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ABSTRACT

DEVELOPING TEACHER LEARNING PROGRESSIONS FOR K-12
ENGINEERING EDUCATION: TEACHERS’ ATTITUDES AND THEIR
UNDERSTANDING OF THE ENGINEERING DESIGN

MESUTOGLU, Canan
PhD., Department of Educational Sciences

Supervisor: Assist. Prof. Dr. Eviim BARAN JOVANOVIC

June 2017, 354 pages

Teachers at the K-12 level have a critical role in including engineering in their
instruction. More teachers who are equipped with the knowledge and skills necessary
to teach science using the engineering design process are needed. Aiming to build
tools to measure and track the progress in teacher’ attitudes and their understanding
of the engineering design process suggested the use of learning progressions
approach. The purpose of the study was to develop two teacher learning progressions
for K-12 engineering education. The study followed design-based research with three
phases of methodology framework; developing initial learning progressions,
implementing a teacher professional development program, and refining the learning
progressions. Data was collected from different groups of in-service science teachers.
Data sources included written assessments, cognitive interviews, teacher logs, and

clinical interviews. The analysis of data resulted in refined and empirically supported
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versions of the learning progressions. Implications and recommendations for future

research were discussed in light of the findings and the relevant literature.

Keywords: Learning Progressions, K-12 Engineering Education, Professional

Teacher Development
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OGRETMENLER ICIN MUHENDISLIK EGITIMI UZERINE OGRENME
ILERLEMELERI: OGRETMENLERIN TUTUMLARI VE MUHENDISLIK
TASARIM SURECI KAVRAYISLARI

MESUTOGLU, Canan
Doktora, Egitim Bilimleri Bolimii

Tez Yoneticisi: Assist. Prof. Dr. Eviim BARAN JOVANOVIC

Haziran 2017, 354 sayfa

Son yillarda fen, teknoloji, miihendislik, ve matematik (FeTeMM) alanlarina
anaokulundan 12. sinifa kadar tiim egitim diizeylerinde 6nem verildigi goriilmektedir.
Ogretmenlerin miihendislik egitimine kars: olumlu tutumlarinin ve kavrayislarmin
siif i¢i pratigi etkileyeceginden, 0gretmenlerin hem tutum hem kavrayislarinin
gelisimlerinin dl¢iilmesi ve izlenmesi vurgulanmalidir. Ogrenme ilerlemeleri dncii bir
yaklasim olarak son yillarda vurgulanmaktadir. Bu ¢aligmada miihendislik egitimi
konusunda 6gretmenlerin tutumlarim1 ve kavrayislarin1 6lgmek ve izlemek igin
dizayn-temelli yontem ile 6grenme ilerlemeleri gelistirilmistir. Veri toplama siirecleri
veri analiz dongiileri seklinde ilerlemistir. Veri toplama siireci biligsel gorlisme,
klinik goriisme, agik uglu sorular ve calisma kapsaminda gelistirilen Olcek ile
gerceklesmistir. Veri analiz dongiileri sonucunda 6grenme ilerlemelerinin ii¢ farkl

versiyonu ortaya konmus ve literatiir 1s181inda tartigilmistir.
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Anahtar Kelimeler: Ogrenme ilerlemeleri, FeTeMM Egitimi, Miihendislik
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CHAPTER 1

INTRODUCTION

1.1.Background to the Study

Large-scale attention has been given to the role of science, technology, engineering,
and mathematics (STEM) in K-12 education in recent years (Capobianco & Rupp,
2014; Honey, Pearson, & Schweingruber, 2014; National Research Council (NRC),
2009). There is a widespread need for improving and increasing STEM skills among
individuals to be able to thrive in the modern world (Afterschool Alliance, 2011).
Raising students who can approach problems considering alternative perspectives,
think systematically and creatively, and provide solutions with products necessitates
a focus on STEM Education (MoNE, 2016). Efforts to encourage K-12 students to
specialize in STEM fields (Page, Lewis, Autenrieth, & Butler-Purry, 2013) and to
increase attention to STEM education for the enhancement of society (National
Science Board, 2004) are critically important. Countries need a reformist STEM
work-force to be competitive in the 21* century (Corlu, Capraro, & Capraro, 2014).
STEM pedagogy enables the improvement of 21* century skills such as innovation,
creativity, collaboration, and critical thinking (NRC, 2012; Perry et al., 2008) by
putting the development of science and engineering practices forward (NGSS Lead
States, 2013). Engineering education has great potential to increase conceptual
understanding of STEM disciplines while also increasing awareness of and interest
in the role engineers play in advancing humanity (Brophy, Klein, Portsmore, &
Rogers, 2008). Since teachers at the K-12 level have a critical role in including

engineering in their instruction (Hsu, Cardella, & Purzer, 2010), more teachers that

1



can teach science with engineering practices are needed (Capobianco & Rupp, 2014;
Guzey, Moore, & Morse, 2016). Using science and engineering practices together as
students learn the core disciplinary concepts; integration of engineering at the K-12
level is substantial. Engineering at K-12 schools can positively influence learning and
achievement, recognition of nature of engineering and engineers, interest in

engineering careers, and technological literacy (NRC, 2009).

The rationales introduced by Moore, Tank, Glancy, and Kersten (2015) to integrate
engineering into K-12 education can be listed as: (1) engineering thinking helps with
the development of students’ 21* century skills, (2) engineering pedagogies have
potential to increase student achievement in mathematics and science, and (3)
engineering contexts can increase student interest in STEM disciplines and careers.
The necessity for the integration of engineering to science education is highlighted in
various current reports that guide educational practices and reforms as well:
“Engineering in K-12 Education: Understanding the Status and Improving the
Prospects” (NRC, 2009), “A Framework for K-12 Science Education: Practices,
Crosscutting Concepts, and Core Ideas” (NRC, 2012), “Next Generation Science
Standards” (NGSS Lead States, 2013), and “Developing Assessments for the Next
Generation Science Standards” (NRC, 2014). Predominantly underlined justifications
in these reports for integrating engineering practices to K-12 level science education
can be summarized as engaging students in scientific and engineering practices while
making connections across different disciplines, offering innovative approaches to
science instruction and assessment, enabling students to carefully consume scientific
and technological knowledge, and engaging students in discussions on real-world
issues. Although the goals of engineering and science differentiate, it can be
concluded that the practices of science and engineering complete each other (Bybee,
2011) which underlined the critical contribution of engineering for K-12 science

education.

