On the other hand, they were requested
to learn the degree of pollution of the place where the relatives live. The researcher
replied to this request by saying that if you need this information, you can search for
it on the internet which is available for you. Hence, they manifested exemplary
evidence of the creative approach sub-modeling competency in their attempt to solve
the problem since they came up with a new, unique, and effective idea as well as one
that is suitable regarding the restrictions of the problem. In the following extract, they
discuss the degree of pollution considering the conditions of the location:
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Student 14: Cleaning and fresh air are important for Lymphoma.

Student 15: The weather condition is as well.

Student 14: It could be Buenos Aires or Sydney. But, | thought travel time is

too much and the cost of travel is expensive.

Student 13: Now, we look at the snowfall for cleaning. Let us take a look at

where they live.

Student 14: Kenya is in Africa, so uncle Nedim has not definitely albinism.
In this example, students also associated snowfall with cleaning. On the other hand,
they took into consideration travel time and cost. Taking all of the aforementioned into
account, elementary gifted children enhanced and adjusted their models through
integration. Hence, both groups were capable of deriving an exemplary elegant
solution to the problem by providing appropriate approaches for obtaining the
maximum desired effect. Additionally, both groups assessed the appropriateness of

solutions by examining, thinking on, and reconciling them with the original problem.

To summarize, the adjusting competency of elementary gifted students when they are
engaged in engineering-based model eliciting activities were categorized under the sub
modeling competencies of refining and testing, explaining, deriving an elegant
solution, adaptability and transferability, as well as creative approach. In addition to
the group modeling competency observation guide proposed by de Villiers (2018),
adaptability and transferability, and creative approach sub-modeling competencies
emerged from the data of the current study. The findings of this study demonstrated
that elementary gifted students in groups exhibited exemplary instances when they
engaged in engineering-based model eliciting activities by transferring previous
knowledge from inside or outside of the school setting into the new situation
comfortably. In addition to the competency to transfer ideas, they took a creative
approach and gave in-depth explanations of their reasoning when they are engaged in
engineering-based MEAs.

4.6. Modeling Competency 6: Organizing

This section of the chapter addresses the findings for organizing, the sixth modeling
competency from the classification of cognitive modeling competencies proposed by
de Villiers (2018). The organizing competency was examined regarding the sub-
modeling competencies: evaluating and judgment, reflection and elaboration. In

addition, this section investigates the extent to which elementary gifted students in
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groups displayed the organizing modeling competency and its sub-modeling
competencies when engaging in Bridge Construction, Mars Lunarcrete, and Dr.
Ahmet’s Will activities. The findings for each activity include examples of two distinct
groups displaying the sub-modeling competencies of elementary gifted students. In
particular, the organizing competency of elementary gifted students was analyzed
through these sub-modeling competencies and their related engineering and
mathematical modeling sub-competency as shown in Table 4.6. In the table, new codes

that emerged from the analysis of the current study are indicated with “*”.

Table 4.6. Classification of organizing competency framework

Modelling Sub-modelling Indicators related to Indicators related to
Competency  competencies that engineering sub- mathematical modelling
support the competency sub-competency
modelling
competency
an Evaluating and *Evaluate and engineering  » Analyze, formulate,
g judgement Judgement — the work must interpret, and examine the
¢ be aimed at the full model.
gﬁ development of the » Validate the solution.

suggested solution to the * View the problem in a
problem through a process of different form.
synthesis, with the * Create a 'model for'.
application of all information
acquired during the problem
investigation, also using the
design, development and
communication.
* Foresee consaquences of
actions.
* Evaluate a situation in the
absence of full evidence.

Reflection *» Consider all relevant » Reflect on the real problem
engineering principles that  and uge mathematical
can influence the solution — knowledge to solve the
recognize and address the  problem.
reasonably foreseeable * Critically check and reflect
social, cultural and on solutions, review parts of
environmental effects, and  the process, reflect on other
meet all legal and regulatory ways to solve the problem.
requirements.
* Consider the
interdependence,
interactions, and relative
importance of factors.

Elaboration* » Present the technical » Provide the details in the
breadth and depth of the explanation of the ideas to
process. * solve the problem *
* Draw on experience and
knowledge *
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As seen in Table 4.6, the analysis of this study revealed that in addition to the
organizing sub-competencies of evaluating and judgment and reflection suggested by
de Villiers (2018), elaboration emerged as a sub-code based on the findings of the
current study. The indicators of the organizing sub-competencies related to
engineering and mathematical modeling observed when elementary gifted students
engaged in engineering-based MEAs are presented in Table 4.6.

First of all, the organizing competency of groups A and B was examined in the context
of the Bridge Construction activity in terms of evaluating and judgment, reflection as
well as elaboration. The distribution of each sub-competency regarding the extent to
which elementary gifted students in groups A and B exhibited the organizing modeling
competency is represented in Figure 4.44. Based on the group modeling competency
observation guide proposed by de Villiers (2018), the level of sub-modeling
competencies for the groups was classified as 0O (unsatisfactory), 1
(emergent/developing), 2 (proficient) and 3 (exemplary).

Organizing Competency: Bridge Construction

= N w

Competency Level

o

Group A Group B

m Evaluating and judgement Reflection Elaboration

Figure 4.44. Organizing Competency: Bridge Construction

As shown in Figure 4.44, the findings of the current study indicated that when the
elementary gifted students in groups A and B engaged in the Bridge Construction
activity, they exhibited exemplary performance of the modeling sub-competencies of
organizing. To clarify and expand on the aforementioned categories, sample excerpts

representative of each category are provided below.

Evaluating and judgment. Analysis of the data revealed that both groups displayed the
engineering competency in that all of the information gathered was used to produce a

comprehensive solution through a process of synthesis that included design,
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development, and communication during the investigation of the problem (evaluating
and judgement). First of all, group A evaluated their final bridge prototype as steady
and aesthetic. They stated that they used the bridge designs in London as an example.
They also pointed out that they had a basic idea at first but they develop it later. They
thought the bridge would last 180 years. This showed evidence that the students in
group A analyzed, interpreted, and examined the model (evaluating and judgements).
In addition, they evaluated a situation in which there was lack of evidence by making
inferences about the durability of their bridge prototype, indicating evidence of the

engineering sub-competency of evaluating and judgements.

Compared to group A’s one bridge prototype, group B evaluated the two bridge
prototypes that they made. While they thought that their first prototype was aesthetic
and appropriate for the city, the final prototype was determined to be more useful, less
expensive, and appropriate for village conditions. This indicated that they viewed the
problem in a different form after constructing their first bridge prototype (evaluating
and judgement) and means that the members of group B validated their solution for
the problem situation and constraints. Consequently, they pointed out that they did a
good job as a team and included all of the group members’ decisions into their design

process. They commented as follows:

Student 4: If we constructed the bridge for the city, we would prefer the first
prototype because it fits in better with the lighting of the city. But we do not
think the final prototype will be preferred for the city. This bridge can be used
for bridges over streams.
Student 6: If we had the necessary materials, we could enlarge this bridge to
create a double-sided road. However, we did it this way because both the
conditions of the village and our materials were not convenient.
The above excerpt indicated that the members of group B foresaw the consequences
of their actions, an indicator of the engineering competency of evaluating and
judgment. Together these findings for both groups provided exemplary evidence
regarding the evaluating and judgment sub-modeling competency through
comprehensive, insightful analysis, synthesis, and evaluation, as well as the clear

connections established in real-life and problem situations.

Reflection and elaboration. When elementary gifted students’ reflections on their

bridge prototypes and modeling processes were examined, it was revealed that they
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considered relevant principles that can influence the solution. Correspondingly, the
members of group A expressed that the final prototype looks like their sketch. Their

reflection about the prototypes was as follows:

Student 1: We think it is appropriate for real life and problems. But the letters
can be made more aesthetic and better.

Student 3: We could have enlarged the roads, but this would increase the cost.
The peasants might not accept this.

Student 2: As it is, two cars can comfortably move. We might not have made
the arrow either. So, the cost has increased. We could make the pedestrian path
smaller, even if it was small, people could cross it easily.

The above excerpt indicated that they critically checked and reflected on their
prototype as well as other ways to construct their bridge (reflection). This showed
evidence that they recognized and addressed social, cultural, and environmental
consequences that are reasonably predictable, which is an indicator of the engineering
sub-competency of reflection. In addition, the dialogues between two students

(Student 1 and Student 5) on group A’s final prototype of group A is shown here:

Student 5: The end of the arch and the end of the road are not the same, cars
can fall from here.

Student 1: No here, as you said, it can cross from land to land here, like your
bridge.

Student 5: Okay, does this arch not block that road?

Student 1: It does not prevent it because it can separate these two roads.

Student 5: For example, have you fixed the barrier that happens when people
walk this road?
Student 1: Yes, we fixed them. You can look.

Student 5: What if this bridge bends from wind or something? You told me the
same. | think this condition is more valid for your bridge since all abutments
are in one line. 1 think you can distribute the forces and so it can be more stable.
As | said, instead of the thick foot in the middle, you could construct a smaller
abutment and increase the number of abutments.

Student 1: If we made it smaller, it would swing more. We had to put in the
fixed holders.

Student 5: | think it would be more solid if you did it smaller and more. | like
your water removal system. | do not understand why you put the straws on the
tip.

Student 1: We could not do it from here and we could not fix the rope to it.

This conversation indicates that the elementary gifted students reflect on the social,

safety, and environmental implications of their decisions, which is an indication of the
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engineering sub-competency of reflection. As deduced from the above dialogue, the
students provided the details in the explanation of the ideas to construct the bridge
(elaboration). More precisely, they presented the technical breadth and depth of the
process, which reflects evidence of the engineering sub-competency by detailing the
distribution of the force, the effect of weather conditions, and safety issues
(elaboration). In addition to this, the next extract highlights their own self-reflection:

Student 5: Why did you put a stick here? Is there a double-sided road here?

Student 1: Yes.

Student 5: If two cars are as much as my two fingers, two people can be about

one finger, right?

Student 1: Yes.

Student 5: Here you have made this pedestrian path 10 times the size of a

finger.
This shows that Student 5 analyzed and interpreted the prototype by applying
mathematics knowledge and transferred the knowledge into the real world (reflection).
The dialogues above and below also revealed that elementary gifted students elaborate
on their ideas by drawing on their own experiences as well as knowledge of

mathematics. For example:

Student 1: We did it because we thought a lot of people could pass through the

road.

Student 5: Will 10 people go side by side?

Student 1: No. For example, in Kizilay (one of the more crowded districts in

Ankara), people pass side by side quickly. We thought that if we did this,

people would pass quickly.

Student 5: Well, you are constructing this bridge for a village, not for Kizilay.

So, 1 do not think the village will be as crowded as Kizilay.

Student 1: The village will not be crowded, you are right, but we thought that

it should pass quickly, so that pedestrians do not get angry.
This shows that the elementary gifted students used mathematical knowledge to
evaluate the prototype according to real life situations and relate the situation to similar
ideas previously experienced. Thus, both groups showed exemplary indicators of
reflection through recognizing the strengths and weaknesses of their own thinking, as
well as different viewpoints on the situation as compared to others. They also
evaluated their own thinking in the context of alternate points of views. In a similar
vein, the dialogue between student 1 and 5 on both prototypes of group B was as

follows:
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Student 1: You added more abutments. But you could make them much
stronger. If you did, it would not bend from the wind.

Student 5: We will strike the abutments into the sand or stone underwater. So,
the abutments cannot move anyway. Our first bridge is more useful than a
suspension bridge.

Student 1: But in the news we saw, it became more fixed. It did not swing like
yours.

Student 5: If these abutments are fixed on the ground, | do not think that it will
swing much because we fixed them with a stabilizer. Therefore, the probability
of dislodgement is very low.

Student 1: | think these decorations will exceed the cost of the village. You
could choose to reinforce the costly bridge more than to decorate it.

Student 5: This is why we construct the second bridge.

As indicated in the above excerpts, the students discuss whether their prototype meets
the requirements in the problem. The discussions above and below also showed that
they considered the interdependence, interactions, and relative importance of factors

such as strength, safety, materials, and cost, which reflects the engineering sub-

competency (reflection). For example:

Student 1: For example, what will the final bridge be on a rainy day?

Student 5: We do not think there will be many problems on stormy days. Like
this normal road, the only difference is that it is above the water, not the land.
Just like the road, there are sidewalks and crosswalks.

Student 1: Is the bridge over the water? 10 meters below that. | am telling you
how these cars will go up.

Student 5: This will stand 10 meters; it has an engine. It will stand in line with
the land. The water does not come that much. Its meanness was more when we
saw it in the news. It can vary according to the altitude and the height of the
water, and the shape of the place. For example, this can be done as a slope, it
can be done as a ramp. Our materials were suitable for this, so we made it
straight.

These dialogues demonstrate that the students also recognized the environmental
effects of the prototype. They provided the technical breadth and depth of the process
by applying science, mathematics, and engineering knowledge (elaboration). The
above dialogues between two different group members indicate that they not only
explained and justified their design for their own group members but also the other
group members verbally. This showed evidence that they elaborate on the ideas by
interacting with each other. As a concluding point, it can be asserted that both groups
exhibited exemplary evidence of elaboration by providing many details in the
explanation of ideas and by integrating the technical breadth and depth of many

different disciplines.
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Secondly, the findings related to organizing competency of groups C and D’s
engagement in the Mars Lunarcrete activity were investigated under the sub-
competencies of evaluating and judgment, reflection and elaboration. In addition, the
extent to which the groups displayed the organizing modeling competency and its sub-
competencies when engaging in the activity are given in Figure 4.45. According to the
group modeling competence observation guide proposed by de Villiers (2018), the
sub-modeling competencies of the groups for organizing competency were
categorized as 0 (unsatisfactory), 1 (emergent/developing), 2 (proficient), and 3

(exemplary) proposed by de Villiers (2018).

Organizing Competency: Mars Lunarcrete

Competency Level

Group C Group D

m Evaluating and judgement Reflection Elaboration

Figure 4.45. Organizing Competency: Mars Lunarcrete

As illustrated in Figure 4.45, elementary gifted students in groups C and D displayed
exemplary sub-modeling competencies of organizing when they engaged in the Mars
Lunarcrete activity. In order to clarify and elaborate on the aforementioned categories,
some specific instances of the organizing competency for each category are presented

below.

Evaluating and judgment. The findings of the current study revealed that elementary
gifted students analyzed, formulated, interpreted, and examined their models
(evaluating and judgment). For instance, group C evaluated their first and second
model. As stated in the adjusting competency section of this chapter, their model was
easily friable and unstable since the amount of salt included was high. Hence, this
showed evidence of the engineering sub-competency in that they foresaw the
consequences of their action by making inferences that the structure of the model

resulted from the increasing amount of substance (evaluating and judgment). For the
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second model, the members of group C pointed out that their model was not rigid and
they had difficulty in shaping it because of the glue they used. Although they did not
create a thorough working model, they made an inference based on their experiences.
This indicated evidence of the engineering sub-competency of evaluating and
judgment in that they examined the problem situation in the absence of full evidence.
Besides, they made an engineering judgment on the suggested solutions to the problem
through a process of synthesis (evaluating and judgment). On the other hand, the
students in group C wanted to make sure that the precision balance was weighing
accurately when they built the model. In order to check, they asked the researcher to
bring some items whose weight was known. They ended up using 50-gram brass
weights to validate their measurements (evaluating and judgment). For example, they
weighed the flour by filling the beaker completely, and then made their measurements
by comparing the exact amount of flour they wanted to add. Taking all of these into
account, the members of group C exhibited exemplary evidence regarding the
evaluating and judgment sub-competency by providing comprehensive, insightful
analysis, synthesis and evaluation, as well as clear connections to real-life situations
and previous experiences. On the other hand, group D evaluated their two models by
comparing them with each other in terms of suitability for the conditions (evaluating

and judgment):

Student 12: | think this model will be more resistant than the first model when
it dries. What are you thinking?

Student 11: This is a more intense version. We will dry it in the sun to speed
up the drying process.

Student 10: It is softer and easier to shape. We reduced the setting time because
the starch is drying. The first model has hardened, cracked, and crumbled as it
dried.

Student 11: It is difficult to stand. How are we going to make the dome?
Student 12: We will do it with dough. We should either fill it in, or we should
lay a foundation there like a solid stick.

Student 11: Be it triangle or hexagon. After all, we are not just going to make
it just from concrete. It can stand on something thick and flat.

Student 10: The column we know. Then we make a dome.

The above dialogues show that the students in group D adapted their model according
to the new condition of reducing setting time. They suggested a solution to the problem

through a process of synthesis, with the application of all information acquired during

the problem investigation, also using design, development, and communication. The
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conversation above also indicates the engineering sub-competency that elementary
gifted students foresaw the consequences of actions based on their experiences and
knowledge. Thus, all these indicators stated above could be accepted as exemplary

evidence of evaluating and judgment.

Reflection and elaboration. When elementary gifted students’ reflections on the design
process were examined, they chose the ideal regolith and binder solution considering

the interdependence, interactions, and relative importance of factors (reflection). For

example, the reflections of group C for their second model is shown in Figure 4.46.

Figure 4.46. The reflections of group C for their second model

As presented in Figure 4.46, the members of group C stated that their choices were the
most optimal in terms of density, wind resistance, and cost, among other factors. They
claimed that they used the 4:3 recipe as a reference point for their recipes, but that they
supplemented it with flour and glue. Then, they asserted that increasing the amount of
flour in the regolith increases its density, while increasing the amount of glue in the
regolith increases its density and wind resistance. They reached the conclusion that the
regolith should be in excess and that the binder should be in proportion to the regolith.
Taking all of the aforementioned reflections of group C, they critically checked and
reflected on solutions, reviewed parts of the process, and reflected on other ways to
solve the problem (reflection). Correspondingly, they reflected on the real problem
and used mathematical knowledge to solve the problem (reflection). Beyond that, the
members of group C provided the details in the explanation of the ideas by applying
proportional reasoning (elaboration). Hence, their reflections of group C exhibited
exemplary evidence for elaboration since they demonstrated knowledge of the
technical breadth and depth of the process by presenting many details and experiences.
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In addition, the structure was constructed by group D using the building material that
they had developed, as shown in Figure 4.47

Figure 4.47. The second model of group D

The members of group D tested its flexibility by applying pressure. They commented
that “It became more fluid since we put the oobleck substance into it. It does not
crumble that much when compared to the first model. We can also increase our amount
of building material by keeping the ratio of everything the same”. As stated in the sub-
competency of assumption, they pointed out that they should have enough material to
construct the settlement on Mars because the spacecraft may need to be sent again,
resulting in a higher cost. The above dialogue between the members of group D shows
evidence that they reflected on the real problem and assumptions they made by using
mathematical knowledge (reflection). In addition to this, they provided more details in
the explanation of ideas by presenting the technical breadth and depth of the process
and showed exemplary evidence of elaboration. More specifically, their ideas were
explicitly explained in detail by integrating their science, mathematics, and
engineering knowledge and experiences. Consequently, these findings provide
exemplary evidence for groups C and D regarding reflection, in that they identified
strengths and weaknesses in their own thinking, as well as different perspectives on
the situation, when the students compared their final models to the initial model of the

situation.
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Finally, this part of the section presents the findings from groups E and F about the
organizing competency and its related sub-competencies when they are engaged in the
Dr. Ahmet’s Will activity. The organizing competency of elementary gifted students
engaged in this activity was investigated in terms of the sub-modeling competencies:
evaluating and judgment, reflection and elaboration. The extent to which elementary
gifted students in groups displayed the organizing modeling competency and its sub-
modeling competencies when they are engaged in the activity is shown in Figure 4.48.
According to the group modeling competency observation guide proposed by de
Villiers (2018), the sub-modeling competencies of the groups were classified as 0

(unsatisfactory), 1 (emergent/developing), 2 (proficient), and 3 (exemplary).

Organizing Competency: Dr.Ahmet's Will

Competency Level

Group E Group F

m Evaluating and judgement Reflection Elaboration

Figure 4.48. Organizing Competency: Dr. Ahmet’s Will

As is shown in Figure 4.48, the findings of the current study revealed that the
elementary gifted students in groups E and F generally displayed proficient evidence
of the modeling sub-competencies of organizing when engaged in the Dr. Ahmet’s
Will activity. When the sub-competency of evaluating and judgment was considered,
both groups showed exemplary evidence of the evaluating and judgment sub-modeling
competency. As a result, the following part provides examples of this competency

related to the sub-categories indicated above.

Evaluating and judgment. The findings of this study revealed that elementary gifted
students viewed the Dr. Ahmet’s Will problem in a different form for the current
situation (evaluating and judgment). That is to say, they validated their first strategy
for the situation related to illness (evaluating and judgement). As stated in the

competency of the adjusting section of this chapter, the groups E and F analyzed,
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formulated, interpreted and examined the first model and created their model for the
new situation (evaluating and judgment). In addition, the analysis of the data revealed
that they found their models to be quite similar. They expressed that both groups used
almost the same methods to determine the best location for the relatives. An example

regarding the evaluating and engineering judgment of group F is shown in Figure 4.49.

Figure 4.49. The second letter of group F

As presented in Figure 4.49, the members of group F validated their first choice by
utilizing all knowledge gathered during the problem investigation such as illnesses,
pollution level, rainfall, and the degree of temperature and altitude, and to develop the
whole proposed solution (evaluating and judgment). In addition, they foresaw the
consequences of their actions by considering that the smoking rate may affect the
patients suffering from asthma (evaluating and judgment). The statements in the above
sections show exemplary instances regarding evaluating and judgment through the
provision of comprehensive, insightful analysis, synthesis, and evaluation, and the
establishment of clear connections to real-world circumstances and previous

information.

Reflection and elaboration. The analysis of the data indicated that elementary gifted
students, when they are engaged in the Dr. Ahmet’s Will activity, recognized and
addressed social, cultural, and environmental consequences that are reasonably

predictable, and thus demonstrated an indicator of the engineering sub-competency of
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reflection. They reflected on the real problem and used mathematical knowledge to
solve the problem, especially interpretation of the data. In addition, both groups
provided substantial details explaining the ideas and depth of the process as described
in the preceding section and the second letters, and showed proficient evidence of the
elaboration sub-competency. Although both groups critically checked and reviewed
parts of the process, they did not reflect on the methods they used in their letters for
the second model. For instance, group F did not reflect on the decisions about their

letter, as shown in Figure 4.50.

Figure 4.50. The second letter of group E

In the letter as shown in Figure 4.50, the members of group E gave information about
assumptions they made related to diseases and some criteria they applied to determine
the best location. This can be seen as evidence that they drew on experience and
knowledge (elaboration). Although the above dialogues of group E as mentioned in
the previous section critically checked and revised part of the process, they did not
reflect on the process in writing the letter. This showed evidence that they did not
communicate with stakeholders in an effective way. However, student 14 preferred to
write a letter to Dr. Ahmet individually, unlike group E. The student reported taking

responsibility for determining the best location for the relatives as seen in Figure 4.51.
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Figure 4.51. The reflection of student 15

As presented in Figure 4.51, student 15 stated that one became a lawyer with the
scholarship received from Dr. Ahmet and that one’s first duty was to fulfill his will.
Hence, the student showed a high level of imagination in problem solving, taking
conditions and constraints into account. Together these findings provide evidence that
the elementary gifted students did not reflect on all the processes in the letters that they
wrote. As a result, analyzing the entire process holistically became critical for
examining elementary gifted students’ experiences when they are engaged in
engineering-based MEAs. Accordingly, both groups exhibited proficient sub-
competency in terms of reflection when their overall design processes are considered.
Although they identified the strengths and weaknesses in their thinking and alternative
perspectives about the problem when comparing the first situation, they did not

evaluate them in the context of alternative perspectives.

To summarize, the organizing competency of elementary gifted students when they
engaged in engineering-based MEAs were categorized under the sub modeling
competencies of evaluating and judgment, reflection and elaboration. In addition to
the group modeling competency observation guide proposed by de Villiers (2018),
elaboration of sub-modeling competency emerged from the data of the current study.
The findings of this study demonstrated that elementary gifted students in groups
exhibited exemplary instances of engagement with engineering-based MEAs in that

they provided an in-depth description along with the best idea that they selected. In
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addition, they generally displayed exemplary evidence of the competency to reflect on
their own thought process, considering relevant principles that can influence the
solution. As stated before, their judgment was rich in content and presented clear
analysis, synthesis, and connections to real-life situations or previous content. On the
other hand, holistic analysis of the entire process became crucial for evaluating the
experiences of elementary gifted students engaging in engineering-based MEAs since

they did not present the details of their explanations in writing.
4.7. Modeling Competency 7: Generalizing

The final modeling competency based on the classification of cognitive modeling
competencies suggested by de Villiers (2008), the findings regarding the generalizing
competency are stated in this section of the chapter. In this regard, the generalizing
competency was investigated with respect to the sub-modeling competencies of
establishing a similar relationship, general or independent reasoning and an easy to
use model. In addition, the extent to which elementary gifted students in groups
displayed the generalizing modeling competency and its sub-modeling competencies
when they engaged in Bridge Construction, Mars Lunarcrete, and Dr. Ahmet’s Will
activities are presented in this section. In each activity, examples of two different
groups are provided to demonstrate the sub-modeling competencies of the students in
the study. Specifically, the generalizing competency of the elementary gifted students
was analyzed through its sub-modeling competencies and their indicators related to
engineering and mathematical modeling sub-competency as shown in Table 4.7. In
this table, new codes that emerged within the scope of the current research are
highlighted with “*”.
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Table 4.7. Classification of generalizing competency framework

Modelling Sub-modelling Indicators related to Indicators related to
Competency  competencies that engineering sub-competency mathematical modelling
support the sub-competency
modelling
competency
%ﬁ Establishing similar + Considers the = Establish similar
= relationship mterdependence, relationship m different
5 interactions, and relative situations by adapting some
g importance of factors. of the rules.
General or = Holistic approach to = General or independent
independent engineering activities and  reasoning and acting —
reasoning reasoning. applying of deductive
reasoning to prove the
solutions.
Easy to use model + Present the technical * Your successful model is
breadth and depth of the easy to use and you predict
process, * and make generalizations to

* Draw on experience and  explore further applications.
knowledge.*

As presented in Table 4.7, the analysis of this study revealed that the sub-competencies
of generalizing: establishing a similar relationship, general or independent reasoning
and an easy to use model proposed by de Villiers (2018) emerged as sub-codes. Thus,
the indicators of generalizing sub-competencies in terms of engineering and
mathematical modeling sub-competencies when elementary gifted students are

engaged in engineering-based MEAs are indicated in Table 4.7.

As the first example of engineering-based model eliciting activities, the findings for
the Bridge Construction activity related to the generalizing competency of group A
and B were examined through the sub-competencies of establishing a similar
relationship, general or independent reasoning and an easy to use model. In addition,
the extent to which elementary gifted students displayed the generalizing modeling
competency and related sub-modeling competencies when engaging in the Bridge
Construction activity is presented in Figure 4.52. Based on the group modeling
competency observation guide proposed by de Villiers (2018), the sub-modeling
competencies of the groups were classified as O (unsatisfactory), 1

(emergent/developing), 2 (proficient) and 3 (exemplary).
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Generalizing Competency: Bridge Construction

Competency Level

Group A Group B

m Establishing similar relationship ® General or independent reasoning

Easy to use model

Figure 4.52. Generalizing Competency: Bridge Construction

As seen in Figure 4.52, when elementary gifted students in groups A and B engaged
in the Bridge Construction activity, they generally exhibited exemplary evidence of
the modeling sub-competencies of generalizing. From the graph above, it can be
asserted that both groups displayed proficient evidence of the easy to use model sub-
modeling competency. In order to explain and expand on the components of the
generalizing competency, sample extracts which are representative of each sub-

competency are provided below.

