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egitimine gegiste muhendislik ile okul matematigi arasinda kopri kurmak igin bir arag
Makale Gegmisi: olarak kullanilip kullanilmayacagini incelemektir. Bu amagla, arastirmacilar matematik
Gelis 23.11.2021 6gretmeni ile birlikte galisarak disiplinlerarasi bir dogaya sahip "Trafik Isiklari Problemi"
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uygulanmistir.  Problemin ¢6ziim sirecinde Ogrenciler matematik, fen bilimleri,

teknoloji ve miihendislik bilgilerini buttnlesik bir yapida kullanarak kendi matematiksel
ve bilimsel fikirlerini ortaya atmis, bu fikirlerini grup ici tartismalarla destekleyerek
birbirinden farkli modeller (triin) ortaya koymuslardir. Gruplarin problem ¢ézme
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dogasi geregi karmasik yapida olmasi gibi nedenlerin etkili oldugunu sdylemek
mimkiindir. Elde edilen bulgular 1siginda trafik 1siklari modelleme probleminin
disiplinlerarasi bir dogaya sahip oldugu goriilmis, bu problemin STEM egitimi igin
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Introduction

In today's dynamic and digital societies, mathematics, science, medicine, social sciences, finance,
engineering, economics and many other areas consist of complex systems. Complexity, formed of
interconnected and hard to understand parts, has led to significant scientific methodological
developments (Sabelli, 2006). With the spread of complex systems, new technologies have emerged for
communication, collaboration and conceptualization, and these technologies have led to significant
changes in the mathematical and scientific thinking styles required outside the classroom environment,
such as producing, analyzing, working on and transforming complex data (English & Sriraman, 2010).
These changes brought along new educational approaches. STEM is also one of these educational
approaches. STEM education is an educational approach designed to meet the need of educating
creative individuals in science, technology, engineering and mathematics fields, who think
systematically, provide a critical perspective, transfer their learning to new and different problems, and
are increasingly needed. One of the main objectives of STEM education is to train scientifically literate
individuals (Shaughnessy, 2013). In the training of these individuals, especially in the addition of
engineering experience, primary and secondary schools remain limited compared to other stages
(Holmes, Rulfs, & Orr, 2007; Stohlmann, Moore, & Roehrig, 2012).

STEM education has begun to be implemented in secondary schools and universities, beginning with
primary schools in many countries of the world (Korea, Japan, Germany, China), principally in the United
States (Common Core State Standards Initiative, 2012). There are institutions such as STEM Education
Coalition, which has a role as a roof in STEM education and has developed policies in this regard
(Akgiindiiz et al., 2015). In addition, other initiatives such as the US National Engineering Academy's
Great Challenges for Engineering have contributed to efforts to advance STEM participation (National
Academy of Engineering, 2012). Just as in the US, Australia also emphasizes STEM education. Recent
years' reports emphasize the importance of increasing student participation in STEM fields, which are
seen as powerful tools for promoting innovative, inventive and economic development (Engineers
Australia, 2009; Tytler, Osborne, Williams, & Cripps Clark, 2008). Malaysia also referred to the need for
STEM education and there are studies showing that STEM teachers educational programs in this country
have positively increased teachers' interests, attitudes, proficiency perceptions and knowledge towards
STEM (Osman and Saat, 2014; Shahali et al., 2015). India is also one of the countries, speaking of the
need to develop and increase the number of talented students in the field of STEM (Kurup, Chandra &
Binoy, 2015).

STEM Education in Turkey

It is observed that STEM education approach is adopted in the Science Education Program (2017)
prepared by the Ministry of National Education in our country. Among the basic skills of the curriculum
are "Engineering and Design Skills". This skill involves integrating science with technology, mathematics
and engineering, giving problems a cross-disciplinary point of view, to reach the students to the level of
performing discovery and innovation.

Studies and projects carried out at universities in our country related to STEM education are limited
(Corlu, 2013). In order to be able to switch to STEM education in our country, STEM centers, which can
be accessible by a number of university students and teachers, have started to open (MEB, 2016). It is
aimed to increase the STEM education skills of teachers and students in these training centers. It is
possible to talk about the many difficulties that educators face. These challenges include how to teach
students the solutions of unusual, complex problems in the context of STEM education, which teachers
to work with, the roles of these teachers in the implementation process and what tools should be used
when STEM training is applied in school mathematics (Lesh & Yoon, 2007; Zawojewski, 2016; Guder &
Gurbiz, 2018). The answers to these questions are also discussed in our country and there is no
consensus on how to carry out the integration of the disciplines in STEM education (Bybee, 2013; El-
Deghaidy & Mansour, 2015; Nadelson & Seifert, 2017). In this context, it can be said that the study has
an important function for STEM education. The main problem of the research is as follows:
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What is the influence of interdisciplinary "Traffic Light Problem" on Engineering Modeling Activities
in transition to STEM? Below are the sub-problems related to this question:

1. How did the design skills of groups evolved in EngMEAs?
2. Why did the groups present different models (products) in the same EngMEAs?

3. Can the Traffic Light Problem (EngMEAs) be used as a tool for STEM training in school
mathematics?

EngMEAs

Recent studies have emphasized the need to develop new perspectives on the nature of problem
solving and its role in the mathematics curriculum (Lesh & Zawojewski 2007; Mousoulides et al. 2008).
One of these perspectives is the interdisciplinary problem-solving approach. Researchers were
interested in how to teach different disciplines (especially mathematics and science) together, how to
integrate these into school curricula, and how to develop students' problem solving experiences using
real life problems. According to Mousoulides and English (2011), the use of mathematical ideas in
interdisciplinary contexts can be addressed by engineering discipline.

Engineering provides an extraordinary context for students to transfer their learning in mathematics
and science to the authentic problems in daily life (Petroski, 2003). According to Mousoulides and
English (2011), engineering-based problems in both basic and secondary mathematics curricula can be
used to: (i) Provide students with creative and innovative real-world problem-solving skills including
engineering principles, design processes and mathematical modeling. (ii) to show how students apply
what they learn in mathematics and science to solve real-world problems (iii) to encourage group work
in which students learn to communicate and work together to solve complex problems.

One way to address engineering-based problems in school mathematics is the Engineering Modeling
Activities (EngMEAs), which are based on the theoretical framework of model and modeling and are
taken from complex real-life problems (Lesh & Doerr, 2003). Solutions for EngMEAs are generalizable
models that reveal students' thought processes. In these models, students perform specific procedures
to expose their thoughts and present a concrete product. EngMEAs are generally applied in groups of
three or four (Lesh & Doerr 2003; Mousoulides, Christou & Sriraman, 2008; Zawojewski et al. 2008; Lesh
& Zawojewski 2007).

In the application process of EngMEAs, teacher / s observe what kind of gains students have
achieved by opening the products they have exposed to other students in the classroom and completes
their deficiencies if any (Chamberlin & Moon, 2006; English, 2009; Lesh & Caylor, 2007). For example,
before applying the Traffic Light Problem in this study, students were asked to come to school by having
researched on traffic lights and traffic rules. Then a video about the issues to be paid attention about
traffic lights was shown. (https://www.youtube.com/watch?v=3iccTVpAs24). In this way, a discussion
was conducted in the classroom after the students were allowed to warm up and the process
mentioned in the second paragraph of the Implementation Process was followed.

Method
Research Model
Design of Research, Participants and Process

Multi-tiered teaching experiment provide learning experiences for all participants due to their nature
and create environments that encourage maximum learning. Multi-tiered teaching experiments,
participants are not considered independently, even at different levels of learning (Kelly & Lesh, 2000).
In classroom applications of research designed for Multi-tiered teaching experiment, mathematical
modeling activities are often used (Nutchey, Grant, Cooper & English, 2015). In these activities, students
in groups (3-4 people) determine the mathematical concepts and the relations between these concepts
and establish a mathematical model through these concepts. The teacher observes the process of
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building models for students and provides tips to encourage students to build models where needed.
The researcher also monitors and explains the collective behavior of the teacher and students.

In this study, multi-tiered teaching experiment (Lesh & Kelly, 2000) was used to see the development
of the students in the process of solution of Traffic Lights Problem. In addition, a modified version of the
design research method (Dolk, Widjaja, Zonneveld, & Fauzan, 2010) was used to support the
interpretation of research findings and the analysis of data. The study was deemed appropriate for the
nature of multi-tiered teaching experiment, since the aim was to understand how mathematical
modeling support early-stage engineering skills of students and to analyze the learning of students in a
working relationship with the teacher.

Participants of the study are 7 at the same school as the maths teacher who served at a provincial
center in the eastern region of Turkey in 2017-2018 academic year. It has been applied to two groups of
3 and 4 who have studied in the classroom. Volunteering and vocational experience have been put in
the forefront of the teacher's choice. It is thought that a teacher with professional experience will have
more control over the area and will be able to identify deficiencies more easily. Given the school life of
students and the level of classroom they are in, perhaps the most critical period is 7. It’s a class level.
Because it's 7. Students, who are average 13 years old in the classroom, are at the beginning of the
period of abstract processing, which is a period of cognitive development. According to Piaget (1963),
the period of abstract transactions, which is the top cognitive development period, extends from the
age of 11-12 to the years of adulthood. In this period, the following characteristics are evident: ) New
and stronger cognitive capabilities are developed. Abstract concepts are understood, abstract thinking
analyzed, synthesized and evaluated. ii) The concept of probability is formed during this period. An
abstract thinker can consider many possible solutions and does so according to a systematic plan. iii)
Another characteristic of this period is the idea of a combination. Addressing a number of factors will
help resolve the issue. iv) Can create a thesis and defend this thesis.

Multi-Tiered Teaching Experiment

Multi-tiered teaching experiments naturally provide learning experiences for all participants and
create maximum learning-encouraging environments. In multi-tiered teaching experiments, even
though the participants are at different levels of learning, they cannot be considered independently
from each other (Lesh & Kelly, 2000). Openness to sharing, mutual trust and compromise are essential
for participants to be able to collaborate effectively. The purpose in the multi-tiered teaching
experiment, which can be adaptable due to its nature: i) develop new concepts from experiences of
participants (student, teacher, researcher), ii) Configure interactions to test and organize structures, iii)
provide tools to facilitate building of related models, iv) guarantee development of structures in
productive direction, to create situations that will increase their chances of development without using
guidance to use informal feedback and voting structure (English, 2003). Mathematical modeling
activities are often used in classroom applications of research designed according to multi-tiered
teaching experience (Nutchey, Grant, Cooper & English, 2015). The following interactions have been
passed through the implementation process of this research, in which the multi-tiered teaching
experiment (researcher, teacher, student) method is adopted.

Researchers-Mathematics Teacher

At this stage, first semi-structured preliminary interviews were conducted with the teacher to
determine the mathematics teacher's thoughts about modeling. Questions such as "What are your
thoughts on using real life problems in mathematics education?", "What do you understand from model,
modeling and mathematical modeling expressions?", "What kind of a method do you use to relate
mathematics to other disciplines?" were asked to reveal the thoughts of the mathematics teachers.
Then, two weeks of workshops and informative sessions on concepts such as model, modeling,
mathematical modeling, modeling activities (problems), difference between modeling problems and
traditional problems were organized with mathematics teacher. As a result of the workshops, a semi-
structured interview was conducted for the last time about modeling with the teacher. Later,

1555



Glider & Giirbiiz — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 51(3), 2022, 1552-1583

researchers have developed 6 mathematical modeling problems (warming activities) along with
mathematics teacher that provide rich learning areas for students and force them to think.

Mathematics Teacher-Students

The developed modeling problems (warming activities) were applied to the students in two groups
(3-4 persons) before the "Traffic Lights Problem" which is a more comprehensive problem and
constitutes the main application of the study was applied. In these problems, the students determined
the mathematical concepts and the relations between these concepts and developed a mathematical
model from these concepts. In order to present the developed models, each group has selected a
spokesperson for the group. The teacher also observed the process of model building of the students
and gave hints to encourage them to set up models where necessary. The application period of the
warming activities lasted approximately four weeks. Thus, it was decided that the students' level of
readiness for actual application was sufficient.

Relation of Developed Problem to STEM and Application Process

It is emphasized that in the STEM education approach, it is necessary to train individuals who are
able to make inquiries, design products, test the products they design, produce results, make
evaluation, and openly share (MEB, 2016). The characteristics of the Traffic Light Problem (EngMEAs)
applied in this study and the skills that it aims to achieve can be listed as follows: i) The problem
enabling to discover research questions, to organize data, and to be able to produce a product (model),
ii) Application of interdisciplinary concepts and engineering design in formulating and solving the
problem, iii) Representation of data in more than one way, iv) Resulting product can be evaluated with a
critical point of view, v) Require to think in creative, flexible and innovative ways. In the context of these
features, it can be seen that the achievements in the Traffic Lights Problem (EngMEAs) overlap with the
achievements in the STEM education.