The introduction of engineering to science instruction brings about a new content area

with uncommon pedagogical approaches and practices such as the engineering design
2



process, optimization, and modeling (Yoon, Diefes-Dux, & Strobel, 2013). With the
introduction of such practices, science education at K-12 level should more actively
include students with investigations where teachers use innovative techniques and

activities (Bybee, 2011). Science teachers should be equipped with the knowledge
and skills necessary to teach science using the engineering design process
(Capobianco & Rupp, 2014), however inadequate teacher preparation is an obstacle
that keeps the national standards from emphasizing the importance of engineering
sufficiently (Fadali & Robinson, 2000). Teaching the teachers is one of the goals of
extending engineering at the K-12 level where the other goals can be stated as
increasing engineering enrolment and educating the future (Jeffers, Safferman, &
Safferman, 2004). Encouraging and preparing science teachers are essential steps

towards integrating engineering into classroom practice.

Helping teachers access the knowledge, skills, and dispositions to meet new
educational standards can be accomplished with high-quality professional
development (PD) opportunities (Capobianco & Rupp, 2014). Teacher PD programs
elaborate on a main focus and several methods for teachers to enact that focus in their
instruction (Kennedy, 2016). Teachers’ participation to PD programs is closely linked
to their classroom practice (Supovitz & Turner, 2000). According to Yoon et al.
(2013), teacher PD programs are effective in increasing student classroom
performance through teacher practice because PD programs contribute to teachers’
content and pedagogical content knowledge, and to their attitudes toward the subject
being taught. Recent teacher PD program efforts have made critical contributions to
training science teachers to be K-12 STEM educators, however there has been less
emphasis given to the teaching of engineering concepts in particular (Brophy et al.,
2008). Improving teachers’ attitudes and their understanding on engineering design

process can positively impact the quality of classroom practice.

Teacher attitudes is one of the important factors in the success of new perspectives in
education such as; implementing constructivist teaching and learning activities in

classroom (Kasapoglu, 2010), integrating computers to classroom practice (Zyad,
3



2016), and using internet applications (Chen, 2016). The integration of engineering
to K-12 level instruction introduced a new subject area for teachers. This integration
might be impacted by teachers’ attitudes towards the engineering pedagogies that they
are unfamiliar with (Lachapelle, Hertel, Shams, San Antonio, & Cunningham, 2014).
It is substantial to have a clear picture of teachers’ attitudes because negative teacher
attitudes might serve as barriers to successful integration of engineering practices
(Yoon et al., 2013). Since engineering design is an instructional approach to teach
STEM content, teachers’ gaining experience in engineering design can change their
perspectives both towards engineering and towards STEM in general (Nadelson et

al., 2013).

Teachers’ understanding of the engineering design process is another factor important
in the successful integration of engineering to science instruction. Teaching science
with engineering design is not common among teachers (Guzey, Tank, Wang,
Roehrig, & Moore, 2014) which might be because most teachers have little or no
background on engineering (Lehman, Kim, & Harris, 2014). Teachers’ knowledge
about their content area and pedagogies are in connection with how their students
develop deep understanding of engineering and with how their students develop
interest in the field of engineering (Vessel, 2011). For students to have an
understanding of and interest towards engineering, teachers’ understanding of
engineering is critical. In order to meet this need, PD programs for teachers are helpful
contexts. Teachers participating to PD programs value the improvement in their
knowledge of the engineering design process, engineering practices, and technology
(Yoon et al., 2013). Teacher PD programs can help address the need for enhancing
teachers’ understanding of K-12 engineering education and in particular, the

engineering design process.

Teacher PD programs on engineering education at the K-12 level are becoming more
common. However, there are only a few reliable and valid measures developed to

assess teacher progress (e.g. Lachapelle et al., 2014; Yasar, Uysal, Robinson-Kurpius,



Krause, & Roberts, 2006). Measuring and tracking teachers’ improvement in K-12

engineering education is fundamental since invaluable feedback for teacher

development can be provided. Because integration of engineering to instruction and
using engineering design in this integration is a very recent practice, efforts to properly
measure teachers’ attitudes and their understanding of the engineering design process
can be effective starting points for teachers’ professional improvement. Aiming to
create tools to measure and understand; a) teachers’ attitudes towards K-12 engineering
education, and b) teachers’ understanding of the engineering design process, suggested
the use of learning progressions approach for the current study. In addition, the teacher
PD program served as an instructional context where the learning progressions could

be validated with collection and analysis of data.

Learning progressions research and practice provide reformist perspectives to science
education with new perspectives on aligning curriculum, instruction, and assessment
(Duncan & Hmelo-Silver, 2009). Learning progressions are descriptions of
understanding that are in a certain order and that represent a framework for developing
meaningful assessments (Alonzo & Steedle, 2009). With the creation of learning
progression levels, the path that a learner goes through are documented based on
relevant theoretical and empirical support. Learning progressions reveal “successively
more sophisticated ways of knowing and thinking about ideas, evidence, claims and/or
practices that deepen and broaden” (Duschl, Maeng, & Sezen, 2011, p. 131). The
learner gains expertise along a continuum of levels that are identified based on theory
and empirical evidence. The levels might range from basic understanding to complex
understanding (Plummer & Krajcik, 2010; Songer, Kelcey, & Gotwals, 2009) or from
low to high in case of a psychological construct such as attitude (Mahat, 2008; Nguyen
& Griftin, 2013; Wilson, 2005). The learning progressions approach makes measuring
and giving feedback processes more systematic and valid. In order to understand and
measure the process that learners go through as they reach more advanced levels,
assessment instruments are developed or teaching interventions are provided that are

aligned with learning progressions levels (Duncan & Hmelo-Silver, 2009; Wilson,
5



2005) to empirically validate a learning progression. Learning progressions are
research tools that offer a greater range and breadth of information to discriminate
between distinct levels more reliably (Songer et al., 2009). Such information is helpful
in aligning instruction, curriculum and assessment (Neumann, Viering, Boone, &

Fischer, 2013).

The use of learning progressions approach for teacher development refers to both
teachers’ use of learning progressions to track and measure their students’ thinking
(Furtak & Heredia, 2014) and use of learning progressions to describe the progress in
teacher related variables (Jin, Shin, Johnson, Kim, & Anderson, 2015; Schneider &
Plasman, 2011; Windschitl, Thomopson, Braaten, & Stroupe, 2012). Although learning
progressions currently have a wider usage for understanding K-12 students’
progression (Alonzo & Steedle, 2009; Shea & Duncan, 2013; Smith, Wiser, Anderson,
& Krajcik, 2006), learning progressions were also revealed to be useful for tracking
the change in teachers’ attitudes (Mahat, 2008; Nguyen & Griffin, 2012), teachers’
knowledge (Jin et al., 2015), and teachers’ practices in the classroom environment
(Windschitl et al., 2012). Use of a learning progressions approach can extend the
existing literature on the assessment of teacher development in K-12 engineering

education by producing theoretically and empirically supported measurement tools.