Establishing a similar relationship, general or independent reasoning, and an easy to
use model. The reflections of groups A and B showed that the bridges they constructed
can be used for other conditions in the same way or if some changes can be made, it
can be expanded (establishing a similar relationship). The below conversation shows
evidence for their reasoning to prove the final prototype (general or independent

reasoning):

Student 5: For example, why did you fix the arch with a rope? | think this is
not solid enough. It could be stronger if you fix it with either wire or tongue
stick like this.

Student 1: We did not use the tongue sticks anymore because it could cost more,
the wire could be too costly, so we used rope in the prototype. However,
different things such as iron can be used while constructing the real bridge.

As deduced from the dialogue above, they considered the interdependence,

interactions, and relative importance of factors by establishing a similar relationship.

221



In addition, as in the below dialogue, the students investigated the importance of the
factors considered for the first and second prototype of group B to generalize the result.
For the first bridge prototype:

Student 5: | think these arrows and two signboards were a bit unnecessary
because this bridge is in the village. | do not think that many visitors and
tourists will come to the village. So, you could not make it. Instead, you could
make the arch stronger or you could add one or two more abutments.

Student 1: We made three abutments because we also have fixed it with extra
holding mechanisms. We did what you said because we thought it would be a
cute village

For the second prototype:

Student 1: Can we use this elsewhere? Could you make normal small bridges

instead?

Student 5: We can, but we chose this one that is low cost, useful, very steady,

and logical.

Student 1: Well, does it not go with the current?

Student 5: You squeeze this bridge between two lands
As can be understood from the dialogue above, their connection to a real life
application and other disciplines such as engineering and science was accurate and
realistic as well as indicative of their consideration of the interdependence,
interactions, and relative importance of factors. Hence, this could be accepted as
exemplary evidence regarding establishing a similar relationship for both groups.
Accordingly, they exhibited exemplary general or independent reasoning sub-
modeling competency since they applied deductive reasoning to prove their solutions
in the context of specific situations. Consequently, their model can be transferred to
other similar situations, but needed minor simplifications. Thus, both groups showed

a proficient level of the easy to use model sub-modeling competency.

As a second example, the generalizing competency of group C and group D related to
the Mars Lunarcrete activity was investigated regarding the sub-competencies of
establishing a similar relationship, general or independent reasoning and easy to use
model. Moreover, the distribution of each sub-competency regarding the extent to
which elementary gifted students in groups C and D, when they are engaged in the
Mars Lunarcrete activity, displayed the generalizing modeling competency is
represented in Figure 4.53. Based on the group modeling competency observation
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guide proposed by de Villiers (2018), the level of sub-modeling competencies for the
groups was classified as 0 (unsatisfactory), 1 (emergent/developing), 2 (proficient) and
3 (exemplary).

Generalizing Competency: Mars Lunarcrete

o P N W

Competency Level

Group C Group D
Eksen Basligi

m Establishing similar relationship m General or independent reasoning

Easy to use model

Figure 4.53. Generalizing Competency: Mars Lunarcrete

As shown in Figure 4.53, when elementary gifted students in groups C and D engaged
in the Mars Lunarcrete activity, they generally exhibited exemplary generalizing sub-
competencies. For the easy to use model sub-modeling competency, group C displayed
a proficient level of sub-modeling competency as presented in the Figure 4.53. The
following part provides examples of this competency related to the sub-categories

indicated above.

Establishing a similar relationship, general or independent reasoning, and an easy to
use model. When elementary gifted students’ reflections were examined, they
established a similar relationship in different situations by adapting some of the rules.
Below is a dialogue demonstrative of the holistic approach they embodied to

engineering activities and reasoning (general or independent reasoning):

Student 12: Conditions on the moon may be similar to those of Mars.

Student 11: You have to look at the pressure, but the difference between the air
temperatures is similar.

Student 12: | guess it can be used for that.

Student 10: Can it be used for other planets as well?

Student 12: Why not if the conditions are similar.

Student 11: Of course, it has to be evaluated.

Student 10: Also, wrapping it with insulation may be good for protection. For
example, if we wrap it with an aluminum jacket in the first aid kit | mentioned,
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it will be heat resistant. Thus, it can be used in places with different air
temperatures.

éfudent 12: An inclined structure can be used when building in a windy

location. This reduces the effect of the wind.
As revealed in this conversation, elementary gifted students in group D applied
deductive reasoning to prove their models and identified a generalization easily when
presented with a specific situation and so showed exemplary indicators of the general
or independent reasoning sub-modeling competency. In addition, they adapted their
model easily in another related situation and the predictions were accurate. This could
be accepted as exemplary evidence regarding the easy to use model sub-modeling
competency. Although group C did not create a totally working model for the situation,
they made some generalizations based on their experiences and exhibited optimism
regarding exploration of further applications (easy to use model). Thus, they exhibited
a proficient level of the easy to use model sub-modeling competency. For instance:

Student 8: If the spacecraft were to leave Earth, would it be closer to Mars or

the Moon? It can also affect the situation.

Student 9: The moon is closer.

Student 8: Would it not be more affordable?
As can be deduced from the dialogue above, the members of group C connected the
solution process with concepts from mathematics and science. In this way, they
applied deductive reasoning to compare the conditions of similar situations and
prioritized the economic requirement in another related situation (general or
independent reasoning). This could be presented as exemplary evidence for group C
regarding the general or independent reasoning sub-modeling competency through
the ability to identify a generalization in a specific situation. Together these findings
provide evidence regarding the engineering competency in that both groups considered
the interdependence, interactions, and relative important factors to make
generalizations. In addition, their connection to real-life applications and other
disciplines was accurate and realistic and so they showed exemplary evidence

regarding the establishing similar relationship sub-modeling competency.

As the final example of engineering-based model eliciting activities, the findings of
the Dr. Ahmet’s Will activity related to the generalizing competency of groups E and

F were investigated under the sub-competencies of establishing similar relationship,
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general or independent reasoning and easy to use model. In addition, the extent to
which the groups exhibited the generalizing modeling competency and its sub-
competencies when engaging in the Dr. Ahmet’s Will activity is given in Figure 4.54.
According to the group modeling competence observation guide proposed by de
Villiers (2018), the sub-modeling competencies of the groups for generalizing
competency were classified as 0 (unsatisfactory), 1 (emergent/developing), 2
(proficient), and 3 (exemplary) proposed by de Villiers (2018).

Generalizing Competency: Dr. Ahmet's Will

Competency Level

Group E Group F

m Establishing similar relationship ® General or independent reasoning

Easy to use model

Figure 4.54. Generalizing Competency: Dr. Ahmet’s Will

As illustrated in Figure 4.54., the findings of this study indicated that elementary gifted
students in groups E and F exhibited mostly exemplary instances of the modeling sub-
competencies of generalizing when they engaged in the Dr. Ahmet’s Will activity. The
above figure also shows that group E displayed a proficient level of the easy to use
model sub-modeling competency engaging in the activity. The sample instances of this

competency related to the above-mentioned sub-categories are provided below.

Establishing a similar relationship, general or independent reasoning, and an easy to
use model. When elementary gifted students’ reflections about the generalizability of
their models were examined, both groups claimed that their models can be used in
different situations by adapting some of the rules (establishing a similar relationship).
The following extract shows that group E’s model can easily be adapted in another

related situation (easy to use model):

Student 14: Our strategy is just right for this problem.
Student 13: We can adapt and use our strategy in other locations. For instance,
when traveling, considerations such as temperature and weather can be made.
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Student 15: Travel time and cost are also important factors to travel
somewhere.

Student 14: When preparing the brochure, we first gave information about
Geneva, then wrote the famous things there, and put a city map for tourists to
go to Geneva easily.

Student 15: You follow a similar method to ours when creating brochures for
any location. There can be a map of the place, attractions to visit, important
information, and special foods.

Student 13: For example, if we had prepared the brochure for another place,
the basic things would not have changed. This was also beneficial for me, for
example, | have a lot of courses and | can plan them easily. We considered
many things to develop a strategy.

As seen in the dialogue above, the model of group C could be transferred to other
similar situations and predictions can be made from their model, but needed minor
simplifications. Thus, this could be accepted as evidence that they showed a proficient
level of the easy to use model sub-modeling competency. This conversation indicates
that the elementary gifted students assessed not just the generalizability of their
methods, but also the generalizability of the techniques used to create their brochures.
In addition, student 13 emphasized that designing a strategy considering many factors
can also be applied to their personal life (establishing a similar relationship). Hence,
they applied deductive reasoning to prove the solution of factors to consider when
traveling anywhere (general or independent reasoning). On the other hand, the
reflections of the members of group F indicate that their model is successful and easy
to use to explore further applications (easy to use model). For instance:

Student 16: We considered all the ideas and chose the best one.

Student 19: We considered many factors and planned. We decided that we
could not jeopardize someone’s safety in our plan.

Student 17: Our strategy is strong. It can be adapted to different situations. We
do not need several modifications.

Student 18: For instance, in the Olympic context discussed previously, it is
critical that the location be available to everyone. Additionally, if a security-
related or risky circumstance exists, it should be considered. Anyone attending
the Olympics is at risk of developing health concerns. We also examined the
attendance of both young and old persons. As a result, we can easily apply our
strategy when selecting a location.

The above extract indicates that the elementary gifted students established a similar
relationship with the previous experience. The members of group F also used an
example to show their model easily adapted to real-life applications and provided
exemplary evidence regarding the easy to use model sub-modeling competency. As an
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engineering sub-competency, they used a holistic approach that you can apply your
strategy in a wide variety of situations without much modification if you develop a
sound plan considering many factors. Hence, both groups displayed exemplary
instances regarding general or independent reasoning. In addition, both groups
considered the interdependence, interactions, and relative importance of factors,
reflecting the engineering competency whether their model is adaptable or not. Taking
all the aforementioned items into account, both groups displayed exemplary evidence
of the establishing similar relationship sub-modeling competency since their

connection to real-life applications was accurate and realistic.

In conclusion, the findings from elementary gifted students when they are engaged in
engineering based model eliciting activities were analyzed in terms of establishing a
similar relationship in different situations by adapting some of the rules, general or
independent reasoning and the easy to use model with allowing predictions sub-
competencies of generalizing. The analysis of the data revealed that elementary gifted
students exhibited exemplary modeling competency in generalizing competency
considering interdependence, interactions and relative importance of factors when they
engaged in some of the engineering-based model eliciting activities. In addition, they
applied deductive reasoning to prove the solutions in exemplary competency of
general or independent reasoning. Hence, the revision was made in the group
modeling competency observation guide proposed by Villiers (2018). The stated
explanations above were added to the relevant dimensions in accordance with the
findings of the current study.

4.8. Summary of the Findings

The preceding seven sections of this chapter provide the findings regarding the
emerging categories of cognitive modeling competencies identified among elementary
gifted students when they are engaged in engineering-based model eliciting activities.
The modeling process and constructed models of the students working in groups were
further investigated in this study. Based on the data from three engineering based-
model eliciting activities, seven cognitive modeling competencies and multiple
categories for each cognitive modeling competency were presented. To put it more
explicitly, each cognitive modeling competency was analyzed through its sub-
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modeling competencies and their indicators related to engineering and mathematical
modeling sub-competencies. In the first section, the internalizing competency was
classified with regard to sub-modeling competencies: understanding the problem,
collecting relevant information, simplifying the situation, ethical consideration, and
flexibility and novelty. In addition to the group modeling competency observation
guide proposed by Villiers (2018), ethical consideration, and flexibility and novelty
sub-modeling competencies emerged from the data of the current study. In the second
section, the interpreting competency was investigated in terms of sub-modeling
competencies: assumptions, determining particularities, and establishing conditions
and constraints. In the third section, the structuring competency was presented
regarding sub-modeling competencies: innovative planning and design, and
constructing relations. In the fourth section, the symbolizing competency was
categorized under the sub-modeling competencies: choosing appropriate symbols,
using the symbols, approaching problems methodically, and applying interdisciplinary
knowledge. Moreover, the group modeling competency observation guide given by de
Villiers (2018) has been updated to include the new sub-competency of applying
interdisciplinary knowledge as a result of this study. In the fifth section, the adjusting
competency was examined through the sub-modeling competencies: refining and
testing, explaining, deriving an elegant solution, adaptability and transferability, as
well as creative approach. The data from the current study revealed the sub-modeling
competencies of adaptability and transferability and creative approach. In the sixth
section, the organizing competency was investigated in terms of the modeling sub-
competencies of evaluating and judgment, reflection, and elaboration. The findings of
this study led to the emergence of an elaboration sub-modeling competency in
addition to the group modeling observation guide proposed by de Villiers (2018). In
the last section, the generalizing competency was investigated with regard to sub-
modeling competencies: establishing a similar relationship, general or independent
reasoning, and the easy to use model. Each section also provided an investigation of
the extent to which elementary gifted students in groups displayed such cognitive
modeling competencies when they engaged in engineering-based MEAS, namely,
“Bridge Construction”, “Mars Lunarcrete”, and “Dr. Ahmet’s Will”. Based on the
group modeling competency observation guide proposed by de Villiers (2018), the

findings of this study demonstrated that elementary gifted students in groups generally
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displayed exemplary instances when they engaged in engineering-based model
eliciting activities. However, some groups exhibited proficient indicators of sub-
modeling competencies: flexibility and novelty, innovative planning and design,
constructing relations, using the symbols, creative approach, reflection, elaboration,
and easy to use model. In this regard, the key findings of this study will be discussed
in the following chapter through a critique of the existing body of literature.
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CHAPTER 5

CONCLUSION, DISCUSSION, AND IMPLICATIONS

The purpose of the current study is to investigate the cognitive modeling competencies
of elementary gifted students when they are engaged in engineering-based model
eliciting activities. In accordance with this purpose, this chapter presents the
conclusion and discussion of the research findings obtained from this study, and the
key points mentioned in the findings section are discussed and criticized vis-a-vis
references to prior research in the literature. Along with the research questions of this
study, the first section of this chapter is divided into seven parts, each discussing the
findings regarding the internalizing, interpreting, structuring, symbolizing, adjusting,
organizing, and generalizing competencies of elementary gifted students.
Subsequently, implications for educational practices in the second section are
addressed. In the last section of this chapter, the limitations and recommendations of

the study are mentioned.
5.1. Conclusion and Discussion of Findings

In line with the aim of this study, this chapter discusses the findings of this study over
seven main sections and their related subsections, each of which focuses on different
cognitive modeling competencies. In this regard, the findings of three engineering-
based MEAs are presented based on the adapted version of the group modeling
competency observation guide proposed by de Villiers (2018), as stated in the findings
chapter. The seven main sections each represent one of the following competencies:
internalizing, interpreting, structuring, symbolizing, adjusting, organizing, and
generalizing. Each section examines the extent to which elementary gifted students in
groups displayed such cognitive modeling competencies when they are engaged in
engineering-based MEAs, namely, Bridge Construction, Mars Lunarcrete, and Dr.
Ahmet’s Will.
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5.1.1. Internalizing

This part of the section discusses the findings of the first modeling competency,
internalizing. The data analysis of this study revealed that in addition to the sub-codes
suggested by de Villiers (2018) - the internalizing sub-competencies of understanding
the problem, collecting relevant information, and simplifying the situation - the
following sub-codes also emerged based on the findings of the current study: ethical
consideration and flexibility and novelty. In other words, the internalizing competency
was investigated under the five sub-modeling competencies of understanding the
problem, collecting relevant information, simplifying the situation, ethical

consideration, and flexibility and novelty.

With respect to the findings related to the understanding the problem sub-modeling
competency, elementary gifted students in all groups exhibited exemplary modeling
of the sub-competency of internalizing. That is to say, all of them clearly defined and
summarized the main issues and explicitly explained why they are problems. It was
revealed that understanding the problem was neither a simple nor straightforward
competency for elementary gifted students. To put it more precisely, contrary to other
studies (Kaygisiz, 2021; Sahin, 2014) that claim elementary students do not spend the
necessary amount of time on the modeling process to completely understand the
problem, the elementary gifted students in this study did spend a significant amount of
time on it. This finding may be explained by the fact that the complexity of the real-
world situation in engineering-based MEAs required an initial in-depth investigation.
In other words, it may have taken the student groups some time to attempt to
understand the ill-structured and complex modeling problems, ones involving
numerous variables that they had not previously encountered. However, all the groups
managed their time efficiently through the adoption of group roles and sharing of tasks
— collaborative behaviors they are accustomed to from group work on the activities
conducted in BILSEM. In this way, this conclusion may have been nurtured by the
fact that engineering-based MEAs encouraged collaboration and team work. In
addition, Blum and LeiB3 (2007) reported students’ difficulty in moving from a
complex problem situation to a real-world problem statement. If this step in the
modeling process is completed more rapidly and superficially, the depth of thought in
the next steps reduces (Biccard, 2010; Hidiroglu, 2012). In line with this view, the
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high level display of the understanding the problem sub-modeling competency could
be important in revealing other modeling competencies, in that this sub-modeling
competency constitutes a prerequisite competency for the other modeling
competencies, namely, interpreting, structuring, symbolizing, adjusting, organizing,

and generalizing.

Despite their ultimately exemplary demonstration of this sub-modeling competency of
internalizing, elementary gifted students in group E initially had difficulty
understanding the problem in the Dr. Ahmet’s Will activity. Subsequent to the long
group discussion, the group members explained and summarized the main issues in
the problem situation. This finding is consistent with studies finding that in-group
discussions are effective for displaying modeling competencies (Maal}, 2007;
Mousoulides, 2007). A possible explanation of this finding might be related to the
nature of the given activity. In parallel to Kaygisiz (2021) and Mousoulides (2007),
the fact that the students in this group were confronted with many quantitative and
qualitative data at the same time and their perception that they were expected to

provide a rapid response may have led to initial confusion.

Despite the fact that the students were able to understand the core problematic issues
in most of the engineering-based MEAs in this study, this understanding was
insufficient for them to create comprehensive solutions. They needed to first deepen
their comprehension with further data. For example, elementary gifted students in
group B used information from not only the problem text but also the video related to
the Bridge Construction activity to clarify the problem details. Similarly, the students
in group D tried to understand the real-life situation beyond the data in order to more
meaningfully grasp the problem in the Mars Lunarcrete activity. Thus, they referred
to previous experiences about the condition of Mars to make sense of the problem.
These findings are consistent with the argument emphasized by Biccard and Wessels
(2011), according to which understanding a real-life situation should be defined in
relation to the context of the problem and the student’s previous experience. By
utilizing informal information, students can have a better understanding of the problem
situation (English & Watters, 2005). Moreover, Lesh (2007) asserted that the inclusion
of real-life situations that may be of interest to students in MEAs makes it easier to

understand the problem. Hankeln (2020) explored the cultural influences on the
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modeling processes of students, revealing that context played a significant role in the
solution process beyond just motivating them to solve the problem. In this regard,
addressing everyday problems that may attract the interest of elementary gifted
students may have also contributed to the high level of the understanding the problem
sub-modeling competency observed in the context of Turkey. Hoh (2008) provides
another potential explanation for this finding in gifted students’ strong desire to learn

more about their own interests.

Similar to the first sub-modeling competency discussed above, elementary gifted
students in all groups demonstrated exemplary indicators of the second sub-modeling
competency of internalizing, collecting relevant information. Specifically, they
uncovered hidden or implied information not readily apparent and used all relevant
information for the problem situation when they were engaged in engineering-based
MEAs. Contrary to other studies (Blum, 2015; Maal}, 2007; Sahin, 2014), elementary
gifted students in all groups sought further important and appropriate information that
was not provided apparently in problem situations and data sets. Collecting further
relevant information related to type of bridge, materials, and material costs beyond the
information obtained from the data set when the students were engaged in the Bridge

Construction activity can be an example of this type of enhancement.

Moreover, elementary gifted students scrutinized carefully relevant information about
the problem by questioning, brainstorming, and clarifying. For instance, the students
in group C uncovered information not readily apparent such as the relationship
between density and wind resistance in the Mars Lunarcrete activity. In a similar vein,
in the Dr. Ahmet’s Will activity, both groups considered not only the given data but
also implied information related to the characteristics of each relative. Hence,
elementary gifted students’ exemplary demonstration of this sub-competency of
internalizing may be due to the structure of the activities (Aydin-Giig, 2016; Blum,
2015; Ng, 2018; Tekin-Dede, 2015). Specifically, the complex and less-restricted
nature of engineering-based MEAs may have led the students in this study sample to
search for more information to solve the problems. Another view in support of the
high-level modeling sub-competency is that it provides opportunities for gifted
students to acquire information from other sources such as discussions with their peers

or from approved online sources to support their creative process (Lee et al., 2021). In

233



the current study, the student-driven learning environment enabled elementary gifted
students to collect relevant information from these sources, and the researcher

provided opportunities for research as well as flexible guidance.

Another sub-modeling competency of internalizing that elementary gifted students in
all groups displayed exemplary indicators of simplifying the situation by using multiple
representations to explain and simplify the problem. The body of research supports the
notion that simplifying the situation is a crucial sub-competency for progressing
forward in the modeling process (Biccard, 2010; Maaf3, 2006; Mousoulides, 2007;
Sahin, 2019). That means, in order for students to reveal other competencies at the
desired level, they must demonstrate the sub-competency of simplifying the situation
to a significant degree. In this regard, it is reasonable to expect that elementary gifted

students in this study could exhibit a high level of other modeling competencies.

Importantly, simplifying requires revealing the essential features of the problem (Blum
& Borromeo-Ferri, 2009). In line with this view, the findings of this study indicated
that all six groups simplified the real-world situation by connecting essential concepts.
However, even in the same activity, the groups did not determine the same factors
affecting the context. For instance, in the Bridge Construction activity, group A used
not just the given problem text but also the video, whereas group B used previous real-
life experience to evaluate the factors affecting the context offered in the activity.
Indeed, the cognitively demanding nature of the process of simplifying and developing
the idealized form of the problem was highlighted by Blum and Leif3 (2007), and prior
studies have demonstrated that students struggle with simplifying the situation
(Biccard, 2010; Kaygisiz, 2021; Mousoulides, 2007; Sahin, 2019; Tekin-Dede, 2015).
On the contrary, the high level performance in simplifying the situation in the present
study may be due to gifted students’ desire to engage in cognitively challenging
processes (Sayr & Yurtseven, 2021). Mann and colleagues (2011) argued that
engineering-based activities offer the potential for varied levels of sophistication,
breadth, and depth of understanding, hence providing properly challenging tasks for
gifted students. Thus, elementary gifted students in this study could have the

opportunity to demonstrate their competencies in their areas of strength.
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Furthermore, this sub-modeling competency lends itself to engineering tasks, which
by their nature require detailed focus on all sub-components of both problem and
solution. All groups in the present study documented functional solution requirements
and made proposals to clients of different engineering-based MEASs such as peasants,
corporations, and lawyers. This finding is similar to a previous study that showed
elementary students consider several stakeholder views (Siverling et al., 2019). The
findings of the current study also indicated that elementary gifted students established
different design aspect standards based on the components of the engineering-based
MEAs. For instance, they designed the bridges to ensure safety, durability and
serviceability, and the building material to ensure strength, heat resistance, economy,
and determined the best place to ensure weather conditions, time, and cost. In line with
the studies on engineering design activities (English et al., 2017; Lyon & Magana,
2019), elementary gifted students in this study not only take into account a number of
aspects and the connections between them, but they also assign priorities to a number

of factors and choose some above others.

Different from the aforementioned sub-competencies of internalizing, ethical
consideration emerged from the data analysis of the current study. All groups
displayed exemplary instances of the ethical consideration sub-modeling competency.
To put it more precisely, all groups clearly identified the central ethical problem, the
interested and affected parties, and also how engineering affects people and places.
This finding is consistent with Mousoulides and English (2011), who found that MEASs
provide opportunities for students to attend to ethical considerations.

Moreover, the engineering design challenge offered the appropriate context for
addressing socio-scientific concerns and ethical considerations (Katehi et al., 2009).
In today’s society, the ability to think both locally and globally for students’ own
benefit and the welfare of their communities is increasingly important. In this regard,
the ethical consideration sub-modeling competency is also considered an essential
aptitude for 21st-century skills and engineering habits of mind (Katehi et al., 2009). In
line with these views, concern for others is accepted as an indicator of giftedness in
the 21st-century (Chowkase, 2022). Thus, it was evident that elementary gifted
students in this study demonstrate the 21st-century indicator of giftedness when they

are engaged in engineering-based MEAs. Relatedly, high ethical standards are
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determined as an attribute of successful engineers. This attribute matches the
characteristics of gifted students, who have a strong sense of justice and intellectual
honesty (Mann et al., 2011). Hence, the high level of ethical consideration of gifted
students could be explained by their high self-awareness, and high expectations of self
and others (Clark, 2008; David et al., 2011; Sak, 2010). The finding of this study also
supports the finding of Sak (2014), who claimed that the role of gifted students is

important in bringing solution suggestions in areas where society requires assistance.

Another sub-competency of internalizing that emerged from the findings of the present
study is flexibility and novelty. Unlike the other sub-modeling competencies of
internalizing, groups in different engineering based MEAs showed different degrees
of flexibility and novelty. Both groups in the Dr. Ahmet Will activity and group C in
the Mars Lunarcrete activity showed proficient instances of this sub-modeling
competency. All six groups in this study offered the data a great deal of flexibility.
Importantly, the groups who showed exemplary display of flexibility and novelty also
came up with original ideas to develop new and unique solutions, whereas the group
who showed a proficient level of this competency did not. Similar to the ethical
consideration sub-modeling competency mentioned previously as the newly emerging
category, the available literature advocates not only MEAs (Chamberlin & Moon,
2005; Lu & Kaiser, 2021; Sengil-Akar, 2017; Taskin, 2016) but also engineering-
design based activities (Mann et al., 2011; Sen, 2018) to elicit from students’ flexibility
and novelty as components of creativity. For instance, in the Bridge Construction
activity, neither group found the materials sufficient to construct a bridge. They
offered a great deal of flexibility with the given data related to the type of bridges,
materials, and material cost. Consequently, they added new variables to existing
problems and made associations among variables. In addition, the idea of bringing
household materials from the house and determining their cost via an internet search
could be accepted as novel ideas since they are extraordinary for the scope of the
problem. However, the finding is contrary to previous studies, which have suggested
that immediate access to materials accelerated the construction process (Portsmore et
al., 2012; Welch & Lim, 2000). Because of the open-ended nature of the activities
involved in engineering-based MEAs, they can be considered a creatively directed
activity since they require and encourage mental flexibility and offer opportunity for

the production of novel ideas similar to the study of Lu and Kaiser (2021). On the other
236



hand, research studies highlight the importance of the context of the model eliciting
activity in displaying the creativity of gifted students (Sengil-Akar, 2017; Taskin,
2016).

The findings of this study thus support some aspects of previous studies. That is to say,
the context of the activities influences the occurrence of flexibility but the incidence
of novelty is influenced by the group dynamic. Due to the rapid pace of technological
advancement, an engineer must possess a variety of skills, including originality, ethics,
adaptability, and a desire to continue their education throughout their careers (NAE &
NRC, 2009). Hence, the current study supports the view that engineering-based MEAs
could be an effective tool for elementary gifted students to display their special

characteristics, which overlap with successful engineers (Mann et al., 2011).

5.1.2. Interpreting

The second part of the section discusses the findings of the interpreting modeling
competency with respect to the sub-modeling competencies of assumptions,
determining particularities, and establishing conditions and constraints. Further, the
extent to which elementary gifted students in different groups displayed the
interpreting modeling competency and its sub-modeling competencies when engaged
in three different engineering-based MEAs are investigated in this section. Although
a new sub-modeling competency has not emerged in the interpreting modeling
competency, as did occur in the previous section, the exemplary level belonging to the
sub-modeling competencies of determining particularities and establishing conditions

and constraints has been expanded according to the data of this study.

