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ABSTRACT

EFFECTS OF STEM EDUCATION THROUGH
PROBLEM-BASED LEARNING (PBL) ON STUDENTS’
HIGHER ORDER THINKING SKILLS (HOTS)

The 21st century requires students to have critical, creative, and problem-solving
skills to address complex real-world challenges. Mathematics education is key to devel-
oping these higher-order thinking skills (HOTS), yet in countries like Tiirkiye, standard-
ized testing pressures often hinder their growth. Despite curriculum reforms, Tirkiye
continues to show lower scores in PISA and TIMSS, highlighting the need for instruc-
tional innovation. Integrating STEM education with problem-based learning (PBL)
offers a student-centered approach that links to real-world problems, fostering critical
and creative thinking (Rehmat, 2015; Asghar et al., 2012). This study used a quasi-
experimental pre and post-test control group design with 123 fifth-grade students from
a private school in Tiirkiye to examine the effects of STEM-PBL on HOTS in crit-
ical thinking, mathematical thinking, and problem- solving skills. The experimental
group was taught through STEM-PBL lessons, while the control group received non-
STEM-PBL lessons. Findings showed a significant difference in critical thinking and
problem-solving skills in the experimental group. However, no statistically significant
difference in mathematical thinking, possibly due to initial performance differences and
younger students’ limited metacognitive awareness (Zimmerman, 2002). This study
adds to the literature by offering evidence that STEM-PBL can effectively support the
development of students” HOTS. It calls for a re-evaluation of educational methods,

the need for interdisciplinary, real-world learning environments.



OZET

PROBLEME DAYALI OGRENME (PDO) YOLUYLA STEM
EGITIMININ OGRENCILERIN UST DUZEY DUSUNME
BECERILERI (UDDB) UZERINDEKI ETKILERI

21. yiizyil, ogrencilerin karmasik ve gercek diinya sorunlarinmi ¢6zmek icin elegtirel,
yaratict ve problem ¢ozme becerilerine sahip olmalarini gerektirmektedir. Matematik
egitimi, bu iist diizey diigiinme becerilerinin (UDDB) gelistirilmesinde kilit bir rol oy-
namaktadir; ancak Tiirkiye gibi iilkelerde test ¢ozme baskisi bu becerilerin gelisimini
siklikla engellemektedir. Tirkiye Miifredat reformlarina ragmen, PISA ve TIMSS
sinavlarinda diisiik puanlar almaya devam etmekte ve bu da o6gretim yontemlerinde
yenilik ihtiyacini ortaya koymaktadir. STEM egitiminin probleme dayali 6grenme
(PDO) ile entegrasyonu, gercek diinya problemleriyle baglantili, 6grenci merkezli bir
yaklagim sunarak elegtirel ve yaratic1 diigiinmeyi tegvik etmektedir (Rehmat, 2015; As-
ghar et al., 2012). Bu ¢aligma, Tiirkiye'deki 6zel bir okuldaki beginci sinif 6grencileri ile
STEM-PDO’niin elestirel diigiinme, matematiksel diigiinme ve problem ¢ozme becerileri
(UDDB) iizerindeki etkilerini incelemek amaciyla yar: deneysel 6n test /son test kontrol
gruplu bir desen kullanmigtir. Deney grubuna STEM-PDO dersleri uygulanirken, kon-
trol grubu STEM-PDO icermeyen dersler almistir. Bulgular, deney grubunda elestirel
diigsiinme ve problem ¢6zme becerilerinde anlaml bir fark oldugunu gostermistir. An-
cak, matematiksel diigiinmede istatistiksel olarak anlaml bir fark bulunmamigtir. Bu
durum, baglangic performansindaki farkliliklar ve daha kiiciik yagtaki 6grencilerin sinirl
tist bilig farkindahigindan kaynaklanmig olabilir (Zimmerman, 2002). Bu ¢aligma, STEM-
PDO’niin 6grencilerin UDDB gelisimini etkin bir sekilde destekleyebilecegine dair kanit-

lar sunarak literatiire katkida bulunmaktadar.
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1. INTRODUCTION

The demands of the 21st-century require that students develop a range of fun-
damental competencies. Mathematics is a discipline particularly suited to developing
abstract thought and equipping students with higher-order thinking skills (HOTS),
including critical thinking, creative thinking, and problem-solving (Schoenfeld, 1992).
To provide students with those competencies, curricula, and instructions need to be
shaped from a constructivist point of view in which students construct their learning
environment and knowledge and connect them to different areas (Brooks and Brooks,

1993).

Although curriculum reforms starting in 2005 program aimed to improve students’
thinking skills (ilhan and Aslaner, 2019), Tiirkiye’s performance on international as-
sessments, including TIMSS and PISA, continues to be behind that of other developed
countries (Mullis et al., 2016; OECD, 2019). To address this disparity, the adapta-
tion of constructivist pedagogies, where students are at the center of the courses and
construct their learning with various activities, can deepen students’ understanding.
From that perspective, problem-based learning (PBL) and STEM (science, technology,
engineering, and mathematics) might be good ways to boost students’ higher-order

thinking skills.

Both problem-based learning and STEM are rooted in constructivism (Rehmat,
2015), in which knowledge is constructed through the interaction of peers and the fa-
cilitator (Vygotsky, 1978). STEM education offers students interdisciplinary learning
experiences in middle and high schools, fostering greater engagement and the devel-
opment of 21st-century skills (Honey et al., 2014). STEM creates opportunities for
students to connect content knowledge with real-world problems, enhancing motiva-
tion and fostering problem-solving, critical thinking, communication, collaboration,

and creativity (Beers, 2011).



Problem-based learning is a student-based instructional method rooted in social
constructivism, combining an inquiry approach and problem-solving (Rehmat, 2015).
Problem-based learning (PBL) encompasses various forms, with both ill-structured and
complex problems shown to enhance students’ cognitive development (Savery, 2006).
PBL models facilitate three types of learning: cognitive, content-based, and collabora-
tive (De Graaff and Kolmos, 2003). This instructional approach promotes the devel-
opment of critical thinking, creativity, innovation, collaboration, communication, and

higher-order thinking skills (Hmelo-Silver, 2004).

Problem-based learning fits well within STEM education, which often involves
ill-structured, real-world problems. Since PBL uses authentic problems to foster deep
understanding, integrating it with STEM offers a powerful framework to address com-
plex interdisciplinary challenges, thereby enhancing students’ higher-order thinking

skills (HOTS) (English, 2016).

1.1. Purpose and Significance of the Study

A central challenge in contemporary education is the need to cultivate interdis-
ciplinary knowledge and higher-order skills that prepare students for a complex global
landscape. As educators, the aim is to equip students with interdisciplinary knowledge
rather than with basic knowledge. Therefore, it is crucial to foster students’ creative,
critical, and problem-solving skills for all education levels (Facione and Facione, 1994).
To develop these skills, constructivist teaching methods are essential. For example,
STEM education integrated with problem-based learning (PBL) is an instructional ap-
proach that can boost students’ higher-order thinking skills (HOTS) through solving
authentic, real-world problems (Hmelo-Silver, 2004; English, 2016).

The influence of problem-based learning on higher-order thinking skills in both
K-12 and higher education has been investigated in numerous studies, explaining
that problem-based learning enhances students’ critical thinking, problem-solving, and

metacognitive skills (Hmelo-Silver, 2004; Tiwari et al., 2006; Walker and Leary, 2009).



Some research, however, reports mixed results for academic achievement when
comparing PBL with conventional instruction, suggesting that while PBL students
may score lower on standardized knowledge tests, they outperform peers in assessments
requiring application, reasoning, and transfer of learning (Albanese and Mitchell, 1993;
Dochy et al., 2003, Vernon and Blake, 1993). These findings indicate that the benefits
of PBL are more evident in complex problem-solving and real-world performance than

in rote memorization.

Despite ongoing debates about the impact of PBL on test-based achievement, a
growing body of research shows its potential to develop 21st-century thinking skills
such as problem-solving, decision-making, and creativity (Hung et al., 2008; Strobel
and van Barneveld, 2009; English, 2016). Because PBL connects classroom learning
with real-world contexts, its integration into STEM offers a strong pedagogical frame-
work for fostering deep knowledge processing and critical thinking (Capraro et al.,
2013). Therefore, STEM education through PBL represents a promising pathway to
cultivating students’ HOTS.

In countries where high-stakes testing dominates academic outcomes, instruc-
tional time often shifts toward test preparation at the expense of activities that foster
HOTS (Au, 2007). Test preparation also affects teachers so that they pay more at-
tention to tests than other activities, such as alternative assessments and activities for
higher-order thinking skills, including critical and creative thinking skills (Klenowski
and Wyatt-Smith, 2012).

Thrkiye, being a country where test preparation is the primary focus, exhibits
poor performance in PISA and TIMSS Tiirkiye compared to other countries (Mullis et
al., 2020). Although reforms have aimed to improve these results (Giir et al., 2012),
there remains a pressing need to strengthen students’ 21st-century skills. Address-
ing this need requires lesson designs that integrate problem-solving, reasoning, and

conceptual understanding from early grades.



Mathematics is particularly well-positioned to develop systematic and strategic
thinking. Individuals working in fields such as engineering, economics, or technology
often encounter complex problems that require creative problem-solving skills grounded
in mathematical reasoning (Schoenfeld, 1992). Therefore, raising students with higher-
order mathematical thinking from elementary school to university level is essential. Re-
search suggests that early exposure to integrated STEM learning can significantly influ-
ence students’ long-term interest and competence in these skills (Margot and Kettler,

2019).

The selection of 5th-grade students for this study is both strategic and pedagog-
ically sound. This grade represents a transitional period into middle school, during
which students’ cognitive abilities for abstract and analytical reasoning expand signifi-
cantly (Piaget, 1972; Conklin, 2012). It is also the point at which many students begin
receiving subject-specific instruction in mathematics, allowing for more focused devel-
opment of conceptual and problem-solving skills (Hill et al., 2005). Moreover, Tiirkiye’s
new mathematics curriculum, introduced in 2024, shifts emphasis from procedural flu-
ency toward conceptual understanding, reasoning, and real-world applications (MoNE,
2024). Implementing STEM-oriented PBL approaches during this reform period offers

a timely opportunity to align classroom practices with curriculum goals.

In this regard, mathematics instruction should be designed to boost students’
HOTS through approaches that integrate critical thinking, creativity, and collaborative
problem-solving. STEM education through problem-based learning offers a research-
supported framework to achieve these goals (English, 2016). This study aims to en-
hance students’ higher-order thinking skills through STEM-oriented PBL in middle
school mathematics, employing a pre-test/post-test design to compare outcomes with
those from traditional instructional approaches, and to contribute to the evidence base

for effective teaching practices that develop 21st-century competencies.



1.2. Research Question

Does participation in a STEM education program based on Problem-Based Learn-
ing significantly affect students’ mathematical thinking, problem-solving, and critical
thinking skills, compared to a control group, after controlling for their pre-test scores

in each skill area?

1.3. Hypotheses

H1: There will be a statistically significant difference between fifth-grade students
who receive STEM-PBL instruction and those who receive non-STEM-PBL instruction
in their post-test scores on mathematical thinking, critical thinking, and mathematical

problem-solving skills, indicating higher-order thinking skills.



2. LITERATURE REVIEW

This chapter reviews the theoretical and empirical literature that underpins the
present study. It begins by defining Higher-Order Thinking Skills (HOTS) and its
key components relevant to mathematics education. Subsequently, it examines the
origins, theoretical frameworks, and educational applications of Problem-Based Learn-
ing (PBL). The final section explores the concept of STEM education, its theoretical
models, and its documented impact on mathematics learning and the development
of HOTS. Through this review, the chapter establishes the rationale for integrating
STEM and PBL as a method to enhance students’ higher-order thinking.

2.1. Higher-Order Thinking Skills (HOTS)

While the term “Higher-Order Thinking Skills” (HOTS) is relatively recent, it
builds on the much older concept of critical thinking (Resnick, 1987; Anderson and
Krathwohl, 2001). The philosophical roots of critical thinking extend to Socrates,
Plato, and Aristotle, as discussed in the intellectual traditions of Western philosophy
(Lewis and Smith, 1993). In modern education, formal recognition of critical thinking
rose in the mid-20th century, with Cuban (1984) tracing this shift to B.O. Smith’s
work in the 1950s. Today, HOTS is understood as a broader framework that includes
critical thinking alongside creativity and problem solving (Anderson and Krathwohl,

2001; Resnick, 1987).

The concept of higher-order thinking has since garnered various interpretations
and definitions in academic literature. Paul (1990) defines critical thinking as “taking
charge of your own mind” (p.7), emphasizing the role of self-regulation and learning
skills in personal development. Similarly, Resnick (1987) characterizes HOTS as in-
volving complex, nonalgorithmic, and effortful thinking, leading to multiple solutions,
nuanced judgments, and the application of multiple criteria between uncertainty and

self-regulation. Newman (1990) distinguishes between lower-order (LOTS) and higher-



order thinking skills (HOTS). LOTS consist of memorization and routine tasks, and
HOTS involve interpretation, analysis, and manipulation of information in more com-
plex ways. Moreover, Thompson (2008) similarly categorizes thinking into lower-order
and higher-order skills, associating the former with remembering and applying infor-
mation in routine contexts. Despite different definitions, critical thinking and HOTS
share common elements such as problem-solving, reasoning, and higher-order cognitive

skills.

Research on HOTS has mainly addressed three areas: conceptualization, assess-
ment, and pedagogy. Conceptually, HOTS involves cognitive operations like analyz-
ing, evaluating, and creating—captured in Bloom’s Revised Taxonomy (Anderson and
Krathwohl, 2001) and linked to both critical and creative thinking (Schraw and Robin-
son, 2011). Assessment tools range from complex, open-ended tasks requiring multi-
step reasoning to structured, taxonomy-aligned tests measuring analysis, evaluation,

and creation levels (Anderson and Krathwohl, 2001).

Creating environments that encourage critical thinking is essential. Effective
pedagogical contexts support the transfer of knowledge and allow students to engage
with ill-structured, real-world problems (Jonassen, 1997; Torp and Sage, 2002). Inte-
grating problem-based learning (PBL) and STEM applications fosters interdisciplinary

problem solving, innovation, and collaborative thinking (Capraro et al., 2013).

Higher-order thinking skills (HOTS) in mathematics encompass the capacity to
engage with complex, non-routine problem-solving tasks that require deep concep-
tual understanding, reasoning, and making connections between mathematical ideas

(Schoenfeld, 1992; Anderson and Krathwohl, 2001).

Schoenfeld (1992) emphasizes that effective mathematical thinking involves sense-
making, strategic planning, and metacognition—processes that transcend mere proce-
dural fluency. Bloom’s revised taxonomy, as articulated by Anderson and Krathwohl

(2001), highlights analysis, evaluation, and creation as higher-order cognitive domains,



framing mathematical HOTS as involving interpreting mathematical situations, eval-

uating solution strategies, and generating original methods or arguments.

A significant shift in the mathematics curriculum in Tirkiye began with the
2005 program, aligning with constructivist educational theory and transitioning from
a teacher-centered to a student-centered approach (ﬂhan and Aslaner, 2019). Recent
revisions in the mathematics curriculum emphasize mathematical knowledge and also
its application in real-life contexts, aiming to enhance critical thinking and problem-
solving skills (MoNE, 2018). Despite these efforts, Turkish students’ average scores in
assessments like TIMSS and PISA remain below global averages (Arikan et al., 2016;
Mullis et al., 2016). Integrating learning methods that enhance higher-order thinking
skills into mathematics lessons is essential to address this disparity. Problem-based
learning and STEM approaches offer avenues for developing these skills across multi-
ple disciplines, ultimately improving educational outcomes. It is essential to develop
students’ general abilities of HOTS. Therefore, mathematics is one of the disciplines
that has the potential to enhance students’ general HOTS abilities. From the liter-
ature, studies focused on three things to measure students’” HOTS: critical thinking
skills, mathematical thinking skills, and mathematical problem-solving skills. There-
fore, this study focuses on developing students’ higher-order thinking skills through

critical thinking, mathematical thinking, and problem-solving skills.

2.2. Problem-Based Learning (PBL)

2.2.1. Origins of Problem-Based Learning

Problem-based learning (PBL) originated within the medical field due to inad-
equacies in traditional educational approaches, which focused on compartmentalizing
learning of fundamental subjects such as psychology and anatomy rather than holisti-
cally integrating them (Rehmat, 2015). Recognizing the need for a more comprehensive
educational strategy aligned with real-world contexts, a novel pedagogical approach

emerged: problem-based learning (Barrows and Tamblyn, 1980). Subsequently, PBL



was found to be applicable in other disciplines such as engineering education, where it
fostered problem-solving skills and facilitated interdisciplinary integration across var-
ious domains (Kolmos, 1996). Following its successful implementation in the medical
education area, problem-based learning started to be adopted in different fields with

K-16 education (Savery, 2006).

2.2.2. Definitions and Theoretical Framework for Problem-Based Learning

Problem-Based Learning (PBL) is a widely utilized student-centered pedagogy,
though its applications can vary (Rehmat, 2015). Barrows and Tamblyn (1980) define
PBL as a method where students engage in small group discussions centered around
authentic problems, with teachers assuming the role of facilitators throughout the pro-
cess. Hmelo-Silver (2004) characterizes PBL as an instructional methodology in which
students acquire knowledge by addressing complex, real-world problems with multi-
ple solutions. Within this framework, students work collaboratively in small groups,
taking active roles in their learning process, while teachers serve as guides rather than
transmitting knowledge (Hmelo-Silver, 2004). Savery (2006) clarifies PBL as a student-
centered instructional approach necessitating research, interdisciplinary collaboration,
and applying of theoretical concepts to practical problem-solving scenarios. The center
of PBL methodology is the use of ill-structured problems. As Torp and Sage (2002)
emphasized, PBL requires students to develop focused problem-solving skills and en-
gage in experiential learning. Across the foundational literature, a consensus definition
emerges: PBL is an instructional methodology where students, working in collabo-
rative small groups, confront complex, authentic problems that lack simple solutions.
This process requires students to engage in research, interdisciplinary thinking, and the
application of theoretical concepts to practical scenarios. Central to this approach is
the use of “ill-structured problems” that mirror real-world challenges, thereby fostering
focused problem-solving skills and experiential learning. In this model, the teacher’s
role shifts from a supplier of knowledge to that of a facilitator, guiding students in
their learning process rather than dictating it (Barrows, 2000; Goodnough and Nola,
2008; Hmelo and Ferrari, 1997; Hmelo-Silver, 2004).
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There are various strategies to implement PBL in educational settings, rang-
ing from problem-centered lessons to environments fostering experiential learning and
improved student relationships (Graaf and Kalmos, 2003). Hmelo and Ferrari (1997)
delineate key characteristics of PBL, including engagement with ill-structured problems
reflective of real-world processes, authentic problem-solving experiences, collaborative
group work, facilitator-guided learning emphasizing cognitive and collaborative skills,
and self-directed student inquiry. Gallagher et al. (1995) identify three fundamen-
tal aspects of PBL: the initiation of learning with a problem, the use of specifically
designed ill-structured problems, and facilitator-led guidance that fosters student au-
tonomy. Additionally, Duch et al. (2001) outlined a five step process for implementing
PBL: identifying core concepts and learning objectives, and then design tasks and prob-
lems that actively engage students with the topic, integration of real-life cases into the
tasks, potentially in consultation with subject matter experts to enhance authenticity,
presenting problems to students with taking into account learning environments, pro-
viding teachers with guidelines for facilitating PBL sessions, including detailed lesson
plans and instructional activities, and determination of the resources students need to

address the problems posed within PBL lessons.

For this study, the problem-based cycle proposed by Hmelo-Silver (2004) was
adopted as the guiding framework. This model, which consists of three recursive stages
(1) identifying and generating hypotheses about a complex problem, (2) engaging in
self-guided investigation and collaborative inquiry, and (3) reporting findings and re-
flecting on the learning process, was selected for its clear alignment with the goals of this
research. Its emphasis on authentic, interdisciplinary challenges makes it particularly
compatible with a STEM education approach. Moreover, the framework’s structure
provides a developmentally appropriate scaffold for 5th-grade students, empowering
them to engage in the critical thinking and collaborative problem-solving necessary to

cultivate higher-order thinking skills.
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2.2.3. Problem-Based Learning in Education

The literature presents a nuanced picture of PBL’s effectiveness. While some early
meta-analyses suggested PBL students might lag in standardized knowledge tests com-
pared to those in traditional classrooms, a larger body of research demonstrates PBL’s
superior impact on developing practical, higher-order skills such as critical thinking

and clinical reasoning.

Problem-based learning is an educational method in many disciplines. Problem-
based learning aims to give students problem-solving strategies with real-world cases
and provide them with learning skills (Hmelo-Silver, 2004). Studies have been done to
implement and investigate the effects of PBL. Several studies demonstrated that PBL
negatively affected students’ knowledge compared to traditional education (Berkson,
1993; Dochy et al., 2003). Berkson (1993) conducted a meta-analysis, indicating that
no studies showed a significant difference between traditional and PBL curricula. On
the contrary, Vernon and Blake (1994) responded to Berkson’s study (1993), explain-
ing that Berkson misunderstood the papers analyzing the effects of PBL concerning
traditional education. Vernon and Blake (1994) demonstrated that this study is an ex-
amination of the transferability of one assessment tool from one institution to another
through students’ performances in different sections and clinical practice; it is not an

indicator of whether PBL significantly affects students’ thinking abilities.

Goodnough and Cashion (2006) demonstrated that schoolteachers also have doubts
about implementing problem-based learning. Their study revealed that school teach-
ers struggle to implement problem-based learning regarding the design of the lessons,
determining the topic, and the assessment procedure. Yet, the study also displays
that students enjoy problem-based learning sessions since it enables students to be
active learners, understand the real-world connections, and work with their peers. In
alignment with this, Ozel (2009) argued that these challenges should not be viewed as
obstacles but rather as inherent aspects of shifting toward project-based and problem-

based instructional models, suggesting that PBL requires teachers to rethink their
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roles from knowledge transmitters to facilitators of learning, while simultaneously de-
veloping assessment approaches that capture students’ problem-solving, creativity, and

collaboration.

On the other hand, problem-based learning has also been seen to increase stu-
dents’ critical thinking skills (Tiwari et al., 2006). Tiwari et al. (2006) investigated
the impact of problem-based learning on students’ critical thinking skill development.
14 The critical thinking dispositions of 79 nursing students were investigated through
the California Critical Thinking Disposition Inventory. Forty students took lessons in
the PBL method, and the other 39 had lecturing lessons over one academic year. For
pre-test results, the two groups were not significantly different. After PBL lessons, the

PBL students’ results significantly improved compared to other students.

In another study by Tarmizi and Bayat (2012), the effects of PBL lessons were
investigated in an Educational Statistics Course within ten weeks, in which a quasi-
experimental post-test control group design was used. Six PBL Modules were used
within ten weeks of lessons. PBL students worked as groups and did activities collab-
oratively; the other group took conventional lessons. According to the results, PBL
students performed higher than the traditional group, and there was a significant dif-
ference between the two groups. Another study conducted by Derry et al. (2006) with
pre-service teachers in educational psychology courses with technology integration also
supports that PBL positively affects students. There were two different pre-service
teachers, and the study was done in three semesters. The results showed that PBL

lessons positively affected PBL students (Derry et al., 2006).

Problem-based learning can also be integrated into other majors. Magsino (2014)
conducted a qualitative design study and examined the Collaborative PBL method in
an undergraduate course in marine biology. The study was done in the 2014-2015
academic year with 16 students. Before lessons started, students were given a course
to remember facts, scientific methods, and applications of marine biology. After that,

students became a group of four and were given a marine biology problem. They were
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asked to create experimental designs to deal with the problem through the framework of
the PBL Seven Step developed at the University of Maastricht (De Graaff and Kolmos,
2003). The study reveals that to improve students’ critical thinking in the domains
of analysis, synthesis, and evaluation in the top three domains of Bloom’s Taxonomy,
one of the effective methods is PBL. In addition, students also had competencies in

demonstrating critical thinking skills (Magsino, 2014).

Klegeris et al. (2013) designed a pre/post-design quantitative study to observe the
influence of tutor-less problem-based learning on students’ problem-solving skills. Four
different third-year courses, human kinetics, chemistry, sociology, and biochemistry, at
the University of British Columbia, were selected to apply the study in the Fall 2011
term. Except for biochemistry, the other courses were delivered in traditional ways.
The students taking the biochemistry course were in the experimental group, and the
others were in the control group. Students took two problem-solving tests designed
from International Student Assessment (PISA) questions at the beginning and the end
of the semester. At the end of the study, it was seen that the scores of the experimental

group were higher than those of the control group.

From a higher-order thinking and mathematics education perspective, several
studies have measured whether PBL has enhanced students’” HOTS in mathematics
education. Suparman et al. (2021) did a meta-analysis study investigating the effects
of PBL on students’ higher-order thinking skills in mathematics learning in Indonesian
students. They examined HOTS in three categories: mathematical critical think-
ing skills (MCriTS), mathematical creative thinking skills (MCreTS), and mathemat-
ics problem-solving skills (MPSS). The results reveal that applying PBL contributes
to improving Indonesian students’ HOTS (MCriTS, McreTS, MPSS) in mathematics
learning (Suparman et al., 2021).