1.2. Purpose of the Study

The current study aimed to propose two teacher learning progressions for K-12
engineering education, focusing particularly on teachers’ attitudes and teachers’
understanding based on the fact that science teachers’ attitudes and understanding of
K-12 engineering education can play critical roles in facilitating the integration of
engineering to science instruction. The purposes of the current study in particular
were to: a) develop a teacher learning progression to represent science teachers’
attitudes towards K-12 engineering education and b) develop a teacher learning
progression to represent science teachers’ understanding of the engineering design

process. Meeting the first goal of the study suggested the development of a survey to

6



validate the learning progression on teacher attitudes. This survey was not developed
to understand the difference in teachers’ attitudes before and after participation to a
certain program or a treatment within the scope of the current study. Such usage can
be achieved with final versions of the learning progression and the survey with future
studies. The goal was to develop the first initial and working version of a survey that
is theoretically and empirically aligned with the learning progression on attitudes.
Revealing a progress in teachers’ attitudes and understanding was not in the scope of
the current study. With the goals outlined, the research questions that guided the study

WwEre:

1. How can science teachers’ attitudes towards K-12 engineering
education be depicted with a learning progression?

1.a. How can a survey on science teachers’ attitudes towards K-
12 engineering education be developed to validate the learning
progression?

2. What levels do science teachers typically experience as they
move from a novice to a more sophisticated understanding of the
engineering design process?

1.3. Significance of the Study

A major goal for K-12 engineering education is about making tone of the disciplines
of STEM education; engineering more apparent (Bybee, 2009). STEM programs and
projects typically involve the opportunity for teachers to help their students develop
21" century skills (Bybee, 2010). The vision for STEM 2026 included six
interconnected components for integration of STEM education (U. S. Department of
Education, 2016). Among these components, three of them were directly addressed
in the goals of this study. These three components were to provide; a) educational
activities that contain play and risk, b) learning experiences with approaches to solve
challenges, and c) innovative and accessible measures of learning. The first two
components were included with the learning experiences on engineering design that

were provided to teachers through a teacher PD program. For the third component,
7



the learning progressions served as the innovative tools that can accurately document
teachers’ progress in their attitudes towards K-12 engineering education and their

understanding of the engineering design process.

Typically learning progression development efforts make use of large sample sizes
such as; 342 sixth to twelve grade students (Mayes et al., 2014), 939 students and 23
teachers (Songer & Gotwals, 2012), and 2688 students and 29 teachers (Lee & Liu,
2010). To continue, the example studies on learning progressions development either
used large sample sizes (Duncan et al., 2016; Todd & Kenyon, 2015) or conducted
more than one cycle of data collection and analysis. These addressed the fact that
developing and validating learning progressions requires great effort and the process
might take a long period of time with the inclusion of multiple data sources and data
collection tools. This situation was considered as a strength of the current study in
that data was collected from different groups of teachers with the usage of various
data collection tools. Another noteworthy point was that the literature did not provide
any learning progressions developed in the national context. The current study can be

considered as a first attempt to introduce a learning progression to its national context.

A majority of studies in learning progression literature, focused on student learning
and progression (Alonzo & Steedle, 2009; Duncan, Rogat, & Yarden, 2009; Gunckel,
Covitt, Salinas, & Anderson, 2012; Parker, Elizabeth, & Anderson, 2015), however
there are emerging examples of learning progressions for teacher development
(Furtak, Thompson, Braaten, & Windschitl, 2012; Jin et al., 2015). Although learning
progressions have been proposed to further investigate student thinking, they can also
lead the way in understanding how teachers’ knowledge progresses in time
(Schneider & Plasman, 2011). Teacher development is one of the five potential uses
of learning progressions (Kobrin, Larson, Cromwell, & Garza, 2015). In terms of
content, there was found to be a focus on student learning progressions for
engineering practices such as scientific argumentation (Berland & McNeill, 2010),
but there are no learning progressions developed for engineering practices,

engineering design, or attitudes towards K-12 engineering education.
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Developing learning progressions is a promising approach towards tracking progress
in terms of the variable of interest. With this approach and through the existence of
empirically generated levels, valid inferences on the location of the respondents can
be gained (Wilson, 2009). Learning progressions suggest the idea of moving from a
point to another, calling for a direction towards greater expertise (Gotwals & Alonzo,
2012; Stevens, Delgado, & Krajcik, 2010). Additional distinguishing features of
learning progressions can be stated as “being developed and refined with existing
research, being developed hand in hand with well-designed assessments” (Hess,

2008, p. 3).

Learning progressions approach served as the key principle to organize the main
curricular structure for K-12 science education (NRC, 2012). Formerly, curriculum
and the instructional materials were designed with the notion that what students
should learn is a simpler version of what experts know (Lehrer & Schauble, 2015).
This form of thought was challenged by the developmental view that documents
learning in its complexity. Learning progressions can be used in planning learning
materials that can enhance understanding and provide opportunities for monitoring
the learners with appropriate assessment within and different levels of K-12 education
(Duncan et al., 2009). Learning progressions can serve as main scheme for generating
curriculum units, assessment instruments, and professional development programs
(Songer & Gotwals, 2012). Carefully designed contexts for learners enable them to
reach goals they might not have been able to reach otherwise. Lastly, learning
progressions research draw attention to a collaborative approach; researchers and
educators working together to refine tools (Hess & Kearns, 2011). These can be
interpreted as major innovations to support measurement of progression and the

alignment between instruction, measurement, and curriculum.

The fact that learning progressions are created with theoretical and empirical support
together is a critical distinction from traditional methods (Wilson, 2005). The

articulation of especially the intermediate levels, that were referred to as messy



middles (Gotwals & Songer, 2013), provide a more valid interpretation of the
respondents on the variable that is being measured. Measuring location along a
continuum is opposed to choosing sequences of disconnected topics solely based on
analyzing what the current literature present (Corcoran, Mosher, & Rogat, 2009).
Learning progressions approach can bring about a new perspective to investigating
progress, providing feedback, and to anticipating difficulties (Breslyn, McGinnis,
McDonald, & Hestness, 2016). The movement towards higher levels of the learning
progression can be studied within the duration of an instruction context. “Instruction-
assisted learning progressions” (Jin et al., 2015, p. 1270) refers to progress following
a guiding instructional context. Such learning progressions are important in defining
paths to be taken in an instructional context which means the curriculum, instruction,
and assessments can be systematically aligned (Jin et al., 2015). Teacher PD programs
can serve as instructional contexts where learning progression can be validated. For
the current study, different strategies for the refinement and validation of the learning
progressions were followed; developing an associated survey along with the learning
progression on teacher attitudes, conducting Rasch analysis with survey data,
collection and analysis of qualitative data, and use of an instructional context; a

teacher PD program.