In accordance with the findings of this study, all six groups exhibited an exemplary
level of the assumptions sub-modeling competency. That is to say, elementary gifted
students in groups demonstrated innovative and insightful assumptions and showed
clear and coherent consideration for the consequences of the assumptions. The crucial
role of making assumptions in constructing the model and the inherent difficulty of
this sub-modeling competency have been mentioned in many studies (Blum &
Borromeo-Ferri, 2009; Chan et al., 2012; Maal3, 2006; Mousoulides, 2007; Sahin,
2014, Tekin-Dede, 2015). Such difficulties have resulted in the construction of simple
models (Maal}, 2006; Sahin, 2014). In the present study, where the opposite was
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observed, the elementary gifted students’ high level of making assumptions may imply
the construction of more sophisticated models. Accordingly, all of the groups that
participated in this study made complicated assumptions based on real-life
observations throughout the design process and group reports. Although the literature
supports the idea that long-term studies are required to reliably display a high level of
the assumption sub-modeling competency (Biccard, 2010; Chan et al., 2012; Kaygisiz,
2021; Sahin, 2014), the findings of the current study indicate that elementary gifted
students showed this sub-competence in engineering-based MEAs within a five-week
period. Gifted students’ ability to absorb different amounts of information in a short

time (Clark, 2008) could explain this finding.

In addition to using their real-life experiences, the students in this study especially
considered practical, economic, and social factors for making assumptions about the
problem situations. In the Dr. Ahmet’s Will activity, both groups assumed that old
people could not withstand long journeys and also that their ability to make the journey
would depend on their relatives’ ability to finance it for them. Another example, this
one from the Bridge Construction activity, is that both groups made assumptions
regarding the possibility of the bridge collapsing because of the failure of different
components and produced an alternative support mechanism for that condition, thus
demonstrating evidence of their ability to manage risk as an engineering sub-
competency. In accordance with the present findings, previous studies (Householder
& Hailey, 2012; Katehi et al., 2019) have proposed that engineering design activities
should offer students not only the technical but also the social dimension of
engineering. Hence, these findings of the current study revealed that engineering-
based MEAs encourage the consideration of social, economic, safety, and other
impacts of engineering design decisions for elementary gifted students. This might be
due to gifted students’ sensitivity to human concerns (Renzulli et al., 2006; Sak, 2010).
Their sensitivity towards the elderly, those with less money, and the bridge that was
about to collapse might stimulate the formation of a sense of belonging with those
people, the emotional need to help, and the cultivation of the motivation to do
something about such situations. Thus, the participants of this study showed the
component of concern for others, which is one of the indicators of giftedness in the
21st-century (Chowkase, 2022).
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Turning to another sub-competency of interpreting, all groups in this study
demonstrated exemplary instances of the determining particularities sub-modeling
competency. Specifically, elementary gifted students recognized important quantities
and variables in the problem and how they related to the problem considering practical,
economic, social, environmental, quality assurance, and safety factors. The findings
of the current study revealed that during engineering-based MEAs that require the
construction of concrete models, the students determined the particularities for the
construction of the bridges and settlement on Mars by drawing. On the other hand, in
the Dr. Ahmet’s Will activity, the students arrived at an understanding of the important
quantities and variables that can influence the problem situation via group discussion.
However, elementary gifted students’ engagement in all engineering-based MEAs
shared a common feature in that they determined the particularities of the task based
on collaboration with one another. This finding is in line with those of other studies
such as one by Lesh and colleagues (2003), who advocated that the ability to
successfully work in groups on MEASs could be attributed to communication, social

interaction, and shared responsibility among group members.

With respect to the analysis of the sketches, all four groups used basic and two-
dimensional sketches. This finding is consistent with the literature, which holds that
the level of sophistication in initial design is generally low (Crismond & Adams, 2012;
English, 2019). Interestingly, however, the findings of the current study support the
idea that young students do not fully use their sketch as a vehicle to develop and
communicate their design plans (Crismond & Adams, 2012; Welch et al., 2000). For
this reason, students were asked to give a justification for their sketches and initial
planning. Similar approaches have been employed in the literature to influence
students’ engagement in engineering design discussion and the quality of their final
solutions (Guzey & Aranda, 2017). The students’ preliminary plan indicated that they
interpreted the client’s requirements and identified the accepted criteria for the work
product. For instance, in the Mars Lunarcrete activity, strength, durability, and
affordance were determined to be the acceptance criteria for both groups. Hence, the
study’s elementary gifted students’ preferences in determining task particularities vary
depending on the context of the problem. This finding may be explained by trade-off
issues (Dasgupta, 2019; English, 2019) such as choosing a more expansive bridge due

to stability concerns. In other words, the students in the present study optimized the
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design solution while reasoning about the definition of an optimal model and trade-
off, considering the effect of multiple design parameters, such as cost and final
pressure. Furthermore, gifted students’ sensitivity to human concerns (Chowkase,
2022; Dauvis et al, 2011, Renzulli, 2015) might have motivated them to mostly focus
on factors related to social or community concerns. Considering this special group’s
interest in global and environmental issues, it may be reasonable to expect them to

offer more substantial ideas and opinions in qualitative data.

All groups provided an exemplary display of the last sub-modeling competency of
interpreting, establishing conditions and constraints. That is to say, elementary gifted
students established clear conditions and constraints in terms of efficient utilization
and interaction of people, materials, equipment, means and funding, as well as
explanations for such conditions and constraints. The findings of this study showed
that elementary gifted students also applied previous experience when establishing
conditions and constraints similar to the findings from previous studies (Mousoulides,
2010; Sahin, 2017). Such studies claim that students demonstrate the indicatives of
this sub-competency despite no previous experience on modeling (Kaygisiz, 2021;
Sahin, 2017). While students are expected to exhibit this proficiency at an optimal
level, it has been stated that students have difficulty in establishing conditions and
constraints in MEAs with three or more variables (Leong & Tan, 2015; Tekin & Dede,
2015). On the contrary, the highest level of this sub-competency in the present study
indicated that elementary gifted students identified conditions and constraints with
many variables. For instance, in the Dr. Ahmet’s Will activity, both groups
manipulated many variables for the problem situation in terms of flight costs, travel
time, temperature, altitude, snowfall, and pollution levels, as well as social factors. It
is likely that the students who attend BILSEMSs get high scores on the general ability
test, and as a result, differ from their peers in terms of their ability to deal with many
variables. Van Tassel-Baska and Brown (2007) provide a potential explanation for this
finding, namely students’ desire to participate in complex and challenging activities

with their intellectual peers.

5.1.3. Structuring

The third modeling competency, structuring, is discussed here as part of the sub-

modeling competencies of innovative planning and design, as well as constructing
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relations based on the group modeling observation guide proposed by de Villiers
(2018). However, the revision related to the exemplary level definition of the sub-
modeling competencies was made in that guide based on the findings of the current
study. In this regard, whereas the explanation of using innovative planning and design
to set up situational models was added to the innovative planning and design sub-
modeling competency, the explanation of considering the interdependence,
interactions, and relative importance of factors was added to the constructing

relations sub-modeling competency.

The findings from the innovative planning and design sub-competency of structuring
indicate that groups in different engineering-based MEAs demonstrated varying levels
of competence in this sub-competency. Both groups in the Dr. Ahmet’s Will activity
demonstrated proficient instances of the sub-modeling competency, while the other
groups in the Bridge Construction and Mars Lunarcrete activities provided an
exemplary display of the innovative planning and design sub-competency. To put it
another way, the other groups used innovative planning and design to set up situational
models with multiple representations to explain the problem as well as to complete an
accurate model generated by groups E and F. A possible explanation for this difference
might be that the Dr. Ahmet’s Will activity requires students to set up the procedure
rather than prototypes. Hence, the likelihood of unexpected situations occurring was
low as elementary gifted students in groups E and F discussed the problem situation

in detail before creating their situational model.

Throughout the activities, it was observed that the students in the present study
attempted to come up with innovative ideas for their designs. This might be due to the
fact that engineering-based MEAs offered students an enriched and flexible learning
environment. During this process, students were able to freely discuss their opinions
and thoughts, while simultaneously transferring the same into tangible products,
offering an opportunity to assess their demonstration of the structuring competency.
This finding is consistent with prior studies (Sen et al., 2021) indicating that

engineering-based activities support the creative skills of gifted students.

In particular, the findings of the current study revealed that elementary gifted students
applied the iterative nature of the engineering design process by differentiating their
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initial plan to create a realistic representation of the original situation. For instance,
both groups in the Bridge Construction activity changed the measurement of their
bridge’s abutments while structuring their models. Another example of students’
demonstration of the structuring competency comes from the Mars Lunarcrete
activity, in which gifted students did not completely depend on the given data, but
made inferences based on the given recipes. Similarly, both groups in the Dr. Ahmet’s
Will activity used not only the data that was provided but also incorporated the
characteristics of the relatives. These findings contradict the finding (English &
Mousoulides, 2011; Sahin, 2019) that students in MEAs did not go beyond the
provided data. As suggested by Lee and colleagues (2021), a possible explanation
might be that gifted students’ access to resources is necessary for creative production.
An adaptive environment in the planning phase of the engineering-based MEAs could
provide access to the necessary materials for investigations demanding creative
production. In addition, the main study of the present research was implemented in
five sections: planning, constructing, testing, re-constructing, and reflection, in line
with the findings obtained from the pilot study. Hence, the time given to students to
plan and access resources prior to the implementation phase might have contributed to
this finding.

Furthermore, it has been argued that the use of iterations in engineering-based learning
environments is an effective method of developing a deeper understanding of concepts
related to science, technology, engineering, and mathematics (Park et al., 2018).
Considering that, in the Bridge Construction activity, the height of the suspension
bridge is 10 m above the stream in the real situation, the change of the abutments
measurements of the bridge can be given as an example of Group A members’ deep
understanding of mathematics. In addition, group D in the Mars Lunarcrete activity
used a comparison of ratios and inferred that although using a 4:3 ratio required more
materials, the density was also higher and would offer better protection than the 2:1
ratio. This is a clear demonstration of their deep understanding of science,
mathematics, and engineering. Consistent with the findings of this study, previous
research has demonstrated that students develop their own challenges to solve
throughout a study, as well as the goals they intend to accomplish, rather than relying
on the predetermined challenges (English, 2019). The possible explanation aligns with

a previous research finding (Van Tassel-Baska, 2003), which concluded that gifted
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students appreciate complex and challenging activities. Hence, engineering-based
MEAs may provide a suitable environment for the exhibition of elementary gifted
students’ innovation skills. This is supported by previous research (Sen, 2018), which
has shown that engineering-based activities enable gifted students to demonstrate their

innovative, creative, and imaginative skills through collaboration with their peers.

When creating a model for the activities, all groups in the present study focused
primarily on the client’s needs, similar to the findings in other studies conducted with
elementary students (Watkins, Spencer, & Hammer, 2014). Quite to the contrary,
however, high school students in engineering design experiences generally consider
the technical aspects of the design (Berland et al., 2013). Only one of the six groups in
the present study highlighted design aesthetics, but all six groups discussed the
functionality of their design solutions. This is in contrast to previous studies in which
students initially focused on design aesthetics rather than function (Barnett, 2005;
Fortus et al., 2004). Furthermore, all groups approach the problem with the belief that
they were able to solve the design problem using the techniques that they developed.
Even when the sample of the present study experienced problems such as those relating
to the nature and amount of material or data, they generated a solution to overcome
them. An explanation for this may be found in the characteristics of gifted students,
namely that they are persistent, goal-oriented, and deeply interested in the issues they
care about (Hoh, 2008). It can be concluded that the engineering-based MEAs in this
study might capture the attention of elementary gifted students based on their
commitment to the task. Moreover, all groups approached the problem situation by
considering the possibility of improvement, optimistically learning from their
mistakes, and persevering in difficult situations throughout the engineering design
process. This finding is consistent with the findings of Sen’s study (2018), which
investigated the skills exhibited by gifted students at BILSEM when they were
engaged in engineering-design based activities. She found that such activities, which
include challenging problem situations, positively affect gifted students’ problem
solving skills and also contribute to their cooperation. Thus, development of
engineering and design-oriented solutions to real-world problems might be helpful in

revealing their problem-solving skills.
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Regarding the constructing relations sub-competency of structuring, all groups
provided an exemplary display of the sub-modeling competency. To put it more
explicitly, elementary gifted students in groups created a general rule or formula or
strategy, model or prototype for solving problems considering the interdependence,
interactions, and relative importance of factors. In other words, the findings of this
study indicated that all groups identified and constructed relations between key
variables when engaged in engineering-based MEAs. However, the key variables for
each activity vary depending on the context of the activity. This is consistent with
research (English & Fox, 2005) that claimed distinct groups focus on distinct
relationships among crucial factors even within the same activity. While group D
established relations between key variables such as density, wind resistance, and cost,
group C established relations between the key variables, the nature of the material, and
pressure and temperature differences. In this study, all groups distinguished between
the key and other variables by categorizing the variables according to their relative

importance.

While prioritizing the aforementioned variables, a particularly interesting finding of
this study revealed that elementary gifted students ascribe greater significance to
considerations of the social, safety, and environmental implications of their decisions.
This finding is in parallel with studies (Mass, 2006; Tekin-Dede, 2015) that support
the idea that students associated the variables affecting the problem situation with real
life experiences during the MEAs. In engineering-based MEAs where cost was a
factor, the groups applied this category, which aligns with prior observations from
students’ design discussions (Guzey & Aranda, 2017; Siverling et al., 2019). Contrary
to the findings from the studies on MEAs conducted with elementary students (English
& Watters, 2005; Kaygisiz, 2021; Sahin, 2019), the findings of the current study
revealed that elementary gifted students used logical strategies and provided
justifications for their decisions when determining the key variables in this study,
rather than employing intuitive and informal strategies. Due to gifted students’ ability
to deduce the logical interrelations between concepts beyond their peers and concern
for others (Sak, 2010), engineering-based MEAs may serve as a differentiation tool in

bringing solution suggestions to areas where society requires assistance.
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Moreover, the findings of the current study revealed that elementary gifted students
considered the interdependence, interactions, and relative importance of various
factors. In the Bridge Construction activity, the development of alternative support
mechanisms in the case of the collapse of bridge abutments can be given as an
interesting example of such. Both groups in the activity identified links in a complex
environment and articulated unexpected outcomes that can occur. Although this
engineering sub-competency was not specified in the literature (Guzey et al., 2016;
Wheeler et al., 2019), the students in this study exhibited exemplary evidence of this
sub-competency. This striking finding may be explained by the common attributes of
gifted students and successful engineers, namely their ability to comprehend the broad
picture, recognize patterns, and connect different topics (Mann et al., 2011). Given the
opportunity to put their understanding of science and mathematics to practice in the
real-world in this study, the students generated a solution-oriented model for a
particular situation. In this process, they behaved like engineers, trying to create
realistic and useful products by evaluating not only technical but many other factors

as well.

In addition, elementary gifted students displayed their competency in dealing with
such a challenging task by addressing a variety of problem components at the same
time (e.g. costs, time, temperature differences, material consumption, engineering
procedures, and stability and strength challenges). The findings of this study are thus
consistent with those of previous studies, even though other studies have emphasized
that this is a challenging situation for elementary students to handle (English et al.,
2017; Guzey & Jung, 2021). This finding might be explained by gifted students’
preference to engage in complex and challenging activities (Say1 & Yurtseven, 2021).
Providing adequately challenging opportunities that are aligned with the unique skills
of gifted students encourages flexible thinking among these students (Lee et al., 2021).
Thus, engineering-based MEAs offered the participants the opportunity to engage in

conceptual investigation and encouraged them to consider more complex ideas.

However, similar to the findings of the research (English, Hudson & Dawes, 2013),
cost and material limitations constrained their structuring of the model.
Correspondingly, the findings of this study indicated that these elementary gifted

students maintained a balance between the effectiveness of the solution process and
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the cost/time involved. Contrary to this implication, researchers (Biccard & Wessells,
2011; Sahin, 2019; Tekin-Dede, 2015) have argued that the groups that developed
discussions on modeling through the consideration of the quantities in the data table
tried to reach a solution through the data that they could relate mathematically, and
had difficulty associating data sets from other disciplines in interdisciplinary activities
(English & Watters, 2005). However, in this study, groups used not only the
quantitative data but also qualitative data, which was not provided in the data sets.
Beyond that, they also considered the social, safety, and environmental implications
of their solutions in addition to the interdependence and interactions of the same. As
an example, in the Dr. Ahmet’s Will activity, the students incorporated the
characteristics of the relatives into the data that they considered. Previous research
supports this idea that informed designers are individuals who engage in reflective
design thinking (Crismond & Adams, 2012). Sengil-Akar’s (2017) research on MEAS
in her study of gifted students attending BILSEM provides additional support from the
Turkish context. She concluded that progressive thinking is a factor in gifted students’
ability to generate innovative models since the creative thinking skills of the students
emerged throughout the process. Overall, the iterative nature of both the engineering
design process and mathematical modeling might enable elementary gifted students to
reveal their unique thought processes through the use of engineering-based MEAs,

which require the knowledge and skills of various disciplines.

5.1.4. Symbolizing

The findings related to symbolizing, the fourth modeling competency, and its related
sub-competencies are discussed in this part of the section. The study data revealed that
in addition to the symbolizing sub-competencies, suggested by de Villiers (2018), of
choosing appropriate symbols, using the symbols, and approaching the problems
methodically, the new sub-competency of applying interdisciplinary knowledge

emerged based on the findings of the current study.

The findings indicate that all groups displayed an exemplary level of the choosing
appropriate symbols sub-modeling competency. That means, elementary gifted
students chose the mathematical, scientific, or engineering tools that would lead to an
elegant solution. The findings further indicate that the students not only chose

appropriate mathematical tools but also scientific and engineering tools because of the
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interdisciplinary nature of engineering-based MEAs. This finding is different from that
of other research (English, 2007; Sahin, 2019), which claims that elementary students
generally choose verbal expressions over mathematical symbols when they are
involved in MEAs. In the present study, however, all six groups chose the appropriate
symbols throughout all phases of the design process. For example, in the planning
phase of the Bridge Construction activity, both groups gave information about the
height and weight of the bridge sketches by using units that correspond to the
situational condition. In the structuring phase of the Mars Lunarcrete activity, both
groups chose the appropriate materials, demonstrating consideration of the nature of
the material necessary to engineer their structure. Moreover, students in both activities
decided to procure extra materials in order to further strengthen their bridge or
structure. The students made effective decisions where the materials at their disposal
were insufficient to solve the project problem. Clark (2008) suggests this may be
explained by gifted students’ accelerated and flexible thought processes. They might
develop their own ways of thinking about problems and ideas that are unique to them.

Such a dynamic was observed in the current study.

On the other hand, not all groups exhibited an exemplary level of the using the symbols
sub-modeling competency. One of the groups in the Bridge Construction and Dr.
Ahmet’s Will activities displayed a proficient level of the using the symbols sub-
modeling competency. They explained and described the symbols used in their model
accurately. The groups, however, who displayed an exemplary level of the using the
symbols sub-modeling competency present possible alternative methods for working
with the problem. An explanation for this may be related to the fact that students are
generally accustomed to obtaining the immediate answer in regular classrooms and
may not typically need to generate alternative solutions to problems (de Villiers, 2018;
Sahin, 2019). The data analysis performed for this study showed that the students used
mathematical symbols to set up the mathematical model. The symbols that they used
differed according to the context of the activity, an observation similar to the findings
of another study (Siverlig et al., 2019). For example, in the Bridge Construction
activity, both groups generally used symbols related to length measurement, but in the
Mars Lunarcrete activity, the symbols the students generally used related to liquid and

weight measurement, and in the Dr. Ahmet’s Will activity, they mostly related to time
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measurement. It could be noted that some mathematical symbols are used in all
engineering-based MEAs, such as those used for comparing and contrasting.

In addition, all groups showed engineering competency by displaying mastery of the
established methods, procedures, and techniques in the practice area as components of
the symbolizing competency. A sample instance can be given from the Dr. Ahmet’s
Will activity, where students in group F converted temperatures from Fahrenheit to
Celcius, which they then used in their daily lives in order to resolve conflict among
group members. Moreover, all groups discovered relations and regularities by
comparing many variables, similar to observations made in a number of other studies
(English, 2007; Guzey et al., 2006; Mousoulides, 2011). However, the findings of this
study do not support the claim that elementary students experience difficulty in dealing
with more than two variables at the same time (Kaygisiz, 2021) or variables related to
multiple disciplines (Mousoulides, 2011). It was observed that the sample in the
present study generally looked for deeper and more complex interactions than those
offered by the activities themselves, which were seen as more obvious. Another
unexpected finding of this study is that students in group C discussed the type of
drawing they used and the concept of perspective drawing when they planned the
structures in the Mars Lunarcrete activity. The acknowledged high visual-spatial
ability of gifted students (David & Rimm, 2004) may be at play here. Another reason
for discussing the type of drawing in the group might be that student 9 is talented in
visual arts. Since this student had received a specialized education in the subject of
visual arts, he may have discussed the concept of 3D drawing with his group members.
This talent plays a significant role in determining whether or not a student is suitable
for skilled labor such as engineering, yet it is widely ignored in gifted education
(Andersen, 2014). In a similar vein, the findings of this study support the notion that
engineering-based activities may provide gifted students with opportunities to apply
their visual-spatial ability in practice. Hence, the combination of gifted students with

diverse specific skills may also nurture the various aspects of the groups as stated.

Exemplary instances of another sub-competency of symbolizing, approaching
problems methodically, were displayed by all groups. That is to say, all aspects of their
reasoning were completely accurate and they translated the structure of the situation

into a satisfactory solution. Ludwig and Xo (2010) emphasized the importance of
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appropriately applying mathematical reasoning to each step of the modeling process
to overcome the cognitive difficulties encountered in the process, and this is in fact
what seems to have occurred to the students of the present study. The design processes
of all groups involved a step-by-step consideration of facts and evidence, as well as
the logical conclusions that could be drawn from this consideration of facts and
evidence. It is thus unsurprising that this led to all aspects of their reasoning resulting
in satisfactory solutions. Such a finding speaks to the idea that students are able to
generate shared knowledge when they participate in an activity that prompts them to
reflect on the reasoning and procedures used by other group members in the
collaborative process (Kaiser & Sriraman, 2006; Lesh & Zawojewski, 2007; OECD,
2013).

Furthermore, the findings of this study showed that elementary gifted students
transferred the real world situation into mathematical language to solve the problem.
During the Mars Lunarcrete activity, the students in group D sketched the garage with
a forward sloping door, explaining that it would be more resistant to wind. The
elementary gifted students were also observed to have applied an acceptable level of
understanding and technological knowledge to execute engineering decisions. For
instance, both groups in the Dr. Ahmet’s Will activity applied knowledge of how
rainfall, pollution level, and temperature differences affect travel in science and the
design process in order to make arrangements that fulfill all requirements as efficiently
and economically as possible in engineering. A possible explanation for these might
be due to gifted students’ ability to transfer ideas easily (Vogelearr & Resing, 2018).
It has been observed that the context of the engineering-based MEAs related to real-
life could be effective in transferring ideas into a variety of diverse situations.
Consistent with the research (Sen, 2018), the use of engineering-based activities as
enrichment tools enables gifted children to transfer their knowledge of science,
technology, engineering, and mathematics disciplines, as well as other fields, to real-

world problems.

A particularly interesting finding is the newly emerging sub-competency of
symbolizing, applying interdisciplinary knowledge. In-depth investigations
undertaken by all groups, characterized by the application of interdisciplinary

knowledge to solve problems, reflected an exemplary level of this sub-modeling
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competency. Students from all six groups discussed existing technologies, different
components of engineering, unit-based and non-unit-based science, and mathematics
content in their attempts to ultimately develop and justify solutions to their engineering
problems. The interdisciplinary nature of MEAS, especially engineering-based MEAs
(Diefes-Dux et al., 2004; Lesh et al., 2000; Lyon & Magana, 2021), may account for
this finding. However, the students’ high level of performance in this sub-competency
may also be attributable to gifted students’ talent in recognizing uncommon
connections between fields or concepts (Wellisch & Brown, 2013). It was observed in
the present study that elementary gifted students integrated science and mathematics
into the engineering design problems via a consideration of the context of the study,
similar to past research (English et al., 2016; Guzey, Moore, & Roehrig, 2010;
Siverling et al., 2019). Contrary to what was observed in previous research on bridge
construction MEAs (English, 2016; Guzey et al., 2010), the members of group B used
the nature of the material to construct a new bridge. They indicated knowledge of
material use and force (science), measurement, geometry, cost effectiveness
(mathematics), and design process and strategies to construct stronger and more stable
bridges (engineering). In fact, the members of group B reflected on how they apply
science, technology, engineering, and mathematics knowledge to the nature of
spaghetti in science, adjusting the measurement of cardboard and spaghettis, placing
beads in equal intervals in mathematics, and the whole design process in engineering.
Consistent with the findings from previous research, they also explained how they use
geometric shapes and engineering principles to improve the strength and stability of
their bridges and structures (English & King, 2018). Furthermore, students in the
present study were found to employ their knowledge of the processes and procedures
underpinning science to support their decisions in accordance with mathematical
knowledge. In a similar vein, Sen (2018) proposed that engineering-based activities
might provide an authentic learning environment to integrate gifted students’ previous
knowledge and academic knowledge of science and mathematics. This may well apply
to the participants of the current study. Since these students were chosen based on a
general intelligence test, the fact that they are typically proficient in science and
mathematics may have facilitated their ability to establish relationships in these fields.

Another interesting finding from the present study concerns the students’ ability to

reflect on the scientific knowledge and reasoning behind their design decisions. An
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interesting example can be given from group D in the Mars Lunarcrete activity. One
of the group members added new pieces of scientific knowledge based on their
previous experience, integrating an aluminum jacket inside the first aid Kits to be used
for thermal insulation based on previous experience with such a jacket. Different from
previous studies in which students initially concentrated on design appearance and
aesthetics rather than functionality and practicality (Barnett, 2005), the gifted students
in the present study investigated the functionality and practicality of their designs. The
findings of this study are, however, in line with the view that students consider design
benefits and trade-offs when engaged in engineering-based activities (English et al.,
2016; Lyon, 2021).

A large body of literature supports the idea that engineering-based problems can be
complicated and require students to use information from a range of disciplines, which
Is similar to the work done by working engineers in their professional lives (English,
2016; Guzey et al., 2016; Siverling et al., 2019). Hence, the development of an in-
depth understanding of science, mathematics, and technology could be promoted by
providing gifted students with opportunities to engage in engineering-based MEAs
that are of interest to them and that motivate them. Due to the interdisciplinary nature
of such activities (Maass et al., 2019), they have the potential to bring to light gifted

students’ strengths in competencies that are similar to those of successful engineers.

5.1.5. Adjusting

In accordance with the aim of the current study, the findings from the fifth modeling
competency, adjusting, are discussed in this part of the section. In addition to the
adjusting sub-competencies of refining and testing, explaining, and deriving an
elegant solution proposed by de Villiers (2018), the analysis of the present study
revealed that adaptability and transferability, as well as creative approach also
emerged as sub-modeling competencies. In this regard, the extent to which elementary
gifted students in varied groups display the adjusting modeling competency and related
sub-modeling competencies when engaged in various engineering-based MEAS is

investigated through the use of specific examples.

First of all, the findings of this study showed that all groups displayed an exemplary

measure of the refining and testing sub-modeling competency of adjusting. In other
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words, all groups related the underlying structure of the problems to other similar
problems. While some groups refined parts of the model, other groups went through
the entire modeling process again if the solutions they developed did not fit the new
situation. For instance, in the Dr. Ahmet’s Will activity, neither of the groups involved
changed their first and last preferences for the new situation, but changed other
options. On the other hand, in the Bridge Construction activity, group B decided to
construct a totally new bridge for a new situation using new material. Consequently,
all groups in the present study dealt with the changing circumstances by totally or
partially refining their models. This was consistent with the findings of English and
King (2015), who asserted that refining and testing the model has been crucial in
fostering a deeper knowledge of the concepts behind the problem as well as in

generating a better final product.