Yolanda (2019) examined the effects of problem-based learning on junior high
school students” mathematical creative thinking skills. The study’s design was quasi-

experimental with a non-equivalent control group design. The research was done in
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Bandung in the 2014-2015 academic year with 8th-grade students. There were two
groups; one of the groups took PBL (experimental group), and the other group (control
group) took lessons through a scientific approach. The study reveals that the average
points of students from the PBL group were higher than those of the control group
receiving the scientific approach (Yolanda, 2019).

2.3. STEM Education

2.3.1. Definitions of STEM

STEM is an acronym for Science, Technology, Engineering, and Mathematics
that represents a cohesive educational framework for integrating these domains. His-
torically, the concept was first termed SMET (Science, Mathematics, Engineering, and
Technology) before being adapted to the now-common acronym STEM by the National
Science Foundation (NSF) (Sanders, 2009). This integrated approach is widely consid-
ered crucial for national economic development, leading many educators to prioritize

enhancing STEM education within their curricula (Moore et al., 2014).

To cultivate students’ proficiency in these areas, it is essential to incorporate
real-world-oriented topics and authentic tasks into instructional practices. Holmlund
et al. (2018) emphasize that STEM education is defined by its interdisciplinary focus,
its use of instructional practices, and its emphasis on engaging students in real-world
problem solving. Similarly, Capraro et al. (2013) argue that STEM environments
provide an effective framework for connecting disciplinary knowledge with authentic,
ill-structured problems requiring well-defined solutions. Therefore, it fosters students’
abilities to solve real-world problems and engage in critical thinking throughout K-12

education.

In Tirkiye, for example, the 2018 update of the Science Curriculum introduced
engineering and entrepreneurship practices, which laid a foundation for authentic,

problem-oriented STEM applications in elementary and middle schools (Akaygiin et
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al., 2020). Similarly, a meta-synthesis of STEM-focused lesson plans revealed that
Turkish teachers frequently employ project-based, inquiry-based, and problem-based
learning (PBL) approaches, along with the 5E learning model, to connect disciplinary

knowledge with real-life contexts and foster higher-order thinking (Ozmen et al., 2020).

Despite the widespread use of STEM education, the concept needs a universally
accepted definition. White (2014) defined STEM education as aiming to equip all
students with critical thinking skills essential for problem-solving in both professional
environments and the marketplace. However, a distinction exists between STEM ed-
ucation as perceived within the educational domain and vocational purposes. Hence,
educators are urged to specify “STEM Education” to denote its application within

educational contexts (Sanders, 2009).

In Tiirkiye, STEM has been widely adopted under both the original acronym and
the localized version “FeTeMM”, with numerous graduate theses, research projects,
and teacher-training programs contributing to its national growth (Akaygu™n et al.,
2018). Moreover, the analysis of 82 STEM lesson plans demonstrated that authentic
assessment practices—such as performance tasks and real-world problem-solving—are
increasingly being embedded in Turkish classrooms. Notably, PBL activities (e.g.,
developing solutions for acid rain or energy efficiency problems) are widely used to
help students apply STEM knowledge to authentic, complex challenges (Ozmen et al.,
2020).

STEM education has been defined in multiple ways, reflecting its interdisciplinary
nature and the ongoing evolution of educational practices. The National Research
Council (2011) describes STEM education as the integration of science, technology,
engineering, and mathematics in educational contexts to promote both content knowl-
edge and higher-order thinking skills. Sanders (2009) emphasizes that STEM edu-
cation involves the purposeful combination of these disciplines as pedagogical tools
to enhance student learning and engagement. Similarly, Beers (2011) highlights the
interdisciplinary and applied aspects of STEM education, noting its potential to pre-
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pare students for complex, real-world challenges. Despite its broad adoption, scholars
acknowledge that there is no universal agreement on a precise definition of STEM ed-
ucation, with interpretations varying across contexts (Breiner et al., 2012). From an
applied perspective, Wang et al. (2011) outline three approaches to STEM education:
integration of science and mathematics through technology; career and technical educa-
tion (CTE) that prepares students for workforce demands; and the extension of STEM
principles into other academic and professional domains. In Tiirkiye, these applied
perspectives have been mirrored through the establishment of STEM centers and the
integration of structured frameworks for lesson planning (Akaygiin et al., 2018; Ozmen

et al., 2020).

2.3.2. Theoretical Framework for STEM Education

Early attempts to define the core elements of K-12 STEM education were led
NRC. In its foundational work, the NRC (2009) identified three key aspects for K-12
STEM: the importance of engineering design, the association of mathematics and sci-

ence with technological knowledge, and an understanding of the nature of engineering.

Building on this, Moore et al. (2014) developed a more comprehensive, research-
based framework to define quality K-12 engineering education. Their framework pro-

vides detailed guidance for curriculum development and consists of nine key indicators:

(i) Complete Process Design (POD): Identifying problems, planning solutions, and
design designs.
(ii) Apply Science, Engineering, and Mathematics Knowledge (SEM): Applying inter-
disciplinary knowledge.
(iii) Engineering Thinking (EThink): Encouraging creativity, systems thinking, and
reflective problem-solving.
(iv) Conceptions of Engineers and Engineering (CEE): Promoting an understanding

of the engineering profession.



(vi)

(vii)
(vii)

(ix)
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Engineering Tools, Techniques, and Processes (ETools): Familiarizing students
with technical instruments and methodologies.

Issues, Solutions, and Impacts (ISI): Fostering awareness of the societal and en-
vironmental consequences of engineering solutions.

Ethics: Emphasizing ethical responsibility.

Teamwork: Fostering collaboration.

Communication Related to Engineering (Comm-Engr): Developing effective com-

munication.

These foundational frameworks provide important context for the specific inte-

grated STEM model from Honey et al. (2014) and Corlu (2017) that were ultimately

chosen to guide this study.

To further illustrate how STEM can be conceptualized, Kelley and Knowles

(2016) proposed an integrated framework based on the analogy of a block and tackle

pulley system. In this model, the “load” to be lifted is student learning, and the

components of the system work together to achieve this goal:

Pulley 1: Engineering Design. This component acts as the primary integrator
of the STEM disciplines, engaging students in problem-solving and prototype
creation through the application of scientific and mathematical reasoning.
Pulley-2: Scientific Inquiry. This pulley involves engaging students in asking
scientific questions and conducting investigations.

Pulley-3: Technological Literacy. Means a deeper understanding of technology as
human-designed solutions with societal, environmental, and ethical dimensions.
Pulley-4: Mathematical Thinking. Encourages abstract and quantitative reason-
ing.

The Rope is used to bind collaborative learning and social participation.

Honey et al’s (2014) framework was used in the study since it is a suitable

framework for Problem-Based Learning (Honey et al., 2014). They stated an Integrated
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STEM Education Framework (see Figure 2.1) emphasizing learning through real-world
problems requiring interdisciplinary knowledge from science, technology, engineering,

and mathematics.

The framework supports the use of ill-structured problems as authentic, real-
world STEM challenges, initiating learning with complex problem contexts (Honey et
al., 2014, p. 32). It also gives importance to teacher facilitation, promoting student
autonomy and self-directed learning to enable students to take control of their learning

process.

While Honey et al’s (2014) (see Figure 2.1) framework provides a comprehen-
sive model for integrated STEM education, Corlu’s (2017) STEM: Integrated Teaching
Framework offers a complementary perspective that enriches and extends these ideas.
Both frameworks emphasize learning through authentic, real-world problems and high-
light the importance of interdisciplinary integration across science, mathematics, engi-
neering, and technology. Honey et al. (2014) stress the role of ill-structured problems,
teacher facilitation, and student autonomy in developing 21st-century competencies,
while Corlu (2017) similarly emphasizes Knowledge-Based Life Problems as the foun-

dation for learning, advocating for student-centered inquiry and problem-solving.

In addition, Honey et al. articulate detailed goals and outcomes for both stu-
dents and teachers, whereas Corlu (2017) provides guiding principles such as equity,
relevance, interdisciplinarity, and rigor, as well as the importance of professional learn-

ing com- munities to sustain effective implementation.

Taken together, these two frameworks are complementary: Honey et al., (2014)
offer a structured conceptualization of integrated STEM, while Corlu (2017) deepens
this view by highlighting the philosophical, pedagogical, and practical elements needed

to make such integration meaningful and sustainable.
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OUTCOMES

Outcomes for Students

Leaming and achievement

21st century competencies

GOALS STEM course taking, educational
persistence, and graduation rates

STEM-related employment

Goals for Students

STEM literacy STEM interest

21sl century compelencies Development of STEM identit
l y

STEM workforce readinass Ability to make connections

Interest and engagement among STEM disciplines

Making connections

Outcomes for Educators

Changes in practice

Increased STEM content and pedagogical
content knowledge

Goals for Educators
Increased STEM content knowledge
Increased pedagogical content knowledge

Integrated
STEM
NATURE AND SCOPE Education
OF INTEGRATION IMPLEMENTATION
Type of STEM connections Instructional design
Disciplinary emphasis Educator supports
Duration, size, and complexity of initiative Adjustments to the leaming environment

Figure 2.1. Conceptual framework for Integrated STEM Education. Adopted from:
(Honey et al., 2014, p. 32).

As illustrated in Figure 2.1, the model is structured around four components:
(1) Goals: These are subdivided into five student-focused and two educator-focused

objectives. The student goals include:

e STEM literacy, which refers to awareness of the roles of STEM in society, under-
standing of fundamental disciplinary concepts, and basic application fluency.

e 21st-century competencies, encompassing cognitive, interpersonal, and intraper-
sonal skills such as critical thinking, communication, collaboration, adaptability,
and metacognition.

e Interest and engagement in STEM, especially among underrepresented groups,
which is critical for long-term participation.

e Ability to make interdisciplinary connections, enabling students to transfer knowl-

edge, combine practices, and synthesize understanding across STEM domains.
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For educators, the framework emphasizes two goals: (1) increasing STEM content
knowledge and (2) enhancing pedagogical content knowledge. These goals are partic-
ularly important for supporting interdisciplinary learning and preparing teachers for
instructional challenges in both formal and informal educational contexts. While many
STEM initiatives imply these goals without explicitly articulating them, the framework
positions them as central to designing impactful integrated STEM programs (Honey et
al., 2014). Similarly, Corlu (2017) emphasizes that teachers should act as co-educators
of knowledge with students and develop flexible curricula that integrate multiple dis-
ciplines in response to authentic societal needs.

(2) Outcomes: Six key student outcomes are identified:

e Learning and achievement, typically measured through standardized or curriculum-
based assessments.

e Development of 21st-century skills, including problem-solving, critical thinking,
collaboration, and creativity, particularly in addressing ill-structured problems.

e Increased course-taking and persistence, as indicated by higher enrollment and
graduation rates in STEM.

e Entry into STEM-related career pathways.

e Development of STEM interest and identity, referring to students’ motivation
and self-perception in relation to STEM.

e Ability to transfer knowledge across STEM disciplines, a marker of interdisci-

plinary learning.

For educators, outcomes include changes in instructional practice such as in-
creased use of inquiry-based, student-centered strategies, and growth in both content
and pedagogical knowledge. Although high-level outcomes like STEM identity or lit-
eracy are methodologically complex to measure, the framework underscores the im-
portance of designing integrated STEM experiences with observable impacts on both
students and educators. This aligns with Corlu’s (2017) emphasis on interdisciplinary
rigor, equity, and relevance as guiding principles of integrated STEM.

(3) Nature and Scope of Integration: This dimension includes three elements:



21

e Type of STEM connections—ranging from concept integration across disciplines
(e.g., using geometric principles in engineering design) to the fusion of disciplinary
practices (e.g., combining scientific inquiry with engineering processes).

e Disciplinary emphasis, where one subject (often mathematics or science) may
dominate, supported by others to deepen learning.

e Scope of initiatives, varying in duration and complexity—from single lessons to
full-school models. Some efforts are limited pilot projects, while others are large-
scale implementations involving extensive stakeholder networks. Integration can
also occur in informal environments beyond traditional classrooms. The nature
and scope of integration affect required resources, stakeholder involvement, ex-

pected outcomes, and the feasibility of evaluation.

(4) Implementation: Effective implementation requires careful attention to in-
structional design, educator support, and adaptations in the learning environment
(Honey et al., 2014). Instructional strategies can range from traditional methods to
more student-centered approaches, such as problem-based learning and engineering

design.

These often align with scientific inquiry and offer meaningful opportunities to
apply STEM knowledge. Supporting educators through professional development and
adjusting institutional structures—such as extending class periods or fostering cross-
school partnerships—are essential. Documenting both the process and the outcomes
helps determine what works and informs future program design (Honey et al., 2014).
Corlu (2017) similarly emphasizes that teacher professional learning communities and
long-term professional development are key drivers for sustainable integrated STEM
practices in schools. In conclusion, the STEM-PBL lesson plans (see Appendix G) were
developed in accordance with Honey et al.’s (2014) conceptual framework, comple-
mented by Corlu’s (2017) STEM: Integrated Teaching Framework and Hmelo-Silver’s
(2004) problem- based learning cycle, which encompasses the stages of problem iden-

tification, self- directed investigation, and reporting.
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2.3.3. STEM and Mathematics Education

In the 21st-century, there is an emphasis on promoting Science, Technology, Engi-
neering, and Mathematics (STEM) education at both national and global levels, driven
by the recognition of its significant contribution to economic and social sustainability
(Freeman et al., 2019). STEM education plays a pivotal role in fostering interdis-
ciplinary thinking among students, enabling them to address authentic, real- world
challenges (Anderson et al., 2020). Consequently, concerted efforts are being made
to integrate STEM education into curricula and educational policies (Freeman et al.,

2014).

DelJarnette (2012) underscores the importance of incorporating engineering tasks
into educational curricula for young learners to encourage their self-confidence in subse-
quent mathematics and science coursework. Notably, students generally exhibit lower
performance in STEM disciplines compared to other fields, with American students
particularly lagging behind their counterparts in Asian and European nations (McGee

et al., 2013).

STEM education fosters students’ interest and competence in science and mathe-
matics while simultaneously improving the quality of mathematics instruction through
the integration of interdisciplinary connections (Anderson et al., 2020). The “Maths
Inside” project, conducted by Coupland et al. (2017), exemplifies this approach by
ex- plaining the role of mathematics across various domains. The project aimed to
cultivate students’ and educators’ awareness of the practical applications of mathe-
matics in real-world contexts. The findings highlighted that integrating mathematics
into authentic scenarios fosters a perception among students that mathematical skills
are inevitable for their future careers. Therefore, it increased the value attributed to

mathematics education (Coupland et al., 2017).

In another investigation, English et al. (2017) explored the role of STEM edu-

cation in engineering design-based problem-solving tasks among sixth-grade students.
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Their study focused on an earthquake scenario that integrated mathematics, science,
and technology, highlighting the essential contribution of mathematics to engineer-
ing problem-solving endeavors. Furthermore, Beswick and Fraser (2019) conducted a
project to enhance mathematics teachers’ content knowledge and align their pedagog-
ical practices with the demands of the 21st-century. They recognized the fundamental
role of teachers in shaping students’ attitudes toward mathematics. Then, the au-
thors developed the STEM Critical Appraisal for Teachers (STEMCrAfT) framework
to enlighten educators in planning lessons that integrate STEM principles and foster

positive student engagement (Beswick and Fraser, 2019).

In light of these findings, integrating STEM education into mathematics courses
emerges as an efficient way to integrate lessons with the real world, thereby enhancing

student motivation, problem-solving abilities, and mathematics proficiency.

2.3.4. STEM and Higher-Order Thinking Skills

Various researchers have tried to define higher-order thinking skills (HOTS), en-
compassing critical and creative thinking with self-regulation and learning skills (Paul,
1990; Newman, 1990). Kek and Huijser (2011) explained that individuals with criti-
cal thinking can effectively analyze and solve problems, utilize information in different
domains, and demonstrate superior higher-order cognitive abilities. From this, it is a
necessity to establish student-centered, multidisciplinary learning environments to fos-
ter the development of students’ higher-order thinking skills. Hence, STEM (Science,
Technology, Engineering, and Mathematics) education emerges as a strategic approach

to facilitate deep learning and enhance HOTS (Ure, 2012).

STEM education, originating from integrating science, technology, and engineer-
ing into school curricula, engenders multidisciplinary collaboration, thereby engender-
ing novel insights (Lantz, 2009). Consequently, STEM education is widely recognized
as a means of equipping students with critical thinking and problem-solving abilities

that are essential for success in contemporary professional and societal contexts (By-
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bee, 2010; National Research Council, 2011; English, 2016). The primary objective of
STEM education is to nurture 21st-century skills, prominently including critical think-
ing (NRC, 2009). Achieving this necessitates integrating problem-solving, reasoning,

and decision-making into educational paradigms (Willingham, 2008).

Duran and Sendag (2012) investigated students’ critical thinking skills within the
context of an I'T/STEM project implemented in an urban high school setting. Utilizing
the Test of Everyday Reasoning (TERS) test to evaluate pre-and post-intervention out-
comes, they observed a significant enhancement in critical thinking skills among urban
students. Similarly, Parno et al. (2019) investigated high school students’ higher-order
thinking skills as applying PBL with the STEM approach. Their findings showed a
notable elevation in HOTS scores among students engaged in problem-based learning
with STEM education. Despite evidence pointing to the positive impact of STEM
education on HOTS development, there is still a lack of research for cultivating critical
thinking skills within educational settings. Moreover, research in this area remains lim-
ited, particularly within specific educational contexts evaluating the combined efficacy
of STEM education through PBL and its contributions to HOTS enhancement (Duran

and Sendag, 2012) a gap this thesis aims to address.

In summary, these studies collectively affirm the potential of STEM education to
foster critical thinking skills. Moreover, the literature establishes HOTS as a critical
goal of 21st-century education. Both PBL and STEM education, rooted in construc-
tivist principles, have been individually shown to be effective in fostering these skills.
However, a significant gap exists in understanding the synergistic effect of implement-
ing STEM education through a PBL framework, especially within the Turkish middle
school mathematics context. Therefore, this study is designed to investigate this inter-
section, providing empirical evidence on how a combined STEM-PBL approach impacts

students’ critical thinking, mathematical thinking, and problem-solving skills.
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2.4. STEM and Problem-Based Learning (PBL)

Problem-Based Learning and STEM education are distinct pedagogical approaches,
each with unique methodologies and objectives. PBL is an instructional strategy where
students engage with complex, real-world problems, fostering skills such as critical
thinking, problem-solving, and self-directed learning. It emphasizes inquiry, collabora-

tion, and the application of knowledge to ill-structured scenarios (Savery, 2006).

STEM education, encompassing Science, Technology, Engineering, and Mathe-
matics, is a curriculum framework designed to integrate these disciplines, emphasizing
interdisciplinary learning, real-world applications, and preparing students for careers
in technology-driven economies (Honey et al., 2014). While STEM education often in-
cludes hands-on projects and collaborative activities, its instructional design may not

always explicitly center on ill-structured problem-solving or inquiry processes inherent

to PBL (Bybee, 2010).

Traditionally, PBL and STEM have been applied separately. Many PBL imple-
mentations occur in settings that are not explicitly STEM-focused, using problems from
diverse domains such as social sciences, medicine, or humanities. Similarly, STEM pro-
grams often integrate hands-on and project-based activities without necessarily adopt-
ing the structured inquiry and collaborative problem-solving processes characteristic
of PBL. This separation means that students may experience either PBL or STEM
education, but rarely both simultaneously in a fully integrated manner. However, inte-
grating PBL within a STEM framework offers significant educational advantages. PBL
provides an instructional framework that encourages inquiry, self-directed learning, and
the exploration of ill-structured problems, while STEM con- tent offers rich, authentic
contexts that require interdisciplinary knowledge and cognitive skill development (Hsu,
2015; Martin et al., 2016). Using these approaches together enables students to ap-
ply STEM knowledge to real-world, complex problems, fostering higher-order thinking

skills such as analysis, evaluation, creativity, and problem-solving.
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Integrating PBL within STEM education is advantageous because it combines
the strengths of both approaches. PBL enhances students’ engagement, collabora-
tion, and reflective thinking, while STEM provides the content and context for au-
thentic problem-solving. Together, they create learning experiences that are not only
content-rich but also process-oriented, promoting critical thinking, creativity, and the
application of knowledge to real-world challenges. By leveraging both methodologies,
educators can better prepare students for the complex demands of the 21st-century,
equipping them with the skills necessary for lifelong learning, innovation, and adapt-

ability (Kelley and Knowles, 2016).
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3. METHODS

This chapter details the methodology used to investigate the effects of a STEM-
integrated Problem-Based Learning (PBL) program on the higher-order thinking skills
(HOTS) of 5th-grade students. This study employed a quasi-experimental, pre-test/post-
test control group design. Quantitative data from three assessment instruments were
collected to measure changes in students’ mathematical thinking, critical thinking, and
problem-solving skills. Additionally, qualitative data, including classroom observations
and student worksheets, were gathered to provide deeper insights into the learning pro-
cess. The following sections will outline the research design, participants and setting,
data collection instruments, intervention procedures, and the methods used for data

analysis.

3.1. Research Design

This study employed a quasi-experimental, pre-test/post-test control group de-
sign. This approach was chosen because it allows for the comparison of an experimental
group and a non-equivalent control group, making it possible to assess the impact
of an educational intervention when random assignment is not feasible. The design
involves measuring key dependent variables before (pre-test) and after (post-test) the

instructional period to determine the effects of the STEM-PBL program.

3.2. Participants and Settings

The study was conducted at a private middle school in Tiirkiye where the re-
searcher was employed as a mathematics teacher. The participants were 5th-grade stu-
dents, a grade level chosen as it marks the transition into middle school and the first
year of instruction by specialist mathematics teachers (Hill et al., 2005). A convenience

sampling method was used, as the school was readily accessible to the researcher.
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The entire 5th-grade 129 students were invited to participate in the study, with
parental consent forms distributed prior to the research. From this initial pool, data
from six students were excluded: three for whom parental consent was not granted, and
three who had individualized education plans (IEP). This resulted in a final sample
of 123 students, consisting of 55 females and 68 males between the ages of 10 and 12.
The sample was divided into an experimental group (n= 60) and a control group (n=

63).

Participants were already distributed across six different Hth-grade classrooms,
taught by a total of three mathematics teachers, with each teacher responsible for two of
the classes. To control teacher-related variables such as teaching style or effectiveness,
a balanced assignment strategy was implemented. For each of the three teachers, one
of their two classrooms was randomly assigned to the experimental group and the other
to the control group. This process resulted in three classrooms being assigned to the
experimental (STEM-PBL) group, and three classrooms being assigned to the control
group. This design was intended to ensure that any observed effects were more likely
attributable to the teaching method rather than confounding teacher variables. While
all students participated in the lesson activities as part of their regular instruction,

only the data from students with parental consent were included in the final analysis.

3.3. Data Collection Instruments

To measure students’ HOTS, three quantitative instruments were administered as
pre-tests and post-tests. In addition, qualitative data were collected through classroom

observations and student worksheets. Each instrument is described in detail below.

3.3.1. Mathematical Thinking Scale (MTS)

The Mathematical Thinking scale by Ersoy and Bager (2013) was used in this
study (see Appendix A) to assess students’ mathematical thinking levels. This scale

was employed because it provides a comprehensive measure of students’ disposition
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and ability to engage in mathematical thinking—an essential element of higher-order
thinking skills in mathematics education. The instrument consists of 25 items on a
5-point Likert scale, ranging from “Strongly Disagree” to “Strongly Agree” on four
sub-domains - Higher-Order Thinking Tendency (HOTT), Reasoning, Mathematical
Thinking Ability (MTA), and Problem-Solving (PS) - that directly correspond to the
skills targeted in STEM-PBL learning environments. The developers reported a relia-
bility coefficient of a= 0.78, and for the current study, Cronbach’s alphas were calcu-
lated as 0.75 and 0.81, respectively, in pre-test and post-test in this study, indicating
good reliability.

e Higher-Order Thinking Tendency (HOTT): = 0.74 (pre-test), a= 0.75 (post-
test).

e Reasoning : a= 0.65 (pre-test), a= 0.66 (post-test).

e Mathematical Thinking Ability (MTA): a= 0.62 (pre-test), a= 0.63 (post-test).

e Problem-Solving (PS): a= 0.70 (pre-test), a= 0.73 (post-test), demonstrating

moderate and acceptable reliability (Cronbach, 1951).

By including this tool, the study was able to assess not only students’ demon-
strated problem-solving performance but also their underlying thinking dispositions,

thereby yielding a more holistic evaluation of their higher-order thinking skills.

3.3.2. Critical Thinking Skills Test (CTST)

The Critical Thinking Skills Test developed by Egmir and Ocak (2016) was em-
ployed in this study to measure fifth-grade students’ critical thinking skills (see Ap-
pendix B). The instrument consists of 25 multiple-choice items, and it directly assesses
cognitive processes that align with the definition of higher-order thinking skills, par-

ticularly in the domain of critical thinking.