The introduction of engineering concepts and practices at the K-12 level brings about
many opportunities as well as challenges regarding teachers’ knowledge and their
professional development (Brophy et al., 2008). Integration of engineering to science
instruction is quite complicated which necessitates quality professional development
of science teachers (Guzey et al., 2014). There should be more opportunities for PD
programs that can engage teachers in engineering design activities (Donna, 2012;
Hynes & Santos, 2007) since these programs are effective methods for preparing
teachers to teach engineering. An influential factor to make engineering education
successful at the K-12 levels is to make sure teachers understand the basic engineering
concepts and they are comfortable as they engage their students in engineering

activities (NRC, 2009). The literature contained examples of systematic rubrics and
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examinations to evaluate teachers’ understanding of the engineering design process

(Bailey & Szabo, 2007; Duncan, Diefex-Dux, & Gentry, 2011) and teachers’
engineering design performances (Wendell, 2014). At this point, the current study
addressed the need to extend the literature by introducing learning progressions that
can be thought of as theoretically and empirically validated versions of rubrics.
Developing learning progressions for teacher development is a recent practice yet
requires vital importance (Furtak & Heredia, 2014). With the fact that learning
progressions are empirically supported and aligned with assessment and instruction
(Duncan & Hmelo-Silver, 2009), learning progressions can offer an innovative

perspective for teacher development on K-12 engineering education.

The current study contributes to the emerging learning progressions literature on
teacher development and monitoring teacher progress. A critical point was also to
support the learning progressions literature on areas that no learning progressions
were developed before. The literature did not include examples of teacher learning

progressions on engineering design and K-12 engineering education.

There were several aspects on weaknesses of teacher PD programs in general the the
current study addressed. Some of these aspects can be listed as insufficient
professional trainers, lack of collaboration between teachers, and insufficient
feedback to the participant teachers and lack of systematic training models; building
a community during the PD where teachers can discuss concept, skills, and issues,
having a match between strategies and purposes of the PD, need for more teacher PD
programs on engineering content, or relevant pedagogical approaches, and teachers’
having requirement to participate to the PD program (Bayrak¢i, 2009; Hynes &
Santos, 2007; Kennedy, 2006; Lee, 2005). For the last aspect, the teachers were all
volunteers to participate to the PD program which affected their motivation to learn
positively. For insufficient systematic training models, teacher PD program delivered
in the current study was based on a conceptual framework which was developed by

the researchers based on findings of the literature. To continue, the teacher PD
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program focused on engineering design challenges and activities where teachers
collaborated to work on the engineering design process and where they presented
their final designs again collaboratively. So teachers built a community where they
learnt together. The PD program having trainers some of whom were faculty members
on engineering and some of whom were faculty members on educational sciences

contributed to the quality of professional trainers.

Another point of attention for teacher PD programs to improve is to use learning
theories to support teachers’ growth because the growth process is complex (Clarke
& Hollingsworth, 2002). The critical importance of gaining proofs of teachers’
learning and effective professional development during a PD program was
highlighted by Borko (2004) as well. Investigation of teacher knowledge at the
beginning and monitoring the changes in the knowledge are major points for teacher
PD programs (Van Driel, Beijaard, & Verloop, 2001). Many teacher PD programs
fail to document the process of teacher change sufficiently (Guskey, 2002). These
points of concern were addressed with learning progressions approach that support

learning and assessment (Corcoran et al., 2009).

Understanding the possible paths of teachers’ attitudes towards K-12 engineering
education, and teachers’ understanding of engineering design process are critically
important in introducing engineering to K-12 settings. The findings and the products
of the current study can facilitate the integration of K-12 engineering education to

science instruction and can improve science teacher development.

1.4. Definition of Terms

Attitude: “An evaluation of an object of thought. Attitude objects comprise anything
a person may hold in mind, ranging from the mundane to the abstract, including

things, people, groups, and ideas” (Bohner & Dickel, 2011, p. 392).
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Construct maps: “A well thought out and researched ordering of qualitatively
different levels of performance focusing on one characteristic.” (Wilson, 2009, p.
718).

Engineering: “Engagement in a systematic practice of design to achieve solutions to
particular human problems” (NRC, 2012, p. 11-12).

Engineering design process: “Engineers design and build all types of structures,
systems and products that are important in our everyday lives. The engineering
design process is a series of steps that engineering teams use to guide them as they
solve problems” (Tayal, 2013, p. 1).

K-12 engineering education: Three general principles for K-12 education are: “(1)
K-12 engineering education should emphasize engineering design; (2) K-12
engineering education should incorporate important and developmentally
appropriate mathematics, science, and technology knowledge and skills, and (3) K-
12 engineering education should promote engineering habits of mind” (NRC, 2009,
p. 4).

Learning progressions: “Descriptions of the successively more sophisticated ways
of thinking about a topic that can follow one another as children learn about and
investigate a topic over a broad span of time” (NRC, 2007, p. 217).

Teacher learning progressions: “Teachers move from initial experiences with
learners in their pre-service programs to (perhaps) induction programs for new
teachers to professional development programs for continuing teachers.” (Schneider
& Plasman, 2011, p. 534).