In fact, the iterative nature of engineering design activities encourages students to
consider the possibility of improvement, to remain optimistic, to learn from failure,
and to continue under difficult conditions (Wheeler et al., 2019). In a similar vein, in
the current study, it was observed that elementary gifted students realized that failure
was a natural part of the process, and that unsuccessful attempts were an opportunity
to improve the design and try again. As many gifted students demonstrate
perfectionism and perseverance (Clark, 2008; Sak, 2010), engineering-based MEAs
provide them the flexibility to take risks, test an idea, and then make it better. This
might have enabled the sample in this study to recognize that an imperfect design does
not indicate failure, but rather an opportunity to learn and revise what they have
created. Overall, the findings of this study confirm previous research stating that the
emphasis on design iteration and improvement of an initial product are a cornerstone
of engineering-based activities (English, King & Smeed, 2017; Huffman, 2015; Tank
et al., 2019) for elementary gifted students engaged in engineering-based MEAS.

Moving on to a new sub-modeling competency, the data revealed that all groups in
different engineering-based MEAs exhibited an exemplary level of explaining. To put
it plainly, the students gave in-depth explanations of their reasoning when adjusting
their model. The findings indicate that elementary gifted students not only recognized
quantities and variables that can influence the problem situation but also surprisingly

identified interested and affected parties and their expectations. Specifically, they also
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identified environmental impacts of the engineering activity during participation in the
MEAs. For instance, group A in the Bridge Construction activity decided to build a
shed to prevent getting waters on rainy days. They thus made their bridge more durable

for peasants by ensuring they would be less affected by rainfall.

In particular, the findings indicate that all student groups in the present study
communicated with stakeholders verbally or in writing. Critically, all groups reflected
their experiences constructing the first model into the second situation with its working
and non-working aspects. Engaging in engineering-based MEAs, elementary gifted
students participated in group discussions, and it was observed that these types of
settings were effective for revealing the reasoning skills of the elementary gifted
students in this study. Similarly, Sen (2018) indicated that the discussion environment
and the appropriate guidance of this discussion are effective in revealing the reasoning
and problem-solving skills of gifted students. In the present study, the researcher
actively encouraged students to freely share their opinions and ideas while engaged in
engineering-based MEAs as a group. They were given the opportunity to express their
opinions in the form of questions and subsequent answers geared to promote mental
activity. To assist elementary gifted students to become more intellectually active, why
and how questions were posed at the end of each session throughout the process to
elicit their in-depth explanation. Such an implementation is supported by previous
research (Sen et al., 2021), which has shown that a supportive classroom environment
provides many opportunities for gifted students to express ideas, pose questions, and
develop arguments together in a collaborative setting.

Despite the fact that the specific engineering design challenges vary in each activity,
all of the student groups supported some of their design ideas and decisions in an effort
to discover the best potential solutions to the engineering problems they faced. These
findings confirm previous research (Guzey & Aranda, 2017; Siverling et al., 2021) and
demonstrate that the participants in this study used evidence-based reasoning to make
decisions about engineering design solutions - behavior which is comparable to, but
likely less sophisticated than, the evidence-based decisions made by engineers in the
profession. This finding may be explained by the idea that the traits of successful
engineers are often exhibited by gifted students (Mann et al., 2011). It was observed

that elementary gifted students’ reasoning skills are effective in adjusting their design
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and model in engineering-based MEAs. The critical role that their explanations play
was evident in the selection of the material to be used in the creation of models, the
suitability of the design for the intended purpose, and the adjustment of the finished
model. Importantly, a similar set of skills is employed by engineers. Some examples
of such skills include the determination of the functionality of their design and the
potential effects on the natural setting (Katehi et al., 2009).

Continuing with another sub-competency of adjusting, all six groups demonstrated
exemplary instances of the deriving an elegant solution sub-modeling competency.
That is, they employed elegant approaches that lead to solutions. However, the diverse
groups exhibited exemplary evidence of the sub-modeling competency in a variety of
approaches. While some of the groups sought the most elegant solution with the least
amount of materials and efforts, other groups did so through the use of appropriate
methods and materials. Correspondingly, the students proposed measures to mitigate
the negative effects of the engineering activity and to maximize the desired solution.
These findings are in line with the view that students iteratively refined the design
solutions while reasoning about the definition of an optimal model and the trade-offs
(Dasgupta, 2019; English & King, 2015; Mentzer et al., 2014). One plausible
explanation for why the sample in this study demonstrates a high level of the deriving
an elegant solution sub-modeling competency is that they expressed the functional
solution requirement and gained client acceptance when they were internalizing the
problem. Another possible explanation is that engineering-based MEAs produce an
environment that is similar to the one that elementary gifted students experience when

they work as engineers in the field (Mann et al., 2011).

The newly emerging sub-competency of adjusting, adaptability and transferability, is
one of the most striking findings of the current study. All groups displayed exemplary
evidence of this sub-modeling competency by easily adapting to the new condition
and transferring their previous knowledge inside or outside of school settings. These
are vital skills for the 21st-century, and activities that promote adaptability and
transferability are suggested not only for regular students (Bertrand & Namukasa,
2020) but also gifted students (Renzulli, 2020). This finding might be related to the
cognitive characteristics of gifted students, which include their ability to transfer

knowledge across disciplines and thus creatively solve the problems in a different
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context, both within and outside of the classroom (Sen et al., 2021; Sengil-Akar, 2017;
Taberi 2014; Vogelaar & Resing, 2018). For instance, in the Mars Lunarcrete activity,
both groups created their second model determining the minimum amount of
substances in the recipes different from the process of creating the first model. Hence,
they made new connections between pieces of knowledge by using their experiences
when constructing their first model and adapted their solution easily. This might imply
that the second iteration is constructed on the experiences that elementary gifted

students obtained from the first iteration of the design cycle.

Furthermore, the analysis of this study revealed that elementary gifted students display
transferability and adaptability when adjusting the solution of the problem. This
finding may be attributable to the notion that students perform better in modeling when
they are provided with a substantial amount of time (Biccard, 2010; Mousoulides,
2007; Sahin, 2019; Tekin-Dede, 2015). The implementation of this study as a summer
school study at BILSEM allowed more time to be allocated for the solutions of
engineering-based MEAs than would have been during the regular semester. Hence,
one of the most common challenges in such implementations, the time constraints
encountered by gifted students while exhibiting their creativity, was eliminated in this
study (Lee et al., 2021). Another possible explanation for this finding might be found
in the display of a high level of modeling competencies in the first iteration. That is to
say, elementary gifted students’ exemplary performance in constructing their first
model may lead to the demonstration of their unique characteristics (Pativisian, 2006)
of adaptability and transferability. Specifically, it was observed that engineering-based
MEAs provide elementary gifted students opportunities to use their previous
knowledge by adapting it to meet the original conditions of the problem and think

more flexibly.

Another striking finding of the present study is the emergence of a new sub-modeling
competency of adjusting, creative approach. Groups within various engineering-based
MEAs displayed different levels of competence in this sub-competency. While one of
the groups in each engineering-based MEA showed an exemplary display of the
creative approach sub-modeling competency, the other group showed a proficient
display of the same. Those at the exemplary level took a creative approach to solving

the problems, explaining the underlying reasons. In accordance with the present
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findings, previous studies (Morris et al., 2019; Siegle, 2014; Sen et al., 2021;) have
demonstrated that authentic engineering-based MEA experiences gave elementary
gifted students autonomy in their decision-making process and strategies and also the
opportunity to show their creativity. The idea of constructing the floating bridge could
be accepted as an exemplary instance of the creative approach since they came up with
a new, unique, unexpected, and useful idea that was also appropriate and adaptive in
terms of the existing constraints of the Bridge Construction problem. Another
interesting example could be the decision of group D in the Mars Lunarcrete activity
to use an oobleck substance made with cornstarch and water as a binder. These
findings support arguments from previous research (Chamberlin & Moon, 2005; Lu &
Kaiser, 2021; Mann et al., 2011; Wessels, 2014) claiming that the open-ended and
complex nature of engineering-based MEAs make them creativity-oriented activities,
since they require and encourage mental flexibility and provide opportunities for the
generation of creative ideas.

Parallel to this argument (Lu & Kaiser, 2021), one of the most striking findings of the
present study supports the idea that creativity should be incorporated into the
continuous expansion of the modeling competencies framework, with various
characteristics of creativity embedded within the process phases for elementary gifted
students. A possible explanation for this interesting finding may be related to the
relationship between giftedness and creativity (Chowkase, 2022; Guillford, 1967;
Renzulli, 2005; Sternberg, 2005). Considering that the participants of this study,
students who attended BILSEM, were defined by individual intelligence tests and
group intelligence tests, it is a reasonable expectation that they would exhibit the
creativity behaviors associated with the concept of giftedness. This is supported by
previous research, which has shown that BILSEM students demonstrated different
dimensions of creativity when engaged in MEAs (Sengil-Akar, 2017). The varying
degrees of the creative approach sub-modeling competency found among the study’s
six groups may derive from the distinct dynamics of each group. During group work,
the students demonstrated their individual differences; nonetheless, it was observed
that they were able to arrive at a consensus by convincing each other and reasoning
together. The findings of the present study suggest that the process of creativity is one
in which elementary gifted students influence each other. Accordingly, ideas evolve

by going in a variety of different directions, and the students move forward by
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cooperating with one another in the case of the problems. Therefore, the models that
the students put together at the end of this study are the result of a common mind and
a social process. Consequently, engineering-based MEAs could serve as an enrichment

tool to meet the needs of gifted students and show their creativity.

5.1.6. Organizing

This part of the section discusses the findings for organizing, the sixth modeling
competency. Data analysis revealed that in addition to the organizing sub-
competencies of evaluating and judgment and reflection suggested by de Villiers
(2018), elaboration emerged as a new sub-competency. Across the board, the findings
of this study revealed that all six groups exhibited an exemplary degree of the
evaluating and judgment sub-modeling competency. In other words, they offered
comprehensive, insightful analysis, synthesis and evaluation as well as clear
connections made to real-life situations or previous content. There is widespread
consensus that the key to successful modeling is the competency to generate answers
that are both more precise and general through iterative reflection and validation
procedures (Blum, 1991). The findings of the current study support this idea, that all
groups displayed the engineering sub-competency and all of the information gathered
was used to generate a comprehensive solution through a process of synthesis that
included design, development, and communication during the investigation of the
problem. Consistent with other emerging research (Chan et al., 2012), elementary
gifted students validated their models by evaluating many solution choices in order to

make decisions and accomplish the goal they had set out to attain.

Through within-group and whole class discussion, the evidence in the findings section
clearly demonstrates that student groups take a structured and systematic approach to
developing their models. In line with English (2003), these developments occurred
without guidance from the instructor or researcher, and involve students forming,
defining, explaining, validating, checking, and communicating their own ideas.
Further, an important aspect of these developments is that the social interactions occur
spontaneously. This is likely related to working collaboratively in groups (Lesh &
Doerr, 2003; Tangney et al, 2001), as the students evaluate and judge their views with
their and other group members. This finding further supports the idea that students’

social interaction in the modeling process is critical in demonstrating their organizing
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modeling competency (Biccard, 2010; Chan et al., 2012; English & Watters, 2004;
Maaf, 2006). On the other hand, discussion sessions during the engineering design
processes present suitable learning environments to reveal gifted students’ reasoning
skills (Brown & Joerg, 2018). Hence, the iterative nature of the engineering design
process to repeatedly express, test, and revise the current state of gifted students’
thinking might contribute to the high degree of this sub-modeling competency on
display. Another possible explanation for the finding might be the amount of
evaluation time that students would most likely need in order to engage in model
validation (MaaB3, 2006).

Extending the discussion of the evaluating and judgment sub-modeling competency,
one of the interesting findings is that elementary gifted students evaluated a situation
in the absence of full evidence. To put it more explicitly, they demonstrated an ability
to analyze a situation without having access to all of the evidence. This finding
contradicts with the literature that elementary students (Kaygisiz, 2021; Sahin, 2019)
and even pre-service teachers (Aydin-Gii¢ 2015; Giirel, 2018) do not need to evaluate
and judge their models. For instance, group C in the Mars Lunarcrete activity did not
create a thorough working model but did make an inference based on their experiences.
This may be an indication of the critical thinking skills of elementary gifted students
(Sen et al., 2021). Even if most gifted students already have critical thinking skills due
to the nature of their giftedness (Reis & Renzulli, 2009), the studies emphasize that
differentiation strategies should be used to promote these skills (Ozdemir, 2016; Van
Tassel-Baska, 2010). This suggests that as engineering-based MEAs involving
analysis, evaluation, and reconstruction require and foster critical thinking, they are
most likely to help those in the present study demonstrate their critical thinking skills.
In the present study, the elementary gifted students made connections between the
steps while applying the procedures and deduced how the process was expected to be
completed by analyzing the overall working process. When they were engaged in
engineering-based MEAs, they employed an exploratory approach while
simultaneously analyzing the suitability of the design and generating a realistic model
by revealing comprehensive ideas. Hence, the students in the present study were not
only able to investigate a variety of options, but also, when given the opportunity to
reflect on their own thought processes, they engaged in critical intensive analysis of

different points of view in order to develop alternative solutions. The possible
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explanation of this finding might be that engineering-based MEAs provide enrichment
in the process since elementary gifted students took on the role of active investigators,
applying skills such as analyzing, synthesizing, and evaluating information as well as
exploring new ways of thinking (Taber, 2014). By means of these activities, these
students could actively engage in critical thinking, complex problem solving and
making inferences in the context of the problems.

Secondly, the data analysis indicated that the groups, except in the Dr. Ahmet’s Will
activity, displayed an exemplary degree of the reflection sub-modeling competency.
On the other hand, both groups in that activity exhibited a proficient level of reflection.
To put it more explicitly, all groups identified strengths and weaknesses in their own
thinking, but recognized alternate perspectives about the problem when comparing the
other perspectives. In addition, the groups who showed exemplary instances evaluated
them in the context of alternate points of view. The students in different groups made
critical checks on their solutions and models while engaging in engineering-based
MEAs in the whole process. According to the findings of the current study, all groups
reflected their own experiences and thoughts. Using a variety of tools for reflection,
elementary gifted students constructed their models. Examples of such reflection tools
include drawings, letters, and the changing roles that students took on throughout the
MEAs; the values, attitudes, or feelings that can contribute to higher levels of
engagement; and the problem-solving strategies that are productive throughout the
various stages of the engineering design process. These tools may provide a direction
for the development of self-reflection (Hamilton et al., 2008). Hence, the findings of
this study revealed that elementary gifted students take on the role of decision makers
by engaging in self-reflection and group discussion as they work through the design
process. Furthermore, this finding supports the argument that students should be
encouraged to engage in constructive design discussions so that they may make and
justify effective decisions (Guzey & Aranda, 2017).

However, there are many studies that reach the conclusion that students do not need to
check and reflect on solutions or other ways of solving the problem (Biccard, 2010;
Blum & Ferri, 2009; Kaygisiz, 2021; Maal}, 2006; Sahin, 2019). Nonetheless, the
students in the present study not only reflected on their solutions but also considered

the social, cultural and environmental effects of their solution as well as the
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interdependence, interactions, and relative importance of such factors. On the other
hand, analysis of written reflections revealed varying degrees of reflectivity, with high
levels of reflection being rare. Thus, the findings of this study confirm the notion that
using only written reflections is not adequate for elementary gifted students, and that
other methods should be used to support their reflection. A possible explanation for
this might be related to gifted students’ ability of verbalization (Ogurlu, 2010). Since
gifted students think quickly and put their thoughts into practice (Clark, 2008),
verbalization skills should be taken into account when evaluating the thinking process
and revealing how it is realized. In addition, research studies have emphasized the
importance of reflecting on the solutions found within groups and in whole class
discussions (Biccard, 2010; Chan et al., 2012; Doerr & English, 2003; Lesh & Doerr,
2003). The findings of the current study support the idea that interaction with group
members and other groups enabled the groups to check their assumptions, recognize
different applications of mathematical concepts, recognize weaknesses and strengths
in their models, recognize better and more useful models and how they were formed,

and acquire different ways of thinking.

Similar to the reflection sub-modeling competency, while two groups in the Dr.
Ahmet’s Will activity showed a proficient degree of the elaboration sub-modeling
competency, the other four groups showed an exemplary level of the same. The groups
that demonstrate a proficient measure of the sub-modeling competency presented the
technical breadth and depth of the process by providing substantial details in the
explanation of their ideas. The other groups that demonstrated an exemplary degree of
the sub-modeling competency, on the other hand, provide even more details in the
explanation of their ideas. This unexpected finding indicates that elementary gifted
students display the components of creativity as a sub-modeling competency when
they are engaged in engineering-based MEAs similar to studies focused on gifted
students’ creativity when involved in MEAs (Sengil-Akar, 2017; Wessels, 2014).
Though definitions have been provided for these components, which are also cited as
creativity indicators, there are no specific descriptions of how these indicators might
be observed in students or what behaviors reveal these indicators (Guilford, 1966;
Sengil-Akar, 2017; Taskin, 2016; Wessels, 2014). Consequently, it may be stated that
this condition provides a significant obstacle to the objective evaluation of creativity

(Chamberlin & Moon, 2005). Considering the lack of a fully structured program in the
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education-teaching process carried out in BILSEMs and the presence of an activity-
based teaching process, elementary gifted students’ engagement in engineering-based
MEAs for five weeks might provide insights into how they elaborate on their ideas

through the process.

Based on the findings of this study, engineering-based MEAs could serve as
differentiation tools within the classroom, as a form of enrichment beyond classroom
learning, or as the site for learning experiences that are both engaging and challenging
for elementary gifted students. To put it more precisely, engaging with such
challenging tasks would offer participants the opportunity to demonstrate varying
degrees of sophistication and breadth and depth of understanding, not to mention
competencies in their areas of strength. This study also indicates that elementary gifted
students demonstrate various levels of creativity when they are engaged in
engineering-based MEAs. Accordingly, such activities could be used as a diagnostic
tool both to identify children who are talented or creative in the fields of science,
mathematics, engineering, or the arts, and also to identify different dimensions of their
creativity such as originality and flexibility, as other studies have done (Chamberlin &
Moon, 2005; Sengil-Akar, 2017). When elementary gifted students are engaged in
engineering-based MEAs as a group, students with varying levels of creativity could

promote collective creativity and nurture their creative thinking skills.

Although determining the degree of creativity and of its components among
elementary gifted students was not the aim of this study, the students engaging in
engineering-based MEAs did exhibit such components as sub-modeling competencies.
Thus, the findings of the current study present empirical evidence for the study of Lu
and Kaiser (2021), who proposed a framework for the modeling competencies
incorporating creativity. The findings of this study indicate that the elaboration of
ideas, as suggested by the researchers, occurs during the validation of the solutions
phase. The high-level elaboration sub-modeling competency may have emerged when
the students were permitted to work in-depth on their own ideas and shape them
without being evaluated within and between groups. In such environments, the
students could be encouraged to think flexibly and self-reflection could be required.
In the Bridge Construction activity, for instance, the dialogue between two students

from different groups reveals that their own self-reflection provides details in the
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explanation of ideas on proportional reasoning by, in this case, establishing a
connection between the length of the finger and the double-sided road. The discussions
among students on their engineering design process and final models were also key
contributors to the findings as evident in their displays of applied science,
mathematics, and engineering knowledge as well as real-life experiences. Hence, it
may have provided technical depth to the process as opportunities were provided for
students to use their ideas in a wide range of materials and under different
circumstances. Since elaboration can only be examined for appropriate problems
(Klavir & Gorodetsky, 2011), an unexpected finding of this study shows that
engineering-based MEAs may contribute to reveal the elaboration component of
creativity for elementary gifted students, contrary to the research (Lu & Kaiser, 2021).
Consistent with the research (Biccard, 2010; Lesh & Zawojewski, 2007; Sen et al.,
2021; Sengil-Akar, 2017), group presentations at the conclusion of the engineering
design process and explanations of how elementary gifted students created their
models in the process may contribute to students’ ability to work in groups, allow them
to share their ideas, explain, justify, listen to and respect the ideas of individuals with
differing viewpoints, demonstrate analytical and creative thinking skills by exposing
them to multiple perspectives, and display students’ ability to think flexibly by
considering multiple perspectives. Since the level of elaboration was related to the
amount of detail in the idea (Guilford, 1967), the various levels of elaboration in
groups might be explained by their strategies to employ client acceptance and a
specialized brainstorming approach. This means that the more an idea is studied, the
more it is processed, and the more it is expanded by drawing on a variety of

associations, the more detail they may provide at the end of the process.

5.1.7. Generalizing

Based on the classification of cognitive modeling competencies proposed by de
Villiers (2018), this part of the section discusses the findings of the generalizing
competency, the final modeling competency. It is important to note that based on the
findings of the present study, an adjustment was made to that guide’s description of
the exemplary level of sub-modeling competencies. In this regard, the generalizing
competency was investigated with respect to the sub-modeling competencies of

establishing a similar relationship, demonstrating general or independent reasoning
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and creating an easy to use model. Moreover, the extent to which elementary gifted
students in groups displayed the generalizing modeling competency and its sub-
modeling competencies when they are engaged in three different engineering-based

MEAs were addressed in this section.

Regarding establishing a similar relationship, all six groups exhibited exemplary
indicators of this sub-competency. On this basis, their connection to a real-life
application or other disciplines was accurate and realistic. Beyond that, data analysis
revealed that elementary gifted students considered the interdependence, interactions,
and relative important factors different from the exemplary indicators of establishing
a similar relationship sub-competency proposed by de Villiers (2018). This finding is
in surprising conflict with the findings from studies that students of varying grade
levels (Chan et al., 2012; Kaygisiz, 2021; Sahin, 2019) and even pre-service teachers
(Aydin-Glig, 2015; Cakmak-Gtirel, 2018) could not exhibit their generalization
competence and its related sub-modeling competencies at the desired level. In the
literature, the context of MEAs and students’ modeling experiences are mentioned as
the explanation for why students are unable to display generalizing competencies at
an adequate level (Biccard, 2010; Chan et al., 2012; Kaygisiz, 2021). In contrast,
however, to previous research, the findings of the present study propose that
generalizing competency may not be related to modeling experience. In particular, in
this study, elementary gifted students generally exhibited an exemplary degree of the
generalizing competency and its related sub-competencies, despite not having
modeling experience. This could be explained by the exceptional ability of gifted
students to communicate their ideas, establish relationships, and generalize (Gardner,
2011; Sengil-Akar, 2017). It was observed that elementary gifted students in this study
provided instances from real life or scientific knowledge in order to be convincing in
their explanations, generalizations, and arguments. They also engaged in
investigations and discussions regarding the generalizations and arguments that they
developed. This finding supports the previous research (Sak, 2014), stating that gifted
students act on the basis of facts and evidence throughout the problem-solving process
and that rationality serves as the foundation for their views during the decision-making
process. Another possible reason for this finding could be that this sub-modeling
competency of establishing a similar relationship relies greatly on the quality of the

situation model. Hence, it was reasonable to expect a high level of generalizing ability
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because the sample of the current study generally showed a high level of competency
in structuring and organizing information. It can also be explained by the fact that they
are competent in the previous steps of modeling and have acquired modeling

experience by the end of the process.

Continuing on to another sub-competency of generalizing, all six groups exhibited an
exemplary degree of the demonstrating general or independent reasoning sub-
modeling competency. Specifically, they demonstrated the ability to identify a
generalization easily when presented with a specific situation and also applied
deductive reasoning to prove the solution. This sub-modeling competency is an
essential component of not only mathematical competencies (Niss & Hojgaard, 2021)
but also modeling (Geiger et al., 2021; Lehrer & Schable, 2000; Lesh & Doerr, 2003).
In addition, evidence-based reasoning is a crucial element of engineering-design based
problems with an iterative nature (Siverling et al., 2021). In line with these views, the
findings of the present study revealed that elementary gifted students demonstrate
evidence of engineering as well as scientific and mathematical reasoning. Due to their
high reasoning ability, it is common for elementary gifted students to demonstrate
these special characteristics when engaged in MEAs (Taskin, 2016), especially
engineering-based MEAs (Sen et al, 2021).

Finally, groups in different engineering-based MEAs demonstrated varying levels of
competence in the creating an easy to use model sub-modeling competency of
generalizing. Except group D in the Mars Lunarcrete activity and group F in the Dr.
Ahmet’s Will activity, the other groups displayed a proficient level of this sub-
modeling competency. While the models of group D and F could easily be adapted in
other situations and their predictions were accurate, the models of other groups needed
minor simplifications to use as a model for other situations. In contrast to previous
studies (Biccard, 2010; Kaygisiz, 2021; Tekin-Dede, 2015), the findings of the present
study indicate that elementary gifted students exhibit proficient or exemplary displays
of creating an easy to use model. A possible explanation might be that the fact of
students being given sufficient time to complete the engineering-based MEAs
produced more positive findings in terms of their modeling competency (Kaygisiz,
2021; Tekin-Dede, 2015). Another possible explanation is that their exemplary

modeling competencies were demonstrated at previous stages similar to the idea of
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Aydin-Gii¢ (2015). Thus, the findings from the current study support the idea that the
quality of the situation model has an impact on the generalizability of the model
(Biccard, 2010). That is to say, the stronger the models are, the easier it could be for

the groups to construct generalizable models.

In addition to their applicability to the specific circumstance in which the model was
developed, the changed and improved models could be applicable to other situations
and other products. This idea is similar to the assumption that specific representations
of the students’ model may have limited application, but that the conceptual structure
that underlies the representation may be more generalizable (Mousoulides, 2007). For
instance, group C in the Mars Lunarcrete activity did not come up with a model that
was completely functional for the situation, yet they made some generalizations based
on their experiences. The most likely reason for this is that elementary gifted students
recognize uncommon connections between concepts (Wellisch & Brown, 2013) and
transfer their knowledge easily to novel situations (VVogelaar & Resing, 2018).

Although the core characteristics were the same for all three engineering-based MEAs
in this study, the findings of the study indicate that certain aspects of the activities,
particularly those related to design-related activities, promoted different types of sub-
modeling competencies. For all forms of design challenges in the present study,
elementary gifted students discussed the design as a whole, the types of materials they
were to use, the design’s functionality, and whether the client would accept the
solution or not. The findings suggest that the less-restricted nature of engineering-
based MEAs enables gifted elementary students to incorporate their imagination into
the design process through the flexibility in the given data. When their intended output
was a product, the participant students discussed the structure of their design, and if
they were expected to produce a prototype, they also discussed the implementation of
their design. In contrast, students focused on the steps involved in the process rather
than the structure when working on process-oriented design such as in the Dr. Ahmet’s
Will activity. These findings of the current study suggest that different types of design
problems within engineering-based MEASs inspire students to examine various

engineering components.
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Taking all of the aforementioned into account, integrating the engineering design
process into MEAs is using engineering-based MEAs as a tool to enable elementary
gifted students to demonstrate their creativity and innovative thinking in order to find
solutions to real-world problems. This they do by incorporating engineering design
process and mathematical modeling builds on their existing mathematics and science
knowledge. In addition, engineering-based MEAs encourage students to engage in
groups, in which they learn to communicate and work together to find solutions to
challenging situations. To clarify this, the iterations that groups go through when
revising a model using design-test-redesign cycle could produce new cognitive
structures and understandings in group members more effectively than a single
iteration could. Hence, the findings of the present study present empirical evidence
using engineering-based MEAs as a reflection tool (Hamilton et al., 2008) to nurture

problem-solving personalities for elementary gifted students.