After the warm-up activities, the Traffic Lights Problem is applied and it consists of a video, a reading
text and the photo of a crossroads (Appendix-1). The main purpose of the video t is to inform students
about traffic rules. The main objective of the reading text is to inform the students about traffic and to
raise awareness in this regard. The groups completed the traffic lights problem in two sessions of 60-80
minutes. In the first session, students tried to understand the problem by conducting in-group
discussions. In the second session, they created reports on the models they had built for the solution of
the problem and group spokespersons presented these reports in the learning environment. During the
application process, mathematics teachers gave hints to the students where needed, and the
researchers also made observations in the learning environment. Teachers and researchers were not
directly intervened to the students.

Data Collection Tools

Teaching experiment research deals with what students mostly do as well as how they are doing. For
this reason, collected data are mostly qualitative in nature rather than quantitative. Cobb and Steffe
(1983) state that qualitative data from teaching experience are fed from two main sources: teaching
performed and periodic clinical interviews. Thus, this study's data collection tools consisted of semi-
structured interviews with teachers, written responses of students in groups to the problems on the
solution sheets during the application, video recordings of the students' thinking aloud during the
solution process, observations that the researchers made during the application process and reports
containing developments of the participants. This study uses semi-structured interview technique from
interview types. Before the semi-structured interview form was prepared in this study, a detailed
literature study was conducted by the researcher on “model”, “modeling” “mathematical modeling” and
“interdisciplinary relationship”. The process of data collection has been established by the opinion that
the conversation questions provide the desired data. “What are your thoughts on taking advantage of
real life problems in math’s education?”, “how do you use a method to associate math’s with other
disciplines”, “do you have issues associated with math’s when you process your courses?”, “how do you
think this association reflects on students?”, “have you heard about modeling activities before?” the

III “
’
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teacher's interdisciplinary views have been established by asking questions such as. The pre-interview
with the teacher took about 30 minutes.

Data Analysis
Design Research Method

In order to interpret and analyze the data of this study, the design research method (Dolk et al.,
2010) was used within scope of multi-layered teaching experiment. One of the important aspects of
design research is the focus on retrospective analysis. This analysis shows that researchers and teachers
work together to bring meaningful changes in practice and teaching in the classroom (Design-Based
Research Collective, 2003). In design research, the interaction process involves phase cycles of
knowledge, design, experiment, and retrospective analysis (Dolk et al., 2010, p. 175).

Throughout the data analysis of the research, line by line coding technique was applied (Strauss &
Corbin, 1990; Corbin & Strauss, 2007). Data analysis of this study was firstly started from the analysis of
semi-structured interviews. Two independent researchers analyzed the data obtained from semi-
structured interviews with the teachers and as a result of these analyzes, the data revealed the themes
of Math and Real Life, Interdisciplinary Relationship, Model, Modeling and Mathematical Modeling. In
the last interview, the themes of benefit of solving the modeling problem (traffic lights) to students and
the factors affecting the students' ability to establish different models were obtained.

Retrospective analysis involves the reconsidering of the entire data set. This analysis requires careful
examination of the relevant records of the teaching experiment (preliminary interviews, teaching
process and post interviews). The aim of this analysis is to explain the mathematical development of
students (Simon, 200). Print-outs of teaching processes and all of the interviews made in accordance
with this purpose were made and the models (justifications, operations and drawings) developed by the
groups on the Traffic Lights Problem were scanned and converted into a file in the computer
environment and the data set was created. The researchers discussed the results and observations
obtained by following the recorded videos at the end of each course in the continuous analysis process.
At the beginning of the analysis, two researchers independently coded the data line by line and as a
result of this open coding, it was tried to determine which approaches students applied in the solution
of EngMEAs.

The coding process was continued with axial coding to link open codes and to reveal the identified
categories and relationships between the categories (Strauss & Corbin, 1990; 1998). Data analysis
continued with selective coding to determine core categories at the upper abstraction level. The codes
were compared in the frame of the discussions between the researchers and the similarities and
differences of the different codes were put forward. As a result of the evaluations, three basic
categories are determined (Table-1). The solutions developed by the students for EngMEAs are analyzed
according to these three basic categories and levels. As a general rule in qualitative research, the
similarity ratio of the dataset encoded by different encoders is important (Fidan & Oztiirk, 2015). This
similarity rate also determines the reliability of qualitative research. In this study, researchers identified
the numbers of codes they agreed on and could not reconcile after discussing the analysis together.

By determining the number of consensus and dissent points of the researchers, the coding reliability
formula (Miles and Huberman, 1994) was used and reliability was 84% in interview codes with the
teacher; 86% was the reliability of the codes related to the analysis of EngMEAs. Inter-rater reliability
calculation was made with the formula of [Consensus / (Consensus + Difference of Opinion)] X 100.
Miles and Huberman (1994) emphasize that the reliability of the coding should be at least 80%
compliance level for good qualitative reliability. Considering the results, it can be said that there are
reliable results.
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Table 1.

Modeling Skills/Competence Assessment Rubric

Skills/Competence Level 1 Level 2 Level 3
*Making and
*Making at least 2 explaining a

*Not being able to make

assumptions based on
real life interpretations

comprehensive list of
assumptions based on

any assumptions. of the problem and real life
Assumptions laining it interpretations of th
*Making incorrect  SPrANINg It interpretations of the
. * . : problem.
assumptions. Assumptions  being
partially suitable for *Assumptions being
the model. suitable for the
model.
— *Considerin 3 or
*Considering two real e .
. " . . . L more real life
Interpreting Not being able to utilize life situation when .
. - . L . situation when
Problem and Solution any proving in model examining variables e .
. . - S . examining  variables
using real life  building or considering that affect solution and .
. ) . . that affect solution
knowledge. only one real life situation. interpretation of . .
. and interpretation of
modeling problem. .
modeling problem.
— *Considerin 3 or
*Considering 2 g .
. - more  variables in
" I . . variables in  model -
Considering 1 variant in . model building.
- building.
model building. N
" Proper  use of
_— . The correct use of .
Using mathematical . . mathematical terms.
. mathematics with
i terms correctly with few almost no calculation *Makin
Mathematical minor mistakes in the itak h & |
Reasoning and  caleulation. mistakes. mat ematlca
Calculations *Making logical reasoning  correctly
*Partially making logical . and not making
. . mathematical . .
mathematical reasoning. . mistakes in
reasoning. calculations
*Advising without verified . . . : e '
. . Advising with verified - .
mathematical reasoning. *Advising with

mathematical
reasoning.

verified mathematical
reasoning.

The modeling skills/competences mentioned in the rubric consist of making assumptions,
interpreting problem and solution using real life knowledge, mathematical reasoning and calculations.
These skills are explained briefly below:

Making Assumptions: Students developing assumption awareness when trying to understand and
simplify the problem. The development of this awareness serves as a bridge between the real world and
the world of mathematics. Interpreting the Problem and Solution Using Real Life Knowledge: Students
form appropriate representations through real world and mathematical knowledge while formulating

various associations.

Mathematical Reasoning and Calculations: The ability to deal with a large number of variables
mathematically to solve the problem with logical suggestions.
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Findings

In this section, the "preliminary interview" with the mathematics teacher will be discussed first and
then the models developed by the two groups (A and B) on the "Traffic Lights Problem" will be
presented under the determined skills/competencies and finally the "final interviews" made with the

teacher will be presented.

1. Results from Pre-interview with the Teacher

Semi-structured interviews with the teacher were conducted at the preliminary interview and these
interviews were presented within the framework of the themes mentioned in Table 2 below. The quotes
from the answers given by the teacher to the questions were presented and inferences from these

quotations were made.

Table 2.

The Themes and Interpretations Determined from the Pre-interview with the Teacher

Themes

Quotes

Interpretation/Inference

Mathematics and

Real Life

... Some students say they do not need to
learn because they do not use them in daily
life. It is better to select the examples from
daily life while giving examples after a
subject is explained. Let me give an
example: let's say on a 100 km road a
vehicle spends 5 liters of fuel. According to
this, how much fuel do you spend on the 400
km road? So | think it would be better to
give examples of daily life like this. For
example, we are learning the subject of
percentages. We learn about percentages
but what is the purpose of percentages?
Where do we use it in daily life? In this type
of questions, we do the following: Let's think
of a pair of pants for students love
shopping. Its price is 100 TL. How much it
would be if a 30% discount is made?

*Associating mathematics

with daily life.

*Giving examples from daily
life.

*Benefits of subjects learned
to students in daily life.

Interdisciplinary
Association

Interdisciplinary relationship. All lessons are
connected. When we give examples of daily
life, we make associations. Sometimes,
there are no materials to describe some
subjects.

*Interdisciplinary association.

*Pointing out lack of
materials in association.

Model, Modeling and
Mathematical
Modeling Perception

When you look at the model, the students
will do something but will get help from the
model. In mathematics, model is showing
students how to use materials to concretize
abstract subjects. I've heard the expression
of mathematical modeling before. Especially
in university, in material lessons. As you
know, most subjects in mathematics are
abstract. We are models to concretize these.
The student understands better.

*Specifying model as
Representation
status/Prototype.
*Explain modeling as the

process of emergence of the
model.

*Thinking of mathematical
modeling as concretize
abstract subjects.
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The teacher said that he has encountered statements of students pointing out that they do not need
to learn mathematics because it did not correspond to anything in real life. For this reason, he stated
that examples of daily life should be selected while learning subjects. He gave examples from motion
problems and percentages to indicate that mathematics is related to daily life. He stated that he
associates mathematics with other disciplines, but he does this by giving examples of daily life. He also
stated that he needed material when describing the subject. The teacher described the model as a
representation state, the mathematical model as concretizing the abstract subjects, building of model as
modeling. He also expressed that he has seen mathematical modeling in the material design course at
the university.

1. Traffic Lights Problem Solution Process

In this section, the mathematical modeling skills of two groups were evaluated according to the
criteria in the rubric. These evaluations are based on students' written answers and in-group
discussions.

Example to Mathematical Modeling Skill Level 2 (Group B)

Based on the written responses and in-group discussions of group B, it was evaluated at Level 2
according to rubric. This group has benefited from limited assumptions when building a model about
traffic lights. The group stated real life information with limited variables when building the model.

Making Assumptions Skill

The intersection model developed by group B has two opposite dual roads and six traffic lights
(Figure-1). This group did not make any assumptions about pedestrian crossing, although the model it
developed was based on assumptions about the transitions of cars.

P

e

Figure 1. Model Developed by Group B

Interpreting the Problem and Solution Using Real Life Knowledge

When building their model, Group B has taken into account the road which is located in the province
center and constantly used by students. This road is used by vehicles enabling local and intercity means
of transportation. On the road there is a crossing to facilitate the passage of vehicles and pedestrians,
and traffic lights that enables passages at this crossing. Although Group B took this into account when
creating the model, they did not give any information about the pedestrian crossing in their model.
Below is a dialogue from the in-group discussion when the group was building the model:

BS1: Let’s think about the road at the university crossing. We can do something like that.

BS2: Yes, could be. Tiirk Telekom crossing is also possible.

1560



Glider & Giirbiiz — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 51(3), 2022, 1552-1583

BS3: But the traffic lights on that crossing do not work. | think we can do something similar to lights
on the university crossing.

BS1: Ok, let’s do that. Let’s start...
Mathematical Reasoning and Calculations

Group B selected the lighting times the lights (Red, Yellow, Green) in their model to be 30 seconds, 2
seconds and 40 seconds, respectively. In the model, the group showed the lighting order of lights with
symbols such as red (K) and green (Y) KY, YK (Table-3). This group showed the vehicles using different
colored objects when presenting the model. In this way the understanding of the model of the group
was made easier. In Table 3 below, the group spokesperson has explained the model they have built
with justification:

Table 3.

Example to Mathematical Modeling Skill Level 3 (Group A)

1) The black object is 2) Once the vehicle 3) A vehicle with a 4) In order to
the vehicle in the red | shown in blue has | red color on the road to | avoid the collision of
light, the blue object is | passed in the green | the right of the vehicle | the red vehicle with
the vehicle in the green | light, it turns left and | shown with blue color | the blue vehicle, we
light. stuck on to the red light. | has passed at green | installed the light
light. system where the
blue vehicle was.

Example to Mathematical Modeling Skill Level 3 (Group A)

Group A’s written answers and in-group discussions was evaluated at level 3 according to Rubric.
This group, when building a model for traffic lights, created a list of detailed assumptions, used real life
information in consideration of various factors and did mathematical reasoning and calculations
correctly. Therefore, the group was evaluated at Level 3.

Making Assumptions Skill

In the crossing model, which Group A has developed, there are two opposite dual roads, four traffic
lights and four pedestrian crossings that control the passages in these roads, which are equipped with
cameras and are bidirectional (Figure-2). In the model of Group A, there are barbed wire placed at the
bottom side of the pedestrian crossing. When the red light is on for the vehicles, these barbed wires
come out from under and thus the vehicle is prevented from passing through the red light. This group
considered different variables to understand the problem and produce mathematical solutions. This
group also used mathematical reasoning and reasoning skills more accurately. Below are the
expressions of the group spokesperson and the model this group built up:
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When the lights are red for cars and green for pedestrians, the thorns that are lit with red light come
out under the asphalt. So if the vehicle that has to stop in the red light is not stopped, it cannot pass
these barbed wires and it will have to stop. And our devices are duplex. Vehicles from both sides can see
the lights.