Understanding: “Understanding develops over time......... If mastery of a core
idea in a science discipline is the ultimate educational destination, then well-
designed learning progressions provide a map of the routes that can be taken to

reach that destination.” (NRC, 2011, p. 26).
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CHAPTER 2

LITERATURE REVIEW

2.1. Emergence of K-12 Engineering Education

STEM education is mostly interpreted as science and mathematics and technology
and engineering disciplines are not sufficiently emphasized (Bybee, 2010). In order
to raise students who can meet the challenges of the future society, there is a
connection addressed between engineering and K-12 education (NRC, 2012). Science
and mathematics as curriculum areas, have gone through many changes recently
following Common Core State Standards (Common Core State Standards Initiative,
2010), STEM approach, and the Next Generation Science Standards (NGSS) (NGSS
Lead States, 2013). The framework; NGSS (NGSS Lead States, 2013), addressed the
connection between engineering and other content areas such as mathematics, science
and technology (Quinn, Schweingruber, & Keller, 2012). The framework highlighted
K-12 education to be built around three dimensions: (1) scientific and engineering
practices, (2) crosscutting concepts that unify science and engineering, and (3) core
ideas from the disciplinary areas of physical science, life science, earth/space science,
and engineering (NGSS Lead States, 2013). A distinguishing attribute of the NGSS
was the integration of engineering and technology into science education by
emphasizing engineering and technology more then before and giving more attention
to engineering design (NGSS Lead States, 2013). With the introduction of NGSS,
teachers need to be competent on teaching elements of engineering in their
classrooms (Goodale, 2013) since the new standards includes engineering from

kindergarten to 12" grade level.
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Engineering is a field of applied science focusing on engineering design; an iterative
process followed to design or solve a problem considering certain constraints (Vessel,
2011). Activities that focus on engineering design at the K-12 level is beneficial by
offering opportunities to students such as developing 21* century skills, making
connection to other STEM subjects, and learning about careers in engineering (Bybee,
2010). However, engineering is rarely considered a separate content area at the K-12
level partly because there are no agreed-upon standards on how to integrate
engineering to the K-12 curriculum. As engineering was revealed to be pedagogically
effective for developing students’ skills, it became important to address the context
of such learning. Engineering is not a separate school discipline yet (Vessel, 2011)
and there is not a clear definition or methods on how to enact engineering at the K-
12 level most effectively (Moore et al., 2014b). Currently, there is not a consistent
framework for understanding and implementing engineering design into K-12 level
education as there is a variety of engineering design models and explanations.
However, there are continuous efforts to ensure a place for engineering in K-12

settings.

The increasing focus on integrating engineering to K-12 education can be considered
as an essential step towards the change in classroom practice (Moore et al., 2015).
Currently, engineering is introduced to K-12 settings mostly through informal
learning environments; after-school programs and summer programs (NRC, 2009).
For the formal classroom setting, there are two main approaches followed at the K-
12 level; 1) adopting a complete engineering curriculum, or 2) integrating selected
curriculum resources into other subject areas such as science or mathematics. The
first approach: “adopting a complete engineering/technology education curriculum”;
introduces engineering as a separate subject whereas the second approach is the
integration of engineering concepts and applications (Kimmel, Carpinelli, Burr-
Alexander, & Rockland 2006). Considered with more detail, for this first approach,
engineering serves as the primary organizer for student learning. Examples of this can

be listed as the initiatives; Project Lead the Way, The Infinity, and lastly Engineering
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the Future. For the state level, standards by the Massachusetts Department of
Education was the first attempt to develop set of content standards for a K-12
curriculum (Massachusetts Department of Education, 2006). These standards present
a model for other states in USA and for other parts of the world that are interested in
having explicit standards for engineering (Brophy et al., 2008). To summarize, in this
approach, engineering exists as a stand-alone course and engineering is the main

organizer for student learning.

For the second approach “integrating engineering into the curriculum” (Kimmel et
al., 2006), engineering serves as a tool for teaching science and mathematics
(Cunningham, Knight, Carlsen, & Kelly, 2007). Engineering and concepts and skills
are used in other subjects such as science, mathematics, or technology. For this
approach, two curriculum integration models were introduced by Moore, Stohlmann,
Wang, Tank, and Roehrig (2014). For the content integration, understanding in
multiple STEM disciplines is developed with help of one motivating context. The
focus is on multiple STEM disciplines, not only on one. Merging multiple STEM
content in one single curricular activity to have a focus of main concepts and
perspectives from different disciplines is prominent. Whereas for the context
integration; understanding in one STEM discipline is developed with help of contexts
from other disciplines. The main focus is on only one discipline and uses the contexts
of other disciplines to make content more relevant (Moore et al., 2014a). The current
study adopted the context integration model where understanding in engineering was
the main focus. This was supported by the other three disciplines; science,
technology, and mathematics within engineering design activities. Science and
engineering content knowledge can be integrated and implemented in the classroom
through engineering design as a focus (Quinn et al., 2012). According to Milano
(2013), “In the next generation of elementary classrooms, students are actively
engaged in the practices of science and engineering, using design as a vehicle to build

and revise knowledge of key disciplinary core ideas” (p.10).
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Engineering design challenges provide the experiences to learners to solve grand
challenges that can be at the community, national or global levels (U. S. Department
of Education, 2016). Although there are other models and explanations on
engineering design, two sources were more commonly used to understand the
engineering design process. According to the first source; “A framework for K-12
science education: Practices, crosscutting concepts, and core ideas” (NRC, 2012);
engineering design process is based on three component ideas: “a) defining and
delimiting engineering problems, b) designing solutions to engineering problems, and
¢) optimizing the design solution” (NRC, 2012, p. 203). These component ideas are
not linear and they follow each other in circles; the process is iterative and flexible.
This enables the designer to go back to other stages and make revisions. This is a
significant distinction between engineering design process and scientific inquiry
(NRC, 2012). The second source is the recently developed framework by Moore et
al. (2014b) which presented elements that should be included in a quality K-12
engineering education program. The authors systematically reviewed prominent
reports, and standard documents to generate the key indicators of a quality K-12
engineering education. Among these elements, the engineering design process was
identified with three key indicators; “a) problem and background, b) plan and
implement, and c) test and evaluate” (Moore et al., 2014b, p. 9). Overall, both sources
on the engineering design process were noticed to include similar descriptions which
were combined and expressed together in Table 1. The combination of the
descriptions in these sources in Table 1 served as a guide in; a) understanding the
engineering design process, b) structuring the professional development program
content, and c) developing a learning progression on engineering design

understanding.
When it comes to the features of the engineering design process in more detail, the

educational literature identified four common core features, “(1) the design process

begins with problem definition, (2) design problems have many possible solutions
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and engineers must find systematic approaches to choosing between these, (3) design

requires modeling and analysis, and (4) the design process is iterative” (Berland,

Steingut, & Ko, 2014, p. 706).

Table 1. Descriptions on Engineering Design Process

Component ideas Key
of the indicators
engineering of
design cycle engineering
(NRC, 2012, p. Descriptions design
203) process
(Moore et
al., 2014b,
p.9)
Define and “Stating the problem to be solved as clearly as possible
delimit in terms of criteria for success, and constraints or limits Problem
engineering Researching the problem, participating in learning and
problems activities to gain necessary background knowledge” background
(Moore et al., 2014b, p.9; NRC, 2012, p. 203)
“Begins with generating a number of different possible
solutions, then evaluating potential solutions to see
. . which ones best meet the criteria and constraints of the
Design solutions »
to engineering Broble'm. . . . 'Plan and
Judging the relative importance of different constraints implement
problems and trade-offs. Mostly concludes with creation of a
prototype, model, or other product.”
(Moore et al., 2014b, p.9; NRC, 2012, p. 203)
“Solutions are systematically tested and refined and the
final design is improved by trading off less important
features for those that are more important.”
Optimize the “Use test result feedback in redesign. Because of the Test and
design solution iterative nature of design, students should be encouraged evaluate

to consider all aspects of a design process multiple times
in order to improve the solution or product until it meets
the design criteria.”