Moreover, another important finding of the current study is related to the parallelism
between the engineering design process and mathematical modeling process for
elementary gifted students. The iterative nature of both processes, which enable the
students to elicit learning of the content or process, has been emphasized in the
literature (Groshong, 2018; Mann et al., 2011; Zawojewski et al., 2008). This
relationship has been ignored, however, when designing modeling experiences and
engaging in such processes (English, 2017), particularly with elementary (Dorie et al.,
2014; Portsmore et al., 2012) and gifted students (Mann et al., 2011). Hence, the
present study gives researchers insight into elementary gifted students by examining
the terminology and similarities of both processes from an integrated perspective. To
be more specific, this study proposes that the iterative nature of these processes enables
elementary gifted students to reveal their unique thought processes through the use of
engineering-based MEAs, which often require the knowledge and skills of various

disciplines.

Last but not least, one of the most striking findings of the current study is an adaptation
and enrichment of a modeling competency observation guide and classification of
cognitive modeling competencies for elementary gifted students in the Turkish
context, developed on the basis of the study (de Villiers, 2018). Since the present study

followed a holistic approach and elementary gifted students were expected to
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demonstrate seven modeling competencies by maintaining the process with
instructions while being uninformed of the engineering design process and modeling
competencies. Even in the current study, elementary gifted students display some new
sub-modeling competencies (ethical consideration, flexibility and novelty, applying
interdisciplinary knowledge, adaptability and transferability, creative approach and
elaboration) when they are engaged in engineering-based MEAs. That is to say, the
mentioned sub-modeling competencies were added to the framework proposed by de
Villiers (2018). Beyond that, some indicators related to the sub-modeling
competencies in the classification of cognitive modeling competencies were expanded
based on the findings of the present study. Therefore, the present study attempted to
fill this gap in knowledge in the field of mathematics and engineering education, and
it did so by merging the engineering competencies that can co-develop with
mathematical modeling competencies through engineering-based MEAs.
Consequently, this study provides insight into the investigation of elementary gifted
students’ modeling competencies, and clues for researchers regarding how to construct
activities and environments to make elementary gifted students’ thinking visible to

others.

The accessible literature has indicated that the older the students are, the more
successfully they complete the modeling process (Henning & Keune, 2007; Ludwig
& Xu, 2010) and that students struggle with the competence of making an assumption
(Yildirim, 2019), as well as the competencies of verification and justification (Kabar
& Inan, 2018; Kaiser, 2007; MaaB, 2006; Tekin-Dede & Yilmaz, 2015). However, the
findings from the present study suggest that engineering-based MEAs enable
elementary gifted students to demonstrate modeling competencies at a generally
exemplary level since these activities are appropriate for their unique characteristics
and that they satisfy their needs. In this regard, this study provides contributions to the
literature in mathematics education as well as science, engineering and gifted
education by determining the modeling competencies of elementary gifted students
and which competencies are revealed at specific level. Despite the fact that it was not
the primary goal of the current study, the results of this study may be useful to future
researchers in terms of how to develop activities to promote students’ modeling

competencies.
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5.2. Implications for Educational Practices

The findings of this study have three main implications for educational practices.
These are discussed with regards to students, teachers and educational resource
designers for BILSEM. First of all, the findings of this study reveal that engineering-
based MEAs could be implemented as effective tools to differentiate the instruction
for gifted students. The complex, interdisciplinary, and flexible nature of engineering-
based MEAs could make them a significant tool to overcome the problems that gifted
students generally experience such as boredom, lack of challenge, and motivation
(Mann et al., 2011). In this study, gifted students took decisive action to develop their
models, demonstrating task commitment throughout the process even if confronted
with unexpected situations. This could be evidence that engagement in engineering-
based MEAs is interesting for elementary gifted students. The findings of the current
study further reveal that engineering-based MEAs enable elementary gifted students
to engage in a collaborative learning environment in order to construct and strengthen
their models. In this regard, the students could be given opportunities to externalize
their views by combining their perspectives with those of their group members, and
thus reflecting on their own and others’ perspectives. The fact that students struggle to
handle multiple data at once during the process and that they built on each other’s ideas

may indicate that these activities are challenging for them.

In addition, the exemplary indicators related to new sub-modeling competencies such
as applying interdisciplinary knowledge, elaboration, adaptability and transferability,
and creative approach may provide evidence that engineering-based MEAS require
higher-order thinking for elementary gifted students. Considering all these instances,
the findings of the present study showed that engineering-based MEAs could be used
as a differentiated tool that presents the initially assumed characteristics such as being
interesting, challenging, and requiring higher-order thinking (Ozdemir, 2016). To put
it another way, differentiation provides students with a variety of educational
opportunities while engaged in the activities as well as interpreting, processing, or
creating the information that they have obtained. Hence, the findings of the present
study imply that engineering-based MEAs could be effective for all giftedness fields,
not only mathematics but also field-specific giftedness.
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Beyond eliciting students’ interdisciplinary knowledge to solve problems, the findings
of this study indicate that engineering-based MEAs enable elementary gifted students
to also display modeling competencies, which bear a substantial overlap with 21st-
century skills such as flexibility, problem solving, creativity, and innovation, as well
as social skills. In addition to this, it can be inferred that the students demonstrated
their collaboration, communication, and critical thinking skills in the instances
involving engineering-based MEASs. Thus, such activities could be used as challenging
and authentic tasks to integrate engineering and incorporate 21st-century challenges

into the classroom.

Another implication of this study concerns teachers of elementary gifted students. The
relevant literature indicates that teachers of gifted students in both heterogeneous and
homogeneous classrooms need appropriate differentiation strategies to address the
unique needs of gifted students (Bildiren & Citil, 2021; Reis et al., 2004). In particular,
the structure of the activity and the use of effective teaching strategies have crucial
importance when providing education to gifted students (Diezmann & Watters, 2000).
Taking into consideration the lack of a fully structured teaching program framework
at BILSEMs (Cetin & Dogan, 2018), as well as the lack of special teaching programs
followed in regular schools to meet the needs of gifted students, the current study
provides sample engineering-based MEAs implemented and revised in accordance
with the views of gifted students and their teachers. Hence, teachers could apply such
activities by adapting their classroom or could develop similar activities by
considering the characteristics of engineering-based MEAs and the instructional needs

of gifted students.

The findings of this study bear implications regarding possible practical considerations
in differentiated instruction. Due to the time pressure in regular heterogeneous
classrooms to keep up with the curriculum (Dedebas, 2017), mathematics application
courses could be used to apply activities such as those above in heterogeneous groups
including gifted students. Accordingly, teachers could plan activities for gifted
students that provide challenges, flexibility, and extension. The findings of this study
support the idea that engineering-based MEAs, with their less constrained and more
complicated nature, constitute a good example of activities that can be used by teachers

to meet the needs of gifted students. Furthermore, the findings of this study reveal that
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engineering-based MEAs generally enable elementary gifted students to display their
modeling competency to a considerable extent. Hence, teachers could examine how
the students demonstrate their competencies as they progress through the modeling
cycle. In addition, rather than presenting students with ordinary and routine problems,
teachers could provide engineering-based MEAs in order to elicit gifted students’
autonomy, creativity, higher-order thinking, and reasoning skills.

Moreover, the engineering design process-based learning model could be an effective
teaching strategy in that it organizes learning around the engineering design process
for gifted students (Hann & Shim, 2019; Mann & Mann, 2016). The findings of this
study imply that elementary gifted students were competent in deriving new learning
opportunities from their failures, participating actively and willingly in the process,
and collaborating with their group members. Overall, the teacher could use
engineering-based MEAs and the engineering design process to provide educational
opportunities for gifted students to display their existing capacity at the highest level.

The final implication of the present study concerns educational resource designers for
BILSEM. Considering the problems related to developing and applying activities to
satisfy the needs of gifted students in BILSEM described previously (Bildiren & Citil,
2021; Cetin & Dogan, 2018), the findings of the current study imply that engineering-
based MEAs provide educational opportunities to overcome such problems. In
keeping with the necessity of maximizing gifted students’ potential in the learning
environments offered to them in BILSEM (MoNE, 2012), the findings of this study
present empirical evidence regarding the implementation of engineering-based MEAs
for elementary gifted students who attended individual talent recognition programs.
The MEAs’ specific benefits in such a context are their ability to elicit students’

creativity and their areas of strength in specific fields.

In the individual talent recognition programs, the activities that promote gifted
students’ creativity are developed and implemented in order to help them realize their
unique skills and potential (MoNE, 2012). Correspondingly, the findings of this study
implied that engineering-based MEAs reveal students’ creativity. Consistent with the
literature (Chamberlin et al., 2013; Chamberlin & Moon, 2005), engineering-based
MEAs could be used as a tool to identify creativity in different areas. The findings also
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revealed that elementary gifted students in groups generally showed components of
creativity as sub-competencies such as flexibility and novelty, creative approach, and

elaboration.

Alongside creativity, in order to identify areas where gifted students are talented and
to prepare them for further talent programs subsequent to the individual talent
recognition program, the students could be involved in interdisciplinary activities
instead of activities specific to each field such as science, mathematics, and design.
Hence, the areas that they can work on in-depth in the successive programs in
BILSEMs could be determined through the exploration of ideas. The findings of this
study indicate that elementary gifted students generally display exemplary instances
of sub-competencies in applying interdisciplinary knowledge and adaptability and
transferability when they are engaged in engineering-based MEAs. Since such
activities give the opportunity to work together with more than one discipline, similar
to the literature (Mann et al., 2011; Sen, 2019; Sengil-Akar, 2017), special talents
could be noticed and directed towards the areas to be selected for the successive
program. In all of these aspects, the current study implies that engineering-based
MEAs could be implemented in BILSEMSs as appropriate activities to determine their
special skills and reveal their creativity in different areas.

To summarize, in light of the findings of the current study, there are a variety of
educational implications valid for students, teachers, and educational resource
designers for BILSEM. Additionally, this study addresses several limitations and
makes some recommendations for future research in the relevant subject. The

following section discusses the limitations of this study.
5.3. Limitations and Recommendations of the Study

There are some limitations which may affect the findings of this study. The following
provides details on each of these limitations, the different approaches that have been
proposed to address them as well as recommendations for further research in light of

the previously described findings and relevant literature.

One of the limitations might involve the engineering-based model eliciting activities

used in the study. The problem situations in such activities were mostly concerned
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with civil engineering, architectural engineering, and data mining engineering. Hence,
future research might integrate the various fields of engineering into the problem
situation. Although these activities meet the criteria of this study and the participants
have never seen them before, the possibility may exist that the results are biased by
the elementary gifted students’ previous knowledge. Moreover, there was only one
engineering-based model eliciting activity that was presented to each group throughout
the five weeks of the study. Therefore, the specific activity may have influenced their
performances if they were not comfortable or did not specialize in the content areas
that the activity covered. To overcome this limitation, the special needs of elementary
gifted students who attended individual talent programs at BILSEMs were identified
through discussions with BILSEM teachers. Then, the characteristics of differentiated
activities that address the special needs of elementary gifted students were recognized
based on the relevant literature. Accordingly, engineering-based MEAs were
considered as appropriate activities due to their interdisciplinary, open-ended,
complex and authentic nature to meet the needs of gifted students. In addition, it was
determined that elementary gifted students are interested in the events that are taking
place in their environment and in the globe, as well as the problems on the agenda
(Taber, 2014). Considering their interests, specialists in mathematics and science
education, engineering, and science and mathematics teachers at BILSEM chose the
context of the problems. For example, it was believed that the Send your name to Mars
project, which was on the agenda at the time, Mars Lunarcrete activity would stimulate
the students’ attention. Besides, the context of Bridge Construction and Dr. Ahmet'’s
Will activities include regional and global concerns that students may experience
frequently in their daily lives. Hence, the researcher attempted to minimize these
limitations that might have occurred and affected the findings as best as possible before

data collection.

Considering that students’ modeling competencies vary depending on MEAs
(Mousoulides, 2007; Sahin, 2019), future studies might focus on different types of
engineering-based MEAs and examine how gifted students’ modeling competencies
differ in these activities. Moreover, further research may examine more than one
activity over a longer period of time, as each group participated in only one
engineering-based MEA in a five-week period of the current study. Thus, the studies

might be conducted to determine the effects of different engineering-based MEAS on
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the same group of students or to determine whether specific modeling competencies
develop over time. In addition, future studies might examine the effects of such

activities on the creativity of gifted students.

A second limitation might be the method of data collection. This study is based on the
assumption that students verbalize their thought processes when solving problems by
the think aloud method. They may not feel the pressure of a time constraint. However,
the students might not have reported all of their thoughts because they needed to spend
extra effort applying the think aloud technique. A further issue in data collection,
interview bias, might be a concern in this study. In order to minimize the effects of
this threat, the researcher conducted an introductory meeting with the participants in
which the researcher tried to build trust by introducing herself and the purpose of the
study. To conquer these data collection-based limitations, triangulation was used in
order to improve the credibility of the findings across the interviews. Member
checking was also used to validate the obtained data.

Another limitation may relate to the small number of participants. The participants of
the study were selected from students attending the Science and Art Center. Inclusion
was based on a sample of gifted students selected by teachers and then achieving 1Q
tests with scores of 130+. Due to the uniqueness in design and methodology, purposive
sampling was used to select participants that meet the selection criteria and provide
more detail on their processes when they are engaged in engineering-based MEAs.
However, generalization of the study findings into other settings was not the aim of
this study. The findings of the study and its implications are important for
understanding elementary gifted students’ engagement in engineering-based MEAs at
BILSEM and provide information for other researchers to conduct future
investigations in this particular area. In line with this, the following presents the

recommendations for future research studies.

Although engineering-based activities (Guzey et al., 2016) and MEAs (Lesh & Doerr,
2003) are suggested for all students - both regular and gifted - in the literature, the
current study used engineering-based MEAs for only one specific group of students,
the gifted demographic. The participants of this study were limited to the students who
were enrolled in the individual talent recognition program at BILSEM and who were
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determined to be gifted based on BILSEM’s acceptance criteria in the years they were
nominated to BILSEM. Although there have been some modifications to the
acceptance criteria of BILSEM, engineering-based MEAs could still be used for gifted
students at BILSEM since the identification of giftedness is mainly based on the fact
that gifted students demonstrate particular characteristics than their peers. In future
studies, the research could be replicated with gifted students who determined to be
gifted based on the current BILSEM’s acceptance criteria and who attended successive
programs at BILSEM. Moreover, long-term research could be conducted on the

development of modeling competencies of gifted students.

In addition, it can be suggested that further studies examine the experiences of regular
students at different grade levels when they are engaged in engineering-based MEAs.
Furthermore, research with gifted students in homogeneous and heterogeneous
classrooms could be carried out and their findings compared to those of their peers.
Comparable research studies can also be conducted in different nations, with the
results of these studies being used to explore cultural variations. Thus, the extent to
which gifted students or regular students display modeling competencies when they

are engaged in engineering-based MEAs could be discussed in a variety of contexts.

Last but not least, the present study revised the framework proposed by de Villiers
(2018) to determine the modeling competencies of elementary gifted students by
merging the related mathematical modeling and engineering sub-competencies based
on the findings of this study. As a possible extension of this research, the framework
might be tested in various settings with different groups of students. In addition,
researchers might investigate whether the new codes revealed in this study have been
reported in other investigations involving other student groups. For instance, future
research might determine whether other studies reveal components of creativity and
ethical consideration. In summary, further research is needed to validate the current
group modeling competency observation guide that emerged from the data of this

study with multiple reference groups with varying levels of experience.
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Saygilarimizla bilgilerinize sunanz.

, P
lin GENG

Prof. Dr.
s
/ i Baskan
Ol Vow
i
Prof. Dr. Ayhan SOL Prof. Dr. Ayhan Giirbiiz DEMIR
Uye Uye
Prof. Dr. Yasar KONDAKGI (M.) Dog. Dr. Emre SELGUK
Uye Uye
Al W
/o gy Esp
Dog. Dr. Pinar KAYGAN Dr. Ogr. Uyesi Ali Emre TURGUT
Oye Uye
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B. OFFICIAL PERMISSIONS OBTAINED FROM THE MINISTRY OF
NATIONAL EDUCATION

NN T.C.
ANKARA VALILIGI
_ HE Milli Egitim Miidiirliigii
Sayr  :14588481-605.99-E.9748333 17.05.2019

Konu : Arastirma izni

ORTA DOGU TEKNIK UNIVERSITESINE
(Ogrenci isleri Daire Baskanlign)

flgi: a) MEB Yenilik ve Egitim Teknolojileri Genel Miidiirliigiiniin 2017/25 nolu Genelgesi.
b) 06.05.2019 tarihli ve 119 sayili yaziniz.

Universiteniz Egitim Fakiiltesi Doktora Ogrencisi Firdevs Iclal KARATAS' m "Ustiin
vetenekli 6grenciler icin model olusturma etkinliklerinin gelistirilmesi ve uygulanmasi'
konulu tezi kapsaminda uygulama yapma talebi Mudirligiimiizee uygun gériilmiis ve
uygulamanin yapilacagi Ilge Milli Egitim Miidiirliklerine bilgi verilmistir.

Uygulama formunun (40 sayfa) arastirmaci tarafindan uygulama yapilacak sayida
cogaltilmasi ve calismanin bitiminde bir Orneginin (cd ortaminda) Midirliglimiiz Strateji
Gelistirme Subesine gonderilmesini rica ederim.

Turan AKPINAR
Vali a.
Milli Egitim Miidiirii

Adres: Emniyet Mah. Alparslan Tiirkes Cad. 4/A Yenimahalle Bilgi i¢in: Emine KONUK
Elektronik AJ: ankara.meb.gov.ir Tel: 0(312)212 36 00
e-posta: istatistik06@meb.gov.ir Faks: 0( )

Bu evrak giivenli elektronik imza ile imzal https:/fevraksorgu meb.govtr adresinden ©098-db72-3¢93-b50c-23d3 kodu ile teyit edilebilir.
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C. INFORMED CONSENT FORM

ARASTIRMAYA GONULLU KATILIM FORMU

Bu arastirma, ODTU Matematik Egitimi Boliimii doktora dgrencisi Firdevs iclal KARATAS
ve ODTU Matematik Egitimi Béliimii 6gretim iiyesi Prof. Dr. Mine ISIKSAL BOSTAN tarafindan
doktora tezi kapsaminda yiiriitilen bir ¢aligmadir. Bu form sizi arastirma kosullar1 hakkinda

bilgilendirmek i¢in hazirlanmistir.

Calismanin Amaci Nedir? Arastirmanin amaci sizler igin model olusturma etkinlikleri
tasarlamak ve uygulamaktir. Arastirmaya katilmay1 kabul ederseniz, sizden beklenen, hazirladigimiz
model olusturma etkinlikleriyle ¢alismanizdir. Bu g¢aligmaya katilim ortalama olarak 90 dakika

stirmektedir.

Bize Nasil Yardimc1 Olmanmizi isteyece@iz? Arastirmaya katilmay: kabul ederseniz, sizden 3
ila 4 kisiden olusan bir ¢aligma grubunda grup arkadaglarinizla birlikte model olusturma etkinlikleriyle
calismaniz beklenmektedir. Yaklasik olarak 1 buguk saat siirmesi beklenen bu galismada sizlerin
etkinlikteki sorunlara ¢6ziim liretmeniz beklenmektedir. Calisma siireciniz daha sonra igerik analizi ile
degerlendirilmek tizere ses ve video kaydina alinacaktir. Sizlerle etkinlik dncesinde ve sonrasinda

bireysel miilakatlarda sorulan sorulara cevap vermeniz beklenmektedir.

Sizden Topladigimiz Bilgileri Nasil Kullanacagiz? Arastirmaya katilimimniz tamamen
goniillilik temelinde olmalidir. Ankette, sizden kimlik veya kurum belirleyici higbir bilgi
istenmemektedir. Cevaplariniz tamamiyla gizli tutulacak, sadece arastirmacilar tarafindan
degerlendirilecektir. Katilimecilardan elde edilecek bilgiler toplu halde degerlendirilecek ve bilimsel
yayimlarda kullanilacaktir. Sagladiginiz veriler goniillii katilim formlarinda toplanan kimlik bilgileri ile

eslestirilmeyecektir.

Katiliminizla ilgili bilmeniz gerekenler: Calisma, genel olarak kisisel rahatsizlik verecek
sorular veya uygulamalar igermemektedir. Katilim sirasinda sorulardan ya da herhangi baska bir
nedenden 6tiirli kendinizi rahatsiz hissederseniz cevaplama isini yarida birakip ¢ikmakta serbestsiniz.
Boyle bir durumda c¢alismayr uygulayan kisiye, ¢alismadan ¢ikmak istediginizi séylemek yeterli

olacaktir. Caligma sonunda, bu arastirmayla ilgili sorulariniz cevaplanacaktir.

Arastirmayla ilgili daha fazla bilgi almak isterseniz: Bu ¢alismaya katildiginiz igin simdiden
tesekkiir ederiz. Arastirma hakkinda daha fazla bilgi almak icin ODTU Matematik Egitimi B&liimii

doktora &grencisi Firdevs Iclal Karatas (E-posta: iclal.karatas@metu.edu.tr) ile iletisim kurabilirsiniz.
Yukaridaki bilgileri okudum ve bu ¢aligmaya tamamen goniillii olarak katiliyorum.
(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Isim Soyad Tarih Imza
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D. PARENTAL CONSENT FORM

VELi ONAY FORMU
Sevgili Anne/Baba,

Bu ¢alisma ODTU Matematik Egitimi Béliimii doktora 6grencisi Firdevs Iclal Karatas ve
ODTU Matematik Egitimi Boliimii dgretim iiyesi Prof. Dr. Mine ISIKSAL BOSTAN tarafindan

doktora tezi kapsaminda yiiriitilmektedir.

Bu ¢alismanin amaci nedir? Calismanin amact, {istiin yetenekli 6grenciler i¢in tasarlanan
model olusturma etkinliklerinin prensiplerini tartismak ve 6grencilerin bu etkinliklerle calisirken

matematiksel modelleme yeterliliklerini belirlemektir.

Cocugunuzun katihimei olarak ne yapmasini istiyoruz?: Bu amag dogrultusunda,
¢ocugunuzdan model olusturma etkinlikleriyle caligmasini isteyecegiz ve cevaplarini/davraniglarini
(ses kaydi, goriintii kaydi, not ederek, yazili) bigiminde toplayacagiz. Sizden ¢ocugunuzun katilimci
olmasiyla ilgili izin istedigimiz gibi, ¢aligmaya baslamadan ¢cocugunuzdan da s6zlii olarak katilimiyla

ilgili rizas1 mutlaka alinacak.

Cocugunuzdan alinan bilgiler ne amacla ve nasil kullamlacak?: Cocugunuzdan
alacagimiz cevaplar tamamen gizli tutulacak ve sadece arastirmacilar tarafindan degerlendirilecektir.
Elde edilecek bilgiler sadece bilimsel amagla (yayin, konferans sunumu, vb.) kullanilacak,

cocugunuzun ya da sizin ismi ve kimlik bilgileriniz, hi¢bir sekilde kimseyle paylasiimayacaktir.

Cocugunuz ya da siz cahismayi yarida kesmek isterseniz ne yapmalisimiz?: Katilim
sirasinda sorulan sorulardan ya da herhangi bir uygulama ile ilgili bagka bir nedenden 6tiirii
cocugunuz kendisini rahatsiz hissettigini belirtirse, ya da kendi belirtmese de aragtirmaci ¢cocugun
rahatsiz oldugunu 6ngoriirse, ¢aligmaya sorular tamamlanmadan ve derhal son verilecektir. Sayet siz
cocugunuzun rahatsiz oldugunu hissederseniz, bdyle bir durumda ¢alismadan sorumlu kisiye

¢ocugunuzun ¢aligmadan ayrilmasini istediginizi sdylemeniz yeterli olacaktir.

Bu calismayla ilgili daha fazla bilgi almak isterseniz: Caligsmaya katilimimizin sonrasinda,
bu caligmayla ilgili sorulariniz yazili bicimde cevaplandirilacaktir. Calisma hakkinda daha fazla bilgi
almak i¢cin ODTU Matematik Egitimi BSliimii Doktora Ogrencisi Firdevs Iclal Karatas ile (e-posta:

i.karatas@metu.edu.tr) ile iletisim kurabilirsiniz. Bu ¢alismaya katiliminiz igin simdiden tesekkiir

ederiz.

Yukaridaki bilgileri okudum ve cocugumun bu calismada yer almasini onayliyorum (Liitfen alttaki

iki secenekten birini igaretleyiniz.
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Evet onayliyorum__ Hayir, onaylamiyyorum__

Annenin/Babanin adi-soyadt: Bugiiniin Tarihi:

Cocugun ad1 soyad1 ve dogum tarihi:

(Formu doldurup imzaladiktan sonra arastirmaciya ulastiriniz).
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E. OBSERVATION PROTOCOL

GOZLEM FORMU

Tarih: Etkinlik Ada:
Grup Adi:

Amag

Bu gbzlemin amaci, {istiin yetenekli 6grencilerin grup halinde miihendislik temelli
modelleme etkinlikleri (MOE’ler) ile g¢alisirken segiledikleri modelleme
yeterliliklerini incelemektir.

Gozlem Sorular:
Asagidaki sorular gozlem siirecine kilavuzluk etmek i¢in kullanilmistir.

1) Ogrenciler miihendislik temelli MOE’ler ile ilk karsilastiklarinda nasil bir
strateji uyguluyor?

2) Ogrenciler daha sonraki siireglerde stratejilerini degistiriyor mu? Neden?

3) Ogrenciler mithendislik temelli MOE’ler ile ¢alisirken fen, matematik veya
miihendislik kavramlarindan hangilerini kullaniyorlar? Nas1l?

4) Ogrenciler hangi durumlarda stratejilerini degistiriyor?

5) Ogrencilerin grup igindeki iletisimi nasil gergeklesiyor?

6) Ogrenciler hangi durumlarda zorluk yastyor?

7) Ogrenciler arastirmaciya ne tiir sorular yoneltiyor?

8) Ogrenciler modellerini nasil degerlendiriyor?

9) Her bir grup iiyesinin mithendislik temelli MOE iizerinde ¢alisirken iistlendigi
rol nedir? (kayit tutan, lider,, izleyen, strateji gelistiren vb.)

10) Ogrenciler miihendislik temelli MOE ile calisirken goreve bagliliklari nasil
degisiyor?

Gozlem Boyutlar

Ogrencilerin miihendislik temelli MOE’leri ile ¢alisirken sergiledikleri biligsel
modelleme yeterliliklerini belirlemek i¢in asagida belirtilen noktalar hakkinda gozlem
yapilacaktir.