Its subskills—identifying the problem, distinguishing between subjective and ob-

jective arguments, analyzing and evaluating arguments, and determining the reliability



30

of a source—are essential competencies for students engaging in STEM-PBL activities,
where evaluating evidence, reasoning logically, and making justified decisions are in-
tegral to problem-solving. The developers established content validity through expert
review and pilot testing. The original reliability coefficients were reported as KR-20=
0.61 and KR-~21= 0.63, indicating acceptable internal consistency for the scale (Egmir
and Ocak, 2016).

In the current study, the scale demonstrated good reliability, with Cronbach’s
alpha coefficients calculated as a= 0.77 for the pre-test and a= 0.79 for the post-test.
These values suggest that the instrument was reliable for use with the present sample.
To score the assessment, the answer key provided by the test developers was used.
Correct answers were coded as 1, while incorrect or unanswered items were coded as

0. Total scores were calculated by summing the number of correct responses.

3.3.3. Mathematical Problem-Solving Test (MPST)

The Mathematical Problem-Solving Test was selected to evaluate students’ ability
to apply mathematical knowledge in non-routine and multi-step problem situations—an
essential aspect of higher-order thinking skills. Adapted from the well-established
TIMSS framework, the test covers multiple content domains (data, measurement, geo-
metric shapes, and measures and numbers) and incorporates attributes representative

of authentic problem-solving processes (see Appendix C).

The test was composed of 8 items and an adaptation of the items from Trends in
International Mathematics and Science Study (TIMSS, 1999, 2003, 2007, 2011) involv-
ing one or more characteristics for problem-solving processes (Ozel, 2023). Cronbach’s
alphas were calculated as .80 and .86, respectively, in the pre-test and post-test in this
study. Therefore, the test was found to be reliable for use as a measurement tool in
this study. To interpret students’ work and calculate the test scores, the researcher
used a scoring guide prepared before for another study using TIMSS’s codes (Bektas,
2021) (see Appendix C). Its inclusion ensured that the study measured students’ ca-
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pacity to interpret, model, and solve complex mathematical problems, providing a
robust indicator of their problem-solving proficiency within the STEM-PBL learning

environment.

3.3.4. Classroom Observation

Observations took place in both the STEM-PBL group and the control group to
provide deeper insights into quantitative findings. The observations were done in every
class. The researcher here was both a teacher applying lesson plans for her classes and
also an observer for the other classes, looking for the students’ interaction in groups
and between groups, the classroom environment, and the flow of the lessons. The other
teachers were also in the observer role, especially for the lessons that the researcher

could not participate in, to observe due to the schedule.

3.4. Procedures

Before the implementation of the study, the approvals from the sub-Ethics Com-
mittee of the Bogazigi University (see Appendix D) and the Ministry of National Ed-
ucation (MoNE) (see Appendix E) were obtained. The school council and principal
were informed about the study, and their permission was taken to apply the study.
Then, for the consent of the parents, the Consent Form (see Appendix F) was sent
to the parents and the students. The duration of the study was approximately 15
weeks. Students were assigned either the experimental (3 classes) or the control group
(3 classes), as each mathematics teacher had one control and one experimental group.
This study consisted of three main stages: Initial Assessment, Instructional Period,

and Final Assessment.

Initial Assessment: The initial assessment stage started with sending the consent
forms (Appendix F) to the students and their parents using an online platform as an
announcement. If the parents did not consent to participate in the study, then the

data from these students would not be used in this study. The names, gender, and
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age information were collected from students through the school system. There were
six different classrooms in 5th-grade, and there were also 3 different teachers for these
classes. To control the teacher variable in the study, each teacher had one control and
one experimental group. All participants took the Mathematical Thinking Scale (MTS)
(Ersoy and Bager, 2013), the Critical Thinking Skills Test (CTST) (Egmir and Ocak,
2016), and the Mathematical Problem-Solving Test (MPST) (Ozel, 2023) to establish

baseline measures of higher-order thinking skills.

Instructional Period: The experimental group received four different STEM-PBL
lessons for the problem-solving lesson hours (Appendix G), lesson plans spanned 15
weeks and took 3-4 lesson hours, while the control group received lessons covering the
same topics involving individual problem-solving sessions using both worksheets and

online platforms.

The STEM-PBL lessons were planned to include three stages: presentation of
the problem to the groups, self-guided investigation, and reporting and explanation
(Hmelo-Silver, 2004). For STEM integration, students solved engineering problems,
and they created their prototypes for the solutions as in the STEM framework (Honey
et al., 2014).

The STEM-PBL lessons were planned especially for problem-solving hours in
the school. All lessons for both groups in the school basically consisted of introduc-
tory activities aimed at discovering the mathematical concept encountered for the first
time, generalization studies, and rule creation after the activity. From this perspective,
lessons from both the experimental and control groups met the aspect of presentation
of the problem and the self-guided investigation stages. The difference between the ex-
perimental and control group was that the experimental group students were exposed
to ill-structured problems with the STEM-PBL approach, and in the problem-solving
phase then they created a model for the solution of the problem, as in the STEM edu-
cation framework. While the control group continued filling in the booklets created in

parallel with the results obtained from the activity, common application, and individ-
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ual or general routine problem-solving for the whole class. The control group did not

take lessons from the STEM-PBL approach.

Final Assessment: After the instructional period, students from both groups re-
took the Mathematical Thinking Scale, Critical Thinking Skills Test, and Mathematical
Problem-Solving Test as post-tests. This phase took 1 week. The design of the study

is given in (see Figure 3.1).

Initial Assessment
Experiment and Control Group
s  ConsentForms
e Mathematical Thimking Scale (MTS)
= Critical Thinking Skills Test (CTST)
»  Mathematical Problem- Solving Test (MPSST)

Instructional Period J Imstructional Period
Experiment Group ntrol
* 4 different STEM-PEL lesson plans * 4 differentlesson plans (Problem solving sessions using

both workshests and online platforms).
+  Groupwork and discussions
*  Indmvidual work
»  Student centered actvihes

*  Individual problem- solving activities.
| s Classroom observation

s  Classroom observation

Final Assessment

Experiment and Control Group
s Mathematical Thinking Scale (MTS)
»  Critical Thinking Skills Test (CTST)
»  Mathematical Problem- Solving Test(MPST)

Figure 3.1. Design of the study.

Table 3.1. Timeline for experimental (STEM-PBL) and control group.

Time (W: Week
of the school

Activity
from beginning)

Initial Assessment
Parental Consent Form W 13
Mathematical Thinking Scale (MTS) W 14
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Table 3.1 Timeline for experimental (STEM-PBL) and control group. (cont.)

Time (W: Week

of the school
Activity
from beginning)

Critical Thinking Skills Test (CTST)
Mathematical Problem-Solving Test (MPST) (3 class hours)

Instructional Period
Experimental Group (STEM-PBL) Lessons
Lesson Plan 1 — Problem Scenario: A village rebirths, W 14-15

designing a village (34 class hours)

Lesson Plan 2 — Problem Scenario: Streets without |W 17-18

trash, designing dustbins (3-4 class hours)

Lesson Plan 3 — Problem Scenario: Smart roof panels,|W 23-24

designing roof panels (3-4 class hours)

Lesson Plan 4 — Problem Scenario: Smart classrooms |W 27-28

for energy saving, designing smart classrooms (34 class hours)
Control Group — Non STEM-PBL Lessons W 14-28

Final Assessment
Mathematical Thinking Scale (MTS) Week 29
Critical Thinking Skills Test (CTST) (3 class hours)

Mathematical Problem-Solving Test (MPST)

3.4.1. Study Implementation

The instructional period differed for the experimental and control groups. Six
classes were assigned to either the experimental or the control group. Once this was
complete, experimental group students worked in groups as assigned by the teachers.
Student groups changed from plan to plan. While experimental group students were
studying STEM-PBL lessons, control group students did individual problem-solving

sessions and utilized an online application to solve related problems.
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Experimental Group
The lessons for the experimental group were in line with the Integrated STEM Edu-
cation framework (Honey et al., 2014) and Hmelo-Silver’s (2004) three stages, which
are presentation of the problem to the groups, self-guided investigation, and reporting.
For the first stage, the teachers introduced the ill-structured problem scenario and then

showed a related video or educational material to students.

Then, students read the scenario again and started discussing the problem and
filled in the “Design Worksheets” (Appendix K, L, M, N) prepared by the researcher,
explaining limitations, criteria, and the final product students were expected to produce

at the end. Then, students started writing their first plans and filling in the worksheet.

While students discussed the problem and filled in the worksheet, the teachers
observed the groups and facilitated their ideas. When all the groups finished discussing,
the teachers collected the worksheets and discussed the students’ answers with the
groups. Then, at the second stage, students started researching, conducting, and
designing the projects they had planned in the earlier lessons. They could use various

materials or online platforms (Tinkercad).

Depending on the students’ speed, this stage took 1-2 lessons. For the final stage,
students finished their work and completed their “Design-Worksheets”, then started
presenting their designs to the whole class and their solutions to the problem, and then
students gave a reflection and discussed the group’s solutions to the problem. The

teachers always observed students’ reactions.

Four STEM-PBL lesson plans were developed for experimental groups. All les-
son plans were appropriate for fifth-grade students. Each plan was in line with the
newly released Middle School Mathematics “Century of Tiirkiye Education Model”
Curriculum (MoNE, 2024) (see Appendix O).
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The first lesson plan (A village rebirths, designing a village) (see Appendix G)
included the objective:

MAT. 5.1.2. Solve real-life problems involving natural numbers and operations (see

Table 3.2).

During the first lesson plan, students tried to design a village with a limited
budget given to students and compatible with other limitations given in the problem
scenario. At the end, students created their own villages via the Tinkercad application

as prototypes (see Figure 3.2), and they presented their work to their classmates as

groups.
Table 3.2. Objectives for STEM-PBL lesson plan 1.
Learning Outcomes and MAT. 5.1.2. Solve real-life problems
Process Components involving natural numbers and operations
Content Skills MAB2. Mathematical Problem Solving
Literacy Skills OB1. Information Literacy,

OB2. Digital Literacy,
OB3. Financial Literacy,
OB8. Sustainability Literacy

Interdisciplinary Relations |Social Studies,

Science

Relationship Between Skills| MAB3. Mathematical Representation,
MABS5. Working with Mathematical

Tools and Technology

The second lesson plan (Streets without trash, designing dustbins) (see Appendix
H) included the objectives:
MAT. 5.1.2. Solve real-life problems involving natural numbers and operations
MAT.5.4.4. Solve problems related to the perimeter and area of a rectangle (see Ta-
ble 3.3).
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Figure 3.2. Village prototypes.

During the second lesson plan, students tried to design a dustbin (see Figure 3.3)
with the given budget and in line with other limitations from the given problem sce-
nario. At the end, students produced their prototype dustbins, and they shared their
findings and presented their dustbins.

Table 3.3. Objectives for STEM-PBL lesson plan 2.

Learning Outcomes and MAT. 5.1.2. Solve real-life problems
Process Components involving natural numbers and operations
MAT.5.4.4. Solve problems related to the
perimeter and area of a rectangle
Content Skills MAB2. Mathematical Problem Solving
Literacy Skills OB1. Information Literacy

OB2. Digital Literacy

OB3. Financial Literacy

OB4. Visual Literacy

OBS8. Sustainability Literacy

Interdisciplinary Relations |Social Studies Science

Visual Science

Relationship Between Skills| MAB3. Mathematical Representation
MABS5. Working with Mathematical
Tools and Technology
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The third lesson plan (Smart roof panels, designing roof panels) (Appendix I)
included the objectives.
MAT. 5.1.2. Solve real-life problems involving natural numbers and operations.
MAT.5.1.3. Represent fractions in different ways that correspond to real-life situations.
MAT.5.4.4. Solve problems related to the perimeter and area of a rectangle. (see

Table 3.4).

e

Figure 3.3. Dustbin prototypes.

During the third lesson plan, students tried to design roof panels with a limited
budget, again given to students, and compatible with other limitations in the problem
scenario. At the end, students created their roof panels as prototypes (see Figure 3.4)

and presented their work to their classmates as groups.

Table 3.4. Objectives for STEM-PBL lesson plan 3.

Learning Outcomes |MAT.5.1.2. Solve real-life problems involving natural

and Process numbers and operations.

Components MAT.5.1.3. Represent fractions in different ways
that correspond to real-life situations.

MAT.5.4.4. Solve problems related to the perimeter
and area of a rectangle

Content Skills MAB2. Mathematical Problem-Solving
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Table 3.4 Objectives for STEM-PBL lesson plan 3. (cont.)

Literacy Skills OB1. Information Literacy
OB2. Digital Literacy

OB3. Financial Literacy
OB4. Visual Literacy

OBT7. Data Literacy

OBS8. Sustainability Literacy

Interdisciplinary Social Studies science

Relations Visual Science

Relationship MAB3. Mathematical Representation
Between Skills MABS5. Working with Mathematical

Tools and Technology

The final lesson plan (Smart classrooms for energy saving, designing smart class-
rooms) (Appendix J) included the objectives;
MAT. 5.1.2. Solve real-life problems involving natural numbers and operations.
MAT.5.5.1. Ability to work with categorical data and make data-based decisions.
MAT.5.5.2. Discuss statistical results or interpretations based on categorical data

created by other people (see Table 3.5).

Figure 3.4. Roof panels.

In the final lesson plan, students tried to design a classroom in line with the given
electronic devices and energy requirements. In the end, students created their class-

rooms via Tinkercad as prototypes and shared their productions with their classmates.



Table 3.5. Objectives for STEM-PBL lesson plan 4.

Outcomes and Process
Components

MAT.5.1.2. Solve real-life problems
involving natural numbers and
operations

MAT.5.5.1. Ability to work with
categorical data and make data

based decisions

MAT.5.5.2. Discuss statistical results
or interpretations based on categorical
data created by other people

Content Skills

MAB2. Mathematical Problem Solving
MAB4. Working with Data and
Decision Making

Literacy Skills

OBI1. Information Literacy
OB2. Digital Literacy

OB3. Financial Literacy
OB4. Visual Literacy

OB7. Data Literacy

OBS8. Sustainability Literacy

Interdisciplinary Relations

Social Studies Science

Relationship Between Skill

MABS3. Mathematical Representation
MABS5. Working with Mathematical

Tools and Technology

Control Group
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The control group took the same objectives but had different lessons from the experi-

mental group.

Their lesson plans also involved various teaching methods such as introductory

activities to discover the mathematical concept, generalization studies, and rule cre-

ation after the activity involving the presentation of the problem and a self-guided

investigation.

However, they did not follow the presentation of the ill- structured problem,

which had different solutions and criteria; they generally worked alone, and they did

not create prototypes and use engineering skills as STEM education requires during

the problem-solving process (see Table 3.6).



Table 3.6. Objectives for non-STEM-PBL lessons.

Objectives

Activities and Week

MAT.5.1.2. Solve real-life problems
involving natural numbers and

operations

W 14-15

e PowerPoint slide explaining
stages of problem solving and
activities to explore problem-
solving algorithms

e Problem-solving activities (work-

sheet, booklet)

MAT.5.1.2. Solve real-life problems
involving natural numbers and
operations

MAT.5.4.4. Solve problems related to

the perimeter and area of a rectangle

W 17-18

e Exploratory activities for area
and perimeter

e PowerPoint slide explaining
perimeter and area

e Problem-solving activities (work-

sheet, booklet)

MAT.5.1.2. Solve real-life problems
involving natural numbers and
operations

MAT.5.1.3. Represent fractions in
different ways that correspond to real-
life situations

MAT.5.4.4. Solve problems related to
the perimeter and area of a rectangle
MAT.5.5.2. Discuss statistical results
or interpretations based on graphical

data created by other people

W 23-24, 27-28

e Exploratory activities for different
representations of fractions
(equivalent fractions, percentages,
decimals)

e Watching videos for different
representations

e PowerPoint slides

e Problem-solving activities (work-
sheet, booklet)

e Doing statistical research
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After the instructional period, students from all groups took the tests, the Math-

ematical Thinking Scale (MTS), the Critical Thinking Skills Test (CTST), and the
Mathematical Problem-Solving Skills Test (MPST) again as a post-test.
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3.5. Data Analysis

This section outlines the procedures used to analyze the data collected in the
study. The process involved three main stages: data preparation and reliability anal-
ysis, quantitative analysis to test the hypotheses, qualitative analysis to provide con-

textual understanding, and testing assumptions for MANCOVA analysis.

3.5.1. Data Preparation and Reliability

Before the main analysis, the quantitative data were cleaned and organized in
the SPSS tool. Then, the total scores for the Mathematical Thinking Skills (MTS),
the Critical Thinking Skills Test (CTST), and the Mathematical Problem-Solving Test
(MPST) were calculated. A reliability analysis was conducted for each instrument
to ensure internal consistency within the study’s sample. The calculated Cronbach’s

alpha values were as follows:

e Mathematical Thinking Scale (MTS): a= 0.75 (pre-test), a= .81 (post-test)

e Critical Thinking Skills Test (CTST): = 0.77 (pre-test), a= 0.79 (post-test)

e Mathematical Problem-Solving Skills Test (MPST): a= 0.80 (pre-test), a= 0.86
(post-test).

These values indicate good to excellent reliability for all instruments used in the

study.

3.5.2. Quantitative Analysis

After data cleaning, data analysis was conducted to answer the main research

question. To examine the effect of STEM-PBL lesson plans on students’ higher-order

thinking skills, a multivariate analysis of covariance (MANCOVA) was selected.

This method was appropriate because the study involved two independent groups (ex-
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perimental and control), three continuous dependent variables (mathematical thinking,
critical thinking, and problem-solving skills), and corresponding pre-test scores used as
covariates. Unlike ANOVA, which can only test group differences on a single depen-
dent variable, or ANCOVA, which controls for covariates but still examines only one
dependent variable, MANCOVA allows for the simultaneous examination of multiple
dependent variables while statistically controlling for initial differences on the covari-
ates. MANOVA, although suitable for multiple dependent variables, does not account
for covariates, making it less appropriate for this quasi-experimental design where pre-
test differences needed to be adjusted. Therefore, MANCOVA was the most suitable
statistical method for this study, as it provided a multivariate approach that reduced
the risk of Type I error, accounted for intercorrelations among dependent variables,
and controlled for baseline differences between groups (Tabachnick and Fidell, 2019).
Prior to conducting MANCOVA, a preliminary MANOVA was performed to check for
significant differences between the groups’ pre-test scores. Teachers’ observations and
notes students took in “Design Worksheets” was utilized to analyze and interpret the
quantitative findings deeply. This information was used to aid in the interpretation of

the statistical findings in the Discussion chapter.

3.5.3. Testing Assumptions

To address the research question, a multivariate analysis of variance MANCOVA
was executed. The analysis part started by first examining the assumptions of the
MANCOVA design. Normality was tested using the Kolmogorov-Smirnov tests to
see whether the total pre-test and the total post-test Mathematical Thinking (MTS),
Critical Thinking (CTST), and Mathematical Problem-Solving (MPST) scores were
normally distributed (see Table 3.7).

According to Tabachnick and Fidell (2019), if the skewness and kurtosis coeffi-

cients are between -1.5 and +1.5, it is assumed that the data have a normal distribution.
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Table 3.7. Kolmogorov-Smirnov test results.

Variable | N K-S (p) |Skewness|Kurtosis.
PreMTS [123| <0.001 -1.464 4.651
PostMTS [123| 0.01 -0.613 -0.149
PreCTST [123]| 0.077 0.116 -0.859
PostCTST [123| 0.116 0.040 -0.830
PreMPST [123| 0.052 -0.325 -0.421
PostMPST [123| 0.015 -0.392 -0.547

While some K-S tests were significant, all skewness and kurtosis values fell within
an acceptable range. Furthermore, parametric tests such as MANCOVA are known
to be robust against minor violations of normality, particularly when sample sizes
are large (Huck, 2012). Hence, the analyses proceeded with the assumption that the
distributions were normal. The assumption of no significant univariate outliers was
assessed using a z-score analysis for all variables. Following the convention that z-
scores outside the range of 2.5 are potential outliers, the analysis identified five values
(out of 738 total values) that exceeded this threshold. As this constituted less than 1%
of the total data points, these few outliers were considered negligible and were retained
in the dataset. Therefore, the assumption was deemed sufficiently met to proceed with

the MANCOVA.

The assumption of linearity, which requires a linear relationship among all pairs
of dependent variables and between each dependent variable and the covariate, was
assessed through an examination of scatterplots and correlation matrices. The visual
inspection of the scatterplots revealed no evidence of curvilinear patterns. Therefore,
the assumption of linearity was considered satisfied for this analysis (Tabachnick and

Fidell, 2019).

Another assumption was that there should be no significant multivariate outliers
within the groups defined by the independent variable for each dependent variable.

To check this, the Mahalanobis distance and p-value corresponding to the Chi-Square
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value with 3 degrees of freedom were examined because there were three dependent,
predictor variables. Any p-value less than .001 was an outlier. The results showed no

outliers in this study; therefore, this assumption was also met.

The assumption of homogeneity of variances and covariances was checked. First,
Levene’s Test of Equality of Error Variance was conducted for each dependent variable,
and the results were non-significant for all variables, indicating that the assumption
of homogeneity of variance was met. Subsequently, Box’s M Test of Equality of Co-
variance Matrices was performed. The result was non-significant, confirming that the

assumption of homogeneity of covariance matrices was also met.

Tests of Between-Subjects Effects were conducted to examine the assumption of
homogeneity of regression slopes for each dependent variable. The results indicated
that the interaction between the covariate and the grouping variable was not statisti-
cally significant (p > 0.05), suggesting that the assumption was not violated and the
regression slopes were homogeneous across groups. After confirming that all statistical
assumptions were met, the analysis proceeded to investigate the effects of STEM-PBL

lessons.
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4. RESULTS

In this chapter, the outcomes of quantitative analyses, along with the research
question of this study, will be presented. As outlined in the methods section, the
quantitative research will measure the effects of STEM-PBL lessons on students’ HOTS
through mathematical thinking, critical thinking, and problem-solving skills, and the
difference between the control and experimental groups. First, the participants’ demo-
graphic information will be considered, and then the results of the quantitative data

will be provided.

4.1. Demographics of Participants

This part of the study provides an overview of the participants and their demo-
graphic information (see Table 4.1). Out of 129 fifth-grade students in the school, 123
fifth-grade students participated in this study. There were 55 females and 68 males.
The group population of the control group was 63, and the experiment group was 60.

The students’ ages ranged from 10-12.

Three mathematics teachers taught and proceeded with the lesson plans; one of

them was the researcher of this study.

Table 4.1. Demographic information of the participants.

n

Total Participants | 123
Female 5h)
Male 68
Control Group 63

Experiment Group |60

Students’ Ages 12 — 16 students
11 — 104 students
10 — 3 students
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4.2. Descriptive Statistics

An initial examination of the data was conducted through descriptive statistics.
Measures including the minimum, maximum, mean, median, and standard deviation
provide a comprehensive overview of the MTS, CTST, and MPSRT scores. Table 4.2
displays the descriptive statistics for the study participants.

Table 4.2. Descriptive statistics for pre- and post-test scores of MTS, CTST, and
MPST.

N | Min | Max | Mean | Median | SD
PreMTS [123] 69 | 113 | 95.51 97 10.22
PostMTS [123| 66 | 117 | 96.63 99 11.46
PreCTST |123 22 | 11.65 11 4.79
PostCTST 123 23 | 12.84 13 4.88
PreMPST |123 20 | 11.82 12 4.27
PostMPST | 123 21 | 12.80 13 5.00

= O W| N

A preliminary review of the descriptive statistics, presented in Table 4.3, indicated
that the mean scores on all three instruments increased from pre-test to post-test for
both the control and the experimental groups. The inferential analysis to determine

the statistical significance of the difference between the groups is presented next.

Table 4.3. Pre- and post-test results.

Groups M SD M SD
Pre-Test Post-Test
MTS Control 96.44 | 9.03 97.31 11.22
Experimental | 94.53 [11.32] 95.91 11.77
CTST Control 10.53 | 4.47 11.33 4.65
Experimental | 12.83 4.87 14.43 4.63
MPST Control 11.07 | 4.17 11.34 5.08
Experimental | 12.60 4.27 14.33 4.47

A review of the descriptive statistics in Table 4.3 indicates that both groups’

mean scores increased from pre-test to post-test on all measures. Calculating the mean
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gain scores reveals that the improvements were consistently larger for the experimental
group. For the MTS, the experimental group had a mean gain of +1.38 points compared
to 40.87 for the control group. This pattern was even more pronounced for the CTST
(a gain of +1.60 vs. +0.80) and the MPST (a gain of +1.73 vs. +0.27). The specific
pre- and post-test mean scores and standard deviations are presented in Table 4.3.
When we look at mean values for subdomains of the Mathematical Thinking Scale,
which are higher-order thinking tendency (HOTT), reasoning, mathematical thinking
ability (MTA), and problem-solving (PS), we observe that the post-test results for the
control group were higher than those of the experimental group. However, there was
an increase for all domains in the experimental group, but there were decreases for the

control group (see Table 4.4).

Table 4.4. Pre- and post-test results of MTS with sub-domains.