(Moore et al., 2014b, p.9; NRC, 2012, p. 203)

In investigating teachers’ understanding of the engineering design process and its

features, these four common core features can be accepted as sign of a more

sophisticated understanding.
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Several model were located in the literature for engineering design process and its
steps. These models can be considered as more detailed descriptions of the
engineering design process steps that were briefly provided in Table 1. The two most
useful and commonly used engineering design process models with descriptions of
the steps to follow can be reported as the five-step model by Museum of Science
(Cunningham, 2009) and the eight-step model by Massachusetts Engineering
Framework (Hynes et al., 2011, p. 9). In the first model, there are five steps of the

engineering design process: “a) ask, b) imagine, c) plan, d) create, and e) improve”
(Cunningham, 2009, p. 14). The model is in a cyclical format as typical engineering
design process models. This cyclical depiction can be explained by the iterative nature
of the engineering design process. As new problems arise, there occurs a need to
revisit the steps and refine the product. The design work can be expressed as a set of
steps that are developmental, structured, and iterative (Asunda & Hill, 2007). The
engineering design process is cyclical where revisions may lead the process to a
further analysis or synthesis (Hynes, 2012). The first step includes what the problem
is and trying to find answers for the question what has been done so far. The second
step addresses brainstorming on possible solutions followed by choosing the best
solution. The next step; plan includes drawing a diagram or a sketch and laying out
the materials needed. The next step refers to building the design and testing it. The
final step is on revisions to make the design better. This engineering design process
model is very useful especially for introducing the engineering design process to a
more novice audience. However, to lay out the possible levels between a novice
understanding and a more sophisticated understanding of the engineering design
process, a comprehensive model might be needed. The eight-step engineering design
process model by Massachusetts Department of Education (Hynes et al., 2011) is

influential in addressing this need. This model was provided in Figure 1.

There are more number of steps to complete the engineering design process in this
model which basically makes it a more detailed version of the five-step model. The
first step is the identification of the need or the problem by brainstorming on the

criteria and constraints as well. The second step researching about the need or the
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problem. This step includes a thorough research of the problem which might include
scanning books, journals, internet databases, videos, and consulting people who
might have knowledge. The third step is developing possible solutions. This step is
critical in deciding on the best solution possible which is the fourth step. While

deciding on the best possible

Step 8
Redesign

Step 7
Communicate the
Solution(s)

Step 1
Identify the Need
or Problem

Step 2
Research the
Need or Problem

Step 3
Develop Possible
Solution(s)

Step 6
Test and Evaluate
the Solution(s)

Step 4
Select the Best
Possible Solution(s

Step 5
Construct a
Prototype

Figure 1. Engineering design process model

solution, criteria and constrains are carefully revisited and discussed, and a tradeoff
strategy is utilized. In the fifth step a prototype is created where the plan is
documented with a drawing or a model. The sixth step focuses on testing an
evaluating solution. The design is subject to a test in this step where taking and
reporting data is critical. In the seventh step the solutions are communicated. This is
basically reporting the results and areas for improvement. In the eighth and the final

step, a redesign starts where improvements are put into practice.

The two engineering design process explanations presented together with Table 1,
and the engineering design process model in Figure 1 were the main driving forces in

understanding what a sophisticated understanding of the engineering design process
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might include. The two models had guiding roles in describing what constitutes an
engineering design model. To summarize, these sources are critically important in
creating an upper anchor (Breslyn et al., 2016); highest level of understanding of the

learning progression on engineering design process.

Engineering design quickly appeals to students who could struggle in traditional
science classrooms (Cunningham et al., 2007). Students are engaged in rich learning
opportunities with the benefits of design and troubleshooting (Brophy et al., 2008).
By exposure to engineering design, students can comprehend that engineering
involves creating things to enhance the society, which is critical for a diverse
population (Carlson & Sullivan, 2004). Wicklein (2006) put forth that engineering
design provides a sound framework for organizing curriculum and that it is an ideal
platform to integrate mathematics, science, and technology. Attracting students to
engineering related professions can be challenging due to engineering not being a
separate teaching subject (Nugent, Kunz, Rilett, & Jones, 2010). However, students’
experiences with engineering design can enhance their understanding of engineering
and motivate them in science and engineering careers (Bybee, 2009). Students grasp
science and mathematics concepts and retain them better with engineering design
problems that provide a real-world context (NRC, 2009). The engineering design
process and the engineering design challenges can serve as contexts for learners to
understand engineering design process along with concepts related to science,

mathematics, and technology.

2.2. STEM and K-12 Engineering Education in Turkish Context

Recently many educational initiatives have put great emphasis on integration of
STEM in K-12 classrooms in Turkey. STEM Education Turkey Report (Akglindiiz et
al., 2015), and STEM Education Report (MoNE, 2016) aimed to create an awareness
on STEM education and to prepare educational programs on STEM particular to

Turkish context. Because there is a decrease in the number of high ranking students
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who choose a career in STEM fields between 2000 and 2004, the need for STEM
work force might be influenced (Akgiindiiz, 2016).

In Turkey, there are efforts to implement STEM activities in K-12 contexts. As a
fundamental guide and an example from the international context, “The Next
Generation Science Standards” (NGSS Lead States, 2013) is organized in a particular
way so that all STEM disciplines are integrated. This can help students comprehend
the relevance of science, technology, engineering, and mathematics in real life. The
engineering design process is clearly emphasized and mentioned at all grade levels
(NGSS Lead States, 2013). In Turkey there are similar efforts where K-12 students
identify and work on problems that address the four disciplines and where they follow
the engineering design process. The Technology and Design course for the 7" and 8"
grades is an example where engineering design process is typically followed.
Literature also revealed other practice efforts such as participation to short-term
STEM activities and projects for K-12 students (Gencer, 2017; Karahan, Canbazoglu-
Bilici, & Unal, 2015; Yamak, Bulut, & Diindar, 2014) where the engineering design
process is elaborated on. When the new draft science program is examined that was
shared in early 2017, one of the main goals is clearly to integrate engineering concepts
and engineering design process as a method to science education. These examples
underlined the need to integrate engineering concepts and practices to science

education.