1) Etkinliklerin baglami (siiresi, Ogrencilerin goreve baglhlhigini siirdiirme
durumlari, gerekli materyaller, ¢izimleri, planlari)

2) Ogrenciler fen, matematik ve miihendislik bilgilerini ¢ziim siireclerine nasil
yansitiyor? (Farkli uygulama 6rnekleri)

3) Ustiin yetenekli 6grenciler kisisel 6zelliklerini ¢6ziim modelleme siireclerine
nasil yansitiyor? (Beklenmedik 6grenci davraniglari)

4) Gruplar igindeki etkilesim modelleme siirecini nasil etkiliyor? (Ilgi cekici
tartismalardan kisa notlar )

Notlar:
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F. ENGINEERING-BASED MEAS

Dr. Ahmet’in Vasiyeti

Akrabala
rm Nedim Amca Kuzen Mert Hatice Teyze Belma Teyze Kuzen Ezgi Kuzen Ozan
Sehirleri Nairobi Amsterdam Honolub Bogota Tokyo Orlando
Avukat Fiyat Ucus Fiyat Ucus Fiva Ugus Fiyat | Ucus Fiyat Travel | Fiyat Ugus
Ofisleri (US 8) (Us t Us (us Time s
Siiresi %) Siiresi (Us Siiresi $) Siiresi %) %) Siiresi
$)
Istanbul 719 16 239 13530 | 1393 | 30sa55 | 1478 | 27sa 1246 | 17sa25 | 831 16530
sal0 dk dk 16 dk dk dk
dk
Cenevre 723 11sa 134 1sa2s 1340 | 235210 1262 | 16sa0 | 1407 165230 | 1155 12530
20 dk dk dk dk dk dk
Kanpur Ugusg Ugug 1098 175235 | 2154 | 30sa45 5431 | 54sa 1580 172240 | 2001 265335
yok yok dk dk 35 dk dk dk
Buenos 1649 24 5a 1094 | 425210 | 1680 | 31sa 0 673 9sa30 | 2556 | 29sa35 | 1280 | 17sa30
Adres 40 dk dk dk dk dk dk
Sidney 1982 49sa5 | 1569 | 39sa3s 1216 | 10sa35 2080 | 30sa 1044 | 18sal0 | 2554 | 47sas
dk dk dk 22 dk dk dk
Hava Durumu ve Cografi Veriler
Av. Bora Aydin (Avukat Ofisleri)
Sehir En yiiksek En diisiik Ortalama Yiikseklik(ft) Ortalama Kirlilik
sicaklik sicaklik yagis miktari kar yagis miktari derecesi
(Nisan) (Nisan) (in.) (in.) (1-5)
Istanbul 62 46 1.9 121 0 3
Cenevre 56 38 2.4 1210 1 2
Kanpur 102 70 1 429 0 5
Buenos 71 58 35 53 10 1
Aires
Sidney 73 59 5.2 244 1
Akrabalar i¢in Hava Durumu ve Cografi Veriler
Sehir En En Ortalama Yiikseklik(ft) Ortalama
yiiksek diisiik yagis kar yagis
sicakhik sicakhik miktari miktar (in.)
(Nisan) (Nisan) (in.)
Orlando 80 58 2.7 98 0
Tokyo 64 50 4.9 59 13
Bogota 66 46 4.4 8612 0
Honolulu 83 68 1.18 1280 0
Amsterdam 55 38 2.1 3 1
Nairobi 7 56 9.5 5672 0
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G. ENGINEERING-BASED MEAS

Koprii Yapim
Veri Seti 1
Malzemeler Her bir madde | Malzeme
icinkullabilecek | Maliyeti
max malzeme Kullanilan Malzeme
miktari yapistirici Maliyeti
Cop sis 200 375 TL /100 T 70
cubuk Yapistirici
Pipet 200 35 TL /100
¢ubuk __
Dil ¢ubugu 300 9.75 TL /100 Silikon 20TL
gubuk Tutkal 10TL
Kiirdan 1000
TL /200 kiirdan

Kafes, kiris ve kemer koprii gesitlerinden hangisini kullandiginizi, kopriiniin tagiyabilecegi yiik
miktarini, hangi yapistiriciy1 ve malzemeyi kullandiginizi yaziniz

Kafes koprii: diiz bir diizende diizenlenmis, genellikle demir veya gelik olmak iizere birgok baglh
pargadan yapilir. Bu tip kopriiler tipik olarak inga edilmesi en ekonomik olanlardir.

Kemer Koprii:

Bu kd&priiniin taslarii yerlestirmek igin yercekimi ve kemerin iki yarisini itmek igin bir kemer tasi
kullanilir.

Kiris kopriisii, en basit koprii tiiriidiir. Gegmiste onlar, bir dere boyunca bir kiitiik seklini almig
olabilirler ama bugiin, biiylik kutu celik kiris kopriilerine daha asinayiz. Cok ¢esitli kiris kopriileri
vardir.

Kullanilan malzemelerin tanim

Pipet: Ozellikle soguk icecekleri igerken kullanilan, genellikle plastikten yapilmis ince tiip.

Cop sis: Ahsaptan yapilan sivri uclu ince ¢gubuk

Dil cubugu: Dil ¢ubugu genellikle kayin agacindan yapilir. Kayin agaci, ortalama agirliga sahip siki
dokulu bir kerestedir. Kirilmaya karsi son derece dayanikli oldugu bilinmektedir.

Kiirdanlar: Kiirdanlar genellikle daha yumusak ve daha hos kokulu agag¢ olan kayin agaci, portakal
agact ve thlamur agacindan yapilir. Kiirdanlar, kestane, balsam, ak¢aagag, titrek kavak, sogiit ve beyaz
agac gibi agaglardan da yapilabilir.

Veri Seti 2

Malzemeler Her bir madde | Malzeme Maliyeti

icinkullabilecek

max malzeme

miktari
Cop sis 200 3.75 TL /100 gubuk
Pipet 200 3.5 TL /100 gubuk
Dil gubugu 300 9.75 TL /100 ¢ubuk
Kiirdan 1000

3 TL /200 kiirdan

Spagetti 1 paket 15TL
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H. ENGINEERING-BASED MEAS

Mars Lunarcrete 1

Regolit ve Baglayici Cozelti Veri Seti 1

: . Ufalabilirlik
Regolit ve Riizgar (yikilmadan
Baglayici Yogunluk(g/cm®) Direnci "yn asirhk Fiyat (milyon)
Cozelti (km/h) once ag
miktarr)
A 9320 248 $10.9m
B 5560 170 $4.1m
C 6200 229 $4.4m
D 4780 208 $7.1m

tle

Yogunluk: Bir nesnenin kiitlesi hacmine boliiniir. H:W g/cm®

Riizgar Direnci: Riizgarin bir nesneye kars1 kuvveti.
Ufalabilirlik: Bir nesnenin daha kiigiik parcalar haline gelmesi
Fiyat: Malzemeyi uzaya gonderme fiyati yaklasik $25/kg olarak hesaplanir.

308



H. ENGINEERING-BASED MEAS

Mars Lunarcrete 2

Regolit + baglayici cozeltileri:

Stirecin bu kismu i¢in bu tarifleri test edebilir ve gerekli ayarlamalari yapabilirsiniz. Her grup en az
250 ml ¢ozeltiye ihtiyac duyacaktir.

Regolit tarifi (7:2)

e 500grun
o 200 grtuz
e 250 mL su

Regolit tarifi (3:1)

e 400grun
o 200grtuz
e 250 mL su

Regolit tarifi (4:3)

e 800grun
o 200grtuz
e 930 mLsu

Regolit tarifi (2:1)

e 400grun
e 250mL su
Oneriler:

e  Yapistiric yapilariiza gii¢ katabilir. Tutkalin katilara eklenmeden 6nce seyreltilmesi,
karistirmaya yardimci olacak ve ¢ozeltinin yapiskanligini azaltacaktir.

e Baharat eklemek renk ve koku ekleyebilir. Mars 1siltisin1 vermek i¢in kakao tozu
kullanilabilir.

e + Hamurunuzu gida boyastyla renklendirmek istiyorsaniz, i¢indekileri karigtirmadan 6nce
stviya ekleyin.

e Kum ilging bir se¢cimdir burada denemek isteyebileceginiz birkag tarif var:

o 400 gr kum
300 gr misir unu
375mlsu

o 400 gr kum
250 ml Yapistirict
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J. TURKISH SUMMARY / TURKCE OZET

USTUN YETENEKLI iILKOGRETIM OGRENCILERININ MODELLEME
YETERLILIKLERININ MUHENDISLiK TEMELLi MODELLEME
ETKINLIKLERI YOLUYLA INCELENMESI

GIRIS

Ustiin yeteneklilik kavramimin arastirmacilar arasinda yaygin olarak kabul géren bir
tanim1 bulunmamaktadir. Onerilen tanimlar ise arastirmacinin uzmanlik alanina,
aragtirmanin odagina ve zaman ig¢indeki aragtirma egilimlerine gore degisiklik
gostermektir (Tiirkman, 2020). Bazi arastirmacilar bir ¢ocugun iistiin yetenekliliginin
standart zeka testinden alinan puanlara gore belirlenmesi gerektigini savunurken
(Jensen, 1980; Terman, 1925), diger arastirmacilar ise bu tiir testlerle birtakim
Ozelliklerin belirlenemeyecegini iddia etmektedir (Gagné, 2015; Renzulli, 2016;
Stenberg, 2018). Boylece, {lstiin yeteneklilik terimi zamanla zekda temelli

tanimlamalardan ¢ok boyutlu ele alinan bir kavrama doniigsmiistiir (Winner, 2000).

Ustiin yetenekliligin cagdas tanimlari ve kavramlastiriimasi 1s13inda, potansiyel olarak
istiin yetenekli cocuklarin belirli 6zellikler sergilemesi beklenmektedir. Bu 6zellikler
arasinda hizli 6grenme, daha uzun yogunlasma siiresi, olaganiistii hafiza, karmasik
kavramlar1 anlama yetenegi ve gelismis gézlem becerileri bulunur (Harrison, 2004).
Bununla birlikte, iistiin yetenekli 6grenciler sinif ortamina farkli 6grenme 6zelliklerini
yansitmaktadir. Ornegin, bu dgrenciler problemleri hizli bir sekilde ¢ozebilirler ve
farkli baglamlara aktarilan soyut fikirleri inceleyebilirler (Gross vd., 2001). Ayrica
yeni etkinliklere katilma konusunda giiclii bir merak, duyarlilik ve isteklilik
gosterebilirler (Davis ve Rimm, 2004). Bu nedenle, istiin yetenekli 6grencilere
yonelik sunulan bir program sadece zorlayici ve esnek olmamali, ayn1 zamanda tist
diizey diisiinme becerileri (van Tassel-Baska, 2003) ile merak, yaraticilik, dngorti,
sabir ve hayal giicii gibi kisisel 6zelliklerin gelisimini de tesvik etmelidir (Ozyaprak,
2016; Tiirkman, 2020).
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Ustiin yetenekli dgrencilerin belirli 6zelliklere ve 6zgiin becerilere sahip olmalar
nedeniyle miifredatta farklilastirmaya ihtiya¢ duyulmaktadir (Assouline ve
Lupkowski-Shoplik, 2021; Ozdemir ve Isiksal-Bostan, 2021; Winebrenner ve Brulles,
2012). Alanyazindaki arastirmalar, bu 6grencilerin akademik ihtiyaglarini karsilamak
icin Ozel Ogretim firsatlarina ihtiya¢ duyduklarini gdstermektedir (Borland, 2009;
Johnson, 2000; Matthews ve Foster, 2006). Bunun yani sira, c¢alismalarda,
Ogretmenlerin yetersiz ve nadiren farklilastirma stratejilerini kullanmalar1 nedeniyle,
okullarda, ozellikle ilkogretim diizeyinde, iistiin yetenekli Ogrencilerin pek
zorlanmadiklarini ortaya koyulmustur (Reis vd., 2004; Tomlinson vd., 2003). Sonug
olarak, Ustlin yetenekli 6grencilerin cogunlugu sinifta 6grenme istegini kaybetmekte
ve sikilmaktadir (Diezmann ve Watters, 2000). Bu nedenle, {istiin yetenekli
Ogrencilerin 6zgiin ihtiyaclarin1 karsilamak i¢in 6gretmenler, kolay bir sekilde
uygulanabilen, 6grencinin 6grenmesini olumlu yonde etkileyen ve dgrencinin sinif
diizeyi i¢in miifredat 0gretim standartlariyla baglantili farklilagtirma yontemlerini

kullanmalidir (Tomlinson, 2014).

Bazi iilkelerde, iistiin yetenekli 6grencilerin 6zel ihtiyacglarini dikkate alan kokli
programlar bulunmaktadir (Heuser vd., 2017). Tiirkiye, iistiin yetenekliler egitimine
gosterilen Oonem agisindan diger ilkelerin hizina yetisememistir. Cumhuriyetin
kuruldugu 1923 yilindan bu yana iistiin yetenekli 6grenciler 6zel egitim alaninda en
¢ok ihmal edilen alanlardan biri olmustur (Ataman, 1998). Tiirk ulusal miifredati
biiyiik 0lgiide -sadece olmasa da- beklendik davranislar sergileyen ogrencilerin
yetenek ve 6grenme kapasitelerine gore gelistirildiginden, iistiin yetenekli 6grencilerin
egitim ihtiyaglarin1 kargilayamamistir (Levent ve Bakioglu, 2013). Ancak bu
ogrencilerin ozellikleri ve ihtiyaglar1 simif arkadaslarindan farkli egitim programlari
gerektirdiginden (Tomlinson, 2014), onlara 6zgii bazi o6zel egitim programlart
hazirlanmistir (Akgiil, 2021). Bdyle bir egitim programi saglamak igin 1995 yilinda
Milli Egitim Bakanlig1 tarafindan Bilim ve Sanat Merkezleri (BILSEM) kurulmustur.
Bu merkezler araciligiyla daha fazla istiin yetenekli Ogrenciye ulasilmaya
calistimistir. BILSEM, iistiin yetenekli dgrencilerin 6rgiin kurumlardaki egitimlerini
kesintiye ugratmamak icin okul sonrasi faaliyetler yiirlitmektedir (MEB, 2012). Bu
nedenle BILSEM, iistiin yetenekli 6grencilere ilgileri dogrultusunda egitim imkanlari

sunmakta ve mevcut kapasitelerini en st diizeyde kullanmalarini saglamaktadir

(MEB, 2012).
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BILSEM’in iistiin yetenekli ogrenciler i¢in uygun bir egitim programi sunma
girisimine ragmen, Ogrencilerin ihtiyaclarini tam anlamiyla karsilamada yetersiz
kaldig1 goriilmektedir. Kurnaz (2014), son bes yila ait ¢alistay ve toplanti raporlari ile
Tiirkiye’nin cesitli bdlgelerinden otuz iki BILSEM y®neticisinin goriislerini dikkate
alarak BILSEM’in mevcut durumunu, sorunlarini ve sorunlarma ydnelik dnerilerini
ortaya koymak amaciyla bir calisma gerceklestirmistir. Sozii edilen ¢alismada,
BILSEM’deki egitim faaliyetleri igin bir dgretim programi ¢ercevesinin olmamasinin
biiyiik bir eksiklik olusturdugu ifade edilmistir. Ayrica, BILSEM’de gerceklestirilen
etkinliklerin Ogrencilerin Orgiin olarak devam ettikleri okullarinda uygulanan
miifredatla Ortligmedigi ve Ogrencilerin ilgisini ¢ekmekte yetersiz kaldigi da
belirtilmistir. Bu 6nemli geri bildirim dogrultusunda, 2016-2017 déneminde MEB bir
ogretim programi cercevesi hazirlamis ve bunu BILSEM’lerde esnek bir sekilde
uygulayarak sorunlu program bilesenlerinin bazilarmi ¢ézmeye c¢alismistir.
BILSEM’ler arasindaki farkli uygulamalar ortadan kaldirilmis, temel beceriler
belirlenmis, 6gretmen ve 6grencilerin ne yapacaklar1 konusundaki kafa karisikliklar
giderilmeye caligilmistir. Cetin ve Dogan (2018) gergeklestirilen bu giincellemeleri
arastirmig, 0gretim programi g¢ergevesinin kapsami ve uygulanmasindaki sorunlari
belirlemigtir. Arastirmada, Ogretim programi gercevesinde yer alan etkinliklerin
strasinin, siiresinin ve diizeyinin uygun olmadigy, bilimsel hatalar igerdigi, 6grencilerin
ilgisini ¢ekmedigi ve okullarda uygulanan miifredatla Ortiismedigi sonucuna
ulasilmigtir. Ayrica bu konularin 6gretmenler i¢in bazi sikintilar olusturdugu da tespit
edilmistir. Daha yakin tarihli bir ¢alismada Bildiren ve Citil (2022), Tiirkiye’de tistiin
yeteneklilerin egitiminde 1923-2020 donemini tarihsel bir perspektiften arastirmis ve
ulusal dilizeyde {istiin  yeteneklilerin  egitimindeki c¢agdas uygulamalar
degerlendirmistir. Arastirmacilar, BILSEM’de gérev alan dgretmenlerin goriislerinin
de iistiin yetenekli 6grencilere yonelik uygulanacak programlarin, bu 6grencilerin 6zel
ithtiyaglarina gore farklilagtirilmasi gerektigi yoniinde oldugunu vurgulamistir. Tiim
bu ¢aligmalardan elde edilen bilgilerden yola ¢ikarak Tiirkiye’den segilen bir 6rneklem
olan BILSEM’de iistiin yetenekli ogrencilerin her zaman kapsamli bir egitim
almadiklarin1 gosterebilecek bazi sorunlar oldugu sonucuna varilabilir. Bu nedenle
BILSEM’de iistiin yetenekli dgrencilerin ihtiyaglarmi karsilamaya yonelik sorunlari

hedef olarak alan uygun etkinliklerin gelistirilmesi ve uygulanmasi gerekmektedir.
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Bilim, teknoloji, miihendislik ve matematik (BILTEMM) egitimi, iistiin yetenekli
ogrencilerin ihtiyaclarin1 karsilamaya yonelik etkili bir 6grenme ortami sunarak,
onlarin potansiyellerini ortaya koymalarin1 saglayan bir egitim yaklagimi olarak
onerilmektedir (Sen, 2018; Yoon ve Mann, 2017). Miisteri odakli gercek yasam
durumlarini ve mihendislik tasarim siireclerini agik uglu problem ¢ézmeyle
biitiinlestiren model olusturma etkinlikleri (MOE’ler) (Maiorca ve Stohlmann, 2014),
BILTEMM uygulamalar1 igin bir ara¢ olarak hizmet etme potansiyeline sahiptir
(Baker ve Galenti, 2017; Kertil ve Giiler, 2016). MOE’ler, 6grencilerin kendi
fikirlerini daha agik bir sekilde ifade etmelerini ve diisiinme becerilerini
gelistirmelerini saglayarak problem ¢ozme deneyimlerini artirir (Liljedahl vd., 2016).
Ayrica MOE’ler 6grencilerin etkinliklerle calisirken matematiksel akil yiirlitmelerini,
aciklamalarini ve gerekgelendirmelerini ortaya ¢ikarmak igin de kullanilabilir (Doerr
ve Lesh, 2011; Hamilton vd., 2008; Mentzer vd., 2014). Ogrenciler, gercek yasam
senaryolarin1 matematiksel olarak agiklamanin zorlugundan dolayir MOE’leri
genellikle zor bulurlar. Ancak matematiksel modelleme, dgrencilerin matematiksel
olarak bilimsel bilgi ve becerilerini gelistirmenin yani sira onlarin diinyayi
anlamlandirmalarina da yardimect olur (Groshong, 2018). Bu tiir etkinlikler,
ogrencilerin sinifa getirdikleri farkli 6grenme stillerine ve giiglii yonlerine hitap ederek
siif deneyimlerini gelistirir (English, 2013; Hamilton vd., 2008). Kisacasi, MOE’lerin
sahip oldugu ozellikler, bu etkinlikleri Gistiin yetenekli 6grencilerin egitimi i¢in 6nemli
bir ara¢ haline getirmektedir. Ustiin yetenekli dgrenciler, daha az tekrara ihtiyag
duyarlar ve daha st diizey diistinme gerektiren etkinlikleri tercih ederler (Gross vd.,
2001). Bu nedenle, MOE’ler iistiin yetenekli 6grencilerin hem zorluk taleplerini hem

de akademik ihtiyaglarini karsilama potansiyeline sahiptir.

Ogrencilerin ~ 6grendikleri matematigin  ger¢ek yasam durumlarinda nasil
uygulandigin1 gérmeleri 6nemlidir (English, 2011). MOE’ler, hem bir miisteriyi hem
de bir kullaniciy1 bir araya getirerek ve boylece matematik ve miihendislik arasinda
bir koprii gorevi goriir, ayn1 zamanda gercek diinya sorunlarma yeni bir boyut
ekleyerek buna izin verir (Mann vd., 2011). Bu sorunlar matematiksel olmasina
ragmen, 6grenciler miithendislik tasarim siirecine dogrudan dahil olurlar (Cunningham
ve Hester, 2007). Daha dogrusu, miisterinin gereksinimleri hakkinda bilgi ararlar,
cesitli model Onerileri igin beyin firtinasi yaparlar, grup tiyeleriyle isbirligi icerisinde

bir strateji gelistirirler, miisteri tarafindan sunulan verileri kullanarak ilk modellerini
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olustururlar. Modeli test ederler ve daha sonra ek ama benzer verileri kullanarak
modellerini goézden gecirirler (Mann vd., 2011). Bir model olusturma etkinligi
(MOE)’ye basaril1 bir ¢dziim liretmek i¢in d6grencilerin etkili sorular sormasi, verileri
elde etmesi, incelemesi, yorumlamasi ve sonuglarini sunmasi gerekir. Miithendislik
tasarim siirecindeki problemleri ¢ézmek icin de benzer beceriler gereklidir. Bu
nedenle, matematiksel modelleme siirecinin ve mithendislik tasarim siirecinin temel
Ozellikleri olan yinelemeli yap1 ve model ortaya ¢ikarma MOE’yi, miihendislikle
biitiinlestirebilme i¢in etkili araglar haline getirir (Diefes-Dux vd., 2004; Lyon ve
Magana, 2021). Ozel olarak, miihendislik temelli MOE’ler, yapisal olarak anlamli bir
triin  olusturmaya c¢alisirken Ogrencilerden mevcut diislince bigimlerini
yinelemelerinin, test etmelerinin, iyilestirmelerinin veya gbzden gegirmelerinin
istendigi 6zglin miihendislik durumlar olarak tanimlanir (English & Mousoulides,
2011). Bu etkinlikler sayesinde 6grenciler, matematiksel ve bilimsel kavramlari
gercek diinyadaki miihendislik problemlerine uygulama ve ayrica problemlerin
dogasini agiklama ve tahmin etme firsati bulurlar (English & Mousoulides, 2011). Bu
nedenle miihendislik temelli MOE’ler, iistiin yetenekli Ogrenciler i¢in farkh
derecelerde karmagiklik, genislik ve anlama derinligi olan zorlu gorevler saglar
(Dailey, 2017). Ayrica istiin yetenekli dgrencilerin ve basarili mithendislerin {ist
diizey diisiinme, problem ¢6zme becerileri ve merak gibi ortak 6zellikleri (Mann ve
digerleri, 2011), miihendislik temelli MOE’lerin ¢6zlimiinde 6nemli bir rol
oynamaktadir. Dolayisiyla miihendislik temelli MOE’ler, iistiin yetenekli 6grencilerin

ithtiyaclarini karsilamak i¢in bir arag olarak kullanilabilir.

Modelleme, alan bilgisinin yan sira ¢esitli yetkinlik ve becerilere ihtiya¢ duymasi
nedeniyle iistiin yetenekli 6grenciler i¢in biligsel olarak zorlayici bir etkinlik olabilir.
Miihendislik temelli MOE’ler, 6grencilerin kavramsal anlamalar1 ve gergek diinya
problemlerini ¢6zme ¢abalar1 sirasinda gelistirdikleri siirecleri ortaya ¢ikarmanin bir
yolu olarak kullanilabilir (Lesh ve Doerr, 2003). Buna gore modelleme yeterlilikleri,
modelleme siirecini uygun sekilde tamamlamak icin gerekli beceri ve yetenekler
olarak tanimlanir ve birey bu siirece katilmaya istekli olmalidir (MaaB3, 2006).
Modellemenin bilissel perspektifi, 6grencilerin modelleme siirecine dahil olduklarinda
zihinlerinde neler oldugunu agiklamak ve analiz etmek i¢in ¢ok Onemlidir (Blum,
2011). Biccard ve Wessels’ e (2011) gore biligsel modelleme yeterlilikleri, tim

modelleme siirecini kapsamaktadir. Bu tanimlara gore modelleme yeterliligi,
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modelleme siirecinin tanimi ile iligkilendirilir (Jensen, 2007). Dongiiniin agsamalari
yeterlilikler agisidan incelenir, degerlendirmeler icin Slgiit olarak kullanilabilir ve

biligsel modelleme yeterlilikleri olarak adlandirilabilir.

Matematiksel modelleme bakis a¢ilar1 uygulama alanlarina gore farklilik géstermekte
ve matematiksel modellemenin farkli yonlerini 6ne ¢ikaran mevcut tanimlara gore
degismekle birlikte (Hidiroglu ve Bukova-Giizel, 2016; Kaiser ve Sriraman, 2006),
ana siire¢lerin temel Ozellikleri belirlenmistir. Bununla birlikte, 6zellikle bilissel
yaklasim kullanilarak matematiksel modelleme i¢in siirecin alt adimlarinin belirli
ozellikleri ayrintili olarak tartistimamistir (Blomhgj ve Jensen, 2003; Galbraith ve
Stillman, 2006). Matematiksel modelleme; matematik 6gretiminde ¢ok énemli bir rol
oynamakla birlikte, matematik derslerinde gercek modelleme problemleri nadiren
kullanilmaktadir (Blum, 2011; Turner, 2007). Alanyazinda yeterliliklerin tanimlanmig
olmasina ve bu yeterliliklerin belirli bir 6l¢ili ve tespiti yapilmis olmasina ragmen, bu
alanda daha fazla arastirma yapilmasi1 gerekmektedir (MaaB, 2006). Ustiin yetenekli
ogrencilerle ilgili olarak ise, 6nceki bilgilerini problem durumunun 6zgiin kosullarina
gore uyarlayarak kullanabildikleri (Pativisan, 2006), problem ¢6zerken yasitlarina
gore daha esnek ve yaratici diisiinebildikleri belirtilmistir (Bayazit ve Kogyigit, 2017).
Ayrica, alisilmis yaklasimlarin  disinda  yeni ¢Ozlimler ve stratejiler de
gelistirebilmektedirler (English, 2007b). Bu nedenle, istiin yetenekli dgrencilerin
modelleme siirecinde bu kendilerine has 6zellikleri nasil yansittigini belirlemek kritik
oneme sahiptir. Bu goriisle tutarli olarak, ogretmenlerin, bu 6grencilerin
yeterliliklerini ortaya ¢ikarmak icin onlarin 6nceki bilgilerini giinliik problemlerine
aktarmalarina yardimci olmayr amaglayan etkinlikleri nasil tasarlayacaklarini ve
uygulayacaklarmi bilmeleri 6nemlidir. Bu baglamda, mevcut ¢alisma, ilkogretimde
iistiin yetenekli 6grencilerin mithendislik temelli MOE’lere katildiklarinda grup olarak

bilissel modelleme yeterliliklerini analiz etmektedir.

Calismanin Amaci ve Arastirma Sorulari

Bu tez calismasinin amaci, ilkogretimde lstlin yetenekli 6grencilerin miihendislik
temelli model olusturma etkinliklerine katildiklarinda sergiledikleri biligsel
modelleme yeterliliklerini arastirmaktir. Bu nedenle, bu calisma asagidaki arastirma

sorularini ele almaktadir:
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1. 1lkdgretimde {istiin yetenekli dgrenciler, miihendislik temelli model olusturma
etkinlikleriyle calisirken biligsel modelleme yeterliliklerini
(igsellestirme/yorumlama/yapilandirma/sembollestirme/uyarlama/diizenleme/genelle

me) ne Ol¢iide sergilemektedirler?