Figure 2. Model Developed by Group A

Group A had in-group discussions, and as a result of these discussions, placed barbed wire and two-
way lights in the model. The group have expressed the justifications for the use of the barbed-wire and
bi-directionally visible lights that they placed on their model.

Interpreting the Problem and Solution Using Real Life Knowledge

Group A, while creating the model, was impressed/inspired by the news (TV, Internet, etc.) they
heard before and placed cameras in the device. In group discussions, some students described the
systems they saw where they visited. Below is a dialogue from the in-group discussion when the group
was building the model:

AS1: Let’s place the lights at the edges of pavements. Lights are bi-directional and have cameras
inside. Thus non-observants can be identified and penalized. | have seen this before on the TV.

AS2: Let’s put pedestrian crossings. Place barbed wires to the bottom of this pedestrian crossing.
When red light is on for the vehicles, these wires come out and prevents vehicles from passing. | have
seen something like this in Istanbul.

Group have made such discussions and built their model influenced by factors they have seen or
heard.

Mathematical Reasoning and Calculations

Group A selected 50, 5, and 120 seconds of lighting time for the lights (Red, Yellow, Green)
respectively. The group stated these lighting times with their reasons. This group has put forward
different ideas in building the model by conducting in-group discussions. The group has done
mathematical reasoning and calculations correctly by taking into account the details. In Table 4 below,
the group spokesperson explained the model by justifying in order:
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Table 4.

Reasoning and Justifications of Group a Model

1) As seen here, we
placed four traffic lights
on the sides of the
pavements. We have
placed a pedestrian
crossing in all the roads

2) Our lights are bi-
directional. Vehicles from
both sides can see. For
example, one side lights
up red while the other
side lights up green.

3) For those who
do not observe when
the red light is on for
vehicles, the thorns
that are lit with red
light come out from

4) There are
lighting timers on the
devices. The red light is
50 seconds. If the red
light is too long, traffic
happens. Yellow light

of pedestrians.

to facilitate the passage

There are also cameras in

under the asphalt of

passage of vehicles.

for 5 seconds. Five

the lights and record | the pedestrian | seconds is enough to
passage of vehicles.. crossing, thus | get ready. Green light
preventing the | is 120 seconds. We

thought 120 seconds
was appropriate for
pedestrians to not wait
too long.

1. Findings from Final Interview Made with the Teacher

In the final interview with the teacher, it was discussed whether the teacher had a change in her
thinking about modeling from her previous thoughts after the application process. Accordingly, a
general evaluation of the application process of the Traffic Lights Problem has been made. In this
section, the teacher's thoughts about the Traffic Lights Problem will be discussed.

Table 5.

Themes and Interpretations Determined by the Last Interview Made With Teacher

Themes

Quotes

Interpretation/Inference

Benefit of Solving
Modeling Problem
(Traffic Lights) to
Students

Students are constantly confronted with
the traffic lights system in daily life, but there
is very little information about how the
system in these lights work. When students
encountered this problem, they have created
some ideas to solve the problem. As a result
of these ideas, students presented different
solution proposals. In this way, students
became involved in engineering at an early
age. This, in turn, can affect the profession
the students choose. Students who encounter
such problems can cope with complex
problems that they may encounter later in all
areas of life. Students are willing to solve such

*Recognizing engineering
skills in students at early age.

*Dealing with complicated
problems that can Dbe
encountered in every area of
life.
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problems. The fact that even the students
with very low mathematics achievement are
willing to solve these problems reveals the
importance of this problem. As students
encounter these problems, they have a
positive  attitude towards mathematics.
Interdisciplinary learning with this type of
problem definitely develops.

Since the students live in different places,
they have offered different solutions. For
example, mathematical knowledge of student

Factors Affecting A is not very good, but he used the

Students to Build information about the places he saw in

Different Models solving the problem because he traveled a lot.
In addition, these students brainstormed with
different opinions in groups of 3-4 and they
came up with different ideas.

*Living in different places
and being affected by the
places they see.

*Solving the problem in
groups and putting forward
different ideas.

The teacher stated that students constantly encounter traffic lights in daily life, but that they do not
have much information about how these systems work. The teacher has stated that students me with
concepts that require engineering skills at an early age in the solution process of this problem, which in
turn will affect their choice of profession. In addition, the teacher said that factors such as in-group
discussion, living in different environments and traveling were effective in the development of different
models of the two groups.

Discussion & Conclusion

In this study, it was emphasized that Engineering Model Eliciting Activities (EngMEAs) in complex
structure could not be used as a tool to bridge engineering and school mathematics in the transition to
STEM education. The Traffic Lights Problem (EngMEAs) applied in the study is a problem in the
interdisciplinary structure created from the theoretical framework of the Model and Modeling
Perspective, which is different from traditional problems and allows for different answers and ideas,
which require interpretation, analysis and synthesis of complex data. The students put forward their
own mathematical and scientific ideas in this problem and built a model by supporting these ideas with
in-group discussions.

In this paragraph, the answer to the following sub-questions are discussed: How did the design skills
of groups evolved in EngMEAs? Why did the groups present different models (products) in the same
EngMEAs? When the processes of the groups in the solution of the Traffic Lights Problem are examined
in the findings section, it is seen that the groups A and B have different models. Group B placed two
opposite dual roads and six traffic lights. In the model of this group, only assumptions about vehicle
passages have been made and no information has been given about the pedestrian crossing. When the
video transcripts of the groups were examined, it was seen that the vehicles indicated different objects
in different colors in order to make the group B model more clear (Table-3). The reason why B group
designed such a model was discussed and when the video analyzes were examined, it was found that
the group took the example of the intersection on a road in the city center. For example, a student from
group B said, "We can use the intersection in the city center". Other members of the group were
affected by this proposal and designed their models according to this. As for Group A, there are two
opposite dual roads, four traffic lights in which the cameras are located and which are bidirectional, and
four pedestrian crossings, which control the passage through these roads (Table-4). In the observations
and video analysis by the researchers, it was determined that group A used the information from
communication tools such as TV and internet. In addition, some students in the group explained that
they saw the systems in different places. For example, a student from group A said: | saw barbed wire in
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Istanbul. When the red light was on, these wires emerged. Considering the suggestions of this student,
the group considered to put the barbed wires under pedestrian crossing to prevent vehicles from
crossing the red light. Another student from this group “Let's place cameras on devices (lights). Let it
determine the ones who do not obey the rules". Group A has thought of barbed wire under the
pedestrian crossing to prevent vehicles passing in red light. Both groups indicated the lighting durations
of the light systems they set up in their models with different numbers, but both groups showed the
lighting orders of these lights as Red, Yellow and Green. Why did Group B fail to think about the
variables such as pedestrian crossing, barbed wire, etc. while Group A considered these? Why are the
lighting durations of the groups different from each other? Why is Group B influenced by the
environment while Group A is influenced by communication tools when building their models? Why did
the groups develop different types of models, even though the students in both groups were selected
from the same class (7th grade) and the students in both groups had the same mathematics teacher for
mathematics lesson? It can be said that the students in the Group A who make a systematic model by
considering a large number of variables think deeper than the students in the Group B and have made
more effective discussions (Table-5). In Group A, there may be persons whose judgment ability is better
than the students in the other group. In Group A, persons with leadership qualities that is in the
forefront and that is more for those who like to engage in discussion may have helped to develop a
more effective model. Moreover, it can be said that the problem being from real life and, as the teacher
has mentioned in his opinions (Table-5), groups having students who have different levels of
socialization is an important factor in building the model. As other studies (English & Mousoulides, 2011;
Mousoulides & English, 2011) emphasize, model development is not an easy process. In this study, it
was determined that decision making in complex problems is not a simple process (Table-3 and Table-4).
In the models developed by the students in the problem solving process being different; it is possible to
say that factors such as students encountering such a problem for the first time, people in the group
thinking differently, and the fact that the problem having a complex structure due to its nature are
effective. It is possible to come across studies that support this assumption in the literature (Doerr &
English, 2001; Lesh, Zawojewski, & Carmona, 2003).

In this paragraph it was discussed whether the Traffic Light Problem (EngMEAs), which is another
sub-problem of the research, can be used as a tool for STEM education in school mathematics. The
answer to the question is discussed. Engineering Model Eliciting Activities (EngMEAs) involve
collaboration, evaluation, documentation and reporting processes (English, 2013). In this study, groups
worked together while designing their models and they had the opportunity to evaluate the models
they developed by conducting group discussions. The groups have documented their models by
finalizing them (Figure-1 and Figure-2). Groups building models, sharing and documenting these models
they built, significantly overlap with the learning cycle of STEM education (MEB, 2016). In the solution
process of the Traffic Lights Problem (EngMEAs), students have introduced products using mathematics,
science, technology and engineering knowledge in an integrated structure (Table-3 and Table-4). In the
Science Teaching Program (2017) prepared by MEB, the "Engineering and Design Skills" aims to provide
the integration of science with technology, mathematics and engineering. Therefore, it can be said that
the students have gained significant engineering and design skills stated in the draft program by MEB
(2017) during the solution process of this problem. The students encountered a problem from daily life
with Traffic Lights Problem (EngMEAs), produced possible solutions for the problem and selected the
appropriate ones within the criteria by comparing them, designed the product and presented it in the
learning environment. It can be said that the achievements of the students in the traffic lights problem
(EngMEASs) in the solution process overlap with the gains in the "Science and Engineering Practices" unit
of the MEB (2017) draft program.

STEM is an educational, collaborative, design-based, research and inquiry-based educational
approach that requires innovative thinking. This educational approach adopts students to address real
life problems with an interdisciplinary viewpoint (Schnittka, Bell, & Richards, 2010; Wang, 2012).

In this study, students focused on mathematical, technological, design and engineering skills of STEM
Education by building a traffic lights system. It can be said that Traffic Light Problem (EngMEAs), which
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provides students with the concrete application of scientific, mathematical and technological concepts,
contributes to the development of information about engineering design applications. When the last
opinions of the teacher were examined (Table-5), it was determined that the Traffic Lights Problem
provides students with engineering experience at an early age. Likewise, this problem was emphasized
in the opinion of the teacher that the students' awareness of engineering skills at an early age might
affect their choice of profession. Engineering design projects can offer interesting experiences for
secondary school students and teachers. Using engineering as a problem-solving context that links
science and mathematics knowledge enables students to design creative and innovative solutions. To
solve these complex problems, requires considering different variables. Students' learning of science
and mathematics needs to be practiced, and brought forward together with important connections on
aimed engineering insights. When the last views of the teacher are examined (Talo-5), it can be said that
interdisciplinary learning will develop with Traffic Lights and similar problems. Considering the opinions
of the teachers and the results obtained above, it can be said that Traffic Lights Problem can serve as an
important tool for the bridge between STEM education and school mathematics. In such modeling
problems, the teacher acts as a guide, and the students work on the problem in small groups. Sufficient
time should be given for the solution of these problems to allow the students' thoughts to come to light.
In this study, Traffic Lights Problem was applied to groups in two sessions. The first session lasted 60
minutes and the second session lasted 80 minutes. The teacher asked the students to read and
understand the problem individually in the first five to ten minutes of the first session. The teacher then
tried to help students understand the problem conceptually by conducting group discussions. In this
process, the teacher guided the students by visiting the groups and made explanations to help them
understand the concepts they did not understand. In the second session, the teacher continued his role
as a guide and encouraged the students to report on the models they created for the solution of the
problem. In the last 20 minutes of the second session, the teacher gave each group ten minutes to
present their models to the class and discuss. Upon the request of each group for teacher evaluation
after the presentation, the teacher stated that the model of each group reflected their point of view and
each group model was nice and beautiful. The teacher stated that the models that emerged would
actually occur during the implementation process and if necessary, these models could be revised.
Students' persistent questions about teacher feedback are a result of the examination system in Turkey.
Because at almost every education level students in Turkey are subjected to various tests. As a result of
these examinations, the students are provided with feedbacks of very successful, successful, less
successful. In the studies (English, 2016; English, Hudson & Dawes, 2013; English & Mousoulides, 2011;
Moore & Hjalmarson, 2010; Roehrig et al., 2012; Kertil & Girel, 2016) it has been observed that
modeling activities have an interdisciplinary nature, activities have been found to be important tools in
the transition to STEM education. It can be said that the Traffic Lights Modeling Problem (EngMEAs)
applied in this study is an important tool for STEM education.
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Tiirkge Siirimui

Giris

GUnUmuzin dinamik ve dijital toplumlarinda matematik, fen bilimleri, tip, sosyal bilimler, finans,
mihendislik, ekonomi ve daha bir¢cok alan karmasik sistemlerden olusmaktadir. Birbirine baglanmis
anlasilmasi gii¢ pargalardan olusan bir durum olan karmasikhk, 6nemli bilimsel metodolojik gelismelere
yol agmistir (Sabelli, 2006). Karmasik sistemlerin yayilmasi ile birlikte iletisim, is birligi ve
kavramsallastirma igin yeni teknolojiler ortaya ¢ikmis ve bu teknolojiler karmasik verileri Gretme, analiz
etme, Uzerlerinde galisma ve donustiirme gibi sinif ortami disinda gerekli olan matematiksel ve bilimsel
dusinme sekillerinde 6nemli degisikliklere yol agmistir (English & Sriraman, 2010). Bu degisiklikler
beraberinde yeni egitim yaklasimlarini getirmistir. STEM de bu egitim yaklasimlarindan biridir. STEM
egitimi, ginimuzde fen, teknoloji, mihendislik ve matematik alanlarinda sistemli distinen, elestirel bir
bakis acisi kazandiran, 6grendiklerini yeni ve farkli problemlere transfer etmelerini saglayan ve artarak
ihtiyac duyulan vyaratici bireyler yetistirme ihtiyaci karsilamak amaciyla olusturulan bir egitim
yaklasimidir. STEM egitiminin temel amaglarindan biri bilimsel okuryazar bireyler vyetistirmektir
(Shaughnessy, 2013). Bu bireylerin yetistirilmesinde 6zellikle de miihendislik deneyimlerinin eklenmesi
konusunda ilkokul ve ortaokullarda diger kademelere gére sinirl kalmaktadir (Holmes, Rulfs & Orr, 2007;
Stohlmann, Moore, & Roehrig, 2012).