Sub-Domain| Groups Pre-Test | Post-Test
M SD M SD
HOTT Control 24.77|3.96(24.76 | 4.17
Experimental | 24.31[4.08 |24.66 | 3.74
Reasoning Control 16.5212.34(17.04 | 2.31
Experimental | 15.83(2.45| 16.8 | 2.79
MTA Control 28.79|2.75(28.68 | 2.97
Experimental | 28.41[3.38|28.55| 3.11
PS Control 26.34|3.54(26.82| 3.91
Experimental | 25.96 |4.85| 25.9 | 4.53

Additionally, before doing MANCOVA analysis, MANOVA analysis was done to
see whether there was a difference between the control group and the experimental
group in pre-test scores of the test. After all the assumptions were held, the results
revealed Pillai’'s Trace= 0.079, F(3, 119)= 3.422, p= 0.020, indicating there was a

difference between student groups.

Tests of Between-Subjects Effects showed that there was not a statistically sig-
nificant difference in pre-test results of MTS (p= 0.030) and MPTS (p= 0.048), since

p> 0.016, this number is because of the Bonferroni Correction. On the other hand,
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the experimental group’s results were statistically higher than the control group’s pre-
CTST (p= 0.008). From this, we can conclude that groups were unequal before the

study was implemented. Therefore, Pre-test results were taken as covariate factors.

4.3. Effects of STEM-PBL Lessons on Students’ MTS, CTST, and MPST

Scores

Research question: Does participation in a STEM education program based on
Problem-Based Learning significantly affect students” mathematical thinking, problem-
solving, and critical thinking skills, compared to a control group, after controlling their

pre-test scores in each skill area?

Since the assumptions of multivariate normality were not fully met and the group
sizes were not equal (Neontror= 63, Nexperiment= 60), Pillai’s Trace was considered the
most robust and appropriate test statistic for interpreting the multivariate effects
(Huck, 2012; Olson, 1974). As shown in the Multivariate Test table (see Table 4.5), a
multivariate analysis of covariance (MANCOVA) was conducted to examine the effect
of the STEM-PBL method on students’ post-test scores of mathematical thinking skills,
critical thinking skills, and problem-solving skills, while controlling for pre-test scores.
Results demonstrated that there was a statistically significant difference between post-
test scores of MTS, CTST, and MPST between the control and experimental group
after controlling for their pre-test scores, Pillai’s Trace= 0.085, F'(3, 116)= 3.598, p=
0.016, partial ng: 0.085.

Table 4.5. MANCOVA results.

Group |Value| F |Hypothesis |Error | Sig. | Eta

df df Squared
Pillai’s | 0.85 |3.598 3 116 [0.016| 0.085
Trace
Wilk’s | 0.915 [3.598 3 116 ]0.016| 0.085

Lambda
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Tests of Between -Subjects Effects Test (see Table 4.6) revealed statistically sig-

nificant difference between groups in critical thinking skills F'(1, 116)= 5.882, p= 0.017,

partial 772: 0.047 (see Figure 4.1) and problem-solving skills F(1, 116)= 5.839, partial

77]%: 0.047 committing a difference with the effect of teaching program (see Figure 4.2).

However, no significant difference was found in mathematical thinking scores, F(1,

116)= 0.436, p= 0.510, partial ngz 0.004 (see Figure 4.3).

Table 4.6. Tests of between-subjects effects.

Test of Between-Subjects Effects Partial
Group df| F Sig. Eta Squared
Post-CTST | 1 |5.882 0.017 0.047
Post-MPST| 1 |5.839 0.017 0.047
Post-MTS | 1 10.436 0.510 0.004

Although examining gender differences was not the primary aim of the study,

analyses controlling for pre-test scores revealed no statistically significant differences

between male and female students on the MTS, CTST, and MPST measures. Further-

more, the interaction effect between group and gender was not significant (p= 0.739),

indicating that gender did not have a differential impact on student outcomes across

groups.
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Figure 4.1. Estimated marginal means of post-CTST-total.
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Figure 4.3. Estimated marginal means of post-MTS-total.

The partial eta squared value obtained for the CTST and MPST was niz 0.047,
which corresponds approximately to 0.44, indicating a medium effect size (Cohen,
1988). When compared with similar studies in the literature, this result falls within
the moderate range of effect sizes reported for STEM and PBL interventions targeting

higher- order thinking skills (see Table 4.7 for a summary of comparative effect sizes).
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Table 4.7. Effect sizes of the similar studies.

Study Approach Effect Size
Present Study STEM-PBL 0.44 (d)
Mergendoller et al. (2006) PBL in HS 0.25 (d)
Parno et al. (2019) STEM-PBL in Science 1.75 (d)
Suparman et al. (2021) Meta Analysis (PBL in Math)| 1.36 (g)
Tarmizi and Bayat (2012) PBL in Math 0.14 (d)
Wang and Somasundram (2025) | Meta Analysis (STEM- 1.02 (d)
PBL, Problem-Solving)

Overall, results showed a statistically significant difference between students’
post-test scores on MTS, CTST, and MPST (Pillai’s Trace= 0.085, F'(3, 116)= 3.598,
p= 0.016). When the results were analyzed independently, scores of the students’
problem-solving skills during the post-test in the experimental group (M= 14.33; SD=
4.47) was significantly higher compared to the control group (M= 11.34; SD= 5.08),
[F(1, 116)= 5.839, p= 0.017] and critical thinking skills of experimental group (M=
14.43; SD= 4.63), was also significantly higher than control group (M= 11.33; SD=
4.65), [F(1, 116)= 5.839, p= 0.017]. However, the scores of the control group for MTS
(M= 97,31; SD= 11.22) were higher than those of the experimental group (M= 95,91;
SD= 11.77) but this difference was not statistically significant [F'(1, 116)= 0.436, p=
0.510].
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5. DISCUSSION AND CONCLUSION

In this chapter, the effects of implementing STEM-PBL lessons on students’
higher-order thinking skills will be discussed further. The discussion of these results
will also be examined through the observations of the researcher and the other teach-
ers who implemented lesson plans. Lastly, the study’s limitations and suggestions for

future research will be discussed.

5.1. Restatement of the Purpose of the Study

The primary aim of this study is to investigate the effects of STEM-oriented
problem-based learning on the development of higher-order thinking skills (HOTS)
among fifth-grade students in middle school mathematics. In the context of con-
temporary education, where cultivating critical, creative, and problem-solving skills
is essential for navigating complex, real-world challenges, traditional instructional ap-
proaches—particularly in countries such as Tiirkiye, dominated by high-stakes test-
ing often fall short in fostering these competencies (Au, 2007; Klenowski and Wyatt-
Smith, 2012). Mathematics, as a discipline that inherently promotes systematic and
strategic thinking, provides an ideal context for enhancing students’ HOTS through
pedagogical innovations (Schoenfeld, 1992; Margot and Kettler, 2019).

Specifically, this study seeks to determine whether integrating STEM educa-
tion with PBL can effectively enhance students’ mathematical thinking, critical think-
ing, and problem-solving abilities, compared to conventional instruction (Hmelo-Silver,
2004; English, 2016; Capraro et al., 2013). Fifth-grade students were selected as par-
ticipants due to their developmental readiness for higher-order cognitive skills (Con-
klin, 2012; Piaget, 1972), the transitional nature of this grade into middle school, and
the alignment with Tirkiye’s newly implemented curriculum emphasizing conceptual
understanding, reasoning, and interdisciplinary learning (MoNE, 2024). By employ-

ing a quasi-experimental pre-test/post-test control group design, this research aims
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to provide empirical evidence regarding the effectiveness of STEM-PBL in supporting
the development of 21st-century competencies in mathematics education (Walker and

Leary, 2009; Hung et al., 2008; Strobel and van Barneveld, 2009).

5.2. The Effects of STEM-PBL Lessons

The findings of this study indicate that fifth-grade students who participated
in a STEM-integrated Problem-Based Learning (STEM-PBL) on 5th-grade students’
higher-order thinking skills (HOTS), including critical thinking, mathematical think-
ing, and mathematical problem-solving skills. The study demonstrated significant im-
provements in critical thinking and mathematical problem-solving skills compared to
their peers in the control group, even after controlling for pre-test scores. Specifically,
the experimental group outperformed the control group on the Critical Thinking Skills
Test (CTST) and the Mathematical Problem-Solving Test (MPST), with moderate
effect sizes (772%: 0.047), indicating meaningful educational gains. In contrast, overall
scores on the Mathematical Thinking Scale (MTS) did not show statistically signifi-
cant differences between groups, although subdomains such as higher-order thinking
tendency, reasoning, mathematical thinking ability, and problem-solving increased for

the experimental group while some decreased in the control group.

The significant improvement in critical thinking among students in the experimen-
tal group highlights the capacity of STEM-PBL to cultivate analytical reasoning and
evaluative skills. Rooted in social constructivist theory (Vygotsky, 1978), PBL tasks re-
quire students to engage collaboratively, discuss multiple perspectives, and justify their
solutions. These processes are aligned with the development of higher-order cognitive
skills, particularly those emphasized in Bloom’s taxonomy—analysis, evaluation, and
synthesis (Anderson and Krathwohl, 2001). STEM-PBL pedagogy, which centers on
real-life problems with multiple solutions, promotes critical analysis, decision-making,
and strategic reasoning. Throughout the study, students engaged in tasks such as
designing a sustainable village or a waste management system under real-world con-

straints. Furthermore, STEM-PBL allowed students to work in collaborative and self-
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regulated environments. Peer discussion, group problem-solving, and design sharing
encouraged metacognitive thinking, argument evaluation, and perspective-taking—all
key elements of critical thinking (Facione and Facione, 1994). Teachers’ observations
also supported this, noting improvements in students’ engagement and performance in

post-tests.

The experimental group also demonstrated significant improvement in problem-
solving abilities. The STEM-PBL framework exposed students to ill-structured, real-
world problems that demanded multi-step reasoning, creativity, and iterative testing
of solutions—skills directly aligned with the MPST assessment. This finding supports
prior research indicating that problem-based and STEM-focused instruction promotes
deeper learning through active engagement and practical application of knowledge

(Hmelo-Silver, 2004; English, 2016).

While overall mathematical thinking scores did not show a significant difference
between groups, the observed increases in the experimental group’s subdomains suggest
subtle improvements in higher-order aspects of mathematical thinking. The lack of a
significant difference in mathematical thinking skills between groups brings further
discussion. Several factors may explain this outcome. First, the self-report nature of
the Mathematical Thinking Scale (MTS) may not accurately reflect students’ actual
thinking processes, especially at the elementary level, where metacognitive awareness
is still developing (Zimmerman, 2002; Pintrich, 2002). Teacher observations indicated
that students did not engage with the MTS as sincerely as they did with the other

assessments.

Motivational factors likely played a role as well. Post-tests were administered
during the final weeks of the academic year, a time when students tend to be less
focused and more fatigued. Some students were influenced by situational elements,
including student-teacher dynamics. For instance, one student drastically changed
their MTS scores between pre- and post-tests, likely due to a negative relationship

with the teacher rather than actual changes in cognitive skills. This reinforces the idea
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that mathematical thinking may be more reliably assessed using performance-based
tasks in conjunction with self-report measures (Schoenfeld, 1992). Additionally, the
initial inequality in pre-test scores between groups likely influenced the overall impact
of the intervention. As Slavin (1987) emphasized, students with lower starting points
often show greater growth in response to student-centered approaches. Since the control
group started at a lower level, they had more room for observable improvement, which

may have limited the apparent magnitude of the experimental group’s gains.

Moreover, while the experimental group received STEM-PBL lessons during the
problem-solving stages, the control group still benefited from various instructional
strategies such as exploratory activities and digital tools. This likely narrowed the
gap in performance gains between the groups. If the control group had experienced
conventional instruction without such enrichments, the effect size of the intervention

may have been more pronounced.

The results of this study are consistent with previous literature demonstrating the
effectiveness of PBL and STEM interventions in enhancing higher-order thinking skills.
Hmelo-Silver (2004) emphasized that PBL improves critical thinking and problem-
solving by placing students in authentic, ill-structured learning situations. Similarly,
English (2016) and Capraro et al. (2013) highlighted that integrating STEM disciplines
in problem-based learning fosters not only cognitive skills but also motivation and
engagement. This study contributes to this literature by demonstrating that even in a
fiftth-grade cohort—a transitional stage into middle school-—STEM-PBL can produce
measurable gains in students’ critical thinking and problem-solving abilities, while also

creating a motivating learning environment that supports persistence and curiosity.

The outcomes are especially relevant in the context of Tiirkiye’s revised mathe-
matics curriculum (MoNE, 2024), which emphasizes mathematical literacy and problem
solving from the 5th-grade onward. This study shows that incorporating STEM-PBL
into mathematics instruction supports deeper cognitive engagement. Thus, educators

and policymakers should consider integrating STEM-PBL approaches into K—12 lesson
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plans to better equip students with the skills required in increasingly complex and
interdisciplinary real-world contexts. This approach not only develops academic com-
petencies but also nurtures the kind of critical, collaborative, and innovative thinking

needed for future success.

Overall, the findings of this study explain the potential of STEM-PBL to enhance
higher-order thinking skills. By engaging students in authentic, real-world problems,
the STEM-PBL approach fosters cognitive skill development and the results align with
constructivist principles, demonstrating that active, student-centered, and collabora-
tive learning environments promote deeper understanding and more meaningful appli-

cation of knowledge.

In the context of Tiirkiye’s educational system, high-stakes testing often priori-
tizes procedural knowledge over higher-order competencies. However, recent curricular
reforms aim to address this imbalance by integrating interdisciplinary approaches that
promote critical thinking, creativity, and problem-solving abilities. The “Century of
Tiirkiye Education Model” was introduced in 2024, represents a significant shift to-
wards a skills-based curriculum, emphasizing competencies such as analytical think-
ing, collaboration, and innovation (MoNE, 2024). Therefore, this study highlights the
value of integrating interdisciplinary, problem-based approaches into the mathematics

curriculum.

Implementing STEM-PBL strategies can help bridge the gap between conceptual
understanding and real-world application, equipping students with the cognitive and
motivational tools necessary for success in the 21st-century. By demonstrating measur-
able gains in critical thinking and problem-solving skills at the transitional fifth-grade
level, this research provides timely evidence supporting curriculum reforms that em-

phasize reasoning, conceptual understanding, and student-centered instruction.
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5.3. Implications for Future Research

This study is a contribution to the literature showing how to improve students’
higher-order thinking skills via STEM-integrated problem-based lessons in mathemat-
ics. Measurement tools were the Mathematical Thinking Scale (MTS), the Critical
Thinking Skills Test (CTST), and the Mathematical Problem-Solving Test (MPST).
This study could be implemented in different populations with different learning areas
(i.e., primary school, students, high school students, physics, biology, etc.). Therefore,
it would be an opportunity to see whether the results of the study are valid for other
populations. This study can be turned into a longitudinal study. Longitudinal studies
can provide deeper insights into whether the gains in higher-order thinking skills are

sustained and expanded through the following years and high school.

Additionally, this study relies on quantitative pre- and post-test data. Future
research may use qualitative or mixed-methods approaches utilizing more systematic
classroom observations, student interviews, and teacher reflections to better understand

the process that result in an increase in students’ higher-order thinking skills.

Moreover, the role of teacher preparation and professional development in imple-
menting STEM-PBL lessons and teachers’ experience could be examined to determine
how teachers’ beliefs, training, and experiences influence the success of higher-order

thinking skills.

Finally, cross-cultural or comparative studies could explore how different edu-
cational systems implement PBL within a STEM context and how other factors like
curriculum, assessment policies, and classroom resources affect outcomes.

5.4. Limitations

In this study, the sampling was one of the limitations because it involved conve-

nience sampling due to the researchers’ accessibility. Therefore, it is a limitation for
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the generalizability of the results. Another limitation of the study was the number
of teachers implementing STEM-PBL methods. Three teachers were applying STEM-
PBL methods in one of their classrooms, and the other classes took non-STEM-PBL
lessons. However, since their background information was not as qualified as the re-
searcher’s and they were not mastered in the field and lesson plans, there were some

differences in applying lesson plans.

In addition to that, school procedures also limited the application of the study.
That is to say, if the school had assessment weeks, quiz weeks, or other special weeks
or days, then STEM-PBL lessons could not be applied in those weeks, or if some of the
classes lost some lessons because of those weeks or days, then it was hard to arrange

those lesson losses and keep up with the common curriculum.

Additionally, students’ willingness to participate actively in classroom activities
was another limitation of the study. As students became groups, not all students
showed eagerness to study. While some group members were participating in classroom
activities, some students did not want to do anything during STEM-PBL lessons. The
time period was also one of the factors affecting students’ performance, especially in
the Mathematical Thinking Scale, because students completed post assessments near
the end of the school year, they were exhausted from the lessons and testing procedure,

which influenced post-test scores.
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APPENDIX A: MATHEMATICAL THINKING SKILLS
TEST

Mathematical thinking skills test.

Matematiksel Diigiinme Olgogi
Sevgili Ogrenciler,
Bu dlgek sizin Matematiksel Diginme diweyinizi dlgmek igin hamrlanmgtir. Her
soruyu okuduktan sonra sag tarafta yer alan bes covap segencinden siz¢ en uygun
olamm { X ) scklinde saretleverck belirtiniz.

ksl ey Katsliyorum Kararunm Katlmiyorum Heg katslmuyorum
A B C D E

Matcenankse]l dipbnme becernmine sabip olan barcy, bitln cimenbem | A B C D E
1| dikkste alerak akicy bir soniscs ulipms becensans (akid vorom:) karsnmig

demeloie,
3 mmitﬁmm,wm;mhq A B C D E
3 | Hor birey Garkls bar alkal yliniime becermsime sahapdir. A B C D E

Bir bircy birden gok akil ylrdtme yaklajsmans bis arads kallsabilise | A B € D E
matematike] dlgknme beceriaing kazanmegisr,
Malemalik dersinde, ror Bir problem karpunda sedemb bir qooim | A B C D E |
bulmak iin ufrayinm.
B | Malcmatiksel dlylnme 1gm balgs ctkin ber bicamde kullaniimalidir, A B CODE
Bircy analiz ve scnicz gibi Gst dikrcy baligse] beceribers kazanmadan da [A B € D E |
matematikse] diyinme yetiune ulagabalsr.
Ust direy diginme becersim gelgirmede malematiksel diginme [ A B © D E |
anemily yer tular.
Zor bir problcm 0acrken yoni peyler keylodcn burcy Gst dlacy digdam [A B ¢ D E
bsocemnsi karanmig demekuir,
Matematiksel dijlnme becermane sabip barcy, problemien slplmepn (A B C D E
dijirsds yolar ksllanerk qhrmeye alspe.
11 | Mantiksal diglnerck qrime yakligamamak yaptgim Oskmi zorligtinr |A B C D E
12 | Problem oorerken kendion forend] olugturabilirion. A B C D E
Bareyin problem gowcrken, herkesin goadifinden farkh bar qorim | A B ©C D E |
Gncrmes matcmatikse] diplnme becermini karandifinan gaorpesadar,
Problcen drerioen vamabodik yeuenefni kazanan bacy matcmandscl [A B C D E
diylinme beverisini kazanmagtir,
Matematiksel dljinme gOnldk yajam problemicrimin goquminde | A B C D E |
vardimci olmaz.
Chindik yagam problemlerimi mantiksal bar yaklapmia gozemeyen birey [ A B ©C D E |
st dierey dilglmme bocemsin karanamamagtar.

L1

13

14

15

[

Figure A.1. Mathematical thinking skills test.



Iyi bir matematikei varatier dilsiinme diizeyi yilksek olandir,

Yaratici dilglinme becerisine sahip olan birey matematiksel diisinme

becerisini daha kolay kazanir.

Rasyonel{Akilei) disiinebilen birey matematiksel dislinme becerisini
kazanabilmistir.

20

Grup galigmasi bireylere matematiksel ditstinme becerisi kazandirmaz.

21

Yeni bilgileri yapilandinirken eski bilgiler arasinda bag kuramayan birey

matematiksel diistinemiyor demektir.

22

Gilg problemlerde tahmin yapmadan matematiksel ¢bzlime ulasilmaz.

23

Bilimsel ¢ahsmalarda bir olayin matematiksel modelini olusturabilen

bircy matematiksel ditsiinme becensi kazanmis demektir.

24

Giinliik yasamda bilgiyi etkin bir bigimde kullanmak Gnemli bir zelliktir

25

Uretilen bilgileri veni durumlara aktarabilme (st dizey dislinme
becenlerninin gistergesidir,

Figure A.2. Mathematical thinking skills test-2.
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APPENDIX B: CRITICAL THINKING SKILLS TEST

Critical thinking skills test.

ELESTIREL DUSUNME BECERISI TESTI

Sevgili dgrenc, bu test sizlerin elestire]l diginme becerimzi degerlendirmek igin haairlanmistir,
Testteki sorulan ve se¢enekleri dikkatlice okuyunuz ve size en dofiru gelen sikk isaretleyiniz
Kathmimizdan dolayr tegekkirlerimi sunarim.

1) Asafnda ulagilmak istenen amaglar ve bu amaca ulagmaya ¢ahsirken ortaya gikabilecek
engeller eglestinlmistir. Sizce hangi eglestirme uvgun degildir?

a. Ders ¢alismak istiyorsunuz-Evde girilti var.

b. Saghkh olmak istiyorsunuz-Asith igecekler tiketiyorsunuz.

e. Arkadasimzla bulusmaya vetismek istivorsunuz-Cep telefonunuzu evde unuttunuz.

d. Odevlerinizi zamaninda bitirmek istiyorsunuz-Plansiz hareket ediyorsunuz.

2} Asagida verilenlerden hangisi sizce bir problem durumu degildir?

a. Yem bilgisayanma alip eve getirdifinizde kutunun iginde baz pargalann olmadigin
gordiniz,

b. Bugin énemli bir sinav olacagimz dersin hocas: hastah@indan dolayr okula gelemedi.

¢. Fotografgrdan fotograflanniz: almaya gittiinizde gordiiniz ki forograflar bagkasina an.

d. Bir 8dev hazirlayacaksimz ancak Gdevle ilgili yeten kadar kaynak bulamadimz.

3) Lisede basanh bir dgrenci olan Faruk diniversite sinavi sonrasi ailesinin isran ile ve mezun
alduktan sonra maas iy1 oldugu igin Mihendishk bilamiing segmistir. Ancak okula basladikian
sonra dersler ilgisini gekmemis ve ona zor gelmistir. Faruk zamanla mihendislikien bagka
miesleklere ilgisi oldugunu Ffark etmistir.

Size gore agafida belirtilen durumlardan hangisi Faruk'la ilgili ¢n teme] problemdir?

Faruk derslerine dogru yontemle ¢alismamaktadir,

. Faruk isteyerek okuyacag bir bolim tercihi yapmarstir.

¢. Faruk tercih doneminde boliim hakkinda bilgi edinmemigtir.
d. Faruk bolumdeki derslerin daha kolay olacafim ddsinmiistir,

Cl

4) llinizdeki hava kirliliginin nedenlerini belirlemek igin asagidaki bilgilerden hangisine ihtivag
duymazsiniz?

a. llinizde hava kirliligine neden olan 1sinma titrleri ne siklikta kullanihyor

b. [linizdeki iklim sartlanmin hava kirliligine olan etkisi nedir

¢. llinizde hava kirliligine donik onlemler ne seviyede alimyor

d. lliniz ilke ¢apinda yapilan hava kirliligi siralamasinda kagine: sirada

Figure B.1. Critical thinking skills test.
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5) Odamizda baktifimiz gigek bir miktar biyadikien sonra yavas yavas solmaya ve kurumaya
basladi. Bu durumun nedenlenmi belirlemek igin asafidaks bilgilerden hangisaine jhivag
duymazsiniz?

a. Cipegin uygun miktarda gines i alip almadiga

b. Cigegin yerinin zaman iginde degistinlip degistinlmedigi

¢. Cigegin odaya konulduktan ne kadar sonra solmaya basladifa

d. Cicegin topragimin biiylime esnasinda venilenip yvenilenmedigi

6) Arkadasin Mine din izledigi filmi sana anlatrken asafwdaki ifadeleri kullamyor. Bu
ifadclerden hangisi kanitlanabilir bir gergektir?

a. Filmdek: bagrol oyuncusu baganh bir oyunculuk yapms.

b. Filmdeki hikiye Ege'de kigik bir kasabada gegiyor.

¢. Film son zamanlarda izledigim en komik Tirk filmaydi.

d. Filmin gekimi igin daha farkli yerler tercih edilebilirdi.

7) Asafhdaki cimleler fikir veya gergek olmalanna gore eglestinlmistir. Sizce eglestimelerden
hangisi yanlistir”?

a. Osmanh Devieti 1299 yalinda Osman Gan tarafindan kurulmugtur -GERCER

b. Herkesin en az bir yabanci dil bilmesi zorunlu olmalidir-FIKIR

¢. S0t Grinleri bizim igin sebrelerden daha Gnemli bir besindir “GERCEK
d. Ogrenciler de ofretmenlere sene sonu basan notu vermelidir -FIKIR

Cikarim: Bir iddia ve bu iddiayi kanitlamaya yonelik nedenler igeren ifadelere qikanm denir.
Cikanmlar bizi bir iddianin dogru veya yanhs oldufuna ikna etmek igindir. Omegin; “vann
yagmur yagacak™ ifadesi bir iddiadir. Bu iddiay: kamitlamak igin cimleye sebep veya sebepler
cklersek o zaman gikanm yapmus oluruz. Omegin; “vann vagmur vagacak ¢iinkil diin hava
durumunda dinledim™. Burada gikanmin “vann vagmur yagacak™ bolimid ¢ikanmin sonug
balimi; sonucu destekleven nedenleri onaya koyan “din hava durumunda dinledim™ balima
de gikanmun neden balimiadr.

Asafdaki 8.-11. sorulan vukandaki bilgilere gire cevaplavimiz.
8) Asagidaki ifadelerden hangisi bir gikanm degildr?

a. Hastahfim igin tedaviye gittiim doktor birkag gin evde dinlenmemi styledi.
b. Ash ile Mine iy arkadaslar, bu sebeple aym grupta olurlarsa daha iyi gahigirlar,
c. Darda kalan insanlara vardim etmek gerekir, ¢linka bu ahlakh bir davranistir.
d. Buginlerde havalar sofuk oldugu igin daha kalin elbiseler givmemiz gerek.

9) “Semih baganh bir kogucudur...” cimlesi hangisi ile tamamlanirsa bir gilkanm glmaz?

a. Bu sene kanldifs turnuvalarda dereceye girdi.

b. Bu spora heniiz sekiz yasindayken baslanustir.
¢. Bu alanda kazandify madalyalar vardir.
d. 1lzmanlar tarafindan dvei almakindir

Figure B.2. Critical thinking skills test-2.
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10) Agafida qikanmlar dfelerine aynlmughr. Sizce hangis yanlstir?
a. Al ailedeki tek erbek gocuk. Conkd Anil"in iki kiz kardesi var.

11) Asafsda gkanmilar dfelerine aynlmustir. Sizce hangiss yanlisr?
a. wwwm W Cunko don |8

Sonug
h_mmmum . _ _
Bu mahallede on disik kira T00 Tark Lirgs. Sclim is¢ kiraya S00 lirpdan fazla vermek
Neden Neden
amior O vinies ol ballede kirahk cv bal I
Sonug
¢ Budensi im I o 031 I i Beni \
Sonug Meden Neden
40 alhm,
& Biil . et | . gl istivor. Ben d
Sonug Neden
Ingilizce baliyorum.
Neden

12) Bir adam bir gocugu bir dikkindan kogarak gikarken goniyor. Cocuk gikarken kapeda bar
kiza garpryor ve ona yardim etmek igin durmuyor. Buna gore asaidaki sonuglardan hangileri
Eiuﬂ-“-

8. Kiz dokkina girmek Geeredir.

b. Cocuk birtakim sebeplerden dolay: geg kalmugtir.

€. Cocuk biraz dnce dikkinda bulunmaktavda.

d. Adam kuan yere ditstilging pommistir.

13) Sokakta dili dna gikomg bir kopek pordofumizt diginelim. Bu bilgiden harcketle
asafidaki sonuclardan hangisi kesindir?

a. Kopek bir hayli susamagtir.

b. Kopek hirh bir kosu yapmostr,

€ Kopegin bir yen aciyordur,

d. Kopek dilini digan sarksimagtir,

Figure B.3. Critical thinking skills test-3.
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14) Yasamak igin baska bir gchre tapinmak isteyen Mchmet'in asagidaki noktalardan hangising
goz ondne almasi ¢n az gercklidar?

. Tamnacad schnn kendisi ve allesi igm glivenh bir ver olmas

b. Tasinacag sehirde sosyval ve kiltinel aktivitelenn vogun olmas

¢. Tampnacag schrin tamnms dogal giirellikleninin olmas:

d. Tagnacag schirde kazanciyla geginebilecek olmas:

Yarsavim: Henliz veten derecede kamstlanmarmis ancak kamitlanmas: umulan Ve
iddialara varsayim denmektedir. Omegin bir kimse elinde kanit olmadidy halde

benim projeme disik not verdi nedenin Sgretmene sormadim ama bence konumu =
divorsa bir varsaymmda bulunuyor demektir, Cinkd disik not almasimn sebhebini hocasina
sormamis ve bu disincesne dair bir kanot elde etmemastir.

Asafidaki 15 ve 16, sorulan yukandaki bilgiye gre cevaplayime

15) Asafadaki ifadelerden hangisi bir varsayimdar?

a. Hakan ikinci bir is anyor ¢linki paraya ihtiyaci oldufiunu soyleds.
b. Karpdaki magaza qok kalabalik; bence orada iyi bir indinm var.

¢. Dengeli beslenmek igin her besin grubundan vememiz gerek.

d. Kayitlara gore ilimizdeki termal otellere tatilde birgok insan gelivor.

16) Asagadaki ifadelerden hangisi bir varsayim

a. Karsdaki kiz kaldinima oturmus aglivor; uh:h.ﬂyl: tartighs galiba.
b. Benim gosterdifim yoldan gitseydik simdi eve varmigtik.

¢. Binaya 1 yaliirm yapildifindan beri evimiz daha sicak oluyor.

d. Gegtigimie vil gitar kursuna gitmesem notlanm daha voksek olurdu,

17) Okulda dye oldufunuz kuldp ile il genelinde maddi durumu vetersiz olan &@renciler igin bir
etkinlik gergeklestirmek istiyorsunuz. Bu etkinlifi planlamak igin yvaptifimz toplantida
cevap aradifinez ¢n onemli sora e olabalir?

a. Etkinlifin dikkat gekmesi igin ismi ne olsun®

b. Etkinlifin verimli olmas: igin neler yapalim?

¢. Eitkmligi insanlara hangi vollarla duyuralim?

d. Etkinlik iin hanga kurumlardan unin alalim?

18) “Ortackul derslerini gegmek igin planh bir sekilde calimak gerckir™ diyen bir arkadagimiza
asagudali sorulardan hangisini sorarsamiz onun bu disincesine dair daha ar bilgi elde
edersiniz?

a. Hangi dersler plan yapmaya en uygundur?

b. Nasil bir plan yapmaktan bahsediyorsun?

¢. Plansiz calismanin zararlan neler olabilie?

d. Planh calismak icin onenilenin nelerdir?

Figure B.4. Critical thinking skills test-4.
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19) “Simf arkadasim Levent her sabah okula geldiginde uykulu oluyor. Bence ya gecelen geg

apeop

vatiyor ya da evi uzak olduundan derse vetismek igin erken kalkivor™ ¢ikanmunda hatah
olan nokta nedir?
Higbir hata yoktur,

. Bu iki durum disinda d¢iinedl bir olasihik da dogru olabilir,

Levent’in okula nasil geldigi cimlede ifade edilmemektedir.

. Levent'in okula uykulu gelmedigi sabahlar da vardir,

20) Asagidaki gikanmlardan hangisi size gore mantiklidir?

b.

. Afyon'da aksam herkes gezmek igin disan giktiginda va Ozdilek’e gidiyor ya da
ParkAfyon'a.

Bu marketten iki sefer karpuz aldim ve ikisi de kot ¢ikti. Baska marketlerden alirsam kesin
glizel gikacakur.

Gegen sinav Hande ile oturmustum ve sinavim iyl gegti. Yine sinavim iyl gegsin diye onun
yanina oturacafim.

. Deniz dirlinlenne alerum var, karmimn agntiyor. Midye de bir deniz driindh muidye de

yemiyorum.

21) Asagdaki grkanmlardan hangisi size gore mantiklidir?

.

h-r

Ankara'da kaldigim @i giin boyunca iki trafik kazas: gordilm. Tim Ankaralilar kot araba
kullamyor.

Hava agik oldugunda evden Afyon Kalesi'ni gorebiliyorum. Eger yann da hava agik olursa
yine girebilirnm.
Alt komsulanmizin ikisi de doktor ve ¢ocuklan yaramaz. Doktor ¢ocuklan hep varamaz olur.

. Filmin afigini gordilm ve bana ¢ok ilging ve dikkat ¢ekici geldi. Bence film de kaliteli ve

glizeldir,

22) “Ogrencilere okulda ne zaman isterlerse bir seyler yiyip igebilmeleri igin izin verilmelidir™

[="N T - -]
- ®* & =

ifadesine katlmadifimz belirtmek igin asafidaki cevaplardan hangisim kullamirsimiz?
Boylece tim dgrenciler kendilerini daha dzgiir hissedeceklerdir.

Bu yolla dgrencilenin yveterli sekilde beslenmesi saglanabilir,
Boyle olursa ders esnasinda dgrencilerin dikkati dagilacakur.
Bu durumda dgrenciler okulda daha mutlu olacaklardir.

23) “Okullarda &frencileri elestirel disiinmeye yoOneltecek ders ve etkinliklere Onem

b.

C.

d.

verilmelidir™ ifadesine katlmadifimz belitmek igin asafidaki cevaplardan hangisini
kullanirsimiz?

Ditstnme insanlann hayat kalitesini artiran bir eylemdir.

Ditginen insanlar bagkalan tarafindan daha zor kandinhrlar

Disinirsek daha dnceden goremedigimiz birgok seyi fark edebilinz.

Programda distinme ile ilgili derslerden daha da 6nemli dersler vardir.

Figure B.5. Critical thinking skills test-5.
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24) Arastirmacilar &grencilerin TV izlemesinin okuma davramislanm etkileyip etkilemedigini

belirlemek istemislerdir. Arasiirmada igerisinde 1-6 yvas aras: gocuklann vasadif evlerin %%

33" 0nde nerede ise ginin tamamina yvakinmda TV agik kalmaktadir, Bu gocuklar daha ¢ok

TV izleyip daha az kitap okumaktadirlar,

Buna gore, venlen iliski galismasindan gikanlabilecek uygun sonug asafidakilerden

hangisidir?

TV sahibi olursamz 6 vasindaki ¢ocugunuz kitap okumak istemeyecektir.

. Evinde hig TV olmayan ¢ocuklar daha ¢ok okumaktadirlar,

Zamammnin ¢ofunda TV izlemek gocuklann Ggte birinde az okumaya yol agmaktadir.

. Egitim programlan izleyenler gizgi film izleyen gocuklardan daha ¢ok kitap
okumaktadirlar.

25) Size birisi en ivi gikolata Cicim marka cikolata dese siz bu bilgivi verenin glivenilir bir
kaynak olup olmadifina karar vermek icin asafidakilerden sorulardan hangisi Gnemli
degildir?

a. Bu kigi bu marka gikolatayy hig vemis mi?

b. Bu kisi bu bilgiyi nereden edinmis?

¢. Bu kisi hangi tir ¢ikolatalan seviyor?

d. Bu irini deneyen baskalanmin ghriislerini almg mu?

Figure B.6. Critical thinking skills test-6.
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APPENDIX C: MATHEMATICAL PROBLEM-SOLVING
SKILLS TEST

Mathematical problem-solving skills test.

Sevgili dfrenciler, spafudaki sorulan tim dikkstinie ve tenlifinizde covapladefin ve galipmamurs katla
saladifuncs igin hepinice cok teyekkir ederis.

Do, Dr. Serkan el

1. 30 kigilik bir sarufta 10 kigl shyah sach, 15 kigl san sagh ve gerl kalanlan da kahverengi
sachdir. Asajhdaki grafigi tamamiayinaz.

2a¢ Rengi

-

- 15
a

b3

-,

h b

=

Sayah San Kakwverengi

i

1cm
Yukandaki sekildeki her bir kare 1 santimeétrekaredir. Alam 13 i.-antlm:imhm olacak jekilde
sekli cirgiler kullanarak tamamlavniz.

Figure C.1. Mathematical problem-solving skills test.
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Ad-Soyad: Dogum Tarihi:

3. Asapdaki 3 soruyu cevaplayimz.

A. Asapidaki dikdGrigenden, Gzerine 1 dofrusal gizgl cizerek 2 Gggen olusturun.

B. Asapidaki dikddrtgenden, Grerine 1 dogrusal cizgi cizerek 2 dikdértgen olusturun,

C. Asapidaki dikdortgenden, Grerine 2 dogrusal cizgi cizerek 1 dikddrtgen ve 2 lggen
olujturun,

4, Burak akhinda bir say tutmustur. Daha sonra bu saymy 2 ile carpip 4 eklemistir.
Burak'in elde ettigi sonug 16°dir. Burakin tuttugu ilk say kactir? islemlerinizi de
gosteriniz.

Figure C.2. Mathematical problem-solving skills test-2.
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Ad-Sovad: Dogum Tarihi:

5. Bu soru igin size asafida gosterilen gibi 10 sekil verilmistir.

AAA
=TT

A. Uggenlerden 2 tanesini kullanarak daha biyik bir Gggen olusturun. Daha sonra bu
d¢genlerle olusturdufunuz degeni asagidaki sekil dzerinde boyayarak ghsteriniz.

3 Beyaz Karo

4 Uggen Karo

B. Ucgenlerin 4 tanesini de kullanarak bir kare olugturun. Daha sonra bu lggenlerle
clusturdugunuz kareyi asagidaki sekil Gzerinde boyayarak gosteriniz,

€. Bsikkindaki soruda olusturdugunuz seklin boyali kisimlanna karsilik gelen kesri
yazin.

o —

Figure C.3. Mathematical problem-solving skills test-3.



D. Ucgen karolan KULLANMADAN 4 karo yerlestirerek asafidaki seklin ¥%'nin boyah
olmasini saglayin. Daha sonra olusturdufiunuz sekli asagidaki sekil Gzerinde
boyayarak gsteriniz.

E. 8 karo kullanarak asagidaki seklin 5/8'inin boyah olmasini saglayin. Daha sonra
olujturdugunuz sekli asagidaki sekil Gzerinde boyayarak gosteriniz.

Figure C.4. Mathematical problem-solving skills test-4.

84



Ad-5oyad: Dogum Tarihi:___

Ogrencilerin Gz Rengi

0 . I

Yesi Mawi Kahverengi

&

Ogrenci Sayisi

P

6. Yukandaki grafik Zileyha Hanim'in korosundaki dgrencilerin gz renklerini
gostermektedir.

A. Zileyha Hanim"in korosunda kag 6grenci vardir?

COVaP: .ovrvneenass

B. Zileyha Harmim'in korosunun kagta kagimin géz rengi mavidir?

Cevap: ..cvvmenees

Figure C.5. Mathematical problem-solving skills test-5.
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Ad-Soyad: Dogum Tarihi:

7. Asafhdaki sorular igin size verilen karton cetveli kullammiz,

W
8 9 10

O LR L L [ L

- I I | | ! |
0 1 2 3 4 5 & 7
cm

Sorulan gozmek icin asafidaki haritay ve cetvelinizi kullaminiz.

L5/

Kumburgaz

p- 4

Olgek: 1 om, 4 km'yi temsil eder,

Figure C.6. Mathematical problem-solving skills test-6.
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Ad-Soyad: Dogum Tarihi:

llgeler Arasi Seyahat

A Kumburgaz ve Besiktas arasi harita Grerinde kag santimetredir?

COVAP: oo ccsrsscsane santimetre (cm)

B. Kumburgaz ve Bejiktas aras: kag kilometredir?

Cevap: ........... A kilometre (km)
C. Eumburgar'dan Bejiktag'a, Availar Gzennden bir saatte gidiliyor. Aym hizla,
Kumburgar'dan Avalar'a ne kadar sGrede gidilir?

CBVAP: oo semamemsnssmammanns

Arnavutkoy' e Mesafeler

D. Amavutdy'e, Kemerburgar mi yoksa Kumbkoy mid daha yakin?

E. Harita dzerinde ka¢ santimetre daha yakan?

L santimetre (cm)

F. Bahgekdy On Arnavutkdy’e mesafesi Kemerburgazin Arnavutkoy'e mesafesi ile
aymidir. Bahgekoy' On harita Grerinde nerede olabilecegini isaretleyin. X isareti koyun
ve altina Bahgekdy yann.

Figure C.7. Mathematical problem-solving skills test-7.



Ad-Soyad: Dogum Tarihi:
8. Busoru igin asafwda gordiginiz gibi Gzerinde saydar yazik 10 kare verilmigtir.
(9)(2)(2)(3)(2)
(s)s)(z)()(e]

YirRmi OYUNU
Iki gocuk, ENf ve Emire, birlikte “20 oyunu®nu oynuyoriar. Oyunun kurallan ju selkilde.
Kart Cek: Her oyuncu Og kart geker,
Kartlar Topla: Her oyuncu kartlanndaki smnlan toplama 207ye en yakn olacak pekilde
toplama iglemi yapar.
Ornegin, elinde 1, 4 ve 5 kartlan olan kiginin kartlann yerlestirmesi igin dort yol:
2
2 1 43 1 3 1
+ 4] &+ 11 + 4 4+ 4
55 a6 19 10

1 3
Bu oyuncu, ¥ toplamin secmeli cOnkd 20'ye en yakn toplam 19 dur.
EN BUYUK SAYIY] BULMA OYUNU
Elif ve Emre, say kartlan ile yeni bir oyun oynuyoriar. Bu oyunda en biyik sayry
olusturmalan gerekiyor.

A. 1, 5ve 9 kartlanm agagrdakd toplama igleminin sonucunun en

blryik olmasin saglayacak gekilde yerlegtirin,
+
B. 2, 3ve 9 kartlanni asafrdaki gikarma igleminin sonucunun en
byl plmasin saflayacak sekdlde yerlegtirin,
€ 1, dve S kartlann afagidali carpma igheminin sonucunun én
biyik olmasim saglayacak sekilde yerlestinin,
x

Figure C.8. Mathematical problem-solving skills test-8.
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Ad-Soyad: Dogum Tarihi:

SORULARI COZERKEN KULLANILACAK MATERYALLER

Burada verilen materyaller Sfrenciler tarafindan kesilip ilgih soru igin kullandmak Grere
haznrlanmigtr,

AAA

Iho
o
™

I~
oo
o

Figure C.9. Mathematical problem-solving skills test-9.
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Ad-Sowad:

St il efrwrmcibor, apadilakl serslan tde dibbstiads vr Wbl oo apl
s lasfirfums bpim b pinsion gok dowk ks aderie

Dy . v (el

1. Bl kgl b gorwfta 10 ksl shyah sagh, 15 kigl sar fagh we gevi kalanlan da kabeetrengl
sl Agaqdedakl grafudi tamamlsyana

$a¢ Rengi

s
| I I
Caraly Lan

Orenci Saym

Kakreerergi

90

| Madde:1

Figure C.10. Mathematical problem-solving skills test-10.



L]
LR 1
L]

Vubsrafnhs friabdeba e Bef ie'e 1 Saitama {reilipdel Albf I]mmm
ik papdee Rullacarah LamaTinnsel.

| Madde:2

Varem karelens tam kare olaralk savmas hatasendan kayvnaklansm I

Selctin simetrik glvlatfetntn cinhnes

Drper tiir yanlaglas

Boy

3. Apafhdaki 3 sorvyu cevaplaysnag,
A Ajapdaki dikdértgenden, deerine 1 dofrusal giagl izerek 2 Gggen olugturan.

B Apabdoki dikddngenden, irenine 1 dodruisl (i Citerek 2 dddrtgen slujtunun,

€. Ajadedaki dikdértgenden, Grerine I dofrusal giagi ciperek 1 déodbrigen we 2 Gogen
olugiunan,

Figure C.11. Mathematical problem-solving skills test-11.
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A: Da Giggen olusturma gérevi igin kodlar

Cevap | Madde: JA

Cevap

F‘inh; Cevap
1 atay ve dikey dojru parcasiun ¢irilmes:

79 | Dijer tir vanhslar

L —

B: Ild dikdértgen olugturma gérevi icin kodlar

od | Cevap [Nadde: 3B

Cevap

ir cikey veya yatay dofmu pargasuun cinlmes:

? Yanhs Cevap
Yatay ve dikey dogru parcasinn giziimes:

79 | Duker tur vanlsslar

evaplanmamus

C: Bir dikdértgen ve ik Gggen olugturma gérevi igin kodlar

Ceva [ Madde: 3C
evap
olan dikdortzen: ve 1k U 2en: postenmek i 1k GOETU pargasmin

F E:Th;fmp
Muwmmummmhﬂﬁum\tt&eimmm

79 _| Diper tir v
e

Figure C.12. Mathematical problem-solving skills test-12.
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4, Burak skhnds bar 1oy tutmugtur. Daha sonrs bu saym 2 ile canpip 4 eldemigtin,
Burak’sn elde et 1onug 16°der. Burak'sm tuttudy ilk say kagur? lemiennin de
Eoaterind:.

5 B o e ere agabeda pinterden Pl 10 geni verdeeg e

st ||
e N 4 N
-

A Ugperderden ]t lallaras sl dafu Byl ber wpn Dhgluren Dabu w0 a b
s preberle ol ferdufurer wpgers spadcdsi el sierede boyay e sk goaterea

XIX

B Uggerderin & Lafariets S bullana sb b bace Shaytures Dot wonrs By wgeshecis
Oy T e iaasd barwy dpad wdaks el wperoude buory oy o sh plnteresr

LB plhratlah o ala (bl ol dhafeeal bl Dty el cerlaer o bkl g e
L

Covap

Figure C.13. Mathematical problem-solving skills test-13.
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[Nadde: 54

la vepen bullanank il itk Gopen alds adilmen

K] tir vamhglar

Figure C.14. Mathematical problem-solving skills test-14.



o g ol b KU LANARRADIAN § g il b e aadadahi e B e By
=ity bl Db e b il ot o uraad e agadedali jork dl wbii el
Evy oy 0 pSe bt

RO
X

[ B s allasaral ppad=tiii prhlin 38 e B od=uriers bidlen Dakd 9w d
sy U P otk el (bl (g Pt Dy dry . B el

3

D+ Urpenler olmadan 4. Karo Srimbisi s kodlar

hed l::|'|rl||;|-E [ Aadde: 2D
#h' wap
2 sryab izonu ve 2 beyaz kareyo ullanarak cnmhamm clughoral=aag

Agapdals srneiclert baloniz

f:ﬂ&-

*ﬁ'—hl:ﬂlp
Ia i=us Bransna ancxk Gepen kasoduns loadllnsimans
% [ 4" tmim tarazaman

44" Gnin tararanass

i‘guanﬁu

Figure C.15. Mathematical problem-solving skills test-15.
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A Sihun prafifmde vennmn tam savisim balmak ipn kodlar

[Nadde: 6A

Cevap _
m;’:}pnlq]z(mﬁp:hubmq,mﬁdth:}m waretler, olamakuz veva

B: Siton grafifinds bir ven prubumm tim verive oranmm belirlemelk icim kodlar

[Madde: 6B

Vo Rl widla q et sod e e e tor et boalleneed

—

1 =
R |l e e

-
Lorriarpar = T
- 4

Figure C.16. Mathematical problem-solving skills test-16.
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[Nadde: 7B

[ Madde: 7C

[Aadde: 7D

TSadde: 7F

Figure C.17. Mathematical problem-solving skills test-17.
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Ul v Dok, by BT i s Ber Oy Dyt B Oyl @9 B ol buiysy

el burmalen prorh e

AL % e B ertherers b aeahs oglarm e emeren Lt #8
Bralh tdemaners ey sk prbicde praten

B2 e B aatieres el (e gl R
Erwiyralh oot i Ly i il ot bl ittt e

€ L4 er'h bl spafiaie (Sl giemeieh Wt s
Broelh g Ll sk prhicde prten

Figure C.18. Mathematical problem-solving skills test-18.
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iplemunin belirh rakamlan dizenleyerek en binuk 1ay7y1 elde etme

[Madde: 5A

+Svea¥i+ ]

91 + 5 veva 95 + | vaniman ancak toplama iplenuman vapuleug olman

B: Cilarra igleminde belirh ralamlan dizenleyerek en binik saymy elde etme

b —

11 -2"nm vanlman ancak gkarma rlemmm vanly vapdman

C: Carprma 1jlenunde belirli ralamlan dizenleversk en binvtk s elde stme

e —
= ™

11 | 4] = 3'm vanlman aneak campen

Slxd

1, 4 ve 5 rakambinmm difer kombmasycalan

o !

Figure C.19. Mathematical problem-solving skills test-19.
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APPENDIX F: CONSENT FORM

Consent form.

T.C.
BOGAZICT UNIVERSITESI
FEN BILIMLERI VE MUHENDISLIK ALANLARI
INSAN ARASTIRMALARI ETIK KURULU
KATILIMCI BILGI ve ONAM FORMU

Aragnrmayy destekleven karum: En!uh;i Universites:

Aragnrmammn adi: STEM Egitimi ve Problem Temelli Ofrenme Yoluyla Efittmin Ogrencilerin Ust
Ditzey Diginme Becerileri Uzerindels Etkilen

Proje Yiririedsd/Arasnrmacimmn adi: Serkan Ozel

Adresi: Bogazigy Universites: ETA-B Blok 412, Bebek, Istanbul 34342

E-mail adresi: ozels@@bogazici edu tr

Telefonu: 212-359-6592

Sayim veli,

Bogazigi Universitesi Matematik ve Fen Bilimleri Bslimi dgretim tiyesi Dog. Dr. Serkan Ozel
“STEM Efitimi ve Problem Temelli Ofrenme Yoluyla Egitimin Ofrencilerin Ust Diizey Diigiinme
Becenileni Uzenndels Etkiler:” ads altinda bilimsel bir arajtuma projes: yiritmektedor, 21, viizyilda yajamak,
hayaten her alammda dst ditzey diglinme becensine sahip olmay: gerektimektedir. Matemank ders,
Ggrencilenn bem matematikse] diipiame hem de genel dipinme becenlenni geligtiren temel dissplinlerden
burdir

Bu nedenle efitimcilermn. Sfrencilenn Gst ditzey dijinme becenlenm gelistimiek icin matematk
demslennde yen: ve yemlikpl yomtemler cluginrmalan gerelmekiedir Bu cabymada matematik derslerinde
STEM efitimi ve Probleme Dayal: &frenme metotlan bollanilarak Sfrencilenin st dikzey dityiinme becenlennin
gehjtnlmes hedeflenmekteder

Bu amjhrmaya katilmay: kabul ettifimz takdirde smufinuzda ders planlannda kullandifaz 3
Glpefin somnen angtrmanuzda kullanilacalonr, Ogrencilenin bu lgeklen aragtumanm bagmda ve sonunda olmak
fizere toplamda 2 kez vanutlayacablardy Olgellerden biri toplamda 25 somdan slojan Sfreneilerin matematilse]
diglnme becenlerme bakiy agilarmg gésteren bir ankettir, bu anketin tamamlsnmas: toplamda 10 dk
strmeltedir. Bir diger Slgek, coktan segmeli 23 sorodan olujan bir testtir bu testin cevaplanmas: 20 dk
sirmektedr. Bu teitin sonunds ¢ocuklann dst dizey dijlome becenlenmn Slkcilmen hedeflenmeltedur.
Ogrenciler son olanak da toplamda agik uglu § sorudan olugan bir test olacaklardir bu testin cevaplanmas:
toplamda 30 di strmekiedir Bu testiel: amag Sfrepcilenn matematk sorulansa balay  aqlanm
degerlendirmelctir 3 Slgek goculklara bir anda venilmeyecek olup Slgeicder gocuklarn 2 haftalik bir siire igemsinde
derslerde kullanabmak Gzere ders plnlanoen igensnde susulacaktr,

Bu aragtuma bilimsel ber amagla vapimaktadir ve katlmmes bilglennm gizliligz esas fotulmaktadar,
Cocuklann Slgeklerds ve testlerde verdifi vamutlar aragtirma projemiz boyunca proje yviinitiefisinds mamlacaktr
ve arajtuma sooupda sihoecekty. Cocuklann yamtlan daba sonraunda bihmsel arajtomalards bollanilabalir,
Bu anagtwmaya katilmak tamamen istege baghder. Katldifinazr takdirde calipmanm herhang:

Figure F.1. Consent form.
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bir asamasimds herhangi bir sebep gostermeden opayvinur ¢elmel haklns dy sahipsiniz. Bu dumesds
Caliymaya katilim Sgrencimizin ders notlanna ya da herhangi bir akademik yajantisna elstra
bir etkisi olmayacakur. Aragtrma projesi bakkmda ek bilgi almalk istedifiniz takdisde liitfen Bogazig
Universitesi Matematik ve Fen Bilimlen Efitinu Bolimtl 6gretim Gyes: Bolimi Ogretim
Uyesi Dr. Serkan Ozel ile temasa geciniz (Telefon: 0212 359 6592, Adres: Bogazigi
Universitesi, Matematik ve Fen Bilimleri Egitimi Bolim, 34342 Bebek, Istanbul).

Bu formu wnzalamadan &nce, galigmavla dlgihi sorolarmsz varsa hitfen somonz Dahs sonra

sorunur olursa, serulannizs ozels@ boganici edu tr sdresine mail atarak sorabiliramar. Aragtimayla gl
haklanmz konusunda Bogazigi Universitess Fen Bilimleri ve Mithendislik Alanlan Insan Arajtrmalan

Etik Kurulu'na (fminarek @ bogazici edu tr) danigabibirsniz.

Bu kojullarda s8z kenusu aragtwmaya velisi buluodufum dfrencimin bendi istefimle, hichir bask
ve zorlama olmaksizin katnlmay: kabul edivorum.

Formua ber Sroefim aldm / almak istemivorum (bu duremda arajtumacy bu kepyay: salklar).
WVELISININ Adt-S0o¥adii. oooooovee s
... Tamh (ginfayival): ...

Figure F.2. Consent form-2.
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APPENDIX G: LESSON PLAN 1

Lesson plan 1.

Seviye: 5. Sinaf

Eomu: MAT.5.1.2. Dogal ssylar ve islemler iperen gergek yagam problemiernind gozebilme.
Materyaller:

-Tabbat

=Kalemilik

L.ders: Dogal sayilar ve problemier

lﬂ::} paylagimi ve yoklama

lﬁmplilnn Dagibirri (Ofretmen bu derste gruplara ayrilarak caligacaklanm Sfrencilere soyber
v sinih dnceden hazirlanmig 5 heterojen gruba sypinr, ogrenciber onceden hazrlanmaig

gruplara bakip kendi grup ssralarna gore smafta yerlejicler,

lﬂlrﬂmm bu derste gruplara bir problem senanmosu venecegini ve ofrencilerden bu
problem senaryosuna o2dm dretmelerind Steyeceging fanila sdyler, problemi dikkatli bir
gekilde skumalan gerektigini ve okudukian sonra problemie ligili ne bildikbering ve Bilmeler

gerektigini birazdan gruplara dagtacafs calgma kagitlan daéring yarmalan gerektifini sdyler,

Link agilr we problem senaryosu sanda tanibilie,

hitps/fwew canya comidesen [BAGYD-
1h2yA W2 GANdiwQIHBZQuiew/editiutm content=DAGYD-
= mli ] i

. Ofretmen problem senaryosunu gruplarla paylapr ve ofrenciler problemi okuyarak
probleme ghrbm dretmeye calipirlar. Ofrencilere tasarm-taslak sonif cabigmalan dafblic ve

Figure G.1. Lesson plan 1.
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ogrenciler problemi okuyup kendi gehir tasanmlanna baglarlar, Bu sirada Sfretmen gruplan
diodager v her bir gruba yvaphklan caligmalarla ilgili geri déndt vererek grencileri yonlendirir,
Ofrenciler planlama yaparak bu dersi bitirirler.

l: Ogretmen dersin sonunda her bir grubun tasanm-taslak sinif caligmalarini bir sonraki

derste kullanmak igin toplar ve dgrencilerden geri bildirim abr,

Problem Senaryosu: “Sehir Yenlden Doguyor: Yenl Bir Baglangig™

Senaryo: Bir ramanlar eldukca popller we canli olan kigdk bir gehir, uzun yllar boyunca
balomsiz kalmaeg ve eski ibtgamam yitirmigti. Sehrin beledive baskani, kasabay yeniden
canlandirmak ve eski gizelliklerine kavusturmak igin bir proje baglatmaya karar verdi. Bu
projede, sehrin pepith yapiann yeniden inga edecek ve halken kullanimina sunacak bir grup
yaranel ve yetenekli Sfrencive ihtiyag varde. Siz ve arkadaglanne bu dnemli gdrevi dstienmek
igin segildinizl

Sehrin yeniden ingas igin belirli bir bitgeniz var ve bu bltgeyi agmadan igheri tamamlamaniz
gerekivor. Ancak, ban malremeber sinarh miktarda mevoul, bu yladen kaynaklan dikkatli bir
sekilde yonetmelisiniz. Beledive bagkan, ozeliikie pocukiann ve silelerin keyifle vakit
pegirebilecei glvenli we estetik bir jehir olmasan istiyor,

LT

Schnn belirli vapalanna veniden inga edin ve don iglem problembening ¢ozerck bitgenizi
yimetin.

Planlayacadinie sehrin ndfusuna gore yapalan tasarlamaniz gerekmektodi. Her 1000 kigiye 2
okul ve 10 tane ev vapilmak zorundadar,

Yapiulacak Yapilar ve Malivetler:
¢ Okul:
o Tugla Maliyeti: 2 TL' Tugla

o Pencere Malevets: 400 TL pencere
Figure G.2. Lesson plan 1-2.



o Can Maliven: 1200 TL

o Okul igin toplamda 40 negla, 3 pencere ve | an gereklidir.

o Aga¢ Maliyet: 80 TL/agag
o Bank Mahyeti: 120 TL/bank

& Park win toplamda B agag ve 3 bank gerekhdir.

o Tugla Mahyeti: 2 TL Tugla

o Pencere Malivets: 500 TL pencere

o Can Maliyvets: 1200 TL

o Her ev win toplamda 25 tugla, ¥ pencere we | gatr gerekledir.
« Marken:
Tugla Mahyeti: 2TLugla

o PMemcere Malivets: 500 TL pencere

[

Cat Malivets: 1000 TL

O

o Market igin toplamda 33 tugla, 4 pencere ve | gat gereklidir.
Biitge ve Kisatlamalar:
« Toplam Bitge: 143 000 TL
¢ Kisith Malzemeler:
o Toplamda sadece 160 tudla kullanilabalir.
o Pencere savisi toolamda 30 ile seurlidar.

Figure G.3. Lesson plan 1-3.
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o Can savisi loplamda 6 ile snarlsder,

o Apfag sayiss ioplamda 10 ile sumrlidar.
o Bank savisi toplamda 4 ile simirlidis,

Eonu: MAT.5.1.2. Dogal saydar ve glemler igeren gergek yagam problemlerini (& nebilme
2.ders: Dogal sayilar ve problember
.-.Ah:. paylagami ve yoklama

.: Gruplann dagilima, drenciler eski gruplanna yerbejirler. Her bir gruba tasanm-taslak
kagitlarinin dagilimi ve yapilan kasaba planiamalarna gore malzeme planiamas.

.: Gruplar, planladiklan gehirleri, verilen malzemeler kullanarak tasarlariar. Dersin sonundi
tasarlanan projeler sinhn bir kogesinde toplanr.

~Tinkercat vygulamas kullanibr,

Eonu: MAT.5.1.2. Dogal sanlar ve lemler igernen gergek yagam problemlenini popebilme
3.ders: Dogal sayilar ve problemler

l'.Mtq. paylagami ve yoklama

.: Her grup kendi projelernini sinda sunar.

I: Derle ilgili ogrencilenden geri bildirim almar v derite ogrendikleri ibe dgili kesa bir a2et
wapalir,

Figure G.4. Lesson plan 1-4.



APPENDIX H: LESSON PLAN 2

Lesson plan 2.

Sevive: 5, Sanafl

Komu: MAT.5.1.2. Dogal savilar ve islemler iceren gercek vasam problemlening gozebilme.

Cevre ve alan hesaplamalan yvapar.
MAT 5 4.4, Dikdbrigenin gevee uzunlugu ve alan ik ilgili problemlen ¢ozebilme

sk.arton

= Renkh kagtlar

=Aldminyum fiolyo

-[3il qubuklan

= Kil veya ovun hamury, shgap qubuk, pipet, kiindan
Yaprgunci, bant

Lders: Diofal savilar ve problember . Dikdbrigenin ¢cevre vie alam
B Akas paylagema ve yok lama

I Ciruplarin Dagilin (Ofretmen bu derste gruplara aynlarak cahgacaklanm dfrencilere

soyler ve sinafi dnceden hazrlanmiy maksimum 5 kigilik gruplara aynlir, S¢renciler nceden

harirlanmig gruplara bakip kendi grup siralanna goee simifta yerlegirler,

-ﬂgrﬂnun bu derste gruplara bir problem senaryosu verecedini ve dgrencilerden bu
problem senaryosuna Gl dretmelening iteyeceging s fa sbyler, caligma kagulan
dgrencilere dagmilir ve problem senaryosu ddrencilerle incelenir. Ofrencilerle kagnnaki
kmnterler paylasilir planlamas v taslak vaparak bu derss batenrler.

Figure H.1. Lesson plan 2.
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Fowograflar cocuklara ghsterilir. Copsilz sokaklar igin ne yapmamiz gerektifi ¢ocuklarka
tarussilir. Problemin tanstin yvapildikian sonra kenerler caligma kaghds agilarak beraber

meclenirn
Problem Senaryosu: " Cipsiie Sokaklar™

Sacak bir iklime sahip bdlgelerde sicaklarm artmasy sebebiyle Geellikle yaz aylannda
goplerden yvayilan kil kokunun, kastalik yapici bakserilerin artmass ve gevre Kirliligine sebep
olmasi, Sokaklardaki ¢op kutulan etrafs yavilabilecek koku ve sivi anklan Gnleyich nitelikie
defillerdir. Insanlara hijyenik bir gevie sunabilmek win sizlerden dayamikly ve gevresing koku,

sivi gibil attklann yayilmasinn dnlevict nitelikie obp Kutulan tasarlamanma beklivonae.

Senaryo

Bir belediye. yaz aylannda anan sicakliklarla birlikte ¢Gplerden yayilan kil kokular ve siv
atklanin neden oldugu gevre kirliligh ve saghk sorunlanyla micadele etmeye karar verda,
Belediye bagkani, sehrin 4o bir yanina yerlegtirilecek veni nesil hijyenik ve dayanikli cop
konteyvnerken tasarlamak iin bir yangma dizenbeds.

Siz ve ckibiniz, bu yangmaya katilan varstici gruplardan birisiniz. Goreviniz, btge ve
malreme kisstlamalanna uyvgun sekilde gevreve duyarl, weknolojik ve sindaralebilir bir ¢op
konteynen tasarlamak. Tasanmenzn, hem sokaklan temiz tutmass bem de bakienlenn ve

kith kokulann vayilmasim engellemesi gerekiyor.

Figure H.2. Lesson plan 2-2.
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Tararlavacafimir ¢op kulularnda dikkat edilmasi gercken briterler

Lidnininde almamah (lopragm alima yverleghinlebilir veya girlenctalir bir tsanmij
w  dp svilanm karalirasyona akitarabnloock bir mvi doenaj mckanizmas olmal
s dp svilanmin akmess s tahan izrgam ke kaplanmahdir,
¢ [Dayvanskh ve aymmar bir dey yibeeye salup olmaly
¢ [Kokulan dnlemek igm bir sodubma sistemi igermel
I. Gdérev: kriterler -Hesaplama
kriterler
Milfus ve Uép kgl
s Kidwdelon her kigs orialams pinlisk * kg ¢op olugturmakiadr
Cop Kulusunun Kepladigfs Alsn
¢ Mode] gop kistiassnan da ve alt taban alans en (axla 200 ssntimetrckare olabili
¢ [ op kwiusanan iabaninan her 200 santimctrckared | kg oop msnvabilmekiodie

Figure H.3. Lesson plan 2-3.
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= Cop kutusienien tsbanmen her 100 santimetrekaresd 1 tane wgara ile

kaplanmalichr.

e Her wrgara da en fazla § tane qubuk kallamlsbilir,
Dy Kaplanss Mabremess (Tim alsnlar)

*  Toplam dsg yircy alam en fazla 3200 santimcirckan: olabilie,
Sova Drenaj Borulanmin Usuinlugu

= S abklan kanalrasyona tayyacak bonalamn veanludu maksimum 108 cm

olmalidis.

Sofutma Sistema

s {dp kutusundaks sicakhk seviyesinn digiirerek kokulen acalimak sgin

kullamilmadar.

#  Her bar pip kutwsunda bir tane olmak ronsndasdar

® i kutuss aban alamn her 2040 santimetrekaresi soin gipe 1 lane peryvane

serlestirilmelidir,

# Hor pervane on farla ¥ tane pervane baglifindan ofugabalar

Malzeme ve Bibpe:
A, (it eaban isfianeed En fuzla 800 wantmatrekane
Mt wi) 3 TL Lunmmatr e kang

Figure H.4. Lesson plan 2-4.



Lyl Bginj

Yan alardar kaplama IMulrvra: 3 TL En farla 3200 wanbimet re e
(kv slumeryum sanfimselreksre
Tl v Adarrarmum odya:

5 TL fiprtmetne ke
San Drenay Barulsn 5 TL feantmstig En lazls 100 om
lrgaralar [Dubuklar) 2 TLS sdet Har 100 ianbimaetreksneye 1 ingara
Sofulucu Sistern BTL S adet [Pervane Heer 200 sanbmetrekareye 1 tane
(Parvare) bagiedi)
Bitce (Toplam o outusa | SOOGS0 TL

Hesaplama: By alamda gerelds hesaplamalan yagimiy

Ml

Figure H.5. Lesson plan 2-5.
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Uretilen gop miktan we perekli cip kstusu

Sy

Cip kutusunen alt ve d3t taban alam toplami

ve malkyeti:

Cap krtusunun geriye kalan alanlan toplam we

kaplayacafiruz malpermeye pore maalipet:

Sra drena| borulan (Cép kutusu gevresl

beoyrunca) urunlugu ve maaliyet:

Izgara miktan ve maaliyeti;

Figure H.6. Lesson plan 2-6.
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2.ders: Dogal sayilar, problemler ve alan ve gevre

I&; paylagimi ve yoklama

.: Gruplarin dagilimi, grenciler eski gruplarina yerlesirler. Her bir gruba tasanm-taslak kagitlarinin
dagilimi ve yapilan kasaba planlamalanna gire malzeme planlamas.

.: Gruplar, planladiklarn sehirleri, verilen malzemeleri kullanarak tasarlarlar. Dersin sonunda
tasarlanan projeler sinifin bir késesinde toplanir.

3.ders: Dogal sayilar ve problemler alan ve gevre

BL:Akis paylagimi ve yoklama

.,7 Her grup kendi projelerini sinifa sunar.

l: Dersle ilgili Ggrencilerden geri bildirim alimir ve derste Srendikleri ile ilgili kisa bir Gzet yapilir.

Figure H.7. Lesson plan 2-7.
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APPENDIX I: LESSON PLAN 3

Lesson plan 3.
Ba proje kapsaminds, plisey panclleniyvle elekink dreten gat sistemben peligtinlecek. Ancak
her bina iin gati alam, bdige ve encrjn venimdiligh farkh olduga i5in on ivi tasanms en Bk
bétge ik yapmak sirin pdreviniz!

2, Garev: Kriterler ve Hesaplama
Ekabimiz, bar evin qabisine gleey panellen verlegtirerck en uygun encrji dretim sistemini
tnssrlaveceknr, Catlanne wsadarken sioe venlen gat slam, binge ve verimlilek oram gibi
krsterlen dikkote alarak issarlemaliane,

Kriterler

*  Cat slam (om’)
Toplam kullsnilabilic cati slam en farls 2400 saniimetrekare (om” ) olsbilir,

i atrya yerleyinlebalecek her bir gimey paneli 200 sandomectrekare {cm®) alan kaplamaktadir.
Yerleghmbecek glimey panclion gati alanumun en fﬂhi (20 “lik kssmana kaplayakalir,

Bu venlenlere gine oluytardufunus catinm alanina ve kag lanc gincy panch
yerbeytinletulocefzng bosaplayme?

»  Giiney Pancli Verimliligi (kWh)
Hir cvim gimlik clekink ihisyan evde yagayan kg bagima toplam 4 Kwh dar,

Her ber gliney paneline Giney 'ten ortalama glnlik 20 Kwh enerj pelar ve ber bar
pimicy panch gelen pimicy ﬂﬂjllﬂﬂ& (%6107 mu clekinge gevnr

*  [Bitge Ksilamasy (kWh)
Toplam bisige: 45 000 TL

| pancl; 6 000 TL
Ekstra kablolsma ve monty) maaliyeti: Panel l!-mm% (*& 10 ek masral cklenir,

Figure I.1. Lesson plan 3.



Ba proje kapsaminds, plisey panclleniyvle elekink dreten gat sistemben peligtinlecek. Ancak
her bina iin gati alam, béige ve enerjn venimliligh farkh oldugu igin en iyvi tasanms en dipik
bétge tle yapmak sirin pdrevinie!

2, Gérev: Kriterler ve Hesaplama

Elabiniz, bir evin cabising glney panellen verlegtirerck en uygun encrji dretim sistermim
tsssrlavecekne, Catilanne assrdarken sioe venlen cab slam, biige ve verimlilek oram gibi
krterlen dikkate alarak tasarlamalianc,

Kriterler

*  Cats slam (om’)
Toplam kullanidabilic ot alam en farls 2400 saniimetrekare (cm” ) olsbilir,

Catrya yerlegtinlebiloock her bir giiney pancli 200 santimetrekare (cm’) alan kaplamakeadir.
Yerleghmbecek .l?nqpﬂnﬂl:ru,i.l.ll-mn a] I'nl.li =0 Ik kssmana kaplayabilir,

Bu venlenlere gine oluytardufunus ¢atinm alanina ve kag lanc giiney pancl
verleptinlebalecefina hesaplaymn”

e Giiney Pancli Verimliligi (kWh)
Ebir evin ginbik clektnk ihtiyac evide yagayan kigi bagina toplam 4 Kwh'dir,

Her bir gliney pancline Giney ten onslama ginlik 30 Kwh emerji pelsr ve her bar
pguney panchi gelen puney mjlm% (%105 mu clekinge gevinr

®  [Bilige kosilamasy (kWh)
Toplam bitge: 45 000 TL

1 panel: 6 000 TL
Ekstra kablolsma ve monty) maaliyeti: Panel hﬂlﬂl% (* 10 ek masral cklenir,

Figure [.2. Lesson plan 3-2.
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Hesaplama: Bu alanda gerekli hesaplamalan yapam

Hane Halki ve enerji iltivac:

Catimim kapladigs alan (Santimetrckare);

Cativa verboytirileock pamel saymi ve lirciilen
poplam emerjl mikiamn:

Cativa verloyiirileock giney pancll saym:

Famel saymima ghre toplam biitge miktarn:

Figure [.3. Lesson plan 3-3.
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Lders: Dagal savilar, problemler ve alan ve oeviee ve vikedeler

l:aln.kq- paylapima ve yvoklama

B: Ciruplann dagalomu, égrenciler eski gruplanna yerleyirder. Her bar gruba tsanmetaslak
kafwtlannm dagalim ve yapilan kasaba planlamalanna gire malreme planlamas.

B Gruplar. planladiblan seherlen, verilen malremelen kallamasak tsaslarlas Dersin
sonundy tasarlanan projpeler simifin bir kogosinde woplanir.

Lders: Dogal savilar ve preblemler alam ve gevee s ¢ vasdeber

B Akss paylayim ve yoklama

B o grup kends projelerm simifa sunar.

.: l::rs.lr iligili Sfrencilerden geri bildinim alimr ve dersie dfrendilleri ile slgili ks bar Geet
¥apalir.

Figure 1.4. Lesson plan 3-4.
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APPENDIX J: LESSON PLAN 4

Lesson plan 4.

Sevive: £, Samf

Komu:

MAT.5.1.2. Dogal savilar ve iglemler sgeron gergek vajam problemberim ghechilme.
Cevre ve alen hesaplemalan vapar,

MAT55.1. Kategonk ven ile cahgabalme ve verrye dayah kasar verebilme

MAT.5.52 Bagkalan warafindan obayhenilan kategonk verive dayah istatistiksel sonug veya
yorumlan tartizabilme

Matervaller

Tablet

Kalem

Salg

Lders:

MAT 502 Dogal savibar ve blember igoron gergek yasam problembering checbilme.
MAT.EL L, Kategorik veri fle calipabilnse ve verive dayah karar vercbilme

B Ak paylagam ve voklama

B Gruplens Dajelim iOgretmen bu derate gruplara svnlerak ¢alsacaklanm ofrencilere
sovler ve smili dpcoden hanirlanmay maksimam 5 kisilik gruplasa synbr, Gfreaciler dneaden

hazwlanmay gruplara bakip kendi grap siralanna gire ssnafia verlegarler.

B Ozretmen bu derae graplara bie problon senarvoss verecegim ve ddrencalenden bu
problom senaryosuna ghnim arctmeclermni steyeceging sanafa soy ber, caliyma kagitlan
afrencilere dagatibir ve problem senaryosu afrencilerke incckonar. Ofrencilerie kagartaki
knterler paylagilor planlama ve taslak yaparak ba ders: bitrrer,

Opretmen gocuklara asafidaki videoyu acar ve eneni verimbiligi nasl pergcklestinlebilic

L 1 =) Ll =14 ity | L0 L REd]

Coruplar dagnbdskian sonras graplands ghrey pay lgeen yapibir ve ban dgrengiler hesaplama
bazilan isc similands cncai venimliligi nasal gergcklogtarslir sonesu ile dlgili sorulan yamitlas,

Figure J.1. Lesson plan 4.
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Caliyma Kajd
Problem Senarvosu: L Emerjl Tasarrufu — Akalls Sinaflar Projesd

Okulonurds elekink tdketims son zamanlards olduk¢a artte Bu deruem hem okoul bdigesims
rorhayor bem de ceveeye marar veriyor, (lul yOnciscilen, her sinsfian eneryi tketinzini

araliac

al bir siwtem peligtirmesin igedi.