Cahsmanin Onemi

Bu tez c¢alismasinin hem alanyazinina hem de egitim pratigine katkisi olacagi
diistiniilmektedir. Bu calismanin alanyazinina birincil katkist istiin yeteneklilik
tizerinedir. Ustiin yetenekli 6grencilerin kendilerine 6zgii ihtiyaclarini karsilamak i¢in
cagdas bir istiin yeteneklilik anlayisina ve 6zel 6gretim uygulamalarima bulgu
saglayabilir. Ornegin, Paralel Miifredat Modeli (Tomlinson vd., 2008) ve Ucglii
Zenginlestirme Modeli (Renzulli, 1977) gibi farkli listiin yetenekliler egitimi miifredat
modelleri tarafindan saglanan bir ¢ergeve, bu ¢aligmada {istiin yetenekli 6grencilerin
benzersiz ilgi alanlarina ve hazir bulunusluklarina gore uyarlanmis, zorlu ve anlaml
ogrenme deneyimlerinin olusturulmasinda kullanilmistir. 21. yiizyilda {istiin yetenekli
Ogrencilerin ihtiyacglarina gore ogretimi farklilastirmak i¢in miihendislik tasarim
stireci, O0grencilere benzer bir 6grenme deneyimi saglamakta ve bu nedenle 6gretim
yaklagimi olarak onerilmektedir (Dailey, 2017; Mann ve Mann, 2021). Zaman iginde
test edilmis bu temel yaklagimlarin Gtesinde, mevcut ¢alismada ayni zamanda {istiin
yetenekli Ogrencilerin 21. yilizyill becerilerini edinmelerine odaklanan c¢agdas
teorilerden (Gardner, 2011; Renzulli, 2021; Sternberg, 2019) ilham alinmigtir. Buna
ek olarak, 21. ylizyilin ihtiyaglarin1 kargilamak {izere iistiin yeteneklilik anlayisi igin
yeni bir paradigma Onerilmistir; buna gore, bu dgrencilerin 6grenme deneyimleri,
yeterlilikleri, goreve bagliliklar1 ve bagkalariyla ilgilenmeleri yoluyla insanlarin
refahina katkida bulunmalidir (Chowkase, 2022). Bu nedenle, miihendislik tasarim
stirecinin belirtilen dogasi, tstiin yetenekli dgrencilere bu ii¢ yolu uygulamak ve
bunlar1 aragtirma ile dogrulamak i¢in uygun Ogrenme ortamlar1 saglayabilir.
Miihendislik tasarim siireci, alanyazinda iistiin yetenekli 6grenciler i¢in onerilen bir
yaklasim olsa da (Dailey, 2017; Mann vd., 2011; Mann ve Mann, 2021), iistiin
yetenekli Ogrencilerin miihendislik tasarim siireciyle ilgili deneyimlerine iligkin
ampirik ¢aligmalar sinirlidir, ancak son zamanlarda alanyazininda yer bulmaktadir
(Han ve Sim, 2019; Sen, 2018; Sen vd., 2021). Bu baglamda, bu ¢alismanin bulgulari,

istiin yetenekli Ogrencilerin miihendislik tasarim siirecine dahil olduklarinda
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yasadiklart deneyimleri arastirarak istiin yetenekliler egitimi alanyazinina katkida

bulunabilir.

Bu caligmanin {istiin yeteneklilik ile ilgili alanyazinina bir bagka katkisi, ilkdgretimde
istiin yetenekli 6grenciler igin matematiksel modelleme siireci ile miithendislik tasarim
stireci arasindaki baglantilar1 belirlemeye ¢alismasidir. Groshong (2018), 6gretme ve
O6grenme uygulamalarinda ilgili siireglerdeki benzerliklerin belirlenmesinin 6nemini
vurgulamaktadir. Bu paralellikler, genellikle disiplinlerarasi bilgi ve becerilere
dayanan durumlari modellemek i¢in faydali olabilir. Matematiksel modelleme
dongiisti ile miithendislik tasarim siireci arasindaki giiclii iliski, her iki silirecin de
yinelemeli yapisin1 vurgulamaktadir (Zawojewski vd., 2008). Bununla birlikte,
modelleme deneyimlerini tasarlama ve bu tiir siireglerde yer almanin 6nemi (English,
2017) ozellikle ilkogretim (Dorie vd., 2014; Portsmore vd., 2012) ve tistiin yetenekli
ogrenciler (Mann vd., 2011) i¢in goz ard1 edilmistir. Dolayisiyla, bu ¢alisma, listlin
yetenekli olarak tanimlanan belirli bir 6grenci grubu i¢in matematiksel modelleme
stireci ile mithendislik tasarim siireci arasindaki paralelligi ortaya ¢ikarmada ampirik

kanitlar saglayabilir.

Bu calisma istiin yeteneklilik ile ilgili alanyazina olan olas1 katkisinin yani sira
matematiksel modelleme ve miihendislik ¢alismalarini birlestirerek de alanyazina
katki saglayabilir. Ulusal Matematik Ogretmenleri Konseyi (NCTM, 2000), okul
oncesinden liseye kadar matematiksel modellemenin miifredata dahil edilmesi
gerektigini vurgulamaktadir. Bu goriise uygun olarak, diinyadaki bircok {ilke
matematik miifredatlarin1 matematiksel modellemeyi icerecek sekilde revize etmistir
(CCSL 2014; Egitim Bakanlig1 Singapur, 2007). Benzer sekilde, revize edilen Tiirk
ilkdgretim matematik miifredati (MEB, 2013; 2018) matematiksel modelleme
yaklasimina dayanmaktadir. Ancak Dogan ve arkadaslarinin (2019) gergeklestirdigi
calisma, matematiksel modellemenin Tiirkiye’de mevcut ilkogretim matematik ders
kitaplarmma yansimadigi ve kullanilan modellerin sadece somut ve gorsel yapilarla
siirli oldugunu ortaya koymaktadir. Ayrica, ilkdgretim matematik dgretmenlerinin
matematiksel modellemenin sinifta uygulanmasina yonelik bilgi ve materyal eksikligi
de alanyazinda belirtilmektedir (Dedebas, 2017; Isik ve Mercan, 2015). Bu nedenle
ilkogretim ogrencilerine yonelik modelleme konusunda yapilacak calismalar gerekli

ve Onemlidir. Ozellikle MOE’ler, matematigi gercek yasam durumlar ile
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iligkilendirerek matematik ve miihendislik arasindaki boslugu kapatma ve gercek
yasamda karsilagilan zorluklarin baska bir yoniinii gelistirme potansiyeline sahiptir
(Diefex-Dux vd., 2008). Bu nedenle, MOE’lerin agik uglu yapisi, 6grencilerin
yeterince zor bir diizeyde bir ¢6ziim olusturmayi diisiinmelerine olanak saglar. Bu tiir
ozellikler, MOE’lerin hem miihendislik tasarim siireci i¢in gerekli yeterlilikleri hem
de istiin yetenekli 6grencilerin ihtiyaglarini karsilamasini saglar (Mann vd., 2011).
Ogrencilerin yaraticihigini gelistirmek, onlar1 ileri miihendislik bilgi ve tekniklerini
kullanmaya motive etmek ve bu 6grencilerde kavramsal diisiinmeyi tesvik etmek i¢in
temel olarak MOE’lerin lisans miihendislik egitiminde kullanilmasina odaklanan
calismalar olmasina ragmen (Moore ve Diefex-Dux, 2004; Moore vd., 2014; Yildirim
vd., 2010), miihendisligi ilkogretim smiflarina entegre etmek icin MOE’lerin
kullanimina iligskin smirli sayida calisma bulunmaktadir (Cunningham ve Hester,
2007; English, 2007; English ve Mousoulides, 2011; Sen, 2018). Bu baglamda, mevcut
caligma, ilkogretimde iistiin yetenekli dgrencilerin miihendislik temelli MOE’lerle

calisirken yasadiklari deneyimlerini sunarak alanyazina 6nemli bir katki saglayabilir.

Ayrica matematiksel modelleme ve miithendislik egitimi alanyazinini birlestirerek her
iki alana da onemli katkilar saglamaktadir. Bu ¢aligmanin bir diger énemli katkisi,
iistiin yetenekli 6grencilerin matematiksel modelleme yeterlilikleri ile miihendislik
yeterliliklerini birlestirerek bulgulara dayali 6gretim uygulamalar1 saglamasi olabilir.
Bilim camiasi, bu ¢agda kiiresel vatandas yetistirilmesindeki ihtiyaclari ele almak i¢in,
karmasik gercek yasam problemleriyle basa ¢ikmada bireylerin modelleme
yeterliliklerini gelistirmeye vurgu yapmistir (Biccard, 2010; Blomhgj ve Jensen, 2003;
Ludwig ve Xu, 2010; MaaB}, 2006; Sahin ve Erarslan, 2017). Uluslararas1 ¢aligmalar
incelendiginde, farkli yas gruplarindan Ogrencilerin modelleme yeterliliklerini
belirlemeye ve gelistirmeye yonelik c¢aligmalarin oldugu goriilmektedir (Biccard,
2010; Biccard ve Wessels, 2011; Blomhgj ve Jensen, 2003; Kaiser, 2007; Ludwig ve
Reit, 2012; Maal3, 2006). Ulusal ¢caligmalar incelendiginde ise 6grencilerin modelleme
yeterliliklerini inceleyen caligmalarin arttigi goriilmektedir (Hidiroglu ve Bukova
Giizel, 2016; Kabar ve Inan, 2018; Kocayayla, 2019; Sahin ve Erarslan, 2017;
Yildirim, 2019). Ancak Aztekin ve Sener (2015) tarafindan yiiriitiilen bir meta-sentez
calismasinda, matematiksel modelleme c¢alismalarinin katilimcilariin genellikle
Ogretmen adaylar1 oldugunu ve 6grenciler iizerinde yapilan ¢alismalarin daha ¢ok lise

ogrencilerini kapsadigint belirtilmistir. Bu ¢aligmalar, genel olarak MOE’lerde
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ogrencilerin modelleme yeterliliklerini gelistirdigini (Biccard, 2010; Blomhoj ve
Jensen, 2003; Kaiser, 2007; Maal}, 2006), 6grenciler yas olarak ne kadar biiyiikse, o
kadar basarili olduklarin1 gostermistir (Henning ve Keune, 2007; Ludwig ve Xu,
2010). Ayrica, varsayimda bulunma (Yildirim, 2019) ile dogrulama ve
gerekgelendirme yeterliliklerinde Ogrencilerin - giiclik yasadiklar1 da ortaya
koyulmustur (Kabar ve Inan, 2018; Kaiser, 2007; MaaB, 2006; Tekin-Dede ve Yilmaz,
2015). Ayrica, Kog¢ (2020) son yirmi yilda yapilan modelleme tezlerini inceleyerek
benzer bulgulara ulasmistir. Bu alanyazin taramasi, ilkokul 6grencileriyle yiiriitiilen az
sayida calismay1 ortaya cikarmistir. Alanyazinda bazi yeterliliklerin belirlenmis
olmasma ve bu yeterliliklerin bir kismimnin o&lgiilebilmesine ragmen, bu alanda
yapilmas1 gereken caligmalar halen devam etmektedir. MaaBl’a (2006) gore,
modelleme yeterlilikleri ve bu yeterliliklere eslik eden sinirlamalar hakkinda az sayida
kapsamli aragtirma vardir. Yine de, sinirli oldugu kabul edilen ¢alismalarin yararli
bilesenleri belirlenmis ve matematiksel modelleme yeterlilikleri ile miihendislik
yeterlilikleri arasindaki iliski arastirilmistir (de Villiers, 2018; Huffman, 2015). De
Villiers (2018) tarafindan yapilan ¢alismada MOE araciligiyla matematiksel
modelleme vyeterlilikleri ile birlikte gelisebilecek 6nemli miihendislik yeterlilikleri
eslestirilmistir. Bu baglamda mevcut c¢aligma, {stiin yetenekli ilkdgretim
ogrencilerinin modelleme yeterliliklerini ve hangi yeterliliklerin ne diizeyde ortaya
ciktigint belirleyerek bu boslugun giderilmesine 6nemli katkilar saglayabilir. Bu
calismada kullanilan cercevenin ¢esitli ortamlarda ve c¢esitli 68renci gruplariyla
dogrulanmas1 sonucunda, ilkégretimde iistiin yetenekli Ggrenciler icin gerceveyi
zenginlestirme ve uyarlama potansiyeline sahiptir. Disiplinlerarasi bir yapiya sahip
olan bu galigma, matematik egitiminin yani sira fen, mithendislik ve iistiin yetenekliler

egitiminde alanyazina 6nemli katkilar saglayabilir.

Bu caligmanin diger bir katkisi, 6grenciler, 6gretmenler ve egitim kaynaklar
tasarimcilar1 agisindan egitim ortamlarina olas1 katkilarmin bulunmasidir. Pratik
olarak, matematiksel modelleme, miihendisligi biitiinlestirmek ve 21. yilizyilin
zorluklarin1 matematik egitimine dahil etmek i¢in bir aracgtir (English, 2017). Bu
baglantilar, iki ana nedenden dolayr kurulabilir: (1) Ogrenciler, matematiksel
modellemede gergek diinya problemleri icin disiplinler arasi bilgiyi kullanirlar ve (2)
bir modelleme siirecini yiiriitmek icin gereken yeterlilikler, 21. yiizyil becerileri ile

onemli Olgiide Ortiisiir (Maass vd., 2019). Matematiksel modelleme deneyimleri,
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onemli miidahale ve yonlendirici desteklerle grup i¢i ve gruplar arasi isbirliklerinin
olusmasina imkan saglar (English & Mousoulides, 2011). Mevcut arastirma, bu
miidahalelerin her birinin, Ogrencilerin modellerini olusturma ve gii¢lendirme
konusundaki ilerlemeleri {lizerindeki etkililigini izlemeyi de amacglamaktadir. Bu
nedenle, bu calismanin bulgular, ilkdgretimde dstiin yetenekli &grencilerin
matematiksel modelleme siirecine iliskin gelecekteki arastirmalar i¢in faydali olabilir.
Yeterliliklerinin ~ belirlenmesi, 6gretmenlere miihendislik temelli MOE’lerin
gelistirilmesinde ve ayrica 6grencilerin ilerlemesine daha fazla destek saglanmasinda
yardimet olabilir. Dolayisiyla bu ¢alismanin bulgulari, dgrencilerin BILSEM’lerde ve
gelecekteki siniflarda modelleme yeterliliklerini gelistirmelerini kolaylastiran 6gretim
yontemleri ve materyallerinin gelistirilmesinde kullanilabilir. Ek olarak, bu ¢aligmanin
bulgulart ilkégretimde {iistiin yetenekli 6grenciler i¢in daha etkili ve destekleyici
egitsel veya Ozel programlarin gelistirilmesini destekledigi i¢in miifredat tasarim

calismalarina katkida bulunabilir.

YONTEM

Arastirma Deseni

Bu caligma {istiin yetenekli ilkogretim 6grencilerinin grup olarak miithendislik temelli
MOE’lerle calisirken sergiledikleri biligsel modelleme yeterliliklerini belirlemeyi
hedefledigi icin arastirma deseni olarak durum c¢alismasi kullanilmistir. Durum sayist,
arastirmacinin ilgisi ve arastirmacinin amaci gibi ozelliklere bagli olarak durum
caligmasinin ¢esitli siniflandirmalart yapilmaktadir (Merriam, 2009; Stake, 2005; Yin,
2009). Stake (2005) durum c¢alismasin1 gercek, aragsal ve kolektif olmak tizere iig
kategoriye ayirmaktadir. Gergek durum g¢aligsmalari bir durumu daha iyi anlamak i¢in
gerceklestirilen calismalardir. Aragsal durum calismalarinda bir konu hakkinda
derinlemesine bilgi edinmek veya belirli bi duruma 11k tutmak amaglanmistir yani
durumun kendisi ikincil 6nemdedir. Diger yandan, kolektif durum ¢alismalari, aragsal

durum ¢aligmalar1 ile ayn1 amaca sahiptir, ancak birden fazla durumu igerir.

Kolektif durum c¢alismasinin kullanilmasi, arag olarak bir dizi bireysel durum
calismasimin derinlemesine arastirilmasini gerektirir. Bu c¢alismada, ilkdgretimde
iistlin yetenekli 6grencilere yonelik etkinliklerin kullanimindan ziyade, 6grencilerin

modelleme vyeterliliklerini belirlemeyi amaglandigindan kolektif durum g¢aligsmasi
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yaklagimi kullanilmigtir. Buna gore, miihendislik temelli MOE’ler aragsal degere
sahip olabilir. Arastirmaci, benzer vakalardaki bulgular1 analiz etmek i¢in benzer
Ozelliklere sahip durumlar1 segebilir (Mills vd., 2009). Bu ¢alisma kapsaminda, K&prii
Insaat1, Mars Lunarcrete ve Dr. Ahmet’in Vasiyeti olmak iizere miihendislik temelli
tic MOE’nin her biri, benzer 6zelliklere sahip aragsal bir durum olarak ele alinmis ve
biitiinciil olarak degerlendirilmistir. [lkdgretimde {istiin yetenekli 6grencilerin tasarim
siirecine dahil olurken modelleme yeterliliklerini arastirmak icin bu 6zel etkinlikler bir
ara¢ olarak kullanilmistir. Bu nedenle, bu calismada durumlar “bagka bir seyi
anlamamiza yardimci olmak™ i¢in ikincil ve destekleyici bir rol oynamaktadir (Stake,

1994, 5.237).
Katilimcilar

Bu calismanin katilimeilarini, Ankara’da bir BILSEM’de bireysel yetenekleri fark
ettirme programimma devam eden 19 dstiin yetenekli ilkogretim Ogrencisi
olusturmaktadir. Arastirmaci, tasarim siirecleri ile ilgili detayl1 bilgiyi {istlin yetenekli
Ogrenci grubundan miihendislik temelli MOE’lerle c¢alisirken elde etmeyi
hedeflediginden amagli 6rneklem kullanmistir. Bu calisma, BILSEM’de vyiiriitiilen yaz
okulu programlar1 kapsaminda gergeklestirilmistir. Bu ¢alismanin amaci ve kapsami
hakkinda oncelikle yoneticiler, 6gretmenler, veliler ve 6grenciler bilgilendirilmistir.
Daha sonra bu g¢alismaya katilmaya goniilli olan 6grenciler yaz okulunun bu
programina basvurmuslardir. Calismanin katilimc1 gruplari veli onayr alindiktan sonra
olusturulmustur. BILSEM’deki yoneticiler yaz okulu programindaki tercih edilen
programlara gore katilimcilar bitirdikleri sinif seviyelerine gore iki gruba ayirmigstir.
Katilimeilarin kimliginin gizli kalmasi i¢in her katilimciya bir numara ve her gruba bir

harf verilmistir. Katilimcilara iliskin demografik bilgiler Tablo 3.1’de sunulmustur.

Tablo 3.1. Katilimcilara iliskin demografik bilgiler

Grup  Katima  Cinsiyet Okul Simif  Yas BILSEM’e
tiirii seviyesi devam
siiresi (yil)
Grup A Ogrenci 1 Erkek Devlet 5 10 1
Ogrenci 2 Kiz Ozel 5 10 2
Ogrenci 3 Erkek Ozel 6 12 2
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Tablo 3.1. (devam)

GrupB  Ogrenci 4 Kiz Ozel 6 11 2
Ogrenci 5 Kiz Devlet 5 10 2
Ogrenci 6 Erkek Ozel 5 10 3
GrupC  Ogrenci 7 Kiz Ozel 6 11 3
Ogrenci 8 Erkek Devlet 5 10 2
Ogrenci 9 Erkek Devlet 6 11 2
Ogrencil0 Kiz Ozel 6 10 3
GrupD  Ogrenci 11 Erkek Devlet 5 10 1
Ogrenci 12 Erkek Devlet 5 10 1
Ogrenci 13 Erkek Devlet 4 9 1
Grup E  Ogrenci 14 Erkek Ozel 4 9 1
Ogrenci 15 Erkek Devlet 4 9 1
Ogrenci 16 Kiz Ozel 4 10 2
Grup F Ogrenci 17 Erkek Devlet 4 9 2
Ogrenci 18 Erkek Devlet 4 9 2
Ogrenci 19 Erkek Devlet 4 9 1

Veri Toplama Aracglar

Bu c¢alismanin veri toplama araglarimi {istiin yetenekli ilkogretim Ogrencilerinin
modelleme deneyimleri ve grup olarak katilimcilarla gerceklestirilen goriismelerin
video kayitlari, caligma yapraklari, arastirmacinin alan notlar1 ve 6gretmenin gozlem
notlar1 olusturmaktadir. Arastirma gergeklestirilirken tiim uygulama siireci video veya

ses kayit cihazi ile kaydedilmistir.
Miihendislik temelli MOE’ler

[Ikdgretimde {istiin yetenekli &grencilere yonelik etkinlikler hazirlanirken bu
ogrencilerin kendine has ozelliklerine hitap eden farklilastirilmis etkinliklerin
ozellikleri belirlenmistir (Ozdemir, 2016). Sonug¢ olarak miihendislik temelli
MOE’lerin ¢ok disiplinli, agik uclu, karmasik ve 0zgiin olmalar1 nedeniyle uygun
etkinlikler oldugu belirlenmistir (Lesh ve Doerr, 2003). A¢ik bir sekilde ifade etmek
gerekirse, bu tir etkinlikler, iistiin yetenekli O6grencilerin 6gretim ihtiyaglarini
karsilama noktasinda zorluk igerir, ilgi ¢ekicidir ve iist diizey diisiinme becerisi

gerektirir (Ozdemir, 2016).

Buna gore, mevcut calismada kullanilan ii¢ miithendislik temelli MOE’ nin tiimii,

matematik ve miithendislik egitiminde MOE’leri tasarlamak i¢in kullanilan alt1 temel

325



ilkeye (Diesfes-Dux vd., 2008) ve bu 6zel grubun, yani ilkdgretimde iistiin yetenekli
ogrencilerin On bilgilerine dayali olarak gelistirilmistir. Bu ¢alisma kapsaminda Koprii
Yapimi, Dr. Ahmet’in Vasiyeti ve Mars Lunarcrete etkinliklerinden yararlanilmistir.
Uc farkli miihendislik temelli MOE’ nin kullanilmasinin amaci, katilimcilar insaat,
mimari ve veri madenciligi miihendisligi gibi c¢esitli miihendislik alanlarma
hazirlamak icin tasarlanmig ¢esitli etkinliklerde biligsel modelleme yeterliliklerinin
analizini yapmaktir. Baska bir deyisle, Koprii Yapimi ve Mars Lunarcrete etkinlikleri,
insaat ve mimar miihendisligini kullanarak bir prototip olusturmay1 igerir. Birincisi
giinliik hayatta sik¢a karsilasilan bir durum iken ikincisi uzayla ilgilidir. Ote yandan
Dr. Ahmet’in Vasiyeti etkinligi iirlin degil, prosediir gelistirmeyi gerektirir. Bu
nedenle arastirmaci, farkli mihendislik temelli MOE formlariyla c¢alisirken
ilkdgretimde {istiin yetenekli ogrencilerin biligsel modelleme yeterliliklerini

arastirmay1 amaglamaktadir.

Odak Grup Goriismesi

[Ikdgretimde {istiin yetenekli dgrenciler grup olarak miihendislik temelli MOE’lerle
calisirken grup olarak modelleme yeterliliklerini arastirmak amaglandigi i¢in bu
calismada odak grup goriismesi yapilmistir. Odak grup goriismesi, odak gruba katilan
bireylerle belirli bir konu hakkinda goriismeler yaparak veri toplama siireci olarak
ifade edilmektedir (Merriam, 2009). Odak grup goriismesi, goriisiilen kisiler
arasindaki etkilesimin en 1iyi bilgiyi vermesi ve birbirleriyle isbirligi yapmasi
muhtemel oldugunda kullanilabilecek yararli bir aractir (Frankel ve Wallen, 2006).
Siire¢ boyunca her oturumun sonunda arastirmact 6grencilerle odak grup goriismesi
yapmis ve Ogrencilerden her boliimde ne yaptiklarmi agiklamalarmi istemistir.
Aragtirmaci tasarim siirecinde diisiincelerini ortaya g¢ikarmak i¢in neden ve nasil
sorularin1 yoneltmistir. Koprii Yapimi etkinliginin ilk boliimiiniin sonunda gruplara
sorulan bazi érnek sorular su sekildedir. Ornegin; a) Ciziminizde kdpriiniizii ne
yapmay1 planladiginizi anlatir misiniz? (b) Ne tiir bir koprii insa edeceksiniz? (c)
Hangi malzemeleri kullanacaksiniz? (d) Kopriiyii inga ederken diislindiigliniiz en
onemli sey neydi? (e) Hangi sekilleri kullanacaksiniz ve neden? (f) Kopriiniizii nasil
yeterince gii¢lii hale getireceksiniz? (g) Kopriiniiziin maliyeti ne olacak? seklindeki

sorular gruba yoneltilmistir.
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Arastirmacinin Alan Notlari

Mevcut calismada, arastirmaci katilimci-gézlemci olarak hareket etmis ve her
bolimden hemen sonra gdzlemlerini uygun sekilde belgelemistir. Ozellikle,
ilkogretimde iistlin yetenekli 6grencilerin grup olarak miihendislik temelli MOE’lerle
calisirken ilging bir tartigma, beklenmedik bir durum ve katilimcilarin kendine 6zgii

davraniglar1 oldugunda arastirmaci tanimlayici notlar almistir.

Gozlem Notlar:

Katilime1 olmayan gozlemci, katilimcilar tarafindan yiiriitiilen etkinliklere katilmadan
arastirma ortaminda bulunan ve notlar alan gozlemcidir (Creswell, 2012; Merriam,
2009). Mevcut ¢alismada, BILSEM’deki fen bilgisi dgretmeni katilimci olmayan
gozlemci olarak gorev almistir. Gozlemlerine dayali olarak ekte verilen gézlem formu

dogrultusunda bazi notlar almis ve arastirmaci ile paylagsmustir.

Veri Toplama Siireci

Bu c¢aligmada veri toplama siireci, etkinliklerin hazirlanmasini, pilot ¢alismay1 ve asil
uygulamayi igermektedir. Pilot ¢alismanin uygulanmasina baslamadan énce ODTU
Etik Kurulu’'ndan ve Milli Egitim Bakanligi’ndan ilgili yasal izinler alinmustir.
Etkinliklerin baglami, ilgili alanyazin incelenerek arastirmaci tarafindan
gelistirilmistir. Pilot uygulama 6ncesinde etkinliklerin taslaklar1 BILSEM’deki fen,
matematik ve teknoloji Ogretmenlerine sunulmus ve geri bildirimleri alinmistir.
Uzman goriisii alma siirecinde fen ve matematik derslerinin oldugu zamanlarda
aragtirmaci arastirma ortaminda bulunmus, 6grenci ve dgretmenlerin arastirmaciyi
ortamda kabul etmesi ve yabancilasmamasi i¢in 6gretmen ve Ogrencilerle zaman
gecirmistir. BILSEM deki 6gretmenlere ek olarak, fen, teknoloji ve matematik egitimi
ve miihendis gibi c¢esitli alanlardan uzman goriisii alinarak etkinliklerin son hali,
BILSEM de bireysel yetenekleri fark ettirme programinda matematik ve fen derslerine
devam eden iistiin yetenekli Ogrencilere uygulanmistir. Bu yaklagim sayesinde
aragtirmaci, Ustlin yetenekli Ogrencilerin asil g¢alisma Oncesindeki davraniglari
hakkinda fikir sahibi olmanin yani sira egitim siireclerini de izleyebilmistir. Bu siiregte
ogrencilerin dogal davraniglarini etkilememek icin kayit yapilmadan siniflarda tutulan

video kamera, ses kayit cihazi gibi materyaller kullanilmigtir. Pilot ¢alismanin

327



analizinin ardindan etkinliklerin son hali BILSEM’deki yaz okulunda uygulanmustir.

Son olarak, asil ¢alismadan elde edilen veriler analiz edilmis ve raporlanmstir.