The Scientific and Technological Research Council of Turkey has a significant role
in providing support to STEM approach with projects for K-12 students (Colakoglu,
2016). Exposure to STEM activities were found to contribute to students’ academic
achievement (Ercan & Sahin, 2015) and to their skills development (Baran,
Canbazoglu-Bilici, Mesutoglu, & Ocak, 2016). A need for Turkey was revealed to be
a focus on STEM education programs for gifted students at K-12 levels (Kanli &
Ozyaprak, 2016).
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Studies in Turkish context most commonly worked on developing instruments
(Buyruk & Korkmaz, 2014) and on adapting existing instruments to Turkish
(Yildirim & Selvi, 2015) to collect data useful for improving STEM education. In the
training programs for pre-service and in-service teachers, major data collection
methods were questionnaires (Altan & Ercan, 2016; Cinar, Pirasa, Uzun, & Erenler,
2016; Giil & Marulcu, 2014), interviews (Altan, Yamak, & Kirikkaya, 2016) and

drawings (Gil & Marulcu, 2014). In order to advance the measurement
methodologies further and to introduce assessment tools that are based on empirical
findings, learning progressions can provide an alternative perspective. Learning
progressions can show movement towards higher levels from lower levels of the
variable of interest with use of existing research findings and empirical data (Duncan

& Hmelo-Silver, 2009; Hess, 2008).

In Turkey, there was found to be a larger effort towards understanding pre-service
teachers’ perceptions or perspectives on STEM education and engineering (Akaygiin
& Aslan-Tutak, 2016; Altan & Ercan, 2016; Marulcu & Sungur, 2015) also through
workshops and other education programs (Altan et al., 2016). Improvement of
teachers on STEM education is one of the broad strategies that should be highlighted
in order to integrate STEM education successfully. The other strategies can be listed
as: a) more empirical research on STEM education, b) revising curriculum to include
STEM education carefully, and c) providing necessary materials to schools (MoNE,
2016). Although teachers are motivated to implement engineering activities in their
classrooms (Hacioglu, Yamak, & Kavak, 2016), barriers teachers face can be aversive
in their adoption of a particular strategy (Blackwell, Lauricella, Wartella, Robb, &
Schomburg, 2013).

For in-service teachers, there are only recent efforts to expose them to engineering
through teacher PD programs on STEM Education (Sungur, 2013). There is limited
research on in-service teachers’ professional development on engineering concepts
and practices. However, it is critical for teachers to make connections between their

field of expertise and other disciplines, to discuss STEM careers, and to include
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design activities in their classes (Giilhan & Sahin, 2016). In-service teachers having
expertise solely in their field of expertise cannot be sufficient for raising human
potential that the country needs (Corlu et al., 2014). Because the teacher PD programs
are positively influential on teachers’ views of STEM education (Altan & Ercan,

2016), such contexts can be useful for promoting STEM in the country.

The most recent science curriculum in Turkey (MoNE, 2013) did not have a certain
focus on integration of STEM or engineering practices. However, the new draft
middle school science curriculum introduced by the Ministry of Education in early
2017 (MoNE, 2017), was noticed to include a full unit on engineering concepts and
engineering design principles from grade level four to grade level eight. Students’
improvement in engineering and design skills, understanding of interdisciplinary
interactions, application of their knowledge through designs, and products were some
of the underlined aspects of this draft science curriculum. This innovation for Turkish
science education currently necessitates the professional development of teachers on

engineering concepts and practices.

For Turkey, STEM education is a necessity without a doubt however exposing each
and every student to STEM education is a very challenging endeavor (Akgiindiiz et
al., 2015). STEM in Turkish context can be considered as being shaped both by
teachers’ and students’ interests and experiences. The successful implementation of
STEM integration in Turkish context is effected by school level and type and the
characteristics of STEM teachers as well (Corlu et al., 2014). Future research can pay
attention to the needs and specifications of various factors such as location, regional,
and sociological needs (Kanli & Ozyaprak, 2016). Still for all schools in Turkey,
STEM education should be of primary interest (MoNE, 2016). STEM activities
should not be limited to formal school environments but concentrate on solving real
life problems as well (Akgiindiiz et al., 2015). In order to improve in international
examinations; TIMSS and PISA, conducting more research, and improving in-service
teachers need to be considered among the important recommendations for the

successful integration of STEM for the Turkish context (Akgilindiiz et al., 2015). In
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the Turkish context, lack of teachers, the disconnect between teacher education
programs and real settings of the schools has always been among the issues teacher
education system faced in time (Cakiroglu & Cakiroglu, 2003). One critical
recommendation in terms of transforming teacher education can be exposing pre-
service teachers to more opportunities where they can learn more about integrated

teaching and where they can practice integrated teaching (Corlu et al., 2014).
Thinking like an engineer should be more emphasized so that individuals can be
raised as responsible of their own learning (Cavas, Bulut, Holbrook, & Rannikmae,
2013). For Turkish context, some of the further critical points of consideration for
future research can be listed as conducting comparison studies with different
populations and grade levels, integration of STEM education to the programs, and

increasing focus on interdisciplinary integration (Giilhan & Sahin, 2016).

Extending the above findings, some of the areas for improvement for teacher PD
programs in the Turkish context can be reported as insufficient professional trainers,
lack of collaboration between teachers, insufficient feedback to the participant
teachers (Bayrakei, 2009), the need for increasing number of programs to include
follow-up sections where teachers can gain and reflect on experience in real
classroom context and where teachers can be monitored successfully (Avery &
Reeve, 2013; Nadelson et al., 2015) as such programs can result in permanent changes
in teacher knowledge (Van Driel et al., 2001), and advancing techniques for
measuring participant teacher progress that are mostly limited to adapted versions of
questionnaires. Other than that, the number of teacher PD programs on engineering
practices and STEM education needs to be increased. Insufficient in-service teacher
training programs serve as barriers in integration of new approaches to classroom
practice by teachers (Goktas, Yildirim, & Yildirim, 2009). Since resources in terms
of money, energy, and time are spent on the design and delivery of in-service teacher
PD programs (Kennedy, 2016), addressing their insufficiencies and putting efforts to

improve them are of vital importance.
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It can be concluded that future reforms in teacher education in the national context,
universities can have a critical influence in raising teachers who can integrate
different STEM disciplines in their instruction once they start working in schools.
Another point of focus should be teacher PD programs for in-service teachers on

STEM and K-12 engineering education.