Seeden, simifimrrn elekirik taketiming analic ederek, ihtiyag b dofnolfusends en Tods

eneri
Ancak

tassrruly wsilayscak = Akl Soml Sistensi™ sl tssarlamense belleniyor
dikkat ctmenie percken ban kisitlamalar ve belirsizlikler var.

Kriterler

Eksbanaz, bir sanafta enerpi tasarmufo sef layacak en uygun tiketim yonbemin planloyacaksanae.
Tiiketim planlamalannn yaparken sure verilen ktbamalar ve simifta kullamlan ciharlann
elekink miketsm miktsrlan gibi Erterben dikkate alsrak tasarlamalisme.

Tabba:

Samifta kullamdan Cihaslar ve Enerjl Taketimler

Cihaz Ganlik Ortalama Kullanim Gl Tiketim (Wall Saat)
Siresl
LED Lamba i 15
_|3-||:m:r. 4 240
Pra'Eli'nm ; .'Hl:l
Klima 4 1 500
Fam 3 75
Akl Takia 1 )

Mot | kK'Wh = | 0N Watn saan,

Toplam ginhik enerp tiketim 3 kWh'yt gpegmemehdir.
Propeksivon ya da akillh tahtadan sadece biri kullanalabilir,
Klima ve fan aym anda ¢ahiysnlamaz.

Bar ders saatlerinde bilgisayar mutlaka agik kalmalidir (glimde on az 2 saat).
Sanafla minimam 3 lamba caligmalidir,

Figure J.2. Lesson plan 4-2.



Gedrey Dagalim Tabloss

Haller

lsimiler

Emcrji Analisti:

Venlen twbloyu imoeler, cibuorlarn ne kadar eneni tdkketifan besaplar, graban
eneryi smenng wyup wymsdsfm bomirol eder ve Fﬁ{'L!I‘H:' s crhaslary kivillamak
G OB Erhing

htivag Flanlaycm:

Similan ders saalborime poee hangi ciharlars ne kadar see thiinrag oldugiene
belirler, punlik kullsnm snccliklerni sifala, en verimli kombinasyomu olugtiarur.

Kintem Sorumbuve:

Cirubun karar vendigi encryi planini tabloya doker. Hangt saatberds hang
iharlarm calrgacagm posteren bar greclge hanrar.

Araglirmac
Venlen sorulam yvamitlara kaynak kun kullanarak yanilar arar

Sumum serumlavi;

Yapulan projeyvi senafa ounar

Tasarim Usmana:

Tesarlenas sistemi dijital olersk ghrsellegtinr,

Figure J.3. Lesson plan 4-3.
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Flanlama vaparkes araytirmscalann vanstlamas gercken soralar

1} Encrp tikctimin azaltmak neden Socmldar?

122

-

.

2 Giancy enorisa gibn yenilbonchilie encipn kaynaklan okallarda nasil kullasilabalir®

-

.

B Akdb siod eknalopilen selerdie? Buslann enerji ballsnsmins etkisi sedir?

-

150

Figure J.4. Lesson plan 4-4.
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Garevler:

1) Cihazlans bir glnde ne kadar energs harcadsfiom hesaplayime ve bumu uwygun bar
tablo (sekhk, stun, daire grafifa) kullasarak gosterinie. (Not: Grafigh olustunaken
Excel, Codap gibi yanlmlar kullsnabilissiniz. )

2) Toeplam encyji dketimi IKWh'y gevmevecek selilde ssnafinees wypan bar kullamm
plam olugterusur,

Figure J.5. Lesson plan 4-5.
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3] Hangi cihez hangi ssatierde kullanasafinim gooteren bir anerp plani gizelgpesi
hazirlanymiz,
(Mot Gizelpeyi clugtururken Excel, Codap gibl yazdimiar kullanabilicsiniz.)

d] Ohugturdufunuz stemin neden sn uygun sistem oldufunu spkiaysniz.

Taslak Cirirmi:

Alailly Senef Sistemi igin Bir protatio yva da garsel plan tasarkiyni. (Tinkercad, va da bagka
Bir wipulama kullanabiirsiniz],

2.ders: Dogal sayilar ve hember igaren peroek yagam problemiering gorebime.
Kategorik veri ile {algabilme ve veriye dayah karar verebibme

8 Auxp paylagsmi ve yoklama

B0: Gruptanie dagshimi, Sfrenciler eski gruplanng yerlegirler, Her bir gruba tasanm-taslak kagriannn
dagiliena v yagilan kasaba planlemalanng gioe malzame planlaman,

B8 cruptar, planiadiklan sindd tasanmiann, finkercasd veva lego uygulaman tablolan da gacel va da
gadag e yapariar.

FdecNagal sayilar ve plember igeren pergek yagam problemlerini (orebilme,

Kategorik veriile (alijabilme ve verrye dayah karar verebibme

Baing paytagmi ve yoklama

B0 _Ha: grup kerdi projelering nirfa sunar,

I: Carsle dgih Shrencilerden peri bildirim alne ve derite Sprendiklen ile il ks bir Soet yapdr,

Figure J.6. Lesson plan 4-6.



APPENDIX K: DESIGN WORKSHEET 1

Design worksheet 1.

DERS, KONU: Matematik, Sehir Yeniden Dofuyor TARIH:
SOYADI, ADI: slnE: 30

Problem Senaryosu: "Schir Yenlden Doguyvor: Yenl Bir
Bazlangig™

Senaryo: Bir zamanlar oldukia popller ve canb olan kiguk gehir, umun
yillar bespunca baksmsiz kealrmeg ve sk ihtisamin yitirmigtl. Sehrin
belediye bagkan, kasaban yeniden canlandirrmak ve eiki glizelliderine
krvugturmak igin bir proje baglatmaya karar verdi, Bu projede,
keasabarn gegith yapilarnn yeniden inga edecek ve halkon kullanmanas
sunacak bir grup yaratt: ve yetenekli Gfrenciye ibtiyag vards. 5iz ve
arkadaglarnes bu Snemli gorevi Gstlenmek kgin secildiniz]

Sehain yeniden ingas igin belidi bir bbtpendz var ve bu bligey agmadan igfler tamamilamaniz
gerekiyor. Ancak, bar malremeler anirh mikiarda mevout, bu yinden knynaklian dikkatll bir jelilde
yenetmelisiniz, Beledie bagkar, opellide cocuklann ve ailelerin keyifle valdt peirebilecedi glvenli ve
estetik bir gehir olmamin Btiyor,

Girew:
Shain bedirk yapelanins yeniden inga edin ve dort igiem problemberind gizenek bltpenis yonetin,

Manlxyacagmiz gehrin ndfusuna gore yapalan tasariamaniz gerekmektedir. Her 1000 kghpe 2 oloul ve
10 tane ev yapedmak sorundader,

Yapdacak Yapdar ve Maliyetler:
o Oioul:
o Tufla Malyeti: 2 TL' Tugla
o Pencere Malyeti: 400 TU/pencene
o Cat Malryeti: 1200 TL
ro Ol ighn roplaeeein &0 nafls, & pencses e 1 pan geeekiin

Figure K.1. Design worksheet 1.
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o Afag Maliyeti: 80 T agag
o Bank Maliyeti: 120 TL/bank

o Park igin toplamda 8 agag ve 3 bank gereklidir,

o Tugla Maliveti: 2 TU Tujla
o Pencere Maliyeti: 500 TUfpencere
o Gat Maliyeti: 1200 TL

o Her ey icin toplamda 25 tuila, 3 pencere ve 1 ¢at gereklidir,

o Tujla Maliyetic 2TUftuitla

o Pencere Maliyeti: 500 TL/pencere

o Gat Maliyeti: 1000 TL

o Market igin toplamda 35 tuila, 4 pencere ve 1 gati gereklidir,
Bltge ve Kisitlamalar:

«  Toplam Biitge: 143 000 TL

e Kruth Malremeler:
o Toplamda sadece 1600 tufls kullarlabilir.
o Pencere sayis toplamda 198 ile sirarhdir,
o Cat sy toplamda 57 ile sanurhider,
o Agat sayisi loplamda 48 e ssnirlichr,

o Bank sai toplamda 18 ike sinsrldar,

Figure K.2. Design worksheet 1-2.
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Grug Ads:
Grup Uyeberi:
Sehri Tasarlarken Dikkat Etmeniz Gerekenler

Balzeme Listesi ve baaliyet Hesaplamas::
1) Tasarlayacaghniz gehrin nofusunu planlayn,
2] Inga edibecek her bir yapanin maalipeti ve malieme ihtiyaci hesaplaymniz.

3)  Keth maltemelerin saysina v yapalan inga etmek igin gerekli olan malzeme sayilanna dikkat
ediniz,

4)  Kisth batceniz oldufunu unutmayine.

Toplarm maaliyet hesaplandiktan sonra bdtge, kistlamalar ve gehrin olas nlfusuna gore gehrin genel
tasanimeni (Hangi yapedan kag tane, ndfus ve batge planlamasi) asafdaki alanda hesaplaying ve her
bir yapsdan kag tane yapacagruzi detayh bir gekilde gerekgelendiriniz. Gerek¢elendirdikten sonra
tasarladefiruz sebrin tasla@ing arka saylaya ciziniz.

Figure K.3. Design worksheet 1-3.
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APPENDIX L: DESIGN WORKSHEET 2

Design worksheet 2.

DERS, KONU: Matematik, Copsie Sokaklar TARIH:
SOYADI, ADI; SURE: ...
Grup Adi:

Grup Uyeleri:

1. Gérev: Problem Senaryosu

Edglk bir koy beledhpesi, yaz aylannda artan sscakliklarla birlikte goplerden yaplan
ki kokular ve tro atdlarn neden oldudu gevie kirliligi ve Wk sorunlarmyds
ricadele etmeye karst verdi, Beledipe Bagian, gehrin 3ot bir yanend
yerlegtirilecek yend nesil hiyenik ve dayanddi ¢op konteynerien tasarlamal igin bir
yargma durenkedi

Sz wir elibiniz, bu yargmaya katilan yaratso gruplardan birisiniz, Géeeviniz, bitge ve malreme
kssetlamalaning uwygun gekilde Cevniye duyarh, teknokofik ve shrd Grilebilic ber (o konteynern
tasarlamak. Tasarminuzn hem sokaklan temiz tutmas hem de bakterilerin ve koth kokularnn
yannlmasen engeBermesi gerekiyor

Tasarlayacapnz ¢op kutulsninda dikkat edilmesi gereken kriterler
# Gorinbrde olmarmah [topragin altina yeregtinilebilic veya gitlencbilic bir tasanm]).
& Cop snalann kanalizasyona aktarabilecek bir sna drena] mekanismas olmal.
*  Qop snalanneh akimasi iin taban igars ile kaplanmalde,
+  Dayanikh ve apnmaz bir deg yleeye sahip olmah,
*  Kokulan dnbernek igin bir soutma sistermd igermali.
2. Gérev: Kriterler -Hesaplama
Kriterder
MNidus ve Cop (Kg)
¢ Kiydeki her kigl ortalama gonlik 2 kg ¢dp olugturmaktader,

Figure L.1. Design worksheet 2.
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Cop Kutusunun Kapladg Alan
s Model ¢8p kutusunun st ve alt taban alani en fazla 800 santimetrekare olabilir.
#  Cop kutusunun tabaninin her 200 santimetrekaresi 1 kg ¢op tagryabilmektedir.
&  Cop kutusunun tabannin her 100 santimetrekares 1 tane izgara ile kaplanmalsdir,
*  Mer zgara da en fazla 5 tane qubuk kullamlabdlir,
g Kaplama Malzemesi [Tom alanlar)
»  Toplam dig yizey alarni en fazla 3200 santimetrekare olabilir,
Sovi Drenaj Borulanmn Uzunbugu
# Son atiklan kanalizasyona tagivacak borulann urunlugu maksimum 100 em olmalidir,
Sofutma Sitemd
& Cop kutusundaki sicaklik seviyesin dighrerek kokulan azaltrnak igin kullanilmader.
e Her bir ¢0p kutusenda bir tane olmak rorundadir,

s (Op kutusu taban alaren her 200 santimetrekaresi icin gope 1 tane pervane
yerlejtiriimelidir,

& Her pervane en fadla 3 lane pervane baghigindan olugabilir,

Malreme ve Blitge:
Alt, Gst taban Plukavva: En fazla 800 santimetnekare
(Mulkavva vb) 3 TU santimetrekare
Yan alanlar kaplama Mukawva: 3T/ En fazla 3200 santimetrekare

(Mukavea, sliminyum santimetrekare
folyo vb) AlGminyum fobyo:
5 TL fsantimetrekare

Snn Drenaj Borulan 5 TL fsantimetre En fazla 100 cm

Figure L.2. Design worksheet 2-2.



Legaralar {Qubulklar)

2TL f adet

Her 100 santimetrekareye 1 izgara

Sofutuvou Satem (Pervane]

BTL [ adet (Pervane baghi)

Her 200 santimetrelareye 1 lane

Bltge [Toplam ¢op kutusu
Sanyusa igin)

SO0 000 TL

Hesaplama: Bu alanda gerekli hesaplamalan yaparz.

Hitus:

Uretilen g miktsn ve perekli (89 kututu 1ayisic:

Cop kutusunun alt we Git taban alan toplami we

maliyeti:

Cép kutusunun geriye kalan alanlan toplams ve
kaplayacaguwnar maltemeys pone maalipeti:

Figure L.3. Design worksheet 2-3.
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S direna) Bosulan (Cop butuiu pevresl boyunca)
upumbudu we maslipeti:

lzgara miktan ve maaliyetic

Pervacse baginls milktan we masliypeli

Toplam planlanan bltge (Nutuia goie planlsdgn
toplam pip kutuiu kgin):

Figure L.4. Design worksheet 2-4.
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APPENDIX M: DESIGN WORKSHEET 3

Design worksheet 3.

DERS, KOMNU: Matematik, Akilb Caty Panelleri TARIH:
SOYAIDI, ADI: slme: ...
Grup Ad:

Grup Dyeleri:

1. Gérev: I Yesil Enerji lgin Alalh Cat Panelleri Projesi @
Problem Senaryosu

pehirin enerj tlketimi her gegen wil artarken, sGrdanibebilic ve pevre dostu
enerji kaynaklarng duyulan ibtiyag da biylyor. Enerji Bakankgs, evierde glnes

baglatti

Bu proje kagsaminda, gine) panelierivie eheltnk Greten gat sitemberi geligtinilecek, Ancak ber bina
igim gats alam, bitge ve eneji verirmlili farkh oldugu igin en bl tasanem en ddyik bitge ike yapmak
sizin gonevinizl

1. Gérev: Kriterler ve Hesaplama

Ekibiniz, bir evin ¢atrana gines panelen yerlegtirerek en uygun enerji Gretim sistemind
tasarlayacaktir. Catilarman tasarlarken sipe verilen gat alam, bltge ve verimlilik oram gibi kriterleri
dikkate alarak tasarlamaliang,

Eriterler

= Cati alami [om®)
Toplam kullandlabilir cati alam en fazla 2400 santimetrekare (em®) olabadic.

Catrya yerlestinilebilecek hier bir glneg paneli 200 santimetrekane (em®) alan kaplamaktadir,
Yerbejtirilecek ghney paneller gats H-tnmtn'l'.uu% [%80) hik kewmini kaplayabalic.

Bu veridenlere pore olujturdufunue Calemin slanend we kig Line ghneg paneli yerlegtiribebilecegin
v apdagnen e ¥

Figure M.1. Design worksheet 3.
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= Giney Paneli Verimdilii (kWh)
Bir v gln ik elektrik ihtiyao evde yagayan kigi bagna toplam 4 Ewh'dwr,

Her bir gineg paneline Glney'ten ortalama gnldk 50 Kwh enerl gelic ve her bir glney paneli
geben glnes enerjisinin % [%10) wn elektrige cevirr,

*  Bitge Kintlamasn [kWh)
Toplam bdtge: 45000 TL

1 panel: & 000 TL

Ekstira kablolama ve monta) maaliyetl: Panel bagina % {%10) ek masral eklenir.

Hesaplama: Bu alanda gerekl hesaplamalan yapirig,

Pane Halky ve enerl ibthyacr:

Cabinan kapladeps alan (Santimetrekare):

Catrya yerlegtiribecek panel saymi we Gretilen toplam
enerji miktan:

Figure M.2. Design worksheet 3-2.
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Catrya yorkptivilecek gunes panel oy

Pamel sayming gore toplam bits miktan:

Figure M.3. Design worksheet 3-3.



APPENDIX N: DESIGN WORKSHEET 4

Design worksheet 4.

Design Worksheet 4- Problem Seenario: Smart classrooms for energy saving, designing

smart classrooms)

Sorrads, Ads; Tarih;

Ders, Konu: Enerji Tasarmufu = Aol Siniflar

Grup Ad:
Grup Uyeleri:
Problem Senaryosu: & Enerji Tasarrutu - Alll AKILLI SINIF SISTEMI
Sanflar Projesi
S
Olulunurda elekirik tiketimi son ramanlarda oldukcs Projuiabyon
arth. Bu durum hem okul bitgesini roruyor hem de m @
cevreye mrar veriyor. Okul yoneticilers, her snsfian Vaetietle &
enerji tiloetimind azaltacak bir sistemn geligtirmesini = l
b, Vantlsbr  Kima

Sarden, unihninn elektrik tiketimini analiz ederek, Al
ihtivaclar dofrultusunda en fazla enerji tasarrutu saglayacak “Alolh Sarif Sistemi™ni tasarlamanas bekleniyor.
Ancak didcat etmeniz gereken ban kesstiamalar ve belirsizlikler var.

Kriterler

Ekibiniz, bir sarefta enerji tasarrufu saglayacak en uygun tketim yontemini planknyacaksn. Tiketim
planlamalanng yaparken size verilen kstlamalar ve sanifta kuBanilan cihazlann edektrik tibetim miktarlan gibi
riteren dikkate alarak tasarlamalouneg.

Tablo: Sanafta kullanilan Cihazlar ve Enerji Tuketimlen

Cihaz Ganldk Oralama Kullsmm Sires G Tuketim (Watt foaat)
LED Lamba L] 15
Bilgisayar 4 250
Projekshyon Fi 300
Kl 4 1500
Far 5 75
Aaills Tahta 3 &00

Mot 1 kvwh = 1000 Watt saat.
= Toplam ginldk enetji tiletimi 3 KWh'yi gepmemelidie,
*  Projeksiyon ya da alolh tahtadan sadece birl kullanlabilie.
#  Klirma ve fan aymi anda calegnnlamaz.

Figure N.1. Design worksheet 4.
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#  Ban ders saatlerinde bilgisayar mutlaka agik kalmalidir (gonde en az 2 saat).

+ Sinifta minimum 3 lamba galypmabdar.

Gérev Dajphm Tablosu

Enerji Analisti:
‘Verilen tabloyu inceler, cihazrlann ne kadar enerji

tukketigini hesaplar, grubun enerji siInenna uyup
wymadsjaru kontrol eder ve gerelirse ban cihazlan
kisitlamak igin Gneri getinin

ihtiyag Planlayicisi:

Sindfin ders saatlerine gore hangi cihazlara ne kadar
sire ihtiyar oldufunu belirler, pinlik koullanim
Gnceliklerini mirala, en verimli kombinasyonu
odugiurner.

Sistemn Sorumlusu:

Grubun karar verdsi ener)i plarina tabloya dolker.
Hangi saatherde hangi cihazlann calgacagir phsteren
bir gizelpe hanrlar,

Aragtrmac:
Verilen sorulara yanitlara kaynaklan kullanarak
yamatlar arar.

Sunum sorumlusu:
Yapilan projeyi sinefa sunar.

Tasanm Uzmand:

Tasarlanan sistemi dijital olarak gorselesticir,

Figure N.2. Design worksheet 4-2.
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Planlama yaparken aragbrmacilann yanitlamas gereken sorular:
1) Enerj thketimini azaltmak neden Snemilidir?

2 N

- P

2} Guney enerjisl gibl yendenebilir enerj krynakian ckullsrds nagd ksllsnilsbiie?

4 )

3) Akilh senif teknobojilen nelerdir? Bunlann enerji kullarimna etkisi nedir?

4 2

Figure N.3. Design worksheet 4-3.
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2] Toplam snerj vikesimi KWy pegrmayeoek palilde pndhnas yygun bir kyllamm plans olugturenys,

3] Hamgi cihaz hangi sastierds kpllpnacafmiz phsteren bir gnargl plans giselgesl hazpiriayanag,
[Mot: Cizelgeyi olugtururioen Excel, Codap pibl yazimiar ulanabilirsiniz. )

4) Olugturdufunue sistemin neden en uygun sistem oldufuru agiklaysnz.

Taslak Cizimi:

Akl Simif Sigtermi igin bir prototip va 4 poriel plan taabrimna (Tinkercasd va €8 Bagks Bir uygulsma
kullanabilirginiz),

Figure N.4. Design worksheet 4-4.
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d) Olugturdufunuz sistemin neden en uygun sistem oldufunu agikdayne.

Taslak Cizimi:

Adally Sind Setemni icin bir prototip ya da porsel plan tasarlaywniz. (Tinkercad ya da bagka bir uygulama
kulanabilirsiniz).

Figure N.5. Design worksheet 4-5.



APPENDIX O: MATHEMATICS CURRICULUM

Mathematics

5. SINIF

DERS SAATI

ALAN
BECERILERi

KAVRAMSAL
BECERILER

EGILIMLER

PROGRAMLAR ARASI
BILESENLER

Sosyal-Duygusal
Ogrenme Becerileri

Degerler

Dhuryazarkk Becerileri

DISIPLINLER ARASI
ILISKILER

BECERILER ARASI
ILISKILER

curriculum.

1.TEMA: SAYILAR VE NICELIKLER (1)

Bu temada odrencldenn onluk say ssteming igkin on bdgienn ¢ok basamakh saylara
genelleyerek kullanabilmeleri, dogal saylaria ilgili gercek yasam problemlerini ¢ozebilme
leri ve dbrt iglem becerilerini cok basamakh iglemiere yansitabilmeleri amaclanmaktadr

28
HMABZ. Matematiksel Problem Cozme

KEB2.9. Ganellemsa

EL1 Merak, E3.G. Analitik Dusanme, E3.10. Elestirel Bakma

S0B2.2. I5 Birligi , SDB3.2Z. Esnehlik

D3. Calgkanhk, D7 Estetik, DI6. Sorumbuluk. DT7. Tasarmf

DB1. Bilgi Okuryazarhdg, DB2. Dijital Okuryazarhk, 0B3. Finansal Dkuryazarhk
0B8. Surdurulebalirkk Ohuryazarhg

Sogyal Bilgiler, Fen Bilimdéri

MABI. Matematiksel Temsil, MABS. Matematiksel Arag ve Teknoloji ile Caligma

Figure O.1. Mathematics curriculum.
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ICERIK CERGEVESI

Anahtar Kavramilar/
Sembol ve Gosterimber

(Oigma ve
Degerlendrmae)

MAT.5.1.2. Dogal saylar ve iglemler iceren gercek yagam problemierini cozebilme

o) Problemin Gordigi oy ve lem bleganierin Bakinor,

b} Problemde werlenter e istenenienn genekiirdiy ishemier orosndaki Aipkiy
bolir,

&} Problem boglamiyda Mgkl verilenian uygun matematiksel temseillore dinds-
rdrdr,

€] Problemi matematiksel TemsiNer kuifancaak kandi fadenen e agriiar.

dll Problemin sonucuno iiskin tohminde bulunue ve ighemien gerpeklastinmek
ein strotajiler gedistini,

o) Belirenen strated veyva stratefer candm icin uygulor.

f) ChrGm yodone kontrol eder we cArime uloglrmayan strofeffy degistinr.

@ Probiemin ¢hzimil icin kulonddg veyo geligtindigi strotejiler giaden gaging-
rek sa yolion dederiendiir,

G Kufondw stratefi weys stratefiler forkh problemiern céelmiarine genaller.

h) Gengllemanin gegeriigini motemotiksel drnaklenie dederiandiir,

Degal Sayilar ve ighemier:

ok Basarmakd Sayalan Dkuema v Yarma
Coaimiama

Dogal Saylaria Dart Iglem igeren Problem Gozme

Genellemeler
« Saylonn yankg ve okunusu, basomok degeri v bEkik kavromma daya bir
Serdntd povir,
Anahtar Kavramlar
basamak deden. bilme, bollk, carpma. Gikanma, dogal siylar, oplama
Sembol ve Gostenimber

Dgrenme gdtilan; agik ughu sorulardan olugan calrgma kagud, ieme testi ve performans
garend ile defariandiribebilic,

Perfarmans gonevi olarak tgrencilers ger ook yasam dursmiannda kargla st klanproblemiar
verilerek cozime yoneli farkh stratejiler geligtinmeleri vwe godigtirdivan problem Qolmi e rirs
clijot il A SUMAITT BFSCi yardimiyla arkadagsianna sunmalanistencbdic, Bu gbney, sUreg bdegen-
Ierini de bt o alasak performans krted ienni barmdran bdrdnodlveya anakt i denpcedi puania-
ma anahian yardimeyla degerlendirilebilc. Ogrenme-agretme uyguiamalannda yagilan grup
cabgmalannda. Ggrenciler tarahindan 62 daderlendirme v akran dederiendirme farmilan

Figure O.2. Mathematics curriculum 2.
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Kopnl Burma

ile hondi ve arkadaslannen sdrecleri; Bgretmen tarafindan da grup degeriendrme formy
kullandarak gruplar degerendiniebile.