STEM egitimi, basta ABD olmak lzere (Common Core State Standards Initiative, 2012) diinyanin
bircok Ulkesinde (Kore, Japonya, Almanya, Cin) ilkokullardan baslayarak ortaégretim ve Universitelerde
uygulanmaya baslanmistir. STEM Education Coalition gibi STEM egitiminde bir ¢ati gorevi Ustlenen,
STEM egitimine y6n veren ve bu kapsamda politika gelistiren kuruluslar bulunmaktadir (Akgindiz vd,
2015). Ayrica ABD “Ulusal Muhendislik Akademileri Mihendislik igin BlylUk Zorluklar” gibi diger
girisimler de STEM katilimini ilerletme gabalarina katkida bulunmaktadir (Ulusal Miihendislik Akademisi,
2012). Tipki ABD gibi Avustralya da STEM egitimine 6nem vermektedir. Son yillarda yayimlanan raporlar,
venilikgi, buluscu ve ekonomik kalkinmayi tesvik etmek igin gli¢li araglar olarak goriilen STEM
alanlarinda 6grencilerin katilimini arttirmanin énemini vurgulamaktadirlar (Department of Innovation,
Industry, Science, and Research 2011; Engineers Australia, 2009; Tytler, Osborne, Williams, & Cripps
Clark, 2008). Malezya’da da STEM egitimine olan gereksinimden bahsedilmis, bu Ulkede STEM
O0gretmenleri egitim programlarinin, 6gretmenlerin STEM’e karsi olan ilgilerinin, tutumlarinin, yeterlilik
algilarinin ve bilgilerinin olumlu sekilde artirttigini gésteren galismalar bulunmaktadir (Osman ve Saat,
2014; Shahali vd., 2015). Hindistan da STEM alaninda Ustin yetenekli 6grencileri gelistirmeye ve sayisini
artirmaya yonelik ¢calismalarin gereginden bahseden Ulkelerden biridir (Kurup, Chandra ve Binoy, 2015).

Tiirkiye’de STEM Egitimi

Ulkemizde Milli Egitim Bakanligi tarafindan hazirlanan Fen Bilimleri Taslak Ogretim Programinda
(2017) STEM egitimi yaklasiminin benimsendigi gorilmektedir. Hazirlanan 6gretim programinin temel
becerileri arasinda “Mihendislik ve Tasarim Becerileri” yer almaktadir. Bu beceri, fen bilimlerinin
teknoloji, matematik ve muihendislikle bitlinlestirilmesini saglamayi, problemlere disiplinlerarasi bakis
acisi kazandirmayi, 6grencileri bulus ve inovasyon yapabilme seviyesine ulastirmayi kapsamaktadir.

STEM egitimi ile ilgili Glkemizde Universitelerde yapilan galismalar ve projeler sinirli sayidadir (Corlu,
2013). Ulkemizde STEM egitimine gecilebilmesi icin birka¢ Universitede 6grenci ve &gretmenlerin
ulasabilecegi STEM merkezleri acilmaya baslanmistir (MEB, 2016). Bu egitim merkezlerinde 6gretmen ve
6grencilerin STEM egitimi becerilerini arttirmak hedeflenmektedir. Egitimcilerin karsilastiklari birgok
zorluktan biri karmasik yapidaki sira disi problemlerin ¢éziimlerinin STEM egitimi baglaminda 6grencilere
hangi yollarla 6gretilecegidir. Bir baska deyisle STEM egitimi okul matematiginde uygulanirken hangi
arag-geregler kullanilmalidir (Lesh & Yoon, 2007; Zawojewski, 2016; Gider & Girblz, 2018) ? Bu
sorularin cevaplari tlkemizde de tartisiilmakta ve STEM egitiminde disiplinlerin entegrasyonunun hangi
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yollarla saglanacagina dair bir fikir birligine varilamamaktadir (Bybee, 2013; El-Deghaidy & Mansour,
2015; Nadelson & Seifert, 2017). Bu baglamda g¢alismanin STEM egitimi icin 6nemli bir isleve sahip
oldugu soylenebilir. Calismanin ana problemi su sekildedir:

Disiplinlerarasi bir dogaya sahip olan "Trafik Isiklari Probleminin" STEM egitimine gegiste Mihendislik
Model Olusturma Etkinliklerine ne gibi etkileri vardir? Bu soruya bagh alt problemler de asagida
verilmistir:

1. MUhMOFE'lerde gruplarin STEM egitimi i¢in dnemli bir isleve sahip olan tasarim becerileri nasil
gelisti?

2. Gruplar ayni MGhMOE’de nigin birbirinden farkli modeller (lriinler) ortaya koymuslardir?

3. Trafik Isiklari Problemi (MUhMOE) okul matematiginde STEM egitimi igin bir ara¢ olarak
kullanilabilir mi?

MiihMOE

Son yillarda yapilan galismalarda, problem ¢ézmenin dogasi ve matematik mifredatindaki rolu ile
ilgili yeni bakis acilarinin gelistirilmesi gerektigi vurgulanmistir (Lesh ve Zawojewski 2007;
Mousoulides ve ark. 2008). Bu bakis agilarindan biri disiplinlerarasi problem ¢6zme yaklasimidir.
Farkh disiplinlerin (6zellikle matematik ve fen) bir arada nasil 6gretilecegi, bu 6gretimin okul
mufredatina nasil entegre edilecegi, gercek yasam problemleri kullanilarak &grencilerin problem
¢6zme deneyimlerinin nasil gelistirilebilecegi gibi sorular arastirmacilarin ilgisini ¢ekmistir.
Mousoulides ve English’a (2011) gbére matematiksel fikirlerin disiplinlerarasi baglamlarda
kullaniimasi, mihendislik disiplini ile ele alinabilir.

Muhendislik, 6grencilerin matematik ve fen bilimlerindeki 6grenmelerinin, giinlik yasamlarinda
kendileri icin anlamh olan otantik problemleri ele almanin 6nemini gosteren olaganistii bir baglam
saglar (Petroski, 2003). Mousoulides ve English’a (2011) gore hem temel hem de ortaokul matematik
miifredatinda mithendislik temelli problemler kullanilarak sunlar yapilabilir: (i) Ogrencilerin var olan
temellerini olusturan mihendislik ilkelerini, tasarim siireglerini ve matematiksel modellemeyi iceren
yaratici ve yenilik¢i gercek dinya problem c¢ézme becerileri 6grencilere kazandirilabilir. (ii)
Ogrencilerin matematik ve fen alanlarinda égrendiklerini gercek diinya problemlerinin ¢dziimi icin
nasil uyguladiklari gosterilebilir. (iii) Ogrencilerin karmasik problemleri ¢cdzmek icin iletisim kurmayi
ve birlikte calismayi 6grendikleri grup ¢alismalarini tesvik edilebilir.

Okul matematiginde muhendislik temelli problemleri ele almanin bir yolu, model ve
modellemenin teorik ¢ergevesine dayanan ve gergek yasam problem durumunda alinan Mihendislik
Modeli Olusturma Etkinlikleridir (EngMEAs) (Lesh ve Doerr, 2003). EngMEAs, karmasik yapidaki
gercek yasam problem durumundan alinir. EngMEA'lara yonelik ¢ézimler, 6grencilerin diisiince
sireclerini ortaya koyan genellestirilebilir modellerdir. Bu modellerde 6grenciler belirli prosedirleri
uygulayarak duslincelerini agiga cikarir ve somut bir Griin ortaya koyarlar. EngMEAs, genellikle (g
veya dort kisilik gruplar halinde uygulanir (Lesh ve Doerr 2003; Mousoulides ve ark. 2008;
Zawojewski ve ark. 2008; Lesh ve Zawojewski, 2007).

MUhMOFE’lerin uygulama sirecinde 6gretmen/ler, 6grencilerin ortaya koydugu Urinleri sinifta
diger 6grencilerle beraber tartismaya agarak ne tir kazanimlar elde ettiklerini gdzlemler ve varsa
eksikliklerini tamamlarlar. Ornegin, bu calismada uygulanan Trafik Isiklari Problemi uygulanmadan
o6nce ogrencilere trafik isiklari ile ilgili dikkat edilmesi gereken hususlar hakkinda bir video izletilmistir
(https://www.youtube.com/watch?v=3iccTVpAs24). Bu sekilde &grencilerin konu ile ilgili ©n
bilgilerinin olmasi amaglanmistir. Daha sonra trafik ile ilgili genel bilgilerin yer aldigl bir okuma
parcasi 6grenme ortaminda o6grenciler ile tartisilmistir. Bu sekilde 6grencilerin i1sinmalarina izin
verildikten sonra sinifta tartisma yapiimis ve uygulama siirecinin ikinci paragrafinda belirtilen siireg
takip edilmistir.
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Yontem
Arastirma Modeli
Arastirmanin Dizayni, Katiimcilar ve Siire¢

Cok katmanli 6gretim deneyleri (multi-tiered teaching experiment) dogalari geregi tim katimcilar
icin 6grenme deneyimleri sunar ve maksimum 6grenmeyi tesvik edici ortamlar olusturur. Cok katmanli
ogretim deneylerinde katilimcilar degisik 6grenme dizeylerinde olsalar bile birbirlerinden bagimsiz
dusunilemezler (Lesh & Kelly, 2000). Cok katmanli 6gretim deneyine gére tasarlanan arastirmalarin sinif
ici uygulamalarinda genellikle matematiksel modelleme etkinlikleri kullanilir (Nutchey, Grant, Cooper &
English, 2015). Bu etkinliklerde, grup (3-4 kisi) icindeki 6grenciler matematiksel kavramlari ve bu
kavramlar arasindaki iligkileri belirleyerek bu kavramlar araciligiyla matematiksel bir model olusturur.
Ogretmen, 6grencilerin model olusturma siirecini gdzlemler ve &grencileri gereken yerlerde model
olusturmaya tesvik etmek icin ipuglari verir. Arastirmaci da 6gretmenin ve 06grencilerin toplu
davranislarini gozlemleyip agiklar.

Bu calismada, Trafik Isiklari Probleminin ¢dzimu slrecinde 6grencilerin gelisimini gérmek icin ¢ok
katmanli 6gretim deneyi (Lesh & Kelly, 2000) kullaniimistir. Bununla birlikte c¢alismanin verilerini
yorumlamak ve analiz etmek icin ¢cok katmanli 6gretim deneyi kapsaminda dizayn arastirma yontemi
(Dolk, Widjaja, Zonneveld, & Fauzan, 2010) kullanilmistir Bu ¢alismanin amaci da matematiksel
modellemenin 6grenmeyi nasil destekledigini anlamak ve 6gretmenlerin bu sirecteki gelisimlerini takip
ederek Ogrencilerin 6grenmelerini analiz etmek oldugundan calisma ¢ok katmanh 6gretim deneyinin
(multi-tiered teaching experiment) dogasina uygun gérilmustir.