Verilerin Analizi

Bu caligma, iistiin yetenekli ilkdgretim 6grencilerinin miithendislik temelli MOE’ler ile
calisirken biligsel modelleme yeterliliklerini aragtirmayr ve grup olarak biligsel
modelleme yeterliliklerini ve ilgili alt modelleme yeterliliklerini ne Olgiide
sergilediklerini belirlemeyi amaglamaktadir. Buna bagli olarak, elde edilen veriler, de
Villiers (2018) tarafindan onerilen biligsel yeterlilik siniflandirmasinin adapte edilmis
sekline dayali olarak analiz edilmistir. Yedi biligsel modelleme yeterliligi;
i¢sellestirme, yorumlama, yapilandirma, sembolllestirme, uyarlama, diizenleme ve
genellemeyi icermektedir. Ayrica, gruplardaki istiin  yetenekli ilkdgretim
ogrencilerinin miihendislik temelli MOE’ler (K6prii Yapimi, Mars Lunarcrete ve Dr.
Ahmet’in Vasiyeti) ile calisirken bu tiir biligsel modelleme yeterliliklerini ne 6l¢iide
sergiledikleri, de Villiers (2018) tarafindan Onerilen grup modelleme yeterliligi
gdzlem kilavuzunun uyarlanmis sekline dayanarak analiz edilmistir. Ozetle, ilgili
matematiksel modelleme ve mihendislik alt yeterliliklerini tanimlayan bilissel
modelleme yeterlilik ¢ercevesi, her bir biligsel modelleme yeterliliginin ve ilgili alt
modelleme yeterliliginin ayrintilarint agiklamak i¢in kullanilmistir. Ayrica her bir
diizeyin detaym sifirdan iice kadar olan puanlarla tanimlayan biligsel modelleme
yeterlilik dereceli puanlama anahtari, gruplarin bilissel modelleme yeterlik diizeylerini

belirlemek i¢in kullanilmistir.

Kodlama stirecinde iki yaygin analiz yontemi vardir: (a) aragtirmacilarin kavramsal
bilgilerine dayali olarak kodlar olusturduklar1 agik kodlama yaklagimi; (b)
arastirmacilarin olgulara veya alanyazindaki bulgulara dayali olarak gelistirilen
kodlar1 kullandig1 énceden belirlenmis kodlarin kullanilmas: (Creswell, 2012). Tlgili
alanyazinin gozden gegirilmesinden sonra, de Villiers (2018) tarafindan saglanan
cergeve ve dereceli puanlama anahtarini kullanarak miihendislik temelli MOE’lerle
calisirken {istlin yetenekli 6grencilerin modelleme yeterliklerinin analizi yapilmistir.
Bu calismadan elde edilen veriler dogrultusunda bahsedilen ¢ergeve ve dereceli

puanlama anahtar1 uyarlanarak verilerin analizinde kullanilmistir.
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BULGULAR VE TARTISMA

Bu béliimde arastirma sorularina yanit verecek sekilde mevcut ¢calismadan elde edilen
bulgular, yedi biligsel modelleme yeterliligi ekseninde sunulmaktadir. Diger bir
deyisle, lstlin yetenekli ilkdgretim ogrencilerinin miihendislik temelli MOE’ler
tizerinde grup olarak c¢alisirken sergiledikleri modelleme yeterlilikleri ve bu
modelleme yeterliliklerini ne derecede gosterdikleri incelenmekte ve tartisilmaktadir.
Uc¢ miihendislik temelli MOE’den elde edilen verilere dayanarak, yedi bilissel
modelleme yeterliligi ve her bir bilissel modelleme yeterliligine iligskin alt modelleme
yeterlilikleriyle birlikte ele alinmistir. Daha agik bir ifadeyle, her bir bilissel
modelleme yeterliligi kendi alt modelleme yeterlilikleri ve bunlarin miihendislik ve
matematiksel modelleme alt yeterlilikleri ile ilgili gostergeleri {izerinden

incelenmistir.

[lk bilissel modelleme yeterliligi olan icsellestirme; problemi anlama, ilgili bilgileri
toplama, durumu basitlestirme, etik degerlendirme ve esneklik ve yenilik alt
modelleme yeterlilikleri baglaminda kategorize edilmistir. De Villiers (2018)
tarafindan Onerilen c¢erceveye ek olarak, mevcut caligmanin verilerinden etik
degerlendirme ve esneklik ve yenilik alt modelleme yeterlilikleri ortaya ¢ikmistir.
Problemi anlama alt modelleme yeterliligine iliskin bulgulara goére, tiim gruplardaki
iistiin yetenekli ilkogretim Ogrencileri, i¢sellestirme alt yeterliligine iliskin 6rnek
gostergeler sergilemislerdir. Ogrencilerin hepsi agik bir sekilde ana konulari
tanimlayip Ozetlemis ve neden problem olduklarini agik bir sekilde agiklamistir.
Boylece, iistiin yetenekli ilkogretim 6grencileri igin problemi anlamanin ne basit ne de
dogrudan bir yeterlilik olmadigi ortaya cikmistir. Yukarida tartisilan birinci alt
modelleme yeterliligine benzer sekilde, tiim gruplardaki ilkdgretimde tistiin yetenekli
ogrenciler, ikinci igsellestirme alt modelleme yeterliligi, ilgili bilgileri toplama
konusunda da 6rnek gostergeler sergilemislerdir. Ozel olarak, miihendislik temelli
MOE’lerle ¢alisirken, kolayca goriinmeyen gizli veya ortiik bilgileri ortaya ¢ikarmiglar
ve problem durumu igin ilgili tim bilgileri kullanmislardir. Ilkdgretimde iistiin
yetenekli 6grenciler tiim gruplarda igsellestirmenin bir diger alt modelleme yeterliligi
olan durumu basitlestirmede ¢oklu temsiller kullanarak o6rnek gostergeler
sergilemislerdir. Yukarida bahsedilen igsellestirme alt yeterliliklerinden farkli olarak,

mevcut calismanin veri analizinden etik degerlendirme modelleme alt yeterliligi
329



ortaya ¢cikmistir. Tiim gruplar, etik degerlendirme alt modelleme yeterliligini 6rnek
seviyede sergilemistir. Daha net bir sekilde ifade etmek gerekirse, tiim gruplar temel
etik sorunu, ilgili ve etkilenen taraflar1 ve ayrica miihendisligin insanlar1 ve yerleri
nasil etkiledigini agikca belirleyerek ornek seviyede etik degerlendirme modelleme alt
yeterliligi sergilemistir. Bu ¢alismanin bulgularindan ortaya c¢ikan bir diger
icsellestirme modelleme alt yeterliligi ise esneklik ve yeniliktir. I¢sellestirmenin diger
alt modelleme yeterliliklerinden farkli olarak, farkli miihendislik temelli MOE’lerde
gruplar farkli derecelerde esneklik ve yenilik gostermistir. Dr. Ahmet’in Vasiyeti
etkinligindeki her iki grup ve Mars Lunarcrete etkinligindeki C grubu, bu alt
modelleme yeterliligini yeterli diizeyde gostermistir. Bu ¢caligmadaki alt1 grubun tiimii,
verilere biiylik 6l¢iide esneklik sunmustur. Bununla birlikte, 6rnek diizeyde esneklik
ve yenilik sergileyen gruplar, yeni ve benzersiz ¢oziimler gelistirmek i¢in 6zgiin
fikirler de ortaya koyarken, yeterli diizeyde esneklik ve yenilik sergileyen gruplarda

bu gdsterge bulunamamastir.

Ikinci bilissel modelleme yeterliligi olan yorumlama; varsayimda bulunma,
Ozelliklerin belirlenmesi ve kosullarin ve smirliliklarin belirlenmesi seklinde alt
modelleme vyeterlilikleri baglaminda incelenmistir. Yorumlama modelleme
yeterliginde bir 6nceki boliimde oldugu gibi yeni bir alt modelleme yeterligi ortaya
cikmamis olsa da, alt modelleme yeterliklerine ait olan 6zelliklerin belirlenmesi, kosul
ve sinirliliklarin belirlenmesine ait 6rnek diizey gostergeleri calismadan elde edilen
verilere gore genisletilmistir. Bu c¢alismanin bulgularina gore, alti grubun tamami
ornek bir diizeyde varsayimda bulunma alt modelleme yeterliligini sergilemistir.
Bagka bir deyisle, gruplar halindeki iistiin yetenekli 6grenciler yenilik¢i ve anlayish
varsayimlar sergilemis ve varsayimlarin sonuglari igin agik ve tutarh bir degerlendirme
gostermislerdir. Yorumlama yeterliliginin bir diger alt modelleme yeterliligine
bakildiginda, bu c¢alismadaki tiim gruplar, 6zelliklerin belirlenmesi alt modelleme
yeterligini drnek derecede gostermistir. Ozellikle, ilkogretimde iistiin yetenekli
ogrenciler, problemdeki onemli miktarlari, degiskenleri ve ayrica pratik, ekonomik,
sosyal, cevresel, kalite giivencesi ve giivenlik faktorlerini goz oniinde bulundurarak
problemle nasil iligki kurduklarin1 fark etmistir. Tiim gruplar, kosullarin ve
sinirliliklarin belirlenmesini yani yorumlamanin son alt modelleme yeterliligini de
ornek bir diizeyde gostermistir. Bir bagka ifadeyle, ilkdgretimde istlin yetenekli

ogrenciler, insanlarin, malzemelerin, donanimlarin, araglarin ve finansmanin verimli
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kullanim1 ve etkilesimi agisindan acik kosullar ve sinirliliklart gozeterek agiklama

yapmislardir.

Uciincii bilissel modelleme yeterliligi olan yapilandirma, yenilik¢i planlama ve
tasarim ile iliski kurma alt modelleme yeterlilikleri baglaminda incelenmistir.
Yenilik¢i planlama ve tasarim modelleme alt yeterliliginden elde edilen bulgular,
mihendislik temelli farkli MOE’lerdeki gruplarin bu alt modelleme yeterliliginde
degisen seviyelerde yeterlilik sergiledigini gostermektedir. Dr. Ahmet’in Vasiyeti
etkinligindeki her iki grup alt modelleme yeterliligini yeterli diizeyde sergilerken,
Koprii Yapimi ve Mars Lunarcrete etkinliklerindeki diger gruplar, yenilik¢i planlama
ve tasarim modelleme alt yeterliligini 6rnek diizeyde gostermistir. Bir baska ifadeyle,
diger gruplar, sorunu agiklamak ve E ve F gruplar tarafindan olusturulan dogru bir
modeli tamamlamak icin ¢oklu temsillerle durumsal modeller kurmak i¢in yenilik¢i
planlama ve tasarim kullanmistir. Bu farkligin nedeni Dr. Ahmet’in Vasiyeti
etkinliginde, Ogrencilerin prototipler yerine prosediirii olusturmalar1 olabilir.
Dolayisiyla, E ve F gruplarindaki tstiin yetenekli ilkdgretim 6grencileri durumsal
modellerini olusturmadan 6nce problem durumunu ayrintili olarak tartistiklart icin
beklenmedik durumlarin meydana gelme olasiligi azalmis olabilir. Yapilandirma
yeterliliginin iliski kurma modelleme alt yeterliligi ile ilgili olarak, tiim gruplar bu alt
modelleme yeterliligini 6rnek diizeyde gostermistir. Daha agik bir sekilde ifade etmek
gerekirse, ilkogretimde TUstlin yetenekli Ogrenciler gruplar halinde, karsilikli
bagimlilik, etkilesimler ve faktorlerin goreceli dnemini géz Oniinde bulundurarak
problemlerin ¢6ziimii i¢in genel bir kural, formiil, strateji, model veya prototip
olusturmustur. Baska bir deyisle, bu calismanin bulgulari, miihendislik temelli
MOE’lerle calistiklarinda, tim gruplarin temel degiskenler arasinda iliskiler

belirledigini ve kurdugunu gdstermistir.

Dordiincii biligsel modelleme yeterliligi olan sembollestirme; uygun sembolleri
secme, sembolleri kullanma, problemlere metodik yaklagma ve disiplinler arasi bilgiyi
uygulama alt modelleme yeterlilikleri altinda kategorize edilmistir. Ayrica, de Villiers
(2018) tarafindan Onerilen gergeve, bu ¢alisma sonucunda disiplinler arasi bilgiyi
uygulama yeni modelleme alt yeterliligini de igerecek sekilde giincellenmistir. Bu
caligmanin bulgulari, tiim gruplarin uygun sembolleri segme modelleme alt

yeterliligini 6rnek bir diizeyde sergilediklerini gostermistir. Bu, ilkdgretimde {istiin
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yetenekli Ogrencilerin uygun bir ¢oziime gotlirecek matematiksel, bilimsel veya
miithendislik araclarini sectikleri anlamia gelmektedir. Ayrica, mithendislik temelli
MOE ’lerin disiplinler aras1 dogas1 nedeniyle 6grencilerin sadece uygun matematiksel
araclar1 degil, aym1 zamanda bilimsel ve miihendislik araglarmi da sectiklerini
gostermektedir. Ote yandan, tiim gruplar sembolleri kullanma alt modelleme
yeterliliginde Ornek teskil edecek diizeyde sergilememistir. Képrii Yapimi ve Dr.
Ahmet’in vasiyeti etkinliklerindeki gruplardan biri sembolleri kullanma alt modelleme
yeterliligini yeterli diizeyde sergilemistir. Modellerinde kullanilan sembolleri dogru
bir sekilde agiklamislar ve tanimlamislardir. Bununla birlikte, sembolleri kullanma alt
modelleme yeterliligini 6rnek diizeyde sergileyen gruplar, problemle ¢alismak icin
olasi alternatif yontemler de sunmuglardir. Sembollestirmenin diger bir modelleme alt
yeterliligi olan problemlere metodik yaklasmanin 6rnek gostergeleri tiim gruplar
tarafindan sergilenmistir. Yani, akil yiiriitmelerinin tiim yonleri tamamen dogruydu ve
durumun yapisin1 tatmin edici bir ¢dziime doniistiirmiislerdir. Ozellikle ilging bir
bulgu, disiplinler aras1 bilgiyi uygulama gibi yeni ortaya c¢ikan sembollestirme
modelleme alt yeterliligidir. Problemleri ¢d6zmek icin disiplinler arasi bilginin
uygulanmasi ile tiim gruplar tarafindan iistlenilen derinlemesine arastirmalar, bu alt
modelleme yeterliliginin 6rnek bir gostergesini yansitmaktadir. Alti grubun timiinde
ogrenciler, miihendislik problemlerine c¢oziimler gelistirme ve gerekcelendirme
girisimlerinde mevcut teknolojileri, miithendisligin farkli bilesenlerini, birime dayali

olan ve olmayan fen ve matematik igeriklerini tartigmistir.

Besinci olarak, uyarlama modelleme yeterliligi; de Villiers tarafindan onerilen
iyilestirme ve test etme, agiklama, zarif bir ¢6ziim tiretme alt yeterliliklerinin yani sira
uyarlanabilme ve aktarilabilme ile yaratici yaklasim modelleme alt yeterlilikleri
lizerinden incelenmistir. Oncelikle, bu calismanin bulgulari, tiim gruplarin, iyilestirme
ve test etme modelleme alt yeterliligini 6rnek bir diizeyde sergiledigini gostermistir.
Diger bir ifadeyle, tim gruplar problemlerin altinda yatan yapiy1 diger benzer
problemlerle iliskilendirmistir. Baz1 gruplar modelin pargalarini iyilestirmeyi tercih
ederken, diger gruplar gelistirdikleri ¢oziimlerin yeni duruma uymamast durumunda
tiim modelleme siirecinden tekrar gegmistir. Ornegin, Dr. Ahmet’in Vasiyeti
etkinligine dahil olan gruplarin higbiri yeni durum i¢in ilk ve son tercihlerini
degistirmemistir, ancak diger secenekleri degistirmistir. Ote yandan, Koprii Yapimi

etkinliginde B grubu, yeni malzeme kullanarak yeni bir durum i¢in tamamen yeni bir
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koprii inga etmeye karar vermistir. Sonu¢ olarak, bu c¢alismadaki tiim gruplar,
modellerini tamamen veya kismen iyilestirerek degisen kosullarla ilgilenmistir.
Aciklama alt modelleme yeterliligine bakildiginda, farkli miihendislik temelli
MOE’lerdeki tim gruplarin 6rnek bir agiklama diizeyi sergiledigi goriilmektedir.
Bagka bir sekilde sOylemek gerekirse, Ogrenciler modellerini uyarlarken akil
yiiriitmelerine iliskin derinlemesine agiklamalar yapmiglardir. Bulgular, ilkogretimde
iistiin yetenekli 6grencilerin sadece problem durumunu etkileyebilecek miktarlar1 ve
degiskenleri tanimakla kalmayip, ayn1 zamanda sasirtic1 bir sekilde ilgili ve etkilenen
taraflar1 ve beklentilerini de belirlediklerini gdstermektedir. Ozellikle, MOE’lere
katilim sirasinda miihendislik faaliyetinin ¢evresel etkilerini de belirlemisglerdir.
Uyarlamanin bagka bir alt yeterliligi olarak zarif bir ¢dziim iiretme modelleme alt
yeterliliginde, alti1 grubun timi O6rnek diizeyde modelleme alt yeterliligini
sergilemistir. Yani ¢6ziimlere gotiiren zarif yaklasimlar kullanmiglardir. Bununla
birlikte, ¢esitli gruplar, c¢esitli yaklasimlarda alt modelleme yeterliliginin 6rnek
gostergelerini sergilemistir. Baz1 gruplar en az malzeme ve ¢abayla en zarif ¢oziimii
ararken, diger gruplar bunu uygun yontem ve malzemelerle gerceklestirmistir. Buna
bagli olarak, 6grenciler miihendislik etkinliginin olumsuz etkilerini azaltmak ve
istenen ¢oziimii en list dlizeye ¢ikarmak i¢in dnlemler 6nermislerdir. Yeni ortaya gikan
uyarlama modelleme yeterliliginin, uyarlanabilme ve aktarilabilme alt yeterliligi
mevcut ¢aligmanin en ¢arpici bulgularindan biridir. Tiim gruplar, yeni duruma kolayca
uyum saglayarak ve onceki bilgilerini okul i¢inde veya disinda aktararak bu alt
modelleme yeterliliginin 6rnek gostergelerini sergilemiglerdir. Bu ¢alismanin bir diger
carpict bulgusu, yeni bir alt modelleme yeterliligi olan, yaratici yaklagimin ortaya
cikmasidir. Cesitli miihendislik temelli MOE’lerle ¢alisan gruplar, bu alt yeterliligi
farkli seviyelerde sergilemistir. Her mithendislik temelli MOE’deki gruplardan biri
yaratici yaklagim alt modelleme yeterliliginin 6rnek bir gostergesini sergilerken, diger
grup aym sekilde yeterli diizeyde bir gdsterge sergilemistir. Ornek diizeyinde olanlar,
sorunlar1 ¢6zmek igin yaratici bir yaklagim sergilemis ve bu yaklasimin altinda yatan

nedenleri de agiklamislardir.

Altinci biligsel modelleme yeterliligi olan diizenleme; modelleme alt yeterlikleri olan
degerlendirme ve yargilama, yansitma ve detaylandirma agisindan incelenmistir. Bu
calismanin bulgulari, de Villiers (2018) tarafindan Onerilen cerceveye ek olarak

detaylandirma alt modelleme yeterliliginin ortaya ¢ikmasina neden olmustur. Genel
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olarak, bu calismanin bulgulari, alti grubun hepsinin 6rnek bir degerlendirme ve
yargilama alt modelleme yeterliligi sergiledigini ortaya koymustur. Bir bagka ifadeyle,
gruplar ger¢ek yasam durumlari veya onceki igeriklerle yapilan agik baglantilarin yani
sira kapsamli analiz, sentez ve degerlendirme sunmustur. Diger yandan, bu ¢alismanin
bulgulari, Dr. Ahmet’in Vasiyeti etkinligi disindaki gruplarin, yansitma alt modelleme
yeterliligini 6rnek diizeyde sergiledigini gdstermistir. Ote yandan, bu etkinlikteki her
iki grup da yeterli diizeyde yansitma modelleme alt yeterliligi sergilemistir. Daha acik
bir sekilde ifade etmek gerekirse, tiim gruplar kendi diisiincelerindeki giliclii ve zayif
yonleri belirlediler, ancak diger bakis agilarini karsilastirirken sorunla ilgili alternatif
bakis acilarini da fark etmislerdir. Ayrica 6rnek gostergeler sergileyen gruplar, bunlart
alternatif bakis agilart baglaminda da degerlendirmislerdir. Farkli gruplardaki
Ogrenciler, tiim siire¢ boyunca miihendislik temelli MOE’ler ile calisirken, ¢oziimleri
ve modelleri tizerinde kritik kontroller yapmistir. Mevcut ¢calismanin bulgularina gore,
tim gruplar kendi deneyimlerini ve diisiincelerini yansitmiglardir. Yansitma alt
modelleme yeterliligine benzer sekilde, Dr. Ahmet’in vasiyeti etkinligindeki iki grup,
detaylandirma alt modelleme yeterliligini yeterli derecede gosterirken, diger dort grup
ornek teskil edecek diizeyde gostermistir. Alt modelleme yeterliligini yeterli diizeyde
sergileyen gruplar, fikirlerinin agiklanmasinda 6nemli ayrintilar saglayarak siirecin
teknik genisligini ve derinligini sunmustur. Ote yandan, 6rnek diizeyde alt modelleme
yeterliligi sergileyen diger gruplar, fikirlerinin agiklanmasinda daha fazla ayrintiya yer

vermistir.

Son boliimde ise genelleme biligsel modelleme yeterliligi, benzer iliski kurma, genel
veya bagimsiz akil yiiriitme ve kullanimi kolay model olusturma alt modelleme
yeterlikleri acisindan incelenmistir. Benzer iliski kurma modelleme alt yeterliligine
iligkin olarak, alt1 grubun tamami bu alt yeterliligin 6rnek gostergelerini sergilemistir.
Buna dayanarak, istiin yetenekli 6grenciler genellemelerini ger¢ek yasam ve diger
disiplinlerle baglantili olarak olusturmustur. Bunun 6tesinde, bulgular, ilk6gretimde
iistlin yetenekli 6grencilerin karsilikli bagimlilig, etkilesimleri ve faktorlerin goreceli
Oonemini, de Villiers (2018) tarafindan Onerilen benzer iliski kurma modelleme alt
yeterliliginin 6rnek gostergelerinden farkli olarak diistindiiklerini ortaya koymustur.
Genelleme modelleme yeterliliginin baska bir alt yeterliligine devam edildiginde, alt1
grubun tamami ornek bir genel veya bagimsiz akil yliriitme alt modelleme yeterliligi

sergilemistir. Ozellikle, belirli bir durumda genellemeleri kolayca belirleme yetenegini
334



gostermis ve ayrica bir ¢oziimii kanitlamak i¢in tiimdengelim yoluyla akil yiiriitme
kullanmiglardir. Son olarak, farkli miihendislik temelli MOE’lerdeki gruplar,
kullanimi kolay model olusturma yeterliligini farkli seviyelerde gdstermistir. Mars
Lunarcrete etkinliginde D grubu ve Dr. Ahmet’in Vasiyeti etkinliginde F grubu
disinda, diger gruplar bu alt modelleme yeterliligini yeterli diizeyde sergilemistir. D
ve F grubu modelleri diger durumlara kolayca uyarlanabilirken ve tahminleri
dogruyken, diger gruplarin modelleri diger durumlar i¢in bir model olarak kullanmak

i¢in kiiciik basitlestirmelere ihtiya¢ duymustur.

Uygulamalar icin Oneriler

Bu calismanin bulgulari, istiin yetenekli dgrenciler i¢cin 6gretimi farklilastirmada
mihendislik temelli MOE’lerin etkili araglar olarak uygulanabilecegini ortaya
koymaktadir. Miihendislik temelli MOE’lerin karmasik, disiplinler arasi ve esnek
dogasi, bu etkinlikleri tistiin yetenekli 6grencilerin genellikle yasadiklari can sikintisi,
zorluk eksikligi ve motivasyon gibi sorunlarin listesinden gelmek i¢in 6nemli bir arag
haline getirebilir (Mann vd., 2011). Bu calismada, {istiin yetenekli Ogrenciler,
beklenmedik durumlarla karsi karsiya kalsalar bile siire¢ boyunca gorev baglilig
gostererek modellerini gelistirmek i¢in kararlt adimlar atmislardir. Mevcut ¢alismanin
bulgulari, miihendislik temelli MOE’lerin ilkdgretimde iistiin yetenekli 6grencilerin
modellerini insa etmek ve giiclendirmek ig¢in isbirlik¢i bir 6grenme ortamina
katilmalarii sagladigin1 ortaya koymaktadir. Bu baglamda, 6grencilere kendi bakis
acilarin1 grup lyelerinin bakis acilariyla birlestirerek ve bdylece kendilerinin ve

bagkalarinin bakis agilarini da yansitarak gortislerini diga vurma firsatlar1 verilebilir.

Bu calismanin bir baska sonucu da istiin yetenekli ilkdgretim ogrencilerinin
ogretmenleri ile ilgilidir. Tlgili alanyazin, hem heterojen hem de homojen simiflardaki
istiin yetenekli Ogrencilerin Ogretmenlerinin iistiin yetenekli ogrencilere 6zgi
ihtiyaclarmi karsilamak i¢in uygun farklilagtirma stratejilerine ihtiya¢ duyduklarini
gostermektedir (Bildiren ve Citil, 2021; Reis vd., 2004). Ozellikle, etkinligin yapisi ve
etkili 6gretim stratejilerinin kullanilmasi iistiin yetenekli 6grencilere egitim verilirken
bilyiik dnem tagimaktadir (Diezmann ve Watters, 2000). BILSEM’lerde tam olarak
yapilandirilmig bir 6gretim programi ¢ergevesinin olmamasi (Cetin ve Dogan, 2018)
ve normal okullarda iistiin yetenekli 6grencilerin ihtiyaclarini karsilamak icin izlenen

0zel 6gretim programlarinin eksikligi goz oniine alindiginda, mevcut ¢aligma tistiin
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yetenekli 6grencilerin ve 6gretmenlerinin goriisleri dogrultusunda uygulanan ve revize
edilen 6rnek miihendislik temelli MOE’ler sunmaktadir. Dolayisiyla 6gretmenler bu
tiir etkinlikleri smiflarina uyarlayarak uygulayabilir veya miihendislik temelli
MOE’lerin o6zelliklerini ve lstiin yetenekli 6grencilerin 6gretim ihtiyaglarini goz

ontinde bulundurarak benzer etkinlikler gelistirebilirler.

Mevcut ¢alismanin bir diger sonucu, egitim kaynak tasarimcilar ile ilgilidir. Bildiren
ve Citil (2021) tarafindan belirtilen BILSEM’de iistiin yetenekli ogrencilerin
ihtiyaclarini karsilamaya yonelik etkinliklerin gelistirilmesi ve uygulanmasi ile ilgili
sorunlar géz Oniine alindiginda, mevcut ¢alismanin bulgulari, mithendislik temelli
MOE’lerin 6grencilere egitim firsatlar1 sagladigini gostermektedir. Bu tiir sorunlari
asmak i¢in, BILSEMde iistiin yetenekli dgrencilere sunulan grenme ortamlarmda bu
Ogrencilerin potansiyellerini en iist diizeye ¢ikarma gerekliligi dogrultusunda (MEB,
2012), bu ¢alismanin bulgulari, bireysel yetenekleri fark ettirme programina devam
eden Tlstliin yetenekli ilkdgretim 6grencileri i¢in miihendislik temelli MOE’lerin
uygulanmasina iligkin uygulama 6rnekleri sunmaktadir. Bu etkinlikler, bu programlara
devam eden {istiin yetenekli 6grencilerin yaraticiliklarini ve giiglii olduklar: alanlari

ortaya ¢ikarmada kullanilabilir.

Bireysel yetenekleri fark ettirme programlarinda iistlin yetenekli 68rencilerin 6zgiin
yetenek ve potansiyellerini gergeklestirmelerine yardimei olmak igin yaraticilig tesvik
eden etkinlikler gelistirilmekte ve uygulanmaktadir (MEB, 2012). Buna bagl olarak,
bu ¢alismanin bulgular1 miihendislik temelli MOE’lerin 6grencilerin yaraticiligini
ortaya c¢ikardigr c¢ikariminda bulunmustur. Alanyazinda da belirtildigi gibi
(Chamberlin vd., 2013; Chamberlin ve Moon, 2005), miihendislik tabanli MOE’ler de

farkli alanlarda yaraticiligl tanimlamak i¢in bir arag olarak kullanilabilir.
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