Performans Grinler. ¢aligma kagitlan ve izieme testhen sonug degeriendinme olarak kul-
Lanilabydir,

Ogrencilerin en fazla alt basamakh dogal saylan ozimieme, saylann blyGkiGkenin
kargilagtrma, dogal Saylars dor rglem yapma ve ighamiler arads ikghaler hurma, ighemieng
iirghin tahemin, yuwarlama ve zibinden igkem yapma, déct iglemie gl problem ghzme boece-
rilering sahip olduklan kabul edimektedic.

i Ogrencilerin on bilgiler dir, beg ve alh basamakh dodal sanlan okuma ve yazmalanna,

dodgal saylann basamak v boloklenni bedirlemalaning yonehk bir cabgma Haded e da-
gerendirlebilir. Zihinden iglem yapma. plem sonuglanna yinelik tahminde bulunma v
probdem chrme becerilenin sorgulama amaciyla agi uclu sorular kullanlabilir.

Toplumsal yasamda yardimssverb)e iligkin farundakgn artmassna yonolis faalyetione
{Ernegin kitap kampanyatan] ya da Sgrencilerin glniik hayatlarnda yakun gesrelerindgs
giriemiledkien olaylara(bitce, elektnk-su giderier, harcama, birikam gibi) Srnakler veri-
larak Cok Basarmakh dodal Salan oRwima yaZma Calg malsnng baglane, Bu Eapsamda va-
rilen Grnekler dzernden sanslar v blydklahbern karglagbnma ile dgdi tahemin calgmalan
yapilr. Basamak tabkysy deerinde 0rt. beg. alt basamakl dodal saylarn BHEGKIernl v
basamak degedenin gistermalen ve ckumalan stenr. Aynca okunuglan warlen saalan
yazrmalan baklenir. Bu etkinlikderde ara basamaklannda veya bir bilkyin tamamnda 07
olan salar da wor vorilimesing dikhat edilic,

Figure O.3. Mathematics curriculum 3.
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OGRENME CIKTILARI
VE SUREC BILESENLERI

ICERIK CERCEVESI

Anghtar Kavramilar
Sembol ve Gosterimber

(icme ve
Degerkendirme)

MAT 5. 1L3. Gergek yagam durumlanna karssbk gelen kesirlern tarkh bicimlerde temsil sde=
bime

o) Kesirlerin fark gos terimiennin (blegik, fam soyil, ondall, yirde) gerpek yo-
FOT o iCarisandeRd kellareans ndor,

b} Gergek yogom durumionnda korglopilon kesirkerin forkh gbsterimierini iy-
kilendmek igin farkk modeller (yirdk kort, somut modeller, say dogrusu
qibi] seger.

cl Secilen modellern kullonr.

¢) Kullardan modeller kesirlerin lorkh gSsterimibor o yorurmlar.

d) Benver durumigrde kullondobilecek forkh modelieri kullaneii® opmndan
karglagter,

&) Korglogtrdy modelerin kullongbdnag digkin karor verir,

MAT 5. 14, Farkh gstenmberie ifade edden kesirlern karglastmimasana yonelik cikanm
yapabalme

a) Farkk gisterimierle fiode edilen kesilerin karséastmimosng yoneli vorsa-

c) Elde ettigi genellernelerin vorsayrmin korglaypp korglomaodsge say dogru-
su, ekl gibi temsiller dreninde gosterir.

¢! Vorsoyrm Be dgili ulogixy sonuco yonelik matemnafiksel Gnermederi sdeel
yo do sembolik hemsil ile sunar.

d) Sundugu Snefmelorn tahimn atme becarising katlksn gerekpslerio ogkdar,

Kosirlar:
Kesirlerin Farkh Gisterimberi
Kesirberin Karsdastwdmas:

Genllemeler
= Bir lrsrin pay ve paydasine 0/ s} harig oyre dogel sy ile corparok veya bd-
lerek denk kesirler elde edilir,
Anahtar Kavramlar
bilegik kosir, birim kesir, donklik, ondalk gistorim, tam sayd kesir, ylde
Sembol ve Gisterimber
%

Gigrenme qikedar; agh uch ve kisa covaph sorulardan olugan Weme testi, agik ughy som-
lardan clusan caksma kadds, 67 ve akran dederendsme fiofmilan we perfofmans gorevi ile
féyencilers kesirlerin farkh gostenmierini ve bu gosterimbosin karslagtnimasng yonolik
ullanilacak stratopler vo tomsillon icoren bir porformans gorevi varilebil, Vierilon porfos-
mans girevinde Sdrencilerden afig veya pano haswlamalan istenebiir. Harelanan Grin, si-
reg bilesenlerie olusturulmus kiteden iperen bt Gnoll veya analitis dorecel puaniama

Figure O.4. Mathematics curriculum 4.

143



YAGANTILARI

Temed Kabuller

On Degertendirme Sreci

Képnd Kurma

Tirkiye istatistik Kunemu rapodanndakd farkh kenulardan birinin (Trkkedek girigimierde
yapay 2ekd kullarem, yilk acdan mize sayps, ik satilan gazete says:, dgrencilenn yaga-
iy e kisi bas glnitk otk su miktan gibil arastndmasn genektinen performans gorevi ve-
ribibilir, Dironcilordon olde ettikerivesilon kosie, ondabi ve yirdek ghsterimier kullanasah
kargilagirmalan, aragtrma sonuglrm pogth temlier e gdstormelen ve bir Sunum hazr-
larnalan istencbillr. Sunumiar stneg bilegenlen ile olugtunulmasg kriterden igeren bitdnedl
wiya analith devecel puanlama anahtan kullandarak dedgerlendrnibebilir. Sl iginde ve di-
ginda yapslan grup ¢alcpmatantn v parformans glrevierinin ardndan &2 dederiendieme ve
abkran doderiendinmi formksn doldurulabalr,

Performans dranled, calsma kadalan e deme testien sonug degerbandirme alarak kulla-
rukablir.

Ogrencilerin kesir cesithen ve denk kesirleritemsil edebidiklen; birim kesirieri ve paydala-
1ot Ol hoosirien karsiagtr bl dikderi kabul edilmekiodir,

Ogrencilerin &n bilgilerinden yola cilolarak bir kesrin parca-batin anlamendan Hyade &=
me anlame sorgulamr. Bu sorguilamada &grencilerin birm kesirenn ve paydalan e5it olan
kasirlanin biyQkidklen haklonda tahminde bulunmalann ve karglagtrma yapmalann ge-
rodktingn acrk ughy sorulardan olugan bir ¢ahgma kiged: kullarulabalie, Kosir takomilan, kigin
bt lmia i da slan madel Gzerinde: BOGR0 Belirhe . parganm Doyl bl nd bdting gine
ifade etme we bitind gerekl saynda e parcaya aywarak denk kesirker elde eimeye ypone-
I sorular ile Ggrendcilerin denk kesirerke dgili bilgler degeriendirilebilir.

Denk kesirienin eide edimesine sadelestiome ve genegletme calgmalan ile baglarir. Basit,
Debogik we 1am sayh kesirlere iskin §n bilghe sahip olan Sgrenciler kesirlerin ondabk ve
ylzde ghsterimieri ibe ilk kez karglagmaktadir. Bu ghsterimieri berim kesarlerden iretme-
lari beklanic, Yapdacak s igi uygulamalara dncelikle birm hesidene we kesirkanin karg-
lagurimassna digkin cabgmalar ile baglaner, Bu cahgmalarda farkh kesie modellenind (alan
rodil, uzunluk modeh, Say dogrusu gibilhullsnmalan saglanic, By modelier de deneyim
karanan Ggrencilerden gercek yasam durumban deerinden farkh kesir gbsterimiennin
yaklagh degerieri hakkunds tahminde bulunmalan ve gegith ltm'hnﬂnr[ﬂ“l..;."_tl ya da le
yakanguni disinme gibil gelgtirmeleri bablonis.

Figure O.5. Mathematics curriculum 5.
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DORENME CIKTILAR
VESUREC BILESENLERI HAT 5.4.1. Kenar uwrunluklan dogal say olan bir dkdBrigenin pevre wrunhutu verldiginde
kenar wrunhykianng yorumiayabime

a) Kenar wrunduldan dogal say olan bir dikddrigensn pevne wnaniudgy verildigin
dier s ke uruniuidar incaler,

&) Verden gevre wunludunag sahip ve kenor wunluldan dogal say olon dikad-
gen olugturr.
) Kenar urunluldan dogal soy olan farkh diudSrtgenlerin aym gevre wuniudu-
na sehip clobilecedgin ogldar.
HAT.5.5.2. Birim karelerden yola cikarak dddirigenin alanirs degeriendiebims
a) DikdSetganan alann Siomede, Soctigh birim kareler Slodt clonak belirker,
) Dl t i olonery secilen binim konslerle Sicer.
] Birirn kare sayscine didde tgenin ikd ondeglk kenar wunlugu e ligkisn incoler,
¢ Dicadrtgann alan bosnteng (il ofdak kifain whnlukdan Gofper) fgkn
yarguia bulsnur,
HAT 5.6.5, Kenuar uruniubdan dogal sy olan bir dikdBrtgenin alarenen Slisi verlldginds
cevre wrunlugunu, Ceve wuniudu verildiginds alsnem yonemiayatdms
al Alorerin Siclisd verilen bir diluddrigenin covre wunlogunu, covre wunlegu
virian bar dilccASe iganin olane INCaler.
&) Ayw clong sahip forkh dikddrtgenlerin cevre urunivkionm ve oyme Qowre
<) Ayrw govre urunkugung sohip dikddrtgenlerin forkh oloniorg v oyre along so-
hif ik i genlerin farkd pevie wrunlukianng sahp olabileceqini ode eder.
HAT . 5.4.4. DidGn genen Cevie Wwunisgu ve alan Be ilgili problemilen corebime
) Diketrt qonin govre wasndude v clore de gl probiomiberde il matematifsel
bilegerrde [gekil, wrunluk, alan Sotler gibd) befirler,
b Moternceiksel bilrgenlor orosndakd ligkikon bk,
c} Problem bogiomendald termsileri farikh temsillere ddndstinir.
¢ HMaternaticed temaillers ddniptiradgl problemd kend tfodeler] be ogidar.
d) Froblemin sonucung fgkin tohminde bulunur v igember goroakdegticmink
o] Beliriedii strotejiler gdrdm igin uyguiar,
1] Céinim yollanm kontrol eder ve fonkme wiashirmayan straheiyl degistin.
G Probiermin pfsimd igin kdlondgr whyo geiptindgl stratajilen glrdm gegire-
rek aiterngtil cinaim yollanm deger kendirr,
4 Kulloncsr stratef veyo strofeer forkk problemienin cirdmiering geneller.
B Genellemenn gegerlign maemanikse] drneklerio dederlonding.

Figure O.6. Mathematics curriculum 6.



ICERIK CERCEVES]

Genellemelor!
Anahtar KavramlarS
Sembol ve Gésterimler

(Gigme ve
Degerlendirme)

Tamidl Kabuller

On Do riendirme Sdreci

Képrd Kurma

Dikddrtgenin Cevre Uzunlugu ve Alam

Genellermsler
= Bir pokgenin aloni birim olanior e SigdiGr.
« DikdErigenin alon, ik ardepk kenonn ureniukian ganpami ile hesaplany.
* Ay SN Vg (VTR UZuniugung Safip Birden Cok SRadrIgan Bulunur.
Anahtar Kavramiar
alan, cewre, didirtgen
Sembol ve Gosterimber
em’, m, be’, C[ABCO) A(ABCD)

Ogrenme cltilanciziorne testi, ack uChu sorular, yapdandinimeg grid, calepma kadedi ve per-
formans garevi ke degeriendinlabiin,

Debachbrtgrenin g urunhedu ve alani ile dgii problemierin ¢o2amd akgma kadich ve dere-
el punsninma anshisn de degorendiilebiir,

Byra ovre uzunluduna ya da ayne akang sahip fackh dikddrigenior e hanrianan pisel sana-
b Lasanmlanni iGeren performans gdnovi: anlama, ipenk, dogrulul, garsal matenyal gibl ki~
terierden olugan bOtGnedl veya analitik derecel puanlama anahian e degeriendribebilir,

Tema besunca slenen Ggrenme Giktlanisingg bilesenien hakbenda Sgroncilerin oksik 59~
Fnrighiring Dehrigmdh v gaaimek amacnla ke Lesh uygulanabdr,

Performans Grand, izieme testl, yapdandnimig grid v calgma kagut sonug degerendir-
mi olarak kullsralabilir,

Ograncierin uzunluk Glciming ilgkin standar Slome birimborini tansdsdl vo kullands,
standant uzuniuk Glgma bisimlgrini birbiring dondstindogl. geometrk sehillarin Govie
uruniugunien AlGOMOnde matematinsel arag v Eknalojiden yararantg ve jeklledn
alan i St aEndart ornayan GICmie berimi e ShCtocl kabil i kb,

On degeriendame sirecinde dgrencilere uzunbul ve alan Slome e gl sorular sonulabi-
lir, Standart udunbuk Slgme berimbari, birimiles aras déndgimier, Govne uZuniugu ve ana
i BilGE, BOSER v kaveam yanekplanmim Lospit edimesi amacnyla dgrencilers agik ucly
sofular kullandabilr,

Ogrencilerin gecmatr lahias, noktal kg, &ninth bloklan gibi materyaller ike cesith
boyutlarda dikdértgenter olugturmalan ve Cévre uZunluklanm standart Slgme birimlari-
ni kullanarak dlgmaelen istenir. Ardindan deiter kapadn ve sranin 05T yUzd gibi nesnelorin
alanlanin nagl Slgeblocekben sorularak dgrencilenin standan cmayan Sigmd birimlen de
alanlan Glomelen sadlaner. Standart birimlene uzunluk Slemeye lghn dentpmilerinden
yola Gikarak alan Glgmede kullsndabilecek standart Slomee birimiler Grering tartigma of-
tami ohugturulabili,

Figure O.7. Mathematics curriculum 7.
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DERS SAATI

ALAN
BECERILERI

EAVRAMSAL
BECERILER

EGILIMLER

PROGRAMLAR ARASI
BILESENLER

Sosyal Duypjussl
Ogrenme Becerilen

Degerier

Dkuryazarlih Beceriben

DISIPLINLER ARASI
ILISKILER

BECERILER ARASI
iLiSKILER

5.TEMA: ISTATISTIKSEL ARASTIRMA SURECI

Bu tomada Sjrancilerin kitegonk varmd dayab istatstikee aragtrma gerakiingn gengehk
yagam durumilannda istatistihsel aragtrma sirecini piratebilmeler we bagshkalan tarafin-
dan olugtundmug grafik, Qarsel, rapor, Sonug, yorum, ¢ikanm wiya tahminler hakkinda
[artegaiimelen amacdianmakiadr.

24
MABSG, Vori de Cakgma ve Veriye Dayak Karar Vonma

KEB2.18. Tartigma

E3.4. Gargeqi Arama, E3.5. Agik Fikirliik, E5.8. Analitik Duginme, E3.7. Sstemati Dima,
E3.8. Soru Sorma. EL.S. Shphd Duyma, EX.00. Elegtined Bakma

SDELYL Or Farkindald/Eendind Tanma, SDB1LZ. Or DizenlemosEendinl Dizenleme,
S062.0. Botigim, SDE2.2. |y By, SDB2.3. Sosyal Farkandahk

05, Duyartilik, D6, DdeGatidi, D17, Tasarrul, D8, Tomizia

QBN Bigi Okwryazarhcp, DB 2. Diptad Okuryadarhk, 0B3, Finansal Okuryazachk , DBL, Gorgal
Dhuryazarid DBE, Vatandaghk Okwryazasig, D8, SOrddnibebidirik Dhuryazarigy

Sosyal Bisgiber, Fen Bdimber

MAED. Matematikhel Temsd, MABS, Matematingel Arad we Telorsobog ik Calegma,
KB3.3. Eleglirad Dighnme

Figure O.8. Mathematics curriculum 8.
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OGRENME CIKTILARI MAT.5.5.1. Kategarik veri ile calisabiime ve veriye dayah karar verebilme

VE SOREC BILESENLER]

ICERIK GERGEVESI

Goncllemeler
Anahtar Kevramiar/
Sembol wo GEsterimlar

o) Kotegork veriye doyonan istatistikes arogtrma gerektiren durumian fark
e,

b)) Kotegork wirie doyonon Detimieme wiyo karpdastvmao gerektirebdecek
QgL sorulen slugturur.

) Kotegarik veriye ulagmaok icin plen yopar.

¢l Kolegorik veriye ve arosinma Sorusuna uygun anket sorulan hoaiar,

dl Anketi kublenarak v oplar viya hasie vty wlogs,

o) Viovi phrsofegtirme arocwe [srkirk toblosy, sUtun grofigi. daire grafigi. nokeo
rofige gibil segme perekpelorini belirtir,

1) Toplanan weviyi uygun garseliestirme oracs ie anakz eder.

gl Arggtwma sonugionm eide odir.

G} Aragtemoda ulagta sonudang pinaik gerakieler Sunor,

h) Arggtema sonugiarmen orasierma sorusana ne dizeyde covap vvaidind de-

1) Arostema sired odembone dederiendirensh arogtrma sdrecine uygun of-
frdpon admiosn yeniden phoniar.

HAT.5.5.2. Bagkalan tarafindan olustunslan kategorik veriye dayak istatistiksel sonug

vaya yorumilan taregabilme

a} Baskalan tarafindan ofugturulon kobegank wirye doyoh istatistisel sonuc
vieya yorwmilong yinelik istatistisel temellondirme yapar.

b) Bogkalon torofindon olugturulon kategork verye dayol istatisticeel sonug
vieya yorwmilong yinelik hirtalon yo do yonhlklon tespit eder.

clBaghalan horafmdon olugtunsion kobegarik veriye doyol Sonug weyo ponumion
cardndr yo da kobul eder,

Kategorik Vieri Daduhmian

Genollgmeler
+ Vieri dogumion, verinin dedigobiliriyl hokhnde bilgi verir.
= Sakhk dogai kotegorik v Setlerindd SoguTy yansihy,
Anshtor Kavramiar
dadgilem, daire grafidl, dedgrsebiirik, kategorik dedigken, nokia grafigi, sikhk degeri, situn
qrafigi, veri
Sembol we Gosterimber

Ogrenme ckiilan: performans gorevi, 42 degeriendirme v akran dederiendirme formian
we gidlem formau ile dederendiriebilir.

Ogrencierden ghnlik hayat dururmianns yiaekk istatistiksel aragtirma strecinin bitl-
niini kullanacaklan ber performans girevi hanramalanistenebilir, [statistiksel aragtirma
sdrecinin bibndnd yanatan v aragterma somscianm aghlayacaklan poster haaeiamalan
beklanebilir, darencilerin hanrlachd posten er, arasirma Sofusuna abrg veri toplama, veri

Figure O.9. Mathematics curriculum 9.
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Tiirkiye istatistik Kunsmu raporianndakd farkh konulardsn barinin (Tarkiedek gingimierde
yapay Dok kulkarami, yilk acdan mize say. yikk satilan gacete saysi, dgrencilenn yasa-
chp i@ b basp glnlik atik su miktan gibd) aragtnimasr ganaktinen performans glravi ve-
rilabilir, Dgrancilorden slde otk verilon kisir, ralk v yizdelik gastonimier kullanassk
kargiagiermalan, aragirma Sonuginm pegth temsalier ibe gistenmelen ve bir Sunum hagr-
Larnalan istenebidr. Sunumiar sireg bilegenden ile olugtunulmug kriterlen igenen bOtGncdl
vy anaktih derecel puanlama anahtan kullandarak degerlendibobilic. Sef iginde ve di-
§inda yapslan grup calspmalannn v performans girevierinin ardndan &2 degerlendiome ve
akran degeriendinme tormisn doldurulabale,

Parformans drdnlen, caligma kadealan ve dheme testhori sonwug dedgeriendirme olarak kulla-
rulablir,

Ogrencilerin kesir cesitlori ve donk kesirleri temsll edebildiklen: birim kesirkeri ve paydala-
gt olan kegirlen harglagtarabidisl e kabul edilmakiadr,

Ogrencilerin &n bigilerinden yola ¢ikolarak bir kesrin parca-batin anlamendan Zyade k-
me anlama sorgulanir. Bu sorgulamada Bgrencilerin birim hesidenn ve paydalan et olan
ksirbarin blyakiiklen haklonda tahminde bulunmalanns v karplasirma yapmalann ge-
roktingn aCik uGhu Sorulardan olugan bir cahgma kidid kullarulababr, Kesir takmilan, kidin
ki lama ya da alan modedi Gzennde; butdnu bebriemd, parcanm bkl s nd Butong gore
ifade etme ve bitind gerekli sapnda o5 parcaya aywarak denk kesirken elde eimeye yone-
I sarular e Bgrencilerin denk kesirlerke dgili bilgileri degerlandirilebilir.

Denk kesirdenn elde edimesine sadelestinme ve genigletme cabgmalan ile baglanir. Basit,
Debpgik v tam saph kessriene iepkin On bilgye sahip olan Sgrenciler kesirlerin ondakk w
yinde gosterimien ik ik kez kargilagmaktadie. Bu gdsterimile i barim kessrlenden tireime-
bari baklenir, Yapdacak sinf ici uyguldmalara dncelikde birim hasidone we kesirkenin kirg-
lagtirirmagana dighin cahgrmalar ile baglarer. Bu cahjmalarda farkh keser modallerning (alan
model, uzuniluk model, say dogrusu gibil ulksnmalan saglanr, Bu modelier e deneryim
karanan Sgrencilerden gencek yasam durumban Gererinden farkh kesir gisterimbeninen
yaklageh dedgerien hakkunda tahminds bulunmalan we cogithi mnteﬂnr[ﬂ"l..;."_rl ya da Fe
yakondaduni diglnme gibdl geligtirmalani baklanis,

Figure O.10. Mathematics curriculum 10.
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ghrsellegtirme, sonuglan arastirma sorusy baglaminda yoremlama, posterin tasanmi vo
Sunumu s Shcotlerden olugan bOtuncdl wyrd anabtik derecel puanlama anyhian ile de-
genendiriebilir. Oz degericndame farmu ke Sgrencilerin zorandigi ve keyil aldigi naktalan
aciklamalan v yend aragtrma shredleninde farkhlagliracad adimilan itade etmelen iste-
feabilir,

Ogranciler arkadaglannen arastrma sireg ve sonuglann incelediklen grup caksmalann-
dla. aFa5NMMa SOAUSUR gore vori toplama snecing: grafik ve tablo gibi gdrselienin uygun-
Iuna: SOnUG, YOTum, CIRARM v Lahminkerin dognulugund ligkn kateren enen akisn
dederiendirmme formu doldurabsbr,

Perfarmans aronler ve Caisma kAgitan sonug segeriendirme obarak kullsilsbar,

Bir problemin coolminde istatistiknsel aragtrma sdrecinin adamianns takip etmeden ge-
rektigini fark edebidikion, kategork vorye v Sayma ile aide edilen nicel veriye dayal
sorstlan yoru milayabelddden. istatistinsel sonug wo Glanmilan sorqulayarak verme dayah
karar verebildklen kabul edilmekiedir,

Istatistiksol aragtrma shreci temasing baglarken &grencilerin Sncekl Sgrenme shreglen
dikkate ainabile. Kategorik veriye dayak olugturulan arastirma sorulannn ne ker olabile-
cegi tartigdabdic. En gobk iki veri seting iliskin tablo [sikli, cotele gibi)ve grafikler (nokta
grafigi gibi] yokeyla vern glrselleglirmaye v yorumlamaya yénelik cabmalas yapilabilir,
Dgrencilerin haz bulsnugiuk daziylerin Beliiemos v skekbenni tespit etmek ign ghz-
lem formu ve konitrol listesd kullandabilic,

Dikchat cehici bir materyal (afig, brogir, makale, garete, gorsel gibil hazwianarak égrencile-
rin materyal hakknda diginceler ve dncekd deneyimbori sargularsr, Ogretmen tarafindan
Ggjrancilerin bu materyale gl nasal ber aragtinma sorusy Oretebdlecedl. someya ot wornin
nasl toplanabileceds, toplanan verinin nasd girsellegtirilobileced wve yooumlanabileced
sinef igi tartigma sdfeciyle gidembenir. Boylelikde dgrencianin ko kulda Sgrandiklen ista-
tistiksel aragtrmd sineci haderlatibr,

Omegin dgrencilere Covee sorunlan ile il istatistiksel aragtrmma gorektinen bir gergek
yagarn problerning Grnek verebilic misiniz ¥ gibi metak uyandiran sorular yanelzikebilir, Ve-
rilen yanitlann aragirma sarusu olup oimadge dgrencilerle targilarak istatictiksel arag-
tirmaya duyulan iktiag ortaya cikankr. Omekler dgrencilenin yakn covwesindeki gercek
yagamlarndan segilir,

Figure O.11. Mathematics curriculum 11.
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