Arastirmanin katihmcilari Tarkiye’nin Dogu Anadolu Bolgesindeki bir ilin merkez okulunda gorev
yapan matematik 6gretmeni ile ayni okuldan segilen yedi (7) 7. sinif 68rencisi olusturmaktadir. Trafik
Isiklari Problemi dgrencilere 3 ve 4 kisilik gruplar halinde uygulanmistir. Ogretmen seciminde génillilik
ve mesleki deneyim 6n planda tutulmustur. Mesleki deneyime sahip bir 6gretmenin alaniyla ilgili
konulara daha fazla hakim olacagi ve eksiklikleri daha rahat tespit edebilecegi dustnilmistir.
Ogrencilerin okul yasantilari ve bulunduklari sinif seviyesi dikkate alindiginda belki de en kritik dénem 7.
sinif seviyesidir. Cinki 7. sinifta ortalama 13 yaslarinda olan 6grenciler, bilissel gelisim dénemlerinden
olan soyut islem déneminin baslarindadirlar. Piaget’e [89] gore en st bilissel gelisim donemi olan soyut
islemler doénemi, 11-12 yas doneminden vyetiskinlik yillarina uzanir. Bu dénemde su o&zellikler
belirginlesir: i) Yeni ve daha glicli bilissel yetenekler gelisir. Soyut kavramlar anlasilir, soyut dislince
analiz edilir, sentezlenir ve degerlendirilir. ii) Olasilik anlayisi bu dénemde olusur. Soyut dlslinen birey
bircok olasi ¢6ziimi géz 6niline alabilir ve bunu da sistematik bir plana goére yapar. iii) Bu dénemin diger
bir 6zelligi de birlestirmeci (kombinasyonel) distinmedir. Birkag faktoriin ele alinarak sorunun ¢ozilmesi
saglanir. iv) Bir tez olusturabilir ve bu tezi savunabilir.

Cok Katmanli Ogretim Deneyi (Multi-Tiered Teaching Experiment)

GCok katmanh 6gretim deneyleri (multi-tiered teaching experiment) dogalari geregi tim katihmcilar
icin 6grenme deneyimleri sunar ve maksimum 6grenmeyi tesvik edici ortamlar olusturur. Cok katmanli
ogretim deneylerinde katilimcilar degisik 6grenme dizeylerinde olsalar bile birbirlerinden bagimsiz
distnitlemezler (Lesh & Kelly, 2000). Paylasima agik olma, karsilikli gliven ve uzlasi, katilimcilarin etkili
bir sekilde is birligi yapabilmeleri icin gereklidir. Dogasi geregi uyarlanabilen ¢ok katmanh 6gretim
deneyinde amag: i) Katiimcilarin (6grenci, 6gretmen, arastirmaci) deneyimlerinden yeni kavramlar
gelistirmek, ii) Yapilari test etmek ve diizenlemek amaciyla etkilesimleri yapilandirmak, iii) ilgili
modellerin olusturulmasini kolaylastiracak araglar saglamak, iv) Yapilarin lGretken bir yonde gelisimini
garantilemek, bilgilendirici geri donit ve oy birligi yapilandirmasi kullanmak igin yénlendirme yapmadan
gelisim sanslarini arttiracak durumlar olusturmaktir (English, 2003). Cok katmanli 6gretim deneyine gére
tasarlanan arastirmalarin sinif ici uygulamalarinda genellikle matematiksel modelleme etkinlikleri
kullanilir (Nutchey, Grant, Cooper & English, 2015). Cok katmanl 6gretim deneyi (arastirmaci, 6gretmen,
6grenci) yonteminin benimsendigi bu arastirmanin uygulama slrecinde asagidaki etkilesimler ge¢mistir.
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Arastirmacilar-Matematik Ggretmeni: Bu asamada matematik 6gretmeninin modelleme hakkindaki
dislncelerini belirlemek icin ilk dnce 6gretmenle yari yapilandirilmig 6n mulakatlar gergeklestirilmistir.
On milakatta matematik 6gretmeninin uygulama &ncesi modelleme etkinlikleri hakkindaki diisiincelerini
ortaya koymak icin “Matematik egitiminde gercek hayat problemlerinden faydalaniimasi hakkindaki
diistinceleriniz nelerdir?”, “Model, modelleme ve matematiksel modelleme ifadelerinden ne
anhyorsunuz?”, “Matematigi diger disiplinlerle iliskilendirirken nasil bir yéntem kullanirsiniz” gibi sorular
sorularak matematik 6gretmeninin dislnceleri ortaya konmustur. Daha sonra matematik 6gretmeni ile
model, modelleme, matematiksel modelleme, modelleme etkinlikleri (problemleri), modelleme
problemlerinin geleneksel problemlerden farki gibi kavramlar Gzerine iki hafta slren calistaylar,
bilgilendirme seanslari diizenlenmistir. Calistaylar sonucunda 6gretmen ile modelleme hakkinda son kez
yari yapilandinimis milakat gerceklestirilmistir. Daha sonra arastirmacilar matematik 6gretmeni ile
birlikte o6grenciler igcin zengin 6grenme alanlari saglayan ve onlar disiinmeye zorlayan 6 adet
matematiksel modelleme problemi (1sindirma aktiviteleri) gelistirmistir.

Matematik Ogretmeni-Ogrenciler: Gelistirilen modelleme problemleri (isindirma aktiviteleri), daha
kapsamli bir problem olan ve g¢alismanin asil uygulamasini teskil eden “Trafik Isiklari Problemi”
uygulanmadan 6nce 6grencilere iki grup halinde (3-4 kisilik) uygulanmistir. Bu problemlerde 6grenciler
matematiksel kavramlari ve bu kavramlar arasindaki iliskileri belirlemis ve bu kavramlardan hareketle
matematiksel bir model ortaya koymuslardir. Gelistirilen modelleri sunmak icin her grup kendi igerisinde
bir grup sdzciisii se¢mistir. Ogretmen de dgrencilerin model kurma siireglerini gdzlemlemis, gereken
yerlerde 6grencilerin model kurmalarini tesvik etmek icin ipuclari vermistir. Isindirma aktiviteleri
uygulama slreci yaklasik olarak dort hafta strmustir. Boylece o6grencilerin asil uygulama igin
hazirbulunusluk seviyelerinin yeterli olduguna karar verilmistir.

Gelistirilen Problemin STEM ile iliskisi ve Uygulama Siireci

STEM egitimi yaklagiminda sorgulama yapabilen, Griin tasarlayan, tasarladigi Grini test eden, sonug
cikaran, degerlendirme yapabilen, paylasima acik bireylerin yetistirilmesi gerektigi vurgulanmaktadir
(MEB, 2016). Bu g¢alismada uygulanan Trafik Isiklari Probleminin (MGhMOE) 6zellikleri ve kazandirmayi
hedefledigi beceriler su sekilde sirlanabilir: i) Problemin arastirma sorularini kesfetmeyi saglamasi,
verileri diizenlemeyi ve bir triin (model) ortaya ¢ikarmayr mimkiin kilacak yapida olmasi, ii) Problemin
formile edilmesi ve ¢6ziilmesinde disiplinlerarasi kavramlarin ve mihendislik tasariminin uygulanmasi,
iii) Verilerin birden fazla yolla temsil edilmesi, iv) Ortaya ¢ikan drlinin elestirel bir bakis agisiyla
degerlendirilebilmesi, v) Yaratici, esnek ve yeniliki yollarla dusinmeyi gerektirmesi. Bu 6zellikler
baglaminda Trafik Isiklari Probleminde (MUhMOE) hedeflenen kazanimlar ile STEM egitimindeki
kazanimlarin ortlstigu gorulebilir.

Isindirma aktivitelerinden sonra uygulanan Trafik Isiklari Problemi, trafik ile ilgili genel bilgilerin yer
aldigr okuma pargasi ve problem icin dnemli bir degisken olan kavsak resminden olusmaktadir (Ek-1).
Okuma parcasinin temel amaci, trafik konusunda 6grencileri bilgilendirmek ve bu konuda onlari
bilinglendirmektir. Gruplar Trafik Isiklari Problemini 60-80 dakikalik iki seans halinde tamamlamiglardir.
ilk seansta dgrenciler grup igi tartismalar yaparak problemi anlamaya ¢alismislardir. ikinci seansta ise
problemin ¢6ziimi igin olusturduklari modelleri raporlastirmislar ve bu raporlari grup sozciileri 6grenme
ortaminda sunmuslardir. Uygulama sirecinde matematik 6gretmeni 6grencilere gereken yerlerde
ipuclari vermis, arastirmacilar da égrenme ortaminda gézlem yapmistir. Ogretmen ve arastirmacilar
o6grencilere dogrudan bir miidahalede bulunmamistir.

Veri Toplama Araglari

Ogretim deneyi arastirmalari 6grencilerin ne yaptiklari ile ilgilendigi gibi daha agirlikh olarak nasil
yaptiklari ile ilgilenir. Bu nedenle toplanan veriler genelde nicelden ziyade nitel 6zelliktedir. Cobb ve
Steffe (1983) Ogretim deneyindeki nitel verilerin iki temel kaynaktan beslendigini séylemektedirler:
Yapilan 6gretim ve belirli araliklarla yapilan klinik mulakatlar. Dolayisiyla bu arastirmanin veri toplama
araclarini, 6gretmenlerle yapilan yari yapilandirilmis milakatlar, problemlere uygulama siirecinde
ogrencilerin ¢6zim kagitlarinda grupca verdikleri yazili cevaplar, ¢6zim sirecinde 6grencilerin sesli
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diistinmelerini iceren video kayitlari, uygulama siirecinde arastirmacilarin yapmis oldugu gozlemler ve
katiimcilarin gelisimlerinin yer aldigi raporlar olusturmaktadir. Bu ¢alismada, yari yapilandirilmig
gorisme teknigi kullanilmistir. Yari yapilandiriimis milakat formu hazirlanmadan 6nce arastirmaci
tarafindan “model”, “modelleme” “matematiksel modelleme” ve “disiplinlerarasi iliski” konularinda
ayrintili bir literattr ¢alismasi yiritilmustir. Gérisme sorularinin istenen verileri sagladigi kanaati ile
veri toplama sirecine gegilmistir. Veri toplama sirecinde 6gretmene “Matematik egitiminde gercek
yasamdan faydalanmaya iliskin diistinceleriniz nelerdir?”, “Matematigi diger disiplinlerle iliskilendirmek
icin nasil bir yontem kullanirsiniz?”, “Derslerinizi islerken matematik ile diger disiplinleri iliskilendirir
misiniz?, “Modelleme aktivitelerini daha 6nce duydunuz mu?” gibi sorular sorularak 6gretmenin
disiplinlerarasi gorisleri belirlenmistir. Ogretmenle gériisme yaklasik 30 dakika stirmiistir.

Verilerin Analizi
Dizayn Arastirmalari Yontemi

Bu calismanin verilerini yorumlamak ve analiz etmek i¢in ¢ok katmanli 6gretim deneyi kapsaminda
dizayn arastirma yontemi (Dolk vd., 2010) kullanilmistir. Dizayn arastirmasinin énemli yonlerinden biri
geriye doniik analize (retrospective analysis) odaklanmalaridir. Bu analizde arastirmaci ve 6gretmenlerin
sinif igindeki uygulamada ve 6gretimde anlamh degisiklikler meydana getirmek igin birlikte calistiklari
gorilur (Design-Based Research Collective, 2003). Dizayn arastirmalari etkilesim siireci bilgi (knowledge),
dizayn (design), deney (experiment) ve geriye doniik analiz (retrospective analysis) asama dongulerini
icerir (Dolk vd., 2010, p.175).

Arastirmanin veri analiz boyunca genel anlamda “satir satir kodlama” teknigi dikkate alinmistir
(Strauss & Corbin, 1990; Corbin & Strauss, 2007). Bu calismanin veri analizine ilk olarak yari
yapilandiriimis goériismelerin analizinden baglanilmistir. Birbirinden bagimsiz iki arastirmaci yar
yapilandiriimis gériismelerden elde edilen verileri analiz etmis ve bu analizler sonucunda 6gretmen ile
yapilan yari yapilandirilmis 6n gorismelerden elde edilen verilerde Matematik ve Ger¢ek Hayat,
Disiplinleraras iliskilendirme, Model, Modelleme ve Matematiksel Modelleme Algisi temalari ortaya
ctkmistir. Son goriismede ise Modelleme Problemini (Trafik Isiklari) C6zmenin Ogrencilere Faydasi,
Ogrencilerin Farkli Modeller Kurmalarini Etkileyen Faktérler temalari elde edilmistir.

Geriye donilk analiz tim veri setinin yeniden ele alinmasini icerir. Bu analiz 6gretim deneyinin ilgili
kayitlarinin (6n gortsmeler, 6gretim slreci ve son gorlismeler) tamaminin dikkatle incelenmesini
gerektirir. Bu analizin amaci, 6grencilerin matematiksel gelisimlerini agiklayabilmektir (Simon, 2000). Bu
amag dogrultusunda gergeklestirilen 6gretim sirecinin ve yari yapilandiriimis gériismelerin tamaminin
doékimleri yapilmis, gruplarin Trafik Isiklari Problemi lizerine gelistirdikleri modeller (gerekgelendirmeler,
islemler ve cizimler) taratilarak bilgisayar ortaminda bir dosya haline getirilip veri seti olusturulmustur.
Gruplarin ¢6zim kagitlan strekli gozden gecirilmis, gorintili ve sesli kayitlar transkript edilmistir.
Arastirmacilar stirekli analiz siirecinde her dersin sonunda kaydedilen videolari izleyerek elde edilen
sonuglari ve gdzlemlerini tartismiglardir.