2.3. Teachers’ Attitudes towards K-12 Engineering Education

Attitude can be defined as the personal evaluation of a particular object a person holds
in mind which might include but not limited to ideas and things (Bohner & Dickel,
2011). Attitudes are enduring, learned and related to behavior (Shrigley, Koballa, &
Simpson, 1988). Sub-concepts within attitude might contain perceptions (Iskander,
Kapila, & Kriftcher, 2010), confidence (Hynes & Santos, 2007), and comfort (Diefes-
Dux, 2015).

When it comes to teachers’ attitudes there might be different aspects related such as
teachers’ attitudes towards teaching their subject matter and their attitudes towards
their field of expertise in general (Van Aalderen-Smeets & Van Der Molen, 2015).
Change in teachers’ attitudes generally takes places after teachers observe
improvements in students’ learning process (Guskey, 2002). As teachers observe
effect on student learning and on other student outcomes, their overall beliefs and
attitudes are shaped. This point was elaborated in the attitude change model by
Kelman (1958) that focused on how change occurs in attitudes. This model was
composed of three stages to explain the change in attitudes; 1) compliance, 2)
identification, and 3) internalization. According to the model, as the positive attitude
is observed, the object of attention is intrinsically rewarding for the individual and it
is in line with the existing value system. Positive attitude signifies usefulness in the
thinking process of the individual. At the lack of positive attitude, what matters is the
existence of an influencing agent where the object of attention is only externally

rewarding (Kelman, 1958). When teachers gain more experience in classroom with
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their students, their attitudes are being shaped. Changes in teachers’ behavior is
effective in shaping teachers’ attitudes (Hew & Cheung, 2014). Teacher attitudes was
found to be an important element in the success of students’ improvement both for
their attitudes towards teaching and their attitudes towards their field in general.
Teachers’ attitudes towards a certain subject matter and how teachers present it in
their classrooms are critically important in understanding the success of teaching and
learning experiences (Zacharia, 2003). Some of the possible outcomes that are
influenced by teachers’ attitudes are students’ academic achievement (Palardy &
Rumberger, 2008), students’ personalities and life performances (Ulug, Ozden, &
Eryilmaz, 2011), teachers’ classroom practices (Sharma & Sokal, 2015), teachers’
judgement of students (Glock, Beverborg, & Miiller, 2016), teacher self-efficacy
(Carleton, Fitch, & Krockover, 2007), and teaching style (Karamustafaoglu, Cakir, &
Celep, 2015). Teachers’ attitudes are closely linked to their beliefs and practices in
understanding and advancing educational processes. These findings demonstrated the

prominence of teachers’ attitudes.

Teachers’ role in guiding students’ career choices and positive attitudes towards
engineering is in line with how they promote engineering as a profession (Lindsley
& Burrows, 2007). It is important for teachers to have a positive attitude towards
improving themselves in K-12 engineering education themselves. Some of the factors
for teachers’ resistance in improving themselves in engineering practices were found
to be; teachers not feeling that the students are capable of being motivated towards
engineering activities (Van Haneghan, Pruet, Neal-Waltman, & Harlan, 2015),
overall negative attitudes towards engineering (Yoon et al., 2013), insufficient
administrative support, incompetency and insufficient knowledge, problems faced
during pre-service education and finally insufficient time to learn about design,
engineering and technology (Yasar et al., 2006). Teacher PD programs are important
contexts to reinforce and refine attitudes (Collinson, 2012) that can highlight factors
of resistance. For K-12 engineering education, PD programs were revealed to have a

role in increasing teachers’ positive attitudes towards components such as general
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impressions of engineering, importance of engineering and/or engineers, and teaching
engineering curricula (Lachapelle et al., 2014; Lindsley & Burrows, 2007). Teachers
were shown to have positive attitudes towards design, engineering and technology
(Yasar et al., 2006) however for teachers to increase positive attitudes, exposure to

PD programs can be effective.

An understanding of teacher attitudes is significant for planning teacher education
programs both at the pre-service and the in-service levels. With exposure to
professional development opportunities, teachers can enhance their self-efficacy and
they may start feeling less dependent on contextual factors (Van Aalderen-Smeets &
Van Der Molen, 2015). Teachers’ attitudes were found to increase positively towards
various variables following participation to PD programs. Some example were
attitudes towards interdisciplinary teaching in STEM subjects (Al Salami, Makela, &
de Miranda, 2015) and teachers’ attitudes towards subject they teach (Smith, 2015;
Yoon et al., 2013). Because the literature needs more findings on science teachers’
uncertainty to implement engineering activities (Capobianco, Diefes-Dux, Mena, &
Weller, 2011) research on PD programs and teacher’ attitudes can be highly useful.
The need for examination of contributions of PD programs for in-service teachers is

valid for both the national and the international contexts.

The literature included examples of developed learning progressions on teacher
attitudes with their associated instruments; Mahat (2008), and Nguyen and Griffin
(2012). The authors of these two studies labeled their learning progression as a
construct map based on basically following the construct modeling measurement
framework (Wilson, 2005) in developing and analyzing their learning progression. It
might also be the case that, since construct maps are smaller and simpler versions of
learning progressions, they are labeled as so. These arguements were critical in how
the learning progression is named however, the label learning progression can be

preferred which is a broader category for such products.
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It is important to primarily have knowledge on teachers’ attitudes since teachers are
expected to implement engineering activities in their classrooms. This requires
research and practice efforts towards both measuring attitudes reliably and validly
and developing positive teacher attitudes towards K-12 engineering education. For
measuring teachers’ attitudes, only one instrument was located in the literature that
specifically assesses teachers’ attitudes towards K-12 engineering education;
“Teacher Attitude Survey (TAS)” (Lachapelle et al., 2014). Most accessed
instruments measured teachers’ attitudes toward science or math (Lachapelle et al.,

2014). This addressed the need for more instruments that can accurately measure and
document teachers’ attitudes towards K-12 engineering education. It is critically
significant to present psychometrically sound instruments to the literature that can
help researchers, and policy makers gain information on teacher attitudes towards K-
12 engineering education. Developing a learning progression on attitudes with its
associated instrument can address this need as well as serve to validate the learning

progression.
2.4. Teachers’ Understanding of the Engineering Design

It is becoming more common to integrate engineering to K-12 teaching with learning
standards necessitating a particular focus on engineering design (Hsu et al., 2010).
Integrating engineering design to K-12 education is substantial to reach some of the
important goals of engineering education; a) enabling students to learn concepts in a
motivating context and b) introducing the engineering discipline to the students
(Berland et al., 2014). When students are provided with a foundation in engineering
design, