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ABSTRACT 

INTERDISCIPLINARY STEM EDUCATION: EXPLORING 

TECHNOLOGY AND ENGINEERING INTEGRATION IN 

MATHEMATICS AND SCIENCE CLASSES 

 

Başak HELVACI ÖZACAR 

 

Department of Mathematics and Science Education 

MSc. Thesis 

 

Adviser: Prof. Dr. Hasan ÜNAL 

 

STEM education is one of the trend topics in education in many countries, especially in 

Turkey. One of the biggest concern in STEM Education is the efficient and meaningful 

use of technology and engineering. Qualified and tech-savvy teachers are needed for the 

area as a result of the pedagogy of STEM Education and the interconnectedness of these 

disciplines. New research and professional development programs are required to be 

conducted when such post-modern paradigms raise because teachers are being asked to 

become proficient at new skills and responsibilities and implement these into their 

practices. 

This study investigates how STEM teachers implement and integrate technology and 

engineering, which tools do they use more frequently as a part of their science and 

mathematics lessons in 5th and 6th-grade topics. The ulterior motive of the study is to 

explore the effect of integrating technology and engineering in overall quality of STEM 

lesson plans. 
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The data obtained from 32 science and mathematics teachers who participated in 

TÜSİAD STEM Project: a teacher professional development program. The teachers 

attended to four face-to-face STEM workshops, each received one STEM kit with a 

guide including six STEM lesson plans. During this professional development program, 

at least one lesson plan was implemented by participant teachers and they gathered 

together to reflect on their classroom experiences. At the end of the professional 

development program, teachers created their own authentic lesson plans. These lesson 

plans were investigated in terms of interdisciplinarity - integrating technology and 

engineering into science and mathematics classes. 

Overall, findings demonstrated that the science and mathematics teachers in the 

professional development program integrate technology and engineering in six different 

categories. Although, there is no significant difference reported of integrating 

technology on the quality of STEM lesson plans, engineering integration showed a 

significant difference on the quality of STEM lesson plans.  

Keywords: STEM education, integrated teaching, teacher education, professional 

development 
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ÖZET 

STEM EĞİTİMİNDE DİSİPLİNLER ARASILIK: MATEMATİK 

VE FEN BİLİMLERİ DERSLERİNDE TEKNOLOJİ VE 

MÜHENDİSLİK ENTEGRASYONU 

 

Başak HELVACI ÖZACAR 

 

Matematik ve Fen Bilimleri Eğitimi Anabilim Dalı 

Yüksek Lisans Tezi 

 

Tez Danışmanı: Prof. Dr. Hasan ÜNAL 

 

STEM eğitimi özellikle Türkiye olmak üzere birçok ülkede popülerdir. STEM 

eğitimindeki en büyük kaygılardan biri teknoloji ve mühendisliğin etkili ve anlamlı 

şekilde kullanımıdır. Nitelikli ve teknolojiyi yakından takip eden öğretmenlere olan 

ihtiyaç; STEM eğitiminin pedagojisi ve STEM alanlarının birbirleri ile bağlantıları 

sonucu ortaya çıkmıştır. Hızla değişen dünya ve post modern paradigmalar; 

öğretmenlerin yeni beceriler kazanmalarını gerektirir ve onlara yeni sorumluluklar 

yüklerken; yeni araştırmaların yapılması ve öğretmen mesleki gelişim programlarının 

düzenlenesi bir gerekliliktir. 

Bu çalışmanın STEM öğretmenlerinin 5. ve 6. sınıf fen bilimleri ve matematik 

derslerinde, teknoloji ve mühendisliği nasıl ve hangi araçlarla bütünleştirdiği ve 

uyguladığını araştırmaktadır. Çalışmanın bir diğer hedefi ise öğretmenlerin, teknoloji 

ve mühendislik disiplinlerini kendi disiplinleri ile bütünleştirmelerinin STEM ders 

planlarının genelindeki etkisini keşfetmektir. 



  

 

 

xiii 

Araştırmada bir öğretmen mesleki gelişim programı olan TÜSİAD STEM Projesi’ne 

katılan 32 fen bilimleri ve matematik öğretmeninin STEM ders planları veri olarak 

kullanılmıştır. Programa katılan öğretmenler dört yüz yüze STEM çalıştayına katılmış, 

içinde 6 ders planının olduğu bir rehber ve bir STEM kiti almıştır. Bu mesleki gelişim 

programı süresince öğretmenler en az bir ders planını sınıflarında uygulamışlar ve 

deneyimlerini paylaşmak üzere bir araya gelmişlerdir. Programın sonunda öğretmenler 

kendi özgün ders planlarını hazırlamışlardır. Hazırlanan STEM ders planları disiplinler 

arasılık ilkesi — teknoloji ve mühendislik disiplinlerinin matematik ve fen bilimleri 

disiplinleriyle bütünleştirilmesi çerçevesinde incelenmiştir. 

Sonuç olarak, bulgular öğretmen mesleki gelişim programına katılan fen bilimleri ve 

matematik öğretmenlerinin teknoloji ve mühendislik disiplinlerini altı farklı kategoride 

bütünleştirdiğini göstermektedir. Teknoloji disiplininin bütünleştirilmesi STEM ders 

planlarının genelinde anlamlı bir değişikliğe sebep olmazken, mühendislik disiplininin 

bütünleştirilmesinin istatistiki olarak anlamlı bir değişikliğe sebep olduğu saptanmıştır.  

Anahtar Kelimeler: STEM eğitimi, bütünleşik öğretmenlik, öğretmen eğitimi, mesleki 

gelişim 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Literature Review 

In the 21st century, the everchanging technologies and industrial revolutions of this 

postmodern era brought necessity for every individual to acquire some specific skills 

around 21st century themes and core subjects. These skills are learning and innovation 

skills, information, media and communication skills, life and career skills [1]. The need 

for these skills led to the emergence of new strategies, notions, models, and frameworks 

in education. The unity of the disciplines: science, technology, engineering and 

mathematics (STEM) is one of the newly emerged frameworks in education.  

Although STEM is a contemporary term to bring interrelated disciplines under the same 

roof, the idea of focusing on the intersections of different disciplines is rather old [2]. The 

earliest article was published in 1905 on the topic of integrated science and mathematics 

[3]. The concept of integration was expressed differently over the last hundred years, it 

was called the integrated curriculum during the 1920s; the core curriculum during the 

1930s; the problem-centered core curriculum during the 1940s and 1950s; the 

interdisciplinary curriculum during the 1980s and 1990s [4, 5]. During the early 1980s, 

interdisciplinarity was introduced as a form of co-operation between various disciplines, 

which contribute to the achievement of a common end and which, through their 

association, further the emergence and advancement of new knowledge [6]. The 

integration of science and mathematics, in other words, interdisciplinarity approach 

towards these disciplines is a recurring theme to achieve curricular goals [7].  
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In traditional science and mathematics classrooms, subject matter is often taught in an 

isolated way; mathematics teachers focus on mathematics content, and science teachers 

focus on science content. Yet, interdisciplinary curriculum includes problems and 

activities that cross lines of different disciplines and more closely resemble science, 

mathematics, and engineering applications and real-world problems [7]. Connection to 

the real-world and non-isolated mathematics and science classes were argued by Dewey 

under the term “learning by doing” and he indicated the weakness of almost all schools 

as the separation of school studies from the actual life of children and the conditions and 

opportunities of the environment. [8]. Dewey’s report about Turkish education influenced 

teacher training in the 1930s and the elementary curricula in 1948 in Turkey [9]. Dewey’s 

pragmatic educational approach seeks a practical way to connect school studies to real-

world without implementing major changes in education [10,11]. As a result, elementary 

curricula of 1948 were created by considering the integration of all disciplines under the 

headings of life sciences, natural sciences and family knowledge [12].  

While Dewey emphasized the link between the disciplines and practical applications, 

Piaget pointed out collaborative and creative assets of interdisciplinarity [1]. Following 

Dewey’s and Piaget’s works, the term interdisciplinarity was studied by many researchers 

in the 20th century [14-18]. These ideas, definitions, frameworks and models formed a 

basis for STEM. 

During the first decade of 21st century, STEM was used quite commonly to point out the 

individual disciplines and the interdisciplinarity [19]. There is no general agreement on 

defining this framework, various interpretations and definitions of STEM education have 

arisen in the literature [20]. Some researchers refer to STEM education as each individual 

discipline while others point out the intersection of these disciplines [21]. STEM 

education has been defined by Çorlu et al. as follows: 

“knowledge, skills, and beliefs which are collaboratively constructed [by students and 

teachers] at the intersection of more than one STEM subject area” [22]. 

This definition does not only stress knowledge on subject areas but also skills and beliefs. 

While Bybee’s definition of true STEM education emphasizes mainly the efforts to 

increase students' understanding of how things work and how they use technology [23]. 

Some researchers like Sanders add a non-STEM discipline to the equation and defines 

STEM education as; 
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“Teaching and learning between/among any two or more of the STEM subject areas 

and/or between a STEM subject and a non-STEM subject such as the Arts [20]. 

There exists an obvious and expected confusion towards STEM education because of the 

appearance of different definitions in the literature. The confusion has uttered in various 

articles one of which states that STEM education covers the full spectrum from a mix-

and-match or continuum approach, inter- and multi-disciplinary, through to a fully 

integrated view of STEM education [21, 22].  

While STEM education is seen as a relatively new field in educational research, countries 

and international organizations are concerned with the economic outcomes of STEM 

education. As employment is the driving force of economic growth, STEM professions 

are expected to become even more important in the coming years and it is imperative that 

the supply of STEM skills keep pace with this increasing demand [25-27].  

1.1.1 Necessity of STEM Education 

The essential purpose of STEM education is to raise the current generation with 

innovative mindsets [28].  With an effective STEM education program, overlapping 

concepts and principles can be brought together in a meaningful way, students are 

encouraged to make new and productive connections across two or more disciplines, 

which also lead to meaningful learning experiences, improved student learning and 

transfer as well as interest and engagement. [29-31]. One other expectation of STEM 

education is to support students to become competent in 21st century skills.  

For individuals to be equipped with the most appropriate skills to work in STEM fields, 

it is very important to assess what skills are most needed. Given the rapidly changing 

nature of the today’s world, the evolution of these skills must be closely monitored, thus 

European Union (EU) and Organization for Economic Co-operation and Development 

(OECD) published several reports in the past ten years concerning the growing need for 

developing the right STEM skills to overcome the challenges the human-kind will face 

in the near future [25, 26, 32, 33].  These challenges were underpinned by The OECD 

Education 2003 as the following; 

(a) Environmental Challenges, 

(b) Economic Challenges and 

(c) Social Challenges [34]. 
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To reveal the STEM skills necessary to overcome these challenges, several studies 

focusing on STEM education and the expected outcomes have been carried out for the 

last three decades [35]. Many of these researches indicate not only improved problem-

solving skills, increased motivation and developed mathematics and science 

understanding as the outcomes of STEM education [36, 37] but also increased awareness 

towards the applications of the content knowledge [38, 39]. Burrows and Slater also 

discuss that STEM education can help the next generation of students to solve real-world 

problems by applying concepts that cut across disciplines as well as capacities of critical 

thinking, collaboration, and creativity [40]. 

All in all, an early interest in STEM topics can be a predictor for later learning and 

eventual career intentions and also excellence in STEM education can impact business, 

productivity and competitiveness in many sectors and in the field, such as health, 

technological innovation, manufacturing, informatics, politics, cultural and social change 

[41, 42]. 

1.1.2 Interdisciplinarity in STEM Education 

Crossing between the boundaries of the disciplines, interdisciplinarity can contribute to 

the development of generation with innovative mindsets. A holistic perception of the 

world can be achieved with interdisciplinarity training [43]. Since the beginning of 20th 

century, educational researchers have studied the integration of interrelated disciplines, 

mathematics and science. In defining how to integrate mathematics and science, Berlin 

and White suggested to collect and use data in problem-based integrated activities that 

invoke process skills, use instructional strategies that would bridge the gap between 

students’ classroom experiences and real-world experiences outside the classroom [44]. 

A student-centered approach was also apparent in the study of Sunal and Furner, they 

remarked on students’ experiences, organization, and thought about mathematics and 

science, as well as meaningful integration [45]. Integration is not only mixing of 

disciplines but also generating meaningful classroom activities that are relevant, 

engaging, and aiming at the curricular standards and scopes.  

According to Lonning and DeFranco, the reason for the integration of mathematics and 

sciences is related to the issues of increasing the meaningfulness of both disciplines [46]. 

In their study in 1997, they presented the following continuum of integration mathematics 

and science to characterize the nature of relationship between disciplines. 
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Figure 1.1 Integration of mathematics and science continuum [46] 

Although many researchers studied the methodology of integration of science and 

mathematics, Davison et al. investigated the meaning and types of integration in order to 

understand the integration found between and among science and mathematics. 

According to them, there are five types of integration; discipline specific integration, 

content specific integration, process integration, methodological integration and thematic 

integration. 

Table 1.1 Types of Integration [47] 

Types of Integration  

Discipline Specific 

Integration 

an activity that includes two or more different 

branches of mathematics or science 

 

Content Specific Integration 

an activity that involves instruction in each of 

existing curriculum objective from mathematics and 

science 

 

Process Integration  
integrating curriculum through the use of real-life 

activities in the classroom 

 

Methodological Integration  
a scientific or mathematical methodology that is 

integrated in the other discipline’s teaching 

 

Thematic Integration  a theme which then becomes the medium with which 

all the disciplines interact 

 

These types of integration also a predictor of the relationships in between the disciplines. 

In 2013, Vasquez et al., argued the increasing levels of integration on disciplinary 
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concepts. This study pointed out different forms of integration; disciplinary, 

multidisciplinary, interdisciplinary and transdisciplinary integration. Interdisciplinary 

integration involves closely linked concepts and skills which are learned from two or 

more disciplines with the aim of deepening knowledge and skills [48]. Preparation of 

interdisciplinary instruction requires the lesson or unit to support learning skills and 

content of at least two disciplines, to use new knowledge and skills from these discipline 

of competence as well as to enable the teacher to engage and encourage the students [16]. 

Given the rigorous nature of interdisciplinarity, Jacobs suggested that planning and 

teaching interdisciplinary lessons should involve two or more teachers, common planning 

time, the same students, teachers skilled in professional collaboration, consensus 

building, and curriculum development [49]. 

A relatively recent study by Gero in 2017 collected and compiled different hierarchies of 

interdisciplinarity in the research literature, which are based on the level of integration 

between different disciplines.  

Table 1.2 Different hierarchies of interdisciplinarity [50] 

Level of Disciplinarity  

Informed Disciplinarity 
emphasis is put on a single discipline; however, 

other disciplines are used to shed light on specific 

issues of the discipline discussed 

Synthetic Interdisciplinarity 
terms and theories of different disciplines are 

integrated, when the terms or theories can be 

attributed to a specific discipline 

Transdisciplinarity 
terms and theories of different disciplines are 

integrated to such an extent that the terms or 

theories cannot be attributed to a certain field 

Conceptual Interdisciplinarity 
disciplinary perspectives are integrated without a 

compelling disciplinary basis 

As well as the varying interpretations in terms of interdisciplinarity, the different 

interpretations of STEM education in the literature existed and led to the integrated STEM 

education terminology [51,52]. Integrated STEM education is an effort to combine 

science, technology, engineering and mathematics based on connections between subjects 

and real-world problems. However, integrated STEM education may involve more than 

one class and teacher and does not necessarily include STEM's four disciplines as 
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Stohlmann et al. and Corlu et al. adverted [24,22]. According to the report of Committee 

on Science and Technology, integrated STEM education is an approach to teaching that 

is larger than the STEM disciplines apart [52]. While some researchers still recognize the 

importance of integrating technology as the “T” in STEM, technology integration appears 

to be grasped in very different ways, reflecting the range of technology integration from 

superficial to transformative [51].  

Furthermore, the reason behind integrating STEM disciplines was lying on the fact that 

in a complex, globalized world, citizens are responsible of making use of 

multidisciplinary knowledge in order to understand and address the multifaceted issues 

and concerns they face [53]. School curricula, however, usually compartmentalize 

knowledge into isolated disciplines [54]. From this perspective, intelligent integration is 

important. The difficulty with integration is intensified lately due to insufficient or lack 

of the attempts to either replace or offer as an alternative, an integrated STEM curriculum 

to support teachers [55]. 

Along with the changing global prospect, the views towards STEM education have been 

transforming in Turkey. In January 2017 Turkish Ministry of National Education (MoNE) 

released the draft curriculum of elementary science education. In this draft, there was an 

additional STEM chapter which was planned to be covered at the end of spring term in 

grades 3 to 8. This additional chapter was named “Science and Engineering Applications” 

[56].  

The process of developing a new curriculum continued with pilot studies in 5th grade 

science classes and feedback was gathered from science teachers all around the country 

[57]. MoNE published the final version of the curriculum in January 2018 just after one 

year. The collective efforts of both academicians and in-service teachers to create the best 

curriculum focusing on the 21st century needs, taking into consideration the social and 

cultural settings can be seen as a revolution in education. 

1.1.3 Teacher Professional Development (PD) Programs 

The teacher professional development is a lifelong process which starts with the initial 

preparation as a pre-service teacher and continues until retirement time [58]. 

Unfortunately, current teacher education is reported as inadequate, and several 

researchers proposed a change both in the quality and duration of teacher professional 

developments [28]. In concordance with the findings of the research, both pre-service and 
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in-service teachers’ responses suggested the need for STEM teacher education courses 

and workshops on integration and bridging multiple STEM disciplines through teamwork 

in real-world problem solving [59].  

 

 A substantial body of research also demonstrated that teacher professional development 

can assist student achievement in STEM disciplines. A longitudinal, quasi-experimental 

study by Saunders et al. compared two groups of teachers during a three-year period and 

found that the teachers who received professional development had greater student 

achievement [60]. These findings have been supported by previous research, which 

showed that teacher participation in professional development programs is associated 

with continued growth in state assessment scores across the years and increases in 

students’ academic achievement [61-64]. 

Moreover, in the literature implications for teacher professional development programs 

highlighted as follows:  

(a) more exposure to concepts, processes, and skills in STEM that is similar, 

analogous, complementary, or synergistic;  

(b) familiarity with instructional strategies and access to resources;  

(c) a deeper understanding of content across STEM; and  

(d) strategies for collaboration and teamwork to make integrated instruction time 

more efficient and less difficult to manage [65].  

However, there is still need for investigating the prerequisite skills, beliefs, knowledge 

bases, and experiences necessary for teachers to implement integrated STEM education 

in their classes [36].  The deductions from these studies can be summed up as more 

research on developing teacher professional development program content should be 

done, more opportunities for teachers to participate in long-term professional 

development should be generated. 

1.2 Objective of the Thesis 

The objective of this present study is to critically explore the technology and engineering 

integration in mathematics and science lesson plans in order to identify the contribution 

to STEM lesson plan quality. With this objective, it is aimed to reveal the effect of 

integrating several disciplines into one lesson on the different parts of a whole STEM 
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lesson plan. In an attempt to find out the correlation between technology/engineering 

integration and overall lesson plan quality, the following three research questions have 

arisen:  

 Is there a statistical significant main effect of technology and engineering use on 

the quality of 5th and 6th grade mathematics and science lesson plans? 

 Is there a statistical significant main effect of the discipline of teachers on the 

quality of lesson plans? 

 Is there a statistical significant interaction effect of technology and engineering 

use and discipline on the quality of lesson plans? 

 In what ways and to what extent do teachers utilize technology and engineering 

in their STEM lesson plan? 

The answers to these research questions are expected to enable the researcher to make 

meaningful comparisons in between different studies and their effect sizes.  

1.3 Hypothesis 

STEM Education encourages students to make new and productive connections across 

two or more disciplines, which also lead to meaningful learning experiences, improved 

student learning and transfer as well as interest and engagement [29-31]. While designing 

interdisciplinary curricula attention must be paid to not only what is being integrated but 

also to what extend each subject is being integrated [17]. Therefore, the hypothesis of the 

study is that the quality STEM lesson plans of the teachers who integrated technology 

and engineering objectives into their mathematics and science classes are expected to 

show a statistical significant positive effect.  

The rationale of this study is to explore an aspect which has not yet investigated by other 

researchers. As provided in the previous subsections by reviewing the literature, one can 

deduce that the teacher professional development programs are prevalent but not 

sufficient across the countries. Although the effects of integrating particular disciplines 

have been studied and sound outcomes regarding the student achievement have been 

stated, the effect of integration in the overall quality of teachers’ lesson plan has not been 

studied in the manner that this study covers [60-64, 67]. Investigation of 

interdisciplinarity: integration of different disciplines such as technology and engineering 

into mathematics and science classes is a necessity. Therefore, to explore the effects of 
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integrating technology and engineering on the STEM lesson plan quality is believed to 

be a unique context to study in order to see from the teachers’ perspective. By taking into 

account the effects of integrating different disciplines, more effective teacher professional 

development programs can be developed.  

Last but not least, in words of National Academies to be able to “rise above the gathering 

storm” and to have “a brighter future”, teachers are the key elements on this process. Just 

as this referred storm which is going to cover the whole globe, the brighter future is also 

going to be for the nations that act accordingly. Recommendations for raising innovative, 

creative, collaborative, critical thinker, and tech-savvy generations include calls for 

increased recruitment of science and mathematics teachers, expanded teacher education, 

promotion of the STEM pipeline through K–12 education, greater research funding, and 

adoption of economic policies that would foster innovation in mathematics and science 

[68].  

The following four outcomes are also the main rationale of the teacher professional 

development program; 

(a) Flexible Curriculum: TUSIAD STEM kit, application guide and face-to-face 

teacher professional development, 

(b) Professional Learning Community: TUSIAD STEM portal and online teacher 

training within this portal, 

(c) Knowledge Society: TUSIAD STEM Fair and 

(d) Impact analysis report and academic studies [69]. 