Dizayn arastirmalarinda kodlama sirecinde farkli yollar izlenebilmektedir. Bunlar; satir satir kodlama
yapmak, climleler ya da paragraflar lzerinden kodlama yapmak ve eldeki gorisme ya da gbzlem
dokiimaninin timu lzerinden degerlendirme yaparak kodlama yapmaktir. Bu calismada Corbin ve
Strauss yaklasimlari dikkate alinarak analizler gergeklestirilmistir. Bu yaklasimlar; a¢ik, eksensel ve secgici
kodlama yaklasimlaridir. Bu dogrultuda, analizin baslarinda iki arastirmaci birbirinden bagimsiz olarak
verileri satir satir kodlamis, bu acik kodlama sonucunda 6grencilerin MUhMOE'lerin ¢6ziimiinde hangi
vaklasimlari sergiledikleri belirlenmeye c¢alisilmistir. Kodlama stireci, acgik kodlari birbirine baglamak ve
belirlenen kategorileri ve kategoriler arasindaki iliskileri ortaya ¢ikarmak icin gergeklestirilen eksensel
kodlamayla devam edilmistir (Strauss & Corbin, 1990; 1998). Sonra daha (ist soyutlama dizeyindeki
merkezi kategorilerin (core categories) belirlenmesi amaciyla yapilan segici kodlama ile veri analizine
devam edilmistir. Arastirmacilarin birlikte yaptiklari gortismeler ve tartismalar ¢ercevesinde kodlar
karsilastirllmis ve farkh kodlarin temelindeki benzerlikler ve farkhliklar ortaya konulmustur. Yapilan
degerlendirmeler sonucunda MUhMOE’lerin analizi i¢in ¢ tane temel kategori ve (¢ temel olusan bir
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rubrik (Tablo-1) belirlenmistir. Ogrencilerin MUhMOFE’ler icin gelistirdikleri ¢éziimler, bu (¢ temel
kategori ve bu seviyelere gore analiz edilmistir. Nitel arastirmalarda, farkli kodlayicilar tarafindan
kodlanan veri setinin benzerlik orani énemlidir (Fidan ve Oztiirk, 2015). Bu benzerlik orani, nitel
arastirmalarin giivenirligini de belirlemektedir. Bu ¢alismada arastirmacilar, analizleri birlikte tartistiktan
sonra Uzerinde anlastiklari ve uzlasamadiklari kodlarin sayisini belirlemistir. Arastirmacilarin goris
birlikleri ve ayriliklarinin sayisi belirlenerek, kodlayici glvenirligi formili (Miles ve Huberman, 1994)
kullanilmig ve glvenirlik 6gretmen ile yapilan gériisme kodlarinda % 84; MUhMOE'lerin analizi ile ilgili
kodlarda %86 olarak hesaplanmistir. Kodlayicilar arasi guvenirlik hesaplamasi [Gorus Birligi/ (Gorus
Birligi + Gorlis Ayriligi)] X 100 formuluyle yapilmistir. Miles ve Huberman (1994), iyi bir nitel guvenirlik
icin kodlamanin giivenirliginin en az % 80 uyum diizeyinde olmasi gerektigini vurgulamaktadir. Cikan

sonuglar dikkate alindiginda glvenilir sonuglar oldugu séylenebilir.

Tablo 1.

Modelleme Becerilerini/Yeterliklerini Degerlendirme Rubrigi

Beceriler/Yeterlikler

Seviye 1

Seviye 2

Seviye 3

*Hicbir varsayim
yapamama

*Problemin gercek yasam
yorumlarina dayali olarak en
az 2 varsayimin yapilmasi ve

*Problemin gergek
yasam yorumlarina
dayanarak kapsamli
bir varsayim listesinin

Varsayimlar *Dogru olmayan aciklanmasi yapilmasi ve
varsayimlar yapma *Varsayimlarin modele aciklanmasi
kismen uygun olmasi *Varsayimlarin
modele uygun olmasi
*Modelleme
probleminin
*Modeli kurmada higbir *Modelleme probleminin ¢6zUmunu ve
Gergek yasam bilgisini  kanitlamadan ¢6zUmUunu ve yorumunu yorumunu
kullanarak Problemi ve yararlanamama ya da etkileyecek degiskenleri etkileyecek

C6ziimii Yorumlama

sadece bir tane gergek
yasam durumunu goz
oninde bulundurma.

incelerken iki gercek yasam
durumunu g6z 6niinde
bulundurma

degiskenleri
incelerken 3 ya da
daha fazla durumu
g0z 6niinde
bulundurma

Matematiksel
Muhakeme ve
Hesaplamalar

*Model kurmada 1
degiskeni dikkate alma
*Hesaplamada birkag
kiicuk hata olmakla
birlikte matematiksel
terimleri dogru kullanma
*Kismen mantikli
matematiksel
muhakeme yapma
*Matematiksel
muhakemeyle
dogrulanmamis
tavsiyelerde bulunma

*Model kurmada 2
degiskeni dikkate alma
*Neredeyse hi¢ hesaplama
hatasi olmadan dogru
matematik kullanimi
*Mantikli matematiksel
muhakeme yapma
*Matematiksel
muhakemeyle dogrulanmis
tavsiyelerde bulunma

*Model kurmada 3
ya da daha fazla
degiskeni dikkate
alma

* Matematiksel
terimleri dogru
kullanim
*Matematiksel
muhakemeyi dogru
bir sekilde yapma ve
hesaplamalarda hata
yapmama.
*Matematiksel
muhakemeyle
dogrulanmis
tavsiyelerde bulunma
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Rubrikte belirtilen modelleme becerileri/yeterlikleri varsayimlarda bulunma, gercek yasam bilgisini
kullanarak problemi ve ¢6ziimii yorumlama, matematiksel muhakeme ve hesaplamalar basliklarindan
olusmaktadir. Bu beceriler asagida kisaca agiklanmistir:

Varsayimlarda Bulunma: Ogrencilerin problemi anlamaya ve basitlestirmeye calisirken varsayim
farkindahgi gelistirmesidir. Bu farkindaligin gelismesi gercek diinya ile matematik diinyasi arasinda bir
kopri gorevi gorar.

Gergek Yasam Bilgisini Kullanarak Problemi ve Céziimii Yorumlama: Ogrencilerin cesitli iliskileri
formiile ederken gergek diinya ve matematik bilgisi yoluyla uygun temsiller olugturmasidir.

Matematiksel Muhakeme ve Hesaplamalar: Problemi, mantikli onerilerle ¢ézmek igin ¢ok sayida
degisken ile matematiksel olarak ugrasma yetenegidir.

Bulgular

Bu bélimde ilk 6nce matematik 6gretmeni ile yapilan “6n goriisme” ele alinacak, daha sonra iki
grubun (A ve B) “Trafik Isiklari Problemi” Gzerine gelistirdikleri modeller belirlenen beceriler/yeterlikler
altinda sunulacak ve son olarak 6gretmenle yapilan “son goriismelere” yer verilecektir.

1. Ogretmenle Yapilan On Gériismeden Elde Edilen Bulgular

On goériismede dgretmenle yari yapilandirilmis miilakatlar yapilmis ve bu miilakatlar asagida Tablo-
2'de belirtilen temalar cercevesinde gergeklestirilerek sunulmustur. Ogretmenin sorulara verdigi
cevaplardan alintilara yer verilmis ve bu alintilardan ¢ikarimlarda bulunulmustur.

Tablo 2.
Ogretmenle Yapilan On Gériismeden Belirlenen Temalar ve Yorumlar
Temalar Ahlntilar Yorum/Cikarim
..Bazi  &6grenciler  konular1  glinliik  hayatta

Matematik ve
Gergek Hayat

kullanmadigimiz igin 6Grenmeye de gerek yok derler.
Bunun icin konu anlatildiktan sonra 6rnekler
verilirken o 6rnekleri giinliik hayattan segersek daha
giizel olur. Ornek veriyorum: diyelim ki 100 km’lik bir
yolda bir ara¢ 5 It yakit harcamistir. Buna gére 400
km’lik yolda ne kadar yakit harcar? Yani bu sekilde
glinliik hayattan 6rnekler verirsek daha glizel olur
diye diisiiniiyorum. Mesela suan yiizdeler konusunu
isliyoruz. Yiizdeyi 6greniyoruz da yiizdenin amaci ne,
giinliik hayatta nerede kullaniyoruz? Bu tip sorularda
sunu yapariz: Odrenciler ahgverisi sevdidi icin bir
pantolon diisiinelim. 100 tl lik olsun. %30 indirim
yapilirsa kag tl olur? Ogrencilere sunu derim: Eger bu
konuyu 6drenirseniz ¢ogu magazada indirim olur,
tiriinlerin indirimli fiyatlarinin ne kadar olacagini
hesaplarsiniz.

*Matematigi glinliik
hayatla iliskilendirme

*Gunlik hayattan 6rnek
verme

*Ogrenilen konularin
gilinlik yasamda 6grenciye
faydalan

Disiplinlerarasi
iliskilendirme

Disiplinlerarasi iliski. Tiim dersler birbiriyle baglantil.
Zaten konuyu anlatinca glinliik hayattan &rnek
verdigimizde iliskilendirme yapariz. Bazi konulari
anlatirken materyal olmuyor.

* Disiplinlerarasi iligki
kurma

*{liskilendirmede
materyal eksikligini
belirtme
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*Modeli Temsil

- ) - . Prototip olarak
Model deyince, 6rnegin bizler &grenciler igin  bir durumu/Prototip olara

modeliz.  Matematikte model, soyut konular belirtme
Model, somutlastirmak icin materyal kullanarak 6grencilere . .
. . . *Modellemeyi modelin
Modelleme ve  géstermedir. Modelleme de modelin yapilisidir. ortava cikma siireci olarak
Matematiksel Matematiksel modelleme ifadesini daha énce N |k|§1 mca
Modelleme duydum. Ozellikle iiniversitede materyal derslerinde ¢
Algisi gordiik. Bildiginiz gibi matematikte ¢ogu konu

*Matematiksel
modellemeyi soyut
konulari somutlastirma
olarak disinme

soyuttur. Bunlari somutlastirmak igcin modelleriz.
Ogrenci daha iyi anlar.

Ogretmen, daha 6nce 6grencilerin matematigi giinlik hayatta bir karsiliginin olmadigini diisiindiikleri
icin 6grenmeye gerek duymadiklarini belirten ifadelerle karsilastigini séylemistir. Bunun igin konulari
islerken gunliik hayattan 6rnekler segilmesi gerektigini dile getirmistir. Matematigin glinlik hayatla iligkili
oldugunu belirtmek icin hareket problemleri ve yizdeler konusundan érnekler vermistir. Matematik ile
diger disiplinleri iliskilendirdigini ancak bu iliskilendirmeyi giinlik hayattan ornekler vererek yaptigini
belirtmistir. Ayrica konulari anlatirken materyal gereksinimi duydugunu ifade etmistir. Ogretmen, modeli
bir temsil durumu, matematiksel modeli soyut konulari somutlastirma, modelin yapilisini modelleme
olarak belirtmistir. Ayrica matematiksel modellemeyi Universitede materyal tasarlama dersinde
gordigiind dile getirmistir.

1. Trafik Isiklari Problemi C6ziim Siireci

Bu bolimde iki grubun matematiksel modelleme becerileri, rubrikte yer alan kriterlere gore
degerlendirilmistir. Bu degerlendirmeler 6grencilerin yazili cevaplarina ve grup igi tartismalarina
dayanmaktadir.

Matematiksel Modelleme Becerisi Seviye 2’ye Ornek (B Grubu)

B grubunun yazili cevaplari ve grup ici tartismalarindan yola cikarak rubrige gére Seviye 2’'de
degerlendirilmistir. Bu grup trafik isiklari ile ilgili model olustururken kisith varsayimlardan
yararlanmistir. Grup, modelini kurarken gergek yasam bilgisini sinirli degiskenlerle belirtmistir.

Varsayimlarda Bulunma Becerisi

B grubunun gelistirmis oldugu kavsak modelinde karsilikli bélinmus iki yol ve alti adet trafik 1518
bulunmaktadir (Sekil-1). Bu grup gelistirdigi modelde arabalarin gegisleri ile ilgili varsayimlarda bulunmus
olmasina ragmen yaya gegisi ile ilgili herhangi bir varsayimda bulunmamistir.

Sekil 1.B grubunun Gelistirdigi Model
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Gergek Yasam Bilgisini Kullanarak Problemi ve C6ziimii Yorumlama Becerisi

B grubu, modelini olustururken il merkezinde bulunan ve 6grencilerin de sirekli kullandig bir yolu
dikkate almigtir. Bu yolu sehir igi ve sehirlerarasi ulagimi saglayan araglar kullanmaktadir. Yolda araglarin
ve vyayalarin gecisini kolaylastirmak igin bir kavsak ve bu kavsakta gegisleri saglayan trafik isiklari
bulunmaktadir. B grubu, modelini olustururken bu yolu dikkate almis olmasina ragmen, modelinde yaya
gecidi ile ilgili herhangi bir bilgiye yer vermemistir. Asagida grubun model olustururken grup igi
tartismasindan bir diyalog verilmistir:

BO1: Universite kavsagindaki yolu diisiinelim. Onun gibi bir seyler yapabiliriz.
BO2: Evet olabilir. Tiirk Telekom kavsadi da olur.

BO3: Ama o kavsaktaki trafik 1siklari calismiyor ki. Bence de iiniversite kavsagindaki isiklara benzer bir
seyler yapabiliriz.

BO1: Tamam é6yle yapalim. Hadi baslayalim...
Matematiksel Muhakeme ve Hesaplamalar

B grubu, modelinde isiklarin yanma sirelerini (Kirmizi, Sari, Yesil) sirasiyla 30 saniye, 2 saniye ve 40
saniye olarak se¢mistir. Grup, modelinde isiklarin hangi siraya goére yanacagini kirmizi (K) ve yesil (Y) KY,
YK gibi sembollerle belirtmistir (Tablo-3). Bu grup, modelini sunarken araglar farkli renkte nesneler
kullanarak gostermistir. Bu sekilde grubun modelinin anlasilmasi kolaylasmistir. Asagida Tablo-3'te
grubun sézcisi kurduklari modeli sirasi ile gerekgelendirerek anlatmistir:

Tablo 3.
B Grubunun Modelindeki Muhakemeler ve Gerekgeleri

1) Siyah renkli nesne 2) Mavi renkle 3) Mavi renkle 4)  Mavi renkli
kirmizi i1sikta  duran | gésterilen arag yesil isikta | gdsterilen aracin sag | aragla  kirmiz  renkli
araci, mavi renkli nesne | gegtikten sonra  sola | tarafindaki yoldan | araglarin

yesil i1sikta gegen araci | dénsiin ve kirmizi 1siga | kirmizi renkli bir ara¢ | ¢carpismamasi icin
goOstermektedir. takilsin. yesil isikta  ge¢cmis | mavi  renkli aracin
olsun. oldugu yere isik sistemi

kurduk.

Matematiksel Modelleme Becerisi Seviye 3’e Ornek (A Grubu)

A grubunun vyazili cevaplari ve grup ic¢i tartismalarindan yola ¢ikarak rubrige goére Seviye 3’te
degerlendirilmistir. Bu grup trafik isiklar ile ilgili model olustururken ayrintili varsayimlar listesi
olusturmus, gercek yasam bilgisini ¢esitli etkenleri gbz 6nlinde bulundurarak kullanmis ve matematiksel
muhakeme ve hesaplari dogru bir sekilde yapmistir. Bundan dolayi grup Seviye 3’te degerlendirilmistir.

Varsayimlarda Bulunma Becerisi

A grubunun gelistirmis oldugu kavsak modelinde karsilikli iki yol, bu yollarda gegisi kontrol eden,
icinde kameralarin oldugu ve ¢ift yonli olan dort adet trafik 15181 ve dort adet yaya gegidi bulunmaktadir
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(Sekil-2). A grubunun modelinde yaya gecidinin alt tarafina yerlestirilmis dikenli teller bulunmaktadir.
Araglar icin kirmizi i1sik yandiginda bu dikenli teller alttan ¢ikar ve bodylece aracin kirmizi isikta gegmesi
engellenmis olur. Bu grup problemi anlamak ve matematiksel ¢dziimler iretmek igin farkl degiskenleri
gbz onlinde bulundurmustur. Ayrica bu grup matematiksel muhakeme ve akil yiiriitme becerilerini daha
dogru kullanmistir. Asagida bu grubun kurdugu model ve grup sézcislnln ifadeleri yer almaktadir:

Araglar icin kirmizi, yayalar icin yesil 1sik yandiginda bilmeyenler igin kirmizi isikla yanan dikenler
asfaltin altinda ¢ikar. Béylece kirmizi isikta durmasi gereken ara¢ edger durmazsa bu dikenli telleri
gegcemez ve durmak zorunda kalir. Bir de cihazlarimiz ¢ift yonliidiir. Her iki taraftan gelen araglar i1siklari
gorebilir.

Sekil 2. A Grubunun Gelistirdigi Model

A grubu, grup icinde tartismalar yapmis, bu tartismalar sonucunda gelistirdigi modelde dikenli tel ve
¢ift yonli gorilebilen igiklari modeline yerlestirmistir. Grup, modeline yerlestirmis oldugu dikenli telleri
ve ¢ift yonlu gorilebilen isiklari nigin kullandigini gerekgeleri ile birlikte belirtmistir.

Gergek Yasam Bilgisini Kullanarak Problemi ve Cé6ziimii Yorumlama Becerisi

A grubu, modelini olustururken, daha 6nce (TV, internet vb.) duydugu haberlerden
etkilenerek/esinlenerek cihazin icine kameralar yerlestirmistir. Grup ici tartismalarda bazi 6grenciler
gezdikleri yerlerde gordikleri sistemleri anlatmislardir. Asagida grubun model olustururken grup igci
tartismasindan bir diyalog verilmistir:

AOQ1: Isiklari kaldirnmlarin kenarlarina yerlestirelim. Isiklarimiz cift yénlii olsun ve icerisinde kameralar
bulunsun. Béylece uymayanlar tespit edilip ceza yazilir. Ben daha énce televizyonda gérmiistiim.

AG2: Yaya gegitleri de koyalim. Bu yaya gecidinin alt tarafina dikenli teller yerlestirelim. Araglar icin
kirmizi i1sik yandiginda bu teller disari ¢ciksin ve araglarin gecisini engellesin. Ben istanbul’da béyle bir sey
gormiistim.

Grup bu sekilde tartismalar yaparak gordukleri ve duyduklari faktorlerden etkilenmis ve modelini
olusturmustur.

Matematiksel Muhakeme ve Hesaplamalar

A grubu, modelinde isiklarin yanma stirelerini sirasiyla (Kirmizi, Sari, Yesil) 50 saniye, 5 saniye ve 120
saniye olarak se¢mistir. Grup, bu yanma sirelerini gerekgeleri ile birlikte belirtmistir. Bu grup, grup igi
tartismalar yaparak modelini kurmada farkl fikirler 6ne stirmistir. Grup matematiksel muhakeme ve
hesaplamalari ayrintilari da dikkate alarak dogru yapmistir. Asagida Tablo-4’te grubun sozclist kurduklari
modeli sirasi ile gerekcelendirerek anlatmistir:
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Tablo 4.

A Grubunun Modelindeki Muhakemeler ve Gerekgeleri

1) Burada gériildigii gibi
dért adet trafik 1sigini
kaldirimlarin kenarlarina
yerlestirdik. Biitiin
yollara yayalarin gegisini
kolaylastirmak igin yaya
gecidini yerlestirdik.

2) Isiklarimiz cift

3) Araglar igin kirmizi

yonlidiir. Her iki taraftan | isik yandiginda
gelen araglar goérebilir. | uymayanlar icin
Ornegin,  bir  tarafa | kirmizi 1sikla  yanan
kirmizi yanarken diger | dikenler yaya
tarafa yesil  yanar. | gegidinin  bulundugu
Ayrica isiklarin igerisinde | asfaltin altindan ¢ikar
kameralar  bulunmakta | ve bdylece araglarin

ve gecisleri kayit altina
almaktadir.

gecisi engellenmis

olur.

4) Cihazlarin iizerinde
yanma slireleri vardir.
Kirmizi 1stk 50 saniye.
Uzun  siire  kirmizi
yanarsa trafik olur.
Sari istk 5 saniye.
Hazirlanmasi i¢cin 5
saniye yeterli. Yesil isik
120 saniye. Yayalarin
bekleme siiresinin ¢ok

olmamasi icin 120
saniyeyi uygun gordiik

1. Ogretmen ile Yapilan Son Gériismeden Elde Edilen Bulgular

Ogretmen ile yapilan son gériismede 6gretmenin modelleme hakkinda &nceki diisiinceleriyle
uygulama sirecinden sonraki distncelerinde bir degisiklik olup olmadigi konusulmustur. Buna bagh
olarak Trafik Isiklari Probleminin uygulama sirecinin genel bir degerlendirmesi yapilmistir. Bu bolimde
o6gretmenin Trafik Isiklari Problemi hakkindaki diisiinceleri ele alinacaktir.

Tablo 5.

Ogretmenle Yapilan Son Gériismeden Belirlenen Temalar ve Yorumlar

Temalar Alntilar Yorum/Cikarim
Ogrenciler giinliik hayatta trafik isiklari
sistemi ile siirekli karsilasirlar ancak bu *Erken yasta  ogrencilerde
isiklardaki sistemin nasil ¢alistigiyla ilgili ok miihendislik  becerisini  fark
az kisinin bilgisi mevcuttur. Bu problemle
ogrenciler karsilastiginda problemin etme
¢6ziimii icin bazi fikirler olusmustur. Bu
Modelleme fikirler sonucunda 6grenciler farkli ¢6ziim
Problemini (Trafik 6nerileri sunmuslardir. Bu sekilde 6§renciler
“|§|klar|) Gozmenin erken yasta miihendislikle i¢ ice olmuslardir.
Ogrencilere Faydasi g, dgq  égrencilerin  sececedi meslegi *Havat h lanind
etkileyebilir. Bu gibi problemlerle karsilasan ka;ﬁsllrl]abilecelf r I?airr’:;yi

6grenciler hayatin her alaninda daha sonra
karsilasabilecegi karmasik problemlerle bas
edebilir. Ogrenciler bu tiir problemleri
¢6zmeye isteklidirler. Matematik basarisi
cok diisiik olan 6dgrencinin  bile bu

problemlerle bas etme
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problemleri ¢b6zmeye istekli olmasi bu
problemin énemini gozler éniine
sermektedir. Odgrenciler bu problemlerle
karsilastikca matematige karsi olumlu bir
tutum sergilemektedir. Bu tiir problemlerle
disiplinlerarasi 6grenme muhakkak gelisir.

Ogrenciler farkh yerlerde
yasadiklarindan dolayi farkli ¢6ziim énerileri
sunmuslardir.  Ornedin A 6drencisinin

Ogrencilerin Farkli matematik bilgisi ¢ok iyi degil, fakat cok

Modeller Kurmalarini  gezdigi icin problemin ¢éziimiinde gérdiigii

Etkileyen Faktorler yerlerle ilgili bilgileri burada kullanmstir.
Ayrica bu édrenciler 3-4 kisilik gruplar
hdlinde farkli gériisler ile beyin firtinasi
yapmis ve farkl fikirler ortaya atmislardir.

*Farkli yerlerde yasama ve
gordikleri yerlerden etkilenme

*Gruplar halinde problemi
¢ozme ve farkh fikirler 6ne
sirme

Ogretmen, 6grencilerin giinlitk hayatta trafik isiklar ile stirekli karsilastiklarini ancak bu isiklardaki
sistemin nasil calistigi ile ilgili fazla bilgi sahibi olunmadigini belirtmistir. Ogretmen, dgrencilerin bu
problemin ¢6ziim siirecinde erken yasta mihendislik becerisi gerektiren kavramlarla tanistiklarini, bunun
da ilerde meslek seg¢imini etkileyecegini dile getirmistir. Ayrica 6gretmen, iki grubun farkli modeller
gelistirmesinde grup ici tartisma, farkli gevrelerde yasama, seyahat etme gibi faktérlerin etkili oldugunu
soylemistir.

Tartisma ve Sonug

Bu calismada, karmasik yapidaki Mihendislik Modelleme Etkinliklerinin (MUhMOE) STEM egitimine
geciste mihendislik ile okul matematigi arasinda kopri kurmak icin bir arag¢ olarak kullanilip
kullanilamayacagl Uzerine durulmustur. Calismada uygulanan Trafik Isiklari Problemi (MUhMOE)
geleneksel problemlerden farkli yapida olup karmasik verileri yorumlama, analiz etme ve sentez yapmayi
gerektiren, farkli cevaplara ve fikirlere olanak saglayan, Model ve Modelleme Perspektifinin teorik
gercevesinden hareketle olusturulan disiplinlerarasi yapida olan bir problemdir. Ogrenciler bu
problemde kendi matematiksel ve bilimsel fikirlerini ortaya atmis, bu fikirlerini grup ici tartismalarla
destekleyerek bir model ortaya koymuslardir.