To conclude, the rationale of this present study mainly focuses on the last item of the 

above outcomes. To investigate the specific outputs – STEM lesson plans of this STEM 

teacher professional development program in terms of technology and engineering 

integration is chosen to form a basis for teacher focused STEM research. 
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CHAPTER 2 

FRAMEWORK OF THE STUDY 

In this chapter, related studies on STEM education, teacher professional development 

programs as well as the framework of the present study are presented.  

2.1 Related Studies 

In the context of this project, some of the necessary equipment necessary for the practice 

and necessary knowledge to facilitate full integration were supplied. With face-to-face 

STEM workshops and teacher guide, it was aimed to inspire teachers to create their own 

authentic STEM lesson plans. The need for teacher professional developments to 

encourage teachers and support them to connect different disciplines was argued by 

Ríordáina et al. in 2016 [70]. She and her colleagues pointed out the demand for the 

knowledge of the ‘other’ subject and mentioned that the teachers viewed mathematics 

and science as being very different, distinctive subjects [70]. 

Another aspect of integration is to emphasize logical and conceptual connections across 

different STEM disciplines which are also a remedy for the problem asserted by 

Ríordáina. Thus, not only curricular but also pedagogical coherence across different 

STEM fields should be maintained [71]. As stated in Next Generation Science Standards 

(NGSS) in 2015 STEM education should be treated as a whole [72].  

Another aspect of planning interdisciplinary lesson plans is the investment of time, 

thoughts and setting. According to Jacobs, planning and teaching interdisciplinary lessons 

should involve two or more teachers preferably from different disciplines. Also, common 

planning time, professional collaboration, consensus building, and curriculum 

development are required to develop interdisciplinary lesson plans [49]. As Robinson 
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(1994) pointed out, the following considerations are necessary for the preparation of 

interdisciplinary instruction;  

(a) An understanding of the nature of subject field, 

(b) A deeper knowledge of methods of interdisciplinary subject matter 

correlation, 

(c) Strategies for motivating students to use process skills, such as reporting, 

research, problem solving, mathematical application, data collection, data 

analysis and drawing conclusions [16]. 

When teachers’ teaching a topic that they are not familiar with is not different from the 

experience of teaching outside the field. Teacher's subject identities are created through 

the involvement and recognition of the relevant subculture. For this reason, professional 

development programs have the potential to distort a teacher's competence, self-efficacy 

and well-being [73, 74]. 

Findings in the literature also support the conclusion that high-quality sustained teacher 

professional development programs have statistically-significant positive effects on 

teaching practices [75- 79]. Unfortunately, the positive effects are not linear, less effective 

professional development programs might have no or negative effect [78, 80]. 

 

Figure 2.1 Percentage of teachers who wanted more development than they received in 

the 18 months prior to the TALIS survey (2007-08) [81] 
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Figure 2.1 represents the percentage of teachers who wanted more development than they 

received in the last year and a half [81]. Turkish teachers situated just below the average, 

48% of the teachers stated that they wanted to participate in teacher development 

programs more than they did. These dates are between June 2006 and December 2008. 

There is a decade difference in between this research and the present study. It can be 

misleading to make any deductions from these percentages for today. Another study by 

Doğança Küçük et al. on early STEM context reports that although 30.5% of the teachers 

mentioned about their lack of their STEM knowledge for teaching, only 12.25% of the 

teachers stated their need for professional development about STEM education [82].  

In a recent study by Türk et al., the gap between theory and practice of interdisciplinarity 

was addressed [83].  The participants of the study, faculty members, in-service teachers 

and pre-service teachers, stated the need for active and effective professional 

development programs for in-service teachers as well as undergraduate courses for pre-

service teachers for acquisition of integrated teaching knowledge (ITK) [83]. 

In Turkey’s context, teacher professional development programs are mainly conducted 

by MoNE and PoNE offices for the public school teachers only and most of the time PD 

programs continue for a few days [84]. Other professional development opportunities are 

mostly paid by teachers themselves. Some of the private schools are conducting their own 

professional development programs for their teachers or covering the fees. 

2.2 Framework of the study 

This study is an outcome of TUSIAD STEM project which was started to develop a 

sustainable teacher professional development program to enable young science and 

mathematics teachers with a leadership potential to design, design innovative learning 

environments within the STEM: Integrated Teaching Framework and gain the confidence 

to share their learning-centered experiences with their colleagues.  

In Figure 2.2, STEM Integrated Teaching Framework (ITF), adopted in this study, created 

by Çorlu is shown [85]. The main disciplines of STEM education; science, technology, 

mathematics and engineering are placed around the core, authentic problems of 

knowledge society (APoKS) [86]. 
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Figure 2.2 STEM Integrated Teaching Framework [85] 

The middle ring circling the core indicates the cognitive processes for each discipline, 

respectively scientific inquiry for science, computational thinking for technology, 

project-based learning for engineering and mathematical modeling for mathematics. The 

outer ring circling the cognitive processes are the expected outcomes, knowledge society, 

flexible curriculum, theory and practice and professional learning community. Lastly, the 

arrows are pointing out the principles, equity, rigor, relevance and interdisciplinarity.  

The cognitive processes which are essential to this study to specify the outlines of the 

framework of interdisciplinary STEM education. Thus, next few subtopics are explaining 

the operational definition of scientific inquiry, computational thinking, project based-

learning and mathematical modeling in STEM education context. 

2.2.1 Scientific Inquiry 

The inclusion of scientific methods and scientific inquiry (SI) has been one of the goals 

of science education for a long time [87, 88]. One of the main reasons of this is scientific 

inquiry-based classroom activities were found to promote deep understanding of science 

embedded in the everyday world and develop critical thinking skills [89, 90]. The 

processes of scientific method such as: making observations, asking questions, forming a 



  

 

 

15 

hypothesis, conducting an experiment, analyzing the data and drawing a conclusion, 

enable the students to construct knowledge like a scientist [91].  

In the companion document, Inquiry and the National Science Education Standards, 

published by NRC, five essential steps for scientific inquiry were presented. These steps 

start with engaging students by scientifically oriented questions, encouraging students to 

develop and evaluate explanations by giving priority to sound evidence, directing students 

towards scientific explanations, assisting students to evaluate their explanations and 

letting students to communicate and justify their proposed explanations [92]. 

While creating a STEM lesson plan, ITF proposes to form authentic problems of 

knowledge society (APoKS), these problems are relevant to today’s world, open-ended 

questions with multiple explanations [85]. The five steps of scientific inquiry can be 

easily followed in an interdisciplinary manner in STEM classes.  

2.2.2 Computational thinking 

Computational thinking (CT) was first introduced by Seymour Papert in 1980 [93]. The 

term became popular after Wing published an article in 2006 and ever since 

computational thinking has been studied thoroughly by many researchers [94-97]. 

Computational thinking includes practices fundamental to computing and computer 

science such as problem representation, abstraction, decomposition, simulation, 

verification, and prediction [98]. These practices are also essential to scientific and 

mathematical disciplines [95].  

Moreover, studies show that possible outcomes of computational thinking are reasoning 

at multiple levels of abstraction, mathematical and design-based thinking, also using these 

kinds of reasoning for contextual problem solving [99-101]. Computational thinking, 

counted among the skills of the 21st century, is one of the main cognitive processes of 

STEM education.  

ITF prioritizes the process and product harmony in computational thinking [85]. The 

lessons planned accordingly requires students to follow steps such as formulating the 

problem, organizing the data they have obtained as a result of their research, modeling 

the data or making abstraction with techniques such as simulation, step-by-step planning 

of solutions, choosing the most appropriate solution to achieve the purpose, and 

generalizing and transferring the problem-solving process for future problems [102].  
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Undergraduate and graduate programs opened in the recent years such as bioinformatics, 

computational statistics, chemometrics and neuroinformatics, are the testament of the 

importance and contribution of computational thinking to interdisciplinary studies [102]. 

2.2.3 Project-based Learning 

Project-based learning (PBL) defined as an approach to learning which is student-driven 

and teacher-facilitated [103]. Many studies support project-based learning as a tool to 

engage students in real-world tasks, and to lead students to become better researchers, 

problem solvers, and higher-order thinkers, because students themselves construct 

knowledge on their own and 

build on their background knowledge [103, 104]. Moreover, Bell argued that the effective 

and active learning process of project-based learning are developed by taking into 

consideration of students’ various learning styles and preference. Capraro et al. 

introduced ill-defined task concept into project-based learning and defined project-based 

learning as an ill-defined task within a well-defined outcome which requires students to 

solve various problems and to assess by adding accountability to the various concepts of 

different STEM disciplines [105]. The collaboration feature of project-based learning 

enables students to work as a group to solve authentic and interdisciplinary issues, besides 

the ill-defined nature of STEM PBL facilitates problem-solving skills, higher order 

thinking skills and increased content learning [104, 105]. 

Authentic problems of knowledge society (APoKS) in ITF, which are inspired by ill-

defined tasks of project-based learning, are essential to the inquiry process. APoKS are 

directly related to the real-world, 21st century and open to different solution with some 

limitations planned by the teacher [85].  

2.2.4 Mathematical Modeling 

Mathematical modeling is defined as by Blum in 2009 as translations between reality and 

mathematics [106]. Garfunkel and Montgomery redefined mathematical modeling in 

2016 as “a process that uses mathematics to represent, analyze, make predictions or 

otherwise provide insight into the real-world phenomena” [107]. Mathematical modeling 

encourages students to understand the world better, supports students’ mathematics 

learning, contribute development of various mathematical competencies and skills and 

contribute to students’ holistic perception of mathematics [106]. Thus, it is assumed that 
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by mathematical modeling, mathematics becomes more meaningful to students, concept 

formation, comprehension, and retaining will be fostered. STEM ITF regards all the 

efforts of interpreting complex and unfamiliar data, imposing a mathematical 

construction on a complex real-world situation by using mathematical modeling 

processes. 

The report of OECD on PISA 2016 results exhibits the descriptions of the proficiency 

levels in mathematics. The competence level goes from 1 to 6, at level 6 students can 

conceptualize, generalize, and utilize information based on their investigations and 

modeling of complex problem situations [108]. The level 6 students’ abilities to link 

different information sources and representations and to translate among them flexibly, 

demonstrates the significance of mathematical modeling. Yet, some researchers reported 

that modeling is also difficult for teachers, the possible causes were also addressed as the 

need for real-world knowledge is and the unpredictable nature of teaching in these settings 

[106,109,110].  
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CHAPTER 3 

METHODOLOGY 

The purpose of this present study is to examine factors related to the quality of lesson 

plans of teachers who participated in a teacher professional development program. The 

methodology used in the study is purely quantitative. The quantitative method is used by 

researchers to clarify a phenomenon through carefully designed and controlled data 

collection and analysis [111].  

In this study, quantitative research method is used to investigate the current status of the 

quality of STEM lesson plans and also the relationship between technology and 

engineering integration on STEM lesson plans of mathematics and science teachers. In 

concordance with the type of research method, correlational design was followed; this 

research design involves collecting data to determine the degree to which a relationship 

exists between two or more variables [111]. 

3.1 Research Design and Procedure 

TUSIAD STEM project started with the initiative of Turkish Industry and Business 

Association (TUSIAD) STEM working group. The required funds were supplied by the 

companies which are TUSIAD members; Intel Turkey, Zorlu Group, Dow Chemicals 

and, Lav. The principal investigator of TUSIAD STEM project was Assoc. Prof. Dr. M. 

Sencer Çorlu, and the project was hosted by Bahçeşehir University BAUSTEM Center. 

The project was started in September 2018 and planned to be a sustained PD program 

lasting for 6 months. The timeline of the project is in Table 3.1. The official letter from 

TUSIAD addressing MoNE can be seen in Appendix-A. Additionally the official 

approval form regarding TUSIAD STEM project by the Ministry of Education’s General 

Directorate of Innovation and Education Technologies (YEGITEK) was added to 
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Appendix-B. The official letter from TUSIAD addressing MoNE can be seen in 

Appendix-A. 

Table 3.1 Timeline of TUSIAD STEM Project 

Date Activity 

September 15, 2016 TUSIAD STEM Project was started. 

October 20, 2016 Project information session was held in Istanbul-Uskudar. 

October 31, 2016 Ministry of National Education sent the notice to schools. 

(Appendix-B) 

November 1, 2016  Online application was opened. 

November 16, 2016 Project information session was held in Hatay-Payas. 

December 4, 2016 Online application was closed. 

December 16, 2016 Attendee list was announced. 

December 24-25, 2016 First face-to-face STEM workshops were held 

simultaneously in Istanbul and Hatay. 

January 6, 2017 Deliveries of TUSIAD STEM kit were completed. 

January-March, 2017 Teachers participated in two webinars and completed 

their first STEM lesson implementation. 

March 11-12, 2017 Second face-to-face STEM workshops were held in 

Istanbul and Hatay. 

March-May, 2017 Teachers participated two in webinars, created their 

authentic STEM lesson plans and implemented in their 

classes. 

June 3-4, 2017 TUSIAD STEM fair was held in Istanbul and Hatay. 

Additionally, the official approval form regarding TUSIAD STEM project by the 

Ministry of Education’s General Directorate of Innovation and Education Technologies 

(YEGITEK) was added to Appendix-B. Before the application period ended, information 

sessions both in Istanbul and Hatay held. The reason behind the chosen destinations was 

both logistics and the aspiration of reaching teachers from the northwestern region and 

southeastern regions of Turkey. The applications were received through an online 

platform. At the end of the application process 178 applications were submitted. The 
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designated quota for the participant teachers for this project was 40, due to factors like 

effective face-to-face workshops and funding limitations.  

40 teachers were selected out of 178 applications based on their content knowledge, 

educational background, enthusiasm for participating PD programs and STEM 

knowledge. The workshops were planned as different STEM lesson plans, taking into 

consideration of the science and mathematics curricula of 5th and 6th grades. At the end 

of this content development process six authentic STEM lesson plans were created. The 

themes of the lesson plans were; 

(1) making thermos out of recycled materials,  

(2) problem solving in urban transformation projects,  

(3) building solar cars,  

(4) creating smart schools by programming printed circuit boards, 

(5) making tessellations with handmade play dough, 

(6) designing a perfume bottle. 

These STEM lesson plans have been edited, thus the TUSIAD STEM teacher guide was 

formed. Necessary materials to implement these plans were supplied and STEM kits were 

prepared to deliver one kit to each participant teacher. The contents of the STEM kit were 

added to Appendix-C. 

 First face-to-face workshops were held in Istanbul and Hatay on December 24-25, 2016. 

At the beginning of the workshops, teachers signed the research consent form (Appendix-

D) indicating that they transferred their copyrights to the PI of project. During workshops, 

teachers experienced four of the prepared lesson plans. After the workshops, teachers 

received their kits and guides. 

Starting from the day of the first face-to-face workshop, user accounts were created for 

the participant teachers in the learning management system, “itslearning”. Thus, the 

teachers were able to ask questions, access necessary documents, upload audiovisual 

resources, and easily follow the schedule of webinars. 

The second face-to-face workshop was held on March 11-12, 2017. This gathering was 

aimed to conduct brainstorming on what went well and what went wrong in the classroom 

during the implementation of STEM lesson plans as well as giving feedback on new ideas 

to create authentic STEM lesson plans. 
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At the end of the project, 32 teachers submitted their lesson plans, prepared posters and 

presented their lesson plans in TUSIAD STEM fair with the participation of their 

colleagues, students and, the local community. 

3.2 Participants  

The participants of this study were 32 science and mathematics teachers who teach 5th 

and 6th grades. The descriptive information is shown in Table 3.2.  

Table 3.2 Descriptive Data of the Participants 

Teacher Characteristics Frequency Percent (%) 

Gender   

Male 8 25.0 

Female 24 75.0 

Discipline   

Mathematics 14 43.8 

Science 18 56.3 

Province   

Istanbul 21 65.6 

Hatay 11 34.4 

Undergraduate Faculty   

Faculty of Education 28 87.5 

Faculty of Natural Sciences 4 12.5 

Latest Degree   

B.A. 23 71.9 

M.A. or M.S. 8 25 

Ph.D. 1 3.1 

The majority of the teachers, 22 teachers were from Istanbul. Regarding the population 

density in Istanbul, the most crowded city of Turkey, teachers’ distribution could be 

understood. 11 teachers were from Hatay, a city in southern Turkey, on the eastern 

Mediterranean coast, which is also bordered by Syria. Female teacher are three times of 

the male teachers.  

In terms of gender, female participants which constituted 75% of the population, were 

threefold of the male participants. 44% of the participants was mathematics teachers, 56% 
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of them were science teachers. 87.5% of the population graduated from Faculty of 

Education. Only 4 out of 32 teachers were graduates of Faculty of Natural Sciences. 28% 

of the population was pursuing higher degrees.  

3.3 Data Collection 

In this study, data has been collected on the LMS system, the participants submitted their 

authentic STEM lesson plans at the end of the five-month-long professional development 

program. The template plan was shared with the teachers also the teacher guide followed 

the same pattern as the template lesson plan. The template STEM lesson plan was added 

in Appendix-E. It has been developed within the scope of Integrated Teaching Project 

(ITP). The submitted lesson plans follow 5E lesson plan scheme; 

Target Objectives (Main discipline objectives, Other STEM discipline 

objectives, Social product objectives) 

Materials 

Resources and References 

Assessment and Evaluation (Rubrics, Other assessment tools) 

APoKS (Authentic Problems of Knowledge Society) (Limitations, Jobs and 

Responsibilities) 

Lesson Content (Engagement, Exploration, Explanation, Extension, Evaluation) 

For technology and engineering integration the aims and the use of objectives were taken 

into consideration. Not only the rubric, but also the overall lesson plans analyzed. 

Thereby, the STEM lesson plans were main data source of this study. 

3.4 Instrument 

The instrument to assess the STEM lesson plans is STEM lesson plan rubric (see 

Appendix F). This rubric was used to create a framework for assessing lesson plans 

summatively. During the workshops and on the online platform, this rubric was shared 

with the participant teachers to enable them to be aware of the assessment criteria. Seven 

domains including; Target objectives, Materials and Resources, Engagement, 

Exploration, Explanation, Extension and, Evaluation were present in the rubric. These 



  

 

 

23 

seven domains cover a continuum from 0 to 10. Hence for the lesson plan quality score; 

the maximum score is 70 and the minimum score is 0. 

Also, the scores fall in three categories; development needed, acceptable, target reached. 

As McGehee and Griffith suggests categories do not give adequate information, so during 

the assessment period, two raters chose to score over 10 points for each domain rather 

than using categories [112].  

3.5 Data Analysis 

For data analysis, the scores of the lesson plans utilized as “lesson plan quality”. This 

score was the dependent variable of the study. Independent variables were determined as 

technology integration, engineering integration and discipline. To analyze the data 

gathered from STEM lesson plans analysis of variance ANOVA was used. By using 

ANOVA, some certain assumptions made; independence of cases, normality – the 

distributions of the residuals are normal and finally equality (or "homogeneity") of 

variances, which is called homoscedasticity [113]. The aim of using ANOVA was to test 

differences between means of the lesson plan scores of the ones who integrated 

technology in their lessons and also the ones who integrated engineering in their lessons. 

Again, the means of the lesson plans of the participant teachers from different disciplines 

were expected to tell the general trend and explain some part of the lesson plan quality 

data. 

Moreover, the mean squares, power estimates, partial eta squares and effect size (Cohen’s 

d) were reported as a result of the ANOVA run on the statistical analysis software, SPSS.  

For technology and engineering integration all lesson plans were gathered together and 

the key points of integration such as objectives, content knowledge, application 

concerning technology and engineering noted down. Afterwards these notes categorized, 

the categories of the lesson plans were organized accordingly. Five categories were 

reported for each discipline: technology and engineering. 

3.6 Inter-rater Reliability 

Inter-rater reliability calculations were done based on the first and second raters’ 

decisions regarding the rubric scores. The STEM lesson plan rubric includes seven 
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different domains; target objectives, materials and resources, engagement, exploration, 

explanation, extension and finally evaluation.  

For 32 STEM lesson plans every one of them was evaluated in seven different domains, 

a total of 224 scores was given. Cohen’s kappa coefficient was found 0.81 (see Appendix-

G), this correlational coefficient demonstrated a strong agreement between the first and 

the second rater [114]. Although the agreement level was found out to be strong, after 

rejoining and negotiating on the given score by two raters, the mean values of lesson plan 

scores were used during the analysis. 
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CHAPTER 4 

RESULTS AND DISCUSSION  

The overall intention of the study was to see if there was a significant difference between 

the quality of STEM lesson plans of the participants teachers who integrated technology 

or engineering into their lesson plans.  

The findings for this research was presented in the following sections. The first section is 

presenting the descriptive statistics of the quantitative data in order to help contextualize 

the findings derived from the data. The next section is focusing on the findings from the 

ANOVA test.  

4.1 Descriptive Statistics 

Frequencies of categorical variables (discipline, technology integration and engineering 

integration) which were used in the study is presented in Table 4.1.  

According to the descriptive statistics, majority of the teachers (84%) chose to integrate 

engineering rather than technology. 65% of the teachers chose to integrate technology. 

14% of mathematics teachers integrated technology, while the rest, 86% choose not to 

use technology in their lesson plans. 50% of science teachers integrated technology, and 

the other half, 50% chose not to use technology in their lesson plans. 79% of mathematics 

teachers integrated engineering into their lesson plans, and 21% of the mathematics 

teachers did not use engineering. 89% of science teachers integrated engineering while 

11% of the science teachers did not. 11 teachers out of 32 integrated both technology and 

engineering in their lesson plans. The entire population of participants integrated either 

technology or engineering or integrated both.  
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Table 4.1 Frequencies 

 Frequency Percent Valid Percent Cumulative Percent 

 Mathematics 14 43.8 43.8 43.8 

Science 18 56.3 56.3 100.0 

Total 32 100.0 100.0  

 No Technology 

Objectives 
21 65.6 65.6 65.6 

 Technology Objectives 11 34.4 34.4 100.0 

 Total 32 100.0 100.0  

 No Engineering 

Objectives 
5 15.6 15.6 15.6 

 Engineering Objectives 27 84.4 84.4 100.0 

 Total 32 100.0 100.0  

In the Table 4.2 and 4.3, the technology integration categories, engineering integration 

categories and the frequencies were presented. The categories are getting more complex 

from top to bottom.  

Table 4.2 Technology Integration Categories 

 Frequency Percent Valid Percent Cumulative Percent 

 No Technology Integration 14 43.8 43.8 43.8 

Getting Information 5 15.6 15.6 59.4 

Utilization of Tech Devices 1 3.1 3.1 62.5 

Data Interpretation 5 15.6 15.6 78.1 

Representation 1 3.1 3.1 81.3 

Analysis and Creation 6 18.8 18.8 100.0 

Total 32 100.0 100.0  

About technology integration 14 teachers did not choose to integrate technology, 5 out of 

32 teachers used technology with the sole purpose of accessing information via internet 

connection. Only one teacher utilized technological device, this case was about taking a 

measurement with a technological laboratory equipment. 5 other teachers were also using 

technological devices, but they also interpreted the data collected via these devices. 

Additionally, one teacher added data representation to interpretation. 6 of the teachers 

reached analysis and creation category with their lesson plans. They programmed an 
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electronical tool to create a solution to the authentic problem of knowledge society 

(APoKS) with their students. 

Table 4.3 Engineering Integration Categories 

 Frequency Percent Valid Percent Cumulative Percent 

 No Engineering Integration 5 15.6 15.6 15.6 

Accessing Information 5 15.6 15.6 31.3 

Grasping the Concept 3 9.4 9.4 40.6 

Creating Different Ideas 3 9.4 9.4 50.0 

Planning and Prototyping 14 43.8 43.8 93.8 

Testing 2 6.3 6.3 100.0 

Total 32 100.0 100.0  

About engineering integration, quite many teachers integrated engineering into their 

lessons. 5 of 32 teachers accessed information concerning an engineering problem. They 

used different means of information resources. 3 teachers enabled their students to graph 

the concept, they approached the problem from different aspects. Another 3 teachers not 

only let their students to grasp the concept but also encouraged their students to create 

different ideas for the solution of the problem. 14 of the teachers planned and 

implemented a planning phase to build prototypes. Thus, prototypes for an engineering 

problem were developed in the class. Only 2 of the teachers reserved time for testing so 

that students observed what went well and which parts should be developed. 

In Table 4.4, descriptive statistics of lesson plans scores were presented. The STEM 

lesson plan scores of the participant teachers were analyzed in terms of different 

disciplines and integration of technology and engineering.  

The dependent variable in this study is lesson plan score, independent variables are 

discipline, technology integration and engineering integration. Among the teachers who 

did not integrate engineering and technology, there are three mathematics and two science 

teachers. In terms of their scores, mathematics teachers’ mean (41) is three points higher 

than science teachers’ mean (38). Among the teachers who integrated both engineering 

and technology, there are two mathematics and nine science teachers. In terms of their 

scores, science teachers’ mean (50) is six points higher than mathematics teachers’ mean 

(44). 
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Table 4.4 Descriptive Statistics 

Dependent Variable:   Lesson Plan Score   

Technology 

Integration 

Engineering 

Integration Discipline Mean 

Std. 

Deviation N 

No Technology 

Objectives 

No Engineering 

Objectives 

Mathematics 41.667 7.0770 3 

Science 38.000 11.3137 2 

Total 40.200 7.8150 5 

Engineering 

Objectives 

Mathematics 45.500 4.6570 9 

Science 46.714 5.1223 7 

Total 46.031 4.7380 16 

Total Mathematics 44.542 5.2806 12 

Science 44.778 7.1024 9 

Total 44.643 5.9606 21 

Technology 

Objectives 

Engineering 

Objectives 

Mathematics 44.500 2.1213 2 

Science 50.167 2.4238 9 

Total 49.136 3.2256 11 

Total Mathematics 44.500 2.1213 2 

Science 50.167 2.4238 9 

Total 49.136 3.2256 11 

Total No Engineering 

Objectives 

Mathematics 41.667 7.0770 3 

Science 38.000 11.3137 2 

Total 40.200 7.8150 5 

Engineering 

Objectives 

Mathematics 45.318 4.2384 11 

Science 48.656 4.0936 16 

Total 47.296 4.4012 27 

Total Mathematics 44.536 4.8929 14 

Science 47.472 5.8473 18 

Total 46.187 5.5660 32 

4.2 Findings of Inferential Data Analysis 

In Table 4.5, test of between-subjects effects was presented. According to the analysis, 

there is no significant difference on the lesson plan scores of mathematics and science 

teachers. Again, there is no significant difference on the lesson plan scores of the teacher 

who integrated technology and who did not integrate technology into their lesson plans.  

Moreover, there is a significant difference on the lesson plan scores of teachers in terms 

of integrating engineering into their lesson plans. Partial eta squares were indicated for 

discipline, technology integration and engineering integration respectively as 0.07, 0.11 

and 0.192.  
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Table 4.5 Tests of Between-Subjects Effects 

Dependent Variable:   Lesson Plan Score   

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Partial Eta 

Squared 

Corrected Model 349.780a 5 69.956 2.979 .030 .364 

Intercept 32225.497 1 32225.497 1372.207 .000 .981 

Discipline 4.508 1 4.508 .192 .665 .007 

Technology Integration 6.952 1 6.952 .296 .591 .011 

Engineering Integration 144.801 1 144.801 6.166 .020 .192 

Discipline * 

Technology Integration 
22.915 1 22.915 .976 .332 .036 

Discipline * 

Engineering Integration 
21.911 1 21.911 .933 .343 .035 

Technology Integration 

* Engineering 

Integration 

.000 0 . . . .000 

Discipline * 

Technology Integration 

* Engineering 

Integration 

.000 0 . . . .000 

Error 610.595 26 23.484    

Total 69225.500 32     

Corrected Total 960.375 31     

a. R Squared = .364 (Adjusted R Squared = .242) 

For effect size comparison, Cohen’s d and effect size calculations were made. For 

mathematics and science disciplines Cohen’s d was found 0.54 and effect-size r was 

found 0.26. For technology integration Cohen’s d was found 0.93 and effect-size r was 

found 0.42, for engineering integration Cohen’s d was found 1.18 and effect-size r was 

found 0.49. 

4.3 Discussion 

This present study focused on the effect of integrating technology and engineering into 

mathematics and science classrooms on lesson plans scores. The following research 

questions were investigated: 

Is there a statistical significant main effect of technology and engineering use on the 

quality of 5th and 6th grade mathematics and science lesson plans? 
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 Is there a statistical significant main effect of the discipline of teachers on the 

quality of lesson plans? 

 Is there a statistical significant interaction effect of technology and engineering 

use and discipline on the quality of lesson plans? 

 In what ways and to what extent do teachers utilize technology and engineering 

in their STEM lesson plan? 

In order to examine these questions STEM lesson plans of teacher collected after a 

rigorous STEM professional development program teacher. These lesson plans were 

utilized as a data source. Descriptive and inferential data analysis were conducted.  

Table 4.6 Categories of Integration 

Technology Integration Categories Engineering Integration Categories 

No Technology Integration No Engineering Integration 

Getting Information Accessing Information 

Utilization of Technological Devices Grasping the Concept 

Data Interpretation Creating Different Ideas 

Representation Planning and Prototyping 

Analysis and Creation Testing 

The findings indicate that there was no significant interaction effect of technology 

integration and different disciplines. However, engineering integration showed a 

significant interaction effect. The STEM lesson plan scores of teachers who integrated 

engineering into their lessons were higher than the rest. Also, the integration process and 

ways of integration were crucial. The study also investigated in which manners teachers 

made use of technology and engineering. In Table 4.6 the categories shaped by teachers’ 

lesson plans were pointed out. 

The descriptive analysis showed that majority of the teachers, 84% of the population 

chose to integrate engineering rather than technology. This could be due to their comfort 

zones or due to the fact that use of technological devices requires experience. Moreover, 

trial and error nature of engineering could have created a secure classroom environment 

for teachers. The indicated results of high frequency in engineering integration is quite 

unconventional since engineering does not have a curriculum in K-12 levels in Turkey, 
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there are no teachers responsible for engineering discipline present at the schools to 

collaborate. Whereas there is a compulsory information technologies curriculum in 

Turkey for 5th and 6th grades and teachers are present at every school to collaborate on 

the interdisciplinary aspects and intersections of both disciplines. The deduction from this 

particular study is that technology and/or engineering integration is independent from the 

available teacher colleagues of different disciplines.  

The effect of engineering integration on STEM lesson plan quality which was found out 

to be significant can also be explained with the easy access to materials needed for 

project-based learning activities. Only some privileged public schools can supply 

technological devices for the teachers and students, although most private schools supply 

both internet connection and technological devices like iPads, laptops or desktop 

computers. The TUSIAD STEM kit delivered to teachers was consisting of hardware, it 

is quite apparent that to be able to integrate technology into mathematics and science a 

teacher should at least have several computers ready with internet connection. These 

outside factors could have an impact on the effect of STEM lesson plan quality.  

4.4 Implications 

This present study aimed to reveal one aspect of teacher professional development 

program in Turkish context which is the effect of integrating technology and engineering 

on lesson plan quality. In this regard, TUSIAD STEM project provided the suitable 

conditions for data collection and interpretation. There needs to be sufficient programs 

because teacher professional development programs support practice, quality resources, 

and encourage communication between knowledgeable colleagues. However, technology 

and engineering need to be nested within a framework for effective professional 

development.  

Based on the finding of this study, researchers can focus on the integration of technology 

and engineering and conduct more research in the coming years. Sustained teacher 

professional development programs and the outcomes of these programs in terms of 

interdisciplinarity is one quite invaluable when the obvious shift from hyperspecialization 

to transdisciplinarity taken into account. The extent of integration of technology and 

engineering in lesson plans of teachers from various backgrounds and disciplines can be 

studied in larger populations. Finally, the reasons of why technology integration did not 

affect overall quality of STEM lesson plans seem to be worthwhile study to investigate. 
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4.5 Limitations 

There is an explicit gap about teacher professional development programs, even though 

the need for teacher professional development programs are somehow met by distance 

education alternatives and projects specifically designed for teachers by funding from the 

Scientific and Technological Research Council of Turkey (TUBITAK) under the name 

of science and society innovative education practices. Accessed results and findings of 

high-quality sustained teacher professional development programs in Turkish is highly 

limited. So, this is a limitation in terms of comparing with other studies in Turkish 

context. 

As represented in Table 4.6, the categories of integration were a result of the study. When 

the frequencies investigated, there was not a proper distribution to run statistical tests. 

This was also due to relatively small sample size; hence the study can be replicated in the 

near future to explain the effects of integration in terms of different categories. 

Another limitation is the sample size, because TUSIAD STEM project was funded by 

companies there was a limit for the number of the participants. There was a selection 

period and methodology. The teachers participated in the program were already 

enthusiastic about creating new ideas, accessing many resources and developing authentic 

lesson plans.   
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APPENDIX- E  
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APPENDIX- F 

STEM LESSON PLAN RUBRIC 

The STEM lesson plan rubric was utilized in this study to assess STEM lesson plans of 

participant teachers. The rubric which was developed within the scope of STEM: 

Integrated Teaching Project (ITP), was used with the permission or the principal 

investigator of ITP project, Assoc. Prof. Dr. M. Sencer Çorlu. The development process 

of this rubric included consideration of the framework of ITP project, revision of 

hundreds of STEM lesson plans and finally with some adjustments for end users: teachers.  

This STEM lesson plan rubric includes seven different domains: target objectives, 

materials and resources, engagement, exploration, explanation, extension and lastly 

evaluation. Each domain has three categories; development needed, acceptable, target 

reached. The data collected as a result of using this tool is categorical. In this study, the 

authentic STEM lesson plans which were created by teachers participated in the teacher 

professional development project, were assessed by two raters with the STEM lesson plan 

rubric to explore the factors of technology and engineering integration further. 
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APPENDIX- G 

INTER-RATER RELIABILITY CALCULATIONS 

Inter-rater reliability calculations were done based on the first and second raters’ 

decisions regarding the rubric scores. The beforementioned rubric includes seven 

different domains; target objectives, materials and resources, engagement, exploration, 

explanation, extension and finally evaluation. For 32 STEM lesson plans every one of 

them was evaluated in seven different domains, a total of 224 scores was given. 

Each domain has three categories; development needed, acceptable, target reached. The 

raters’ agreement or disagreement were found out and the following table was generated. 

 Rater 1 

R
a
te

r 
2

 

 Category 1 Category 2 Category 3 Total 

Category 1 1 4 0 5 

Category 2 3 166 3 172 

Category 3 0 5 42 47 

Total 4 175 45 209 

 

𝜅 indicates Cohen’s kappa coefficient which is a measure of inter-rater agreement for 

categorical variables. Po indicates the relative observed agreement among raters; Pe 

indicates the hypothetical probability of chance agreement. 
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𝜅 =
𝑃𝑜 − 𝑃𝑒

1 − 𝑃𝑒
= 1 −  

1 − 𝑃𝑜

1 − 𝑃𝑒
 

For categories k, number of items N and 𝑛𝑘𝑖 the number of times rater i predicted category 

k: 

𝑃𝑒 =  
1

𝑁2
∑ 𝑛𝑘1

𝑘

𝑛𝑘2 

 

∑𝑃𝑒 =  𝑃𝑒1 + 𝑃𝑒2 +  𝑃𝑒3 

 

𝑃𝑒1 =  
5 × 4

2242
= 0.0004 

 

𝑃𝑒2 =
172 × 175

2242
= 0.5998 

 

𝑃𝑒3 =
47 × 45

2242
= 0.0393 

 

Σ𝑃𝑒 = 0.0004 + 0.5998 + 0.0393 = 0.6395 

 

𝑃𝑜 =
209

224
= 0.9330 

 

𝜅 =
0.9330 − 0.6395

1 − 0.6395
= 0.8141 

 

Cohen’s kappa coefficient was found 0.81, this correlational coefficient demonstrated a 

strong agreement between the first and the second rater. 
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ve Uygulamaları, Pusula, Istanbul. 



  

 
57 

2. Helvaci, B., (2017). 9. Sınıf Matematik Kümeler Ders Planı [9th Grade Mathematics 
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