Bu paragrafta arastirmanin alt problemleri olan “MiihMOE’lerde gruplarin STEM egitimi icin 6nemli
bir isleve sahip olan tasarim becerileri nasil gelisti?” ve “Gruplar ayni MihMOE’de nicin birbirinden farkh
modeller (lrunler) ortaya koymuslardir?” sorularinin cevabi tartisilmistir. Bulgular béliimiinde gruplarin
Trafik Isiklari Probleminin ¢ézimiinde gegirdikleri siuregler incelendiginde, A ve B gruplarinin farkli
modeller olusturduklari goriilmistir. B grubu, modelinde karsilikli bolinmis iki yol ve alti adet trafik
1sIg1 yerlestirmistir. Bu grup modelinde sadece araba gegisleri ile ilgili varsayimlarda bulunmus, yaya
gecidi ile ilgili herhangi bir bilgi vermemistir. Gruplarin video transkriptleri incelendiginde B grubu
modelini daha anlasilir kilmak i¢in araglari farkh renkteki nesnelerle belirttigi gorilmustir (Tablo-3). B
grubunun nigin boyle bir model tasarladigi tartisilmis, video analizleri incelendiginde grubun modeli
kurarken il merkezinde bulunan ve 6grencilerin de kullandigl bir yol lzerinde bulunan kavsagi 6rnek
aldig1 tespit edilmistir. Ornegin B grubundan bir &grenci “Telekomun orada bulunan kavsadi diisiinelim,
ona gére yapalim” demistir. Grubun diger Uyeleri bu 6neriden etkilenmis, modellerini il merkezinde
bulunan bir kavsaga gore tasarlamislardir. A grubu ise modelinde karsilikli iki yol, bu yollarda gegisi
kontrol eden, icinde kameralarin oldugu ve cift yonli olan dort adet trafik 15181 ve dort adet yaya gecidi
belirtmistir (Tablo-4). Arastirmacilar tarafindan 6grenme ortaminda yapilan goézlemlerde ve video
analizlerinde A grubu modelini kurarken TV, internet gibi iletisim aracglarindan duydugu bilgileri
kullandigl sonucu tespit edilmistir. Ayrica grup icinde bazi 6grenciler farkh yerlerde gorduikleri sistemleri
anlatmislardir. Ornegin A grubundan bir dgrenci “Ben istanbul’da dikenli teller gérdiim. Kirmizi 1sik
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yandiginda bu teller ortaya ¢ikiyor” demistir. Bu 6grencinin 6nerileri dikkate alinarak grup, modelinde
yaya gegidinin altina araglarin kirmizi 1sikta gegmesini engellemek icin dikenli teller diiginmustir. Bu
gruptan baska bir 6grenci “Cihazlara (1siklara) kameralar yerlestirelim. Kurallara uymayanlari tespit etsin”
demis, grup bu oneriyi de dikkate alarak modeli tasarlamistir. Her iki grup da modellerinde kurduklari
1sik sistemlerinin yanma strelerini farkli sayilarla belirtmis, ancak iki grup da bu isiklarin yanma siralarini
Kirmizi, Sari ve Yesil olarak gostermistir. A grubu modelinde yaya gegcidi, dikenli tel gibi degiskenleri
dikkate alirken B grubu bunlari nigin dislinememistir? Gruplarin igiklarda belirttigi yanma stireleri neden
birbirlerinden farklidir? A grubu modelini kurarken iletisim araglarindan etkilenirken B grubu neden
cevreden etkilenmistir? Her iki gruptaki 6grenciler de ayni siniftan (7.Sinif) segilmis ve her iki grupta
bulunan 6grencilere ayni matematik 6gretmeni matematik dersine girmis olmasina ragmen gruplar
neden farklh yapida modeller gelistirmistir? Cok sayida degiskeni dikkate alarak sistemli bir sekilde model
olusturan A grubundaki 6grencilerin B grubundaki 6grencilere gére daha derin disltnduikleri ve daha
etkili tartismalar yaptiklari séylenebilir (Tablo-5). A grubunda muhakeme yetenegi diger gruptaki
ogrencilere gore daha iyi olan kisi veya kisiler bulunabilir. A grubunda liderlik 6zeligi 6n plana ¢ikan ve
tartisma yapmayi seven kisilerin olmasi daha etkili model gelistirmeyi saglamigs olabilir. Ayrica problemin
gercek hayattan olmasi ve 6gretmenin de gorislerinde yer verdigi (Tablo-5) gibi gruplarda sosyallesme
diizeyleri farkh olan 6grencilerin yer almasi model kurmada 6nemli etken oldugu sdylenebilir. Diger
arastirmalarda (English & Mousoulides, 2011; Mousoulides & English, 2011) vurgulandigi gibi model
gelistirme kolay bir siire¢ degildir. Bu calismada da karmasik problemlerde karar vermenin basit bir siireg
olmadigl sonucu tespit edilmistir (Tablo-3 ve Tablo-4). Ogrencilerin problem ¢6zme siirecinde
gelistirdikleri modellerin farkli olmasinda; 6grencilerin ilk defa boyle bir problem ile karsilasmalari, grup
icerisindeki kisilerin farkl diisinmeleri, problemin dogasi geregi karmasik yapida olmasi gibi nedenlerin
etkili oldugunu séylemek miimkiindir. Alanyazininda bu varsayima destek veren calismalara (Doerr &
English, 2001; Lesh, Zawojewski, & Carmona, 2003; English, 2013) rastlamak mumkunddr.

Bu paragrafta arastirmanin bir diger alt problemi olan “Trafik Isiklari Problemi (MGhMOE) okul
matematiginde STEM egitimi icin bir arag¢ olarak kullanilabilir mi?” sorusunun cevabi tartisiimistir.
Muhendislik Model Olusturma Etkinliklerinin (MUhMOE) ¢o6ziimiinde is birligi, degerlendirme,
dokiimantasyon ve raporlama siregleri yer alir (English, 2013). Bu c¢alismada gruplar, modellerini
tasarlarken is birligi yapmis, grup igi tartismalar yaparak gelistirdikleri modellerini degerlendirme firsati
bulmuglardir. Gruplar modellerine son halini vererek belgelendirmislerdir (Sekil-1 ve Sekil-2). Gruplarin
model olusturmalari, olusturduklari modelleri belgelendirip birbirleriyle paylagsmalari STEM egitiminin
O6grenme dongusi (MEB, 2016) ile 6nemli 6lglide 6rtiismektedir. Trafik Isiklari Probleminin (MUihMOE)
¢6zum sirecinde 6grenciler matematik, fen bilimleri, teknoloji ve mihendislik bilgilerini buttnlesik bir
yapida kullanarak Griinler ortaya koymuslardir (Tablo-3 ve Tablo-4). MEB tarafindan hazirlanan Fen
Bilimleri Taslak Ogretim Programinda (2017) “Miihendislik ve Tasarim Becerileri” fen bilimlerinin
teknoloji, matematik ve muihendislikle bitlnlestirilmesini saglamayl amaglamaktadir. Dolayisiyla bu
problemin ¢6ziim sirecinde MEB’in (2017) taslak programda belirttigi muihendislik ve tasarim
becerilerini &grencilerin 6nemli &lgiide kazandigi sdylenebilir. Ogrenciler Trafik Isiklari Problemi
(MGhMOE) ile glinlik yasamdan bir problem ile karsilasmis, problem i¢in muhtemel ¢éziimler Gretmis ve
bunlari karsilastirarak kriterler kapsaminda uygun olani se¢mis, Griini tasarlamis ve bu Grini 6grenme
ortaminda sunmuslardir. Ogrencilerin Trafik Isiklari Probleminin (MUhMOE) ¢6ziim siirecinde elde ettigi
bu kazanimlar MEB’in (2017) taslak programinda yer alan “Fen ve Mihendislik Uygulamalar”
Unitesindeki kazanimlar ile ortlstiglu soylenebilir. STEM; uygulamali, is birlik¢i, tasarim temelli,
arastirma ve sorgulamaya dayali ve yenilik¢i (inovatif) dislinmeyi gerektiren bir egitim yaklasimidir. Bu
egitim yaklasimi 6grencilerin gercek yasam problemlerini disiplinlerarasi bir bakis agisiyla ele almayi
benimser (Schnittka, Bell, & Richards, 2010; Wang, 2012; MEB, 2016). Bu galismada 6grenciler, trafik
1siklari sistemi kurarak STEM egitiminin, matematik teknolojik, tasarim ve miihendislik becerileri tizerine
yogunlasmislardir. Ogrencilere bilimsel, matematiksel ve teknolojik kavramlarin somut uygulanmasini
saglayan Trafik Isiklari Problemi (MUhMOE), 6grencilerin mihendislik tasarim uygulamalarina dair
bilgiler gelistirmelerine katki sagladigi sdylenebilir. Ogretmenin son gérisleri incelendiginde (Tablo-5)
Trafik Isiklari Probleminin erken yaslarda 6grencilere mihendislik ile ilgili deneyimleri sagladig sonucu
tespit edilmistir. Ayni sekilde bu problem sayesinde 6grencilerin erken yaslarda mihendislik ile ilgili
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becerilerinin farkina varmalari ilerleyen donemlerde meslek segimini etkileyebilecegi 6gretmen
goristiinde vurgulanmigtir. Mihendislik tasarim projeleri, ortaokul 6grencileri ve 6gretmenleri igin ilgi
¢ekici deneyimler sunabilir. Mihendisligi, fen ve matematik bilgisini birbirine baglayan bir problem
¢6zme baglami olarak kullanmak, 6grencilerin yaratici ve yenilik¢i ¢dzlimleri tasarlamalarina imkan tanir.
Karmasik yapida olan bu problemleri ¢6zmek, farkh degiskenleri dikkate almayi gerektirir. Ogrencilerin
fen ve matematik alanlarindaki 6grenmelerinin uygulanmasi, hedeflenen mihendislik anlayislariyla olan
dnemli baglarla birlikte 6n plana cikmasi gerekir. Ogretmenin son gériisleri incelendiginde (Talo-5) Trafik
Isiklari Problemi ve buna benzer problemlerle disiplinlerarasi 6grenmenin gelisecegi sdylenebilir.
Ogretmen goriisleri ve yukarida elde edilen sonuglar dikkate alindiginda Trafik Isiklari Probleminin STEM
egitimi ile okul matematigi arasinda kopri kurmak igin icin 6nemli bir arag islevi gorebilecegi
sodylenebilir. Bu tiir modelleme problemlerinde 6gretmen rehber islevi gorir, 6grenciler de kiiglik gruplar
halinde problem Uzerinde calisirlar. Bu problemlerin ¢oziimiinde 6grencilerin dislincelerinin agiga
cikmasi igin yeterli stre verilmelidir. Bu ¢alismada Trafik Isiklari Problemi iki seans héalinde gruplara
uygulanmistir. ilk seans 60 dakika, ikinci seans 80 dakika siirmistiir. ilk seansta &grenciler grup ici
tartismalar yaparak problemi anlamaya calismislardir. Ogretmen de gruplar gezerek 6grencilere
rehberlik etmis, &grencilerin anlamadiklari kavramlari ayrintili olarak agiklamistir. ikinci seansta ise
ogrenciler problemin ¢dziimi icin olusturduklari modelleri raporlastirmis ve bu modellerini 6grenme
ortaminda sunmugslardir. Bu seansta 6gretmen, 6grencileri model kurmak icin cesaretlendirmis ve gerekli
yerlerde onlara ipuclari vermistir. Ogretmen, gruplara dogrudan bir miidahalede bulunmamistir. Yapilan
calismalarda (English, Hudson & Dawes, 2013; English & Mousoulides, 2011; Moore &Hjalmarson, 2010;
Roehrig et al., 2012; English, 2016; Kertil ve Girel, 2016) modelleme aktivitelerinin disiplinlerarasi bir
dogaya sahip olduklari gérilmis, bu aktivitelerin STEM egitimine geciste 6nemli araglar oldugu tespit
edilmistir. Bu ¢alismada uygulanan Trafik Isiklari modelleme Probleminin (MUhMOE) STEM egitimi igin
onemli bir arag oldugu sdylenebilir.

Yazar Katki Orani

Yazarlar, ¢alismaya esit oranda katki sunmuslardir. Calisma isbirligi icinde yuratilmas ve
raporlanmistir.

Etik Beyan

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tum kurallara
uyulmus ve yonergenin ikinci boéliminde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykir
Eylemlerden” higbiri gergeklestirilmemistir.

Catisma Beyani

Yazarlar calisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atismasi bulunmadigini beyan
etmektedirler.
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Appendix
Appendix 1/Ek 1: Traffic Lights Problem

TRAFFIC LIGHTS PROBLEM

Traffic is the movement of ships, trains, aircraft, etc. along a particular route. Many European
countries have set up a council to settle traffic problems. Members of this council, headquartered in
Paris, France, gather from time to time to discuss traffic problems. This council adopted the week
beginning on the first Saturday of May as "International Road Confidence Week". The same week has
also been accepted as "Traffic Safety and Training Week" by the organizations in Turkey that have tried
to prevent traffic accidents. During this week, traffic rules are explained to the public by means of media
organs in order to prevent traffic accidents and it is stated that traffic rules must be obeyed. Students
are informed about traffic.

Your Mission:

We will organize a competition for 7th grade students to celebrate Traffic Week this year. In this
competition, you are expected to draw the necessary traffic lights for a newly constructed junction in
the picture and determine the functions of these lights.

Develop your system and win the prize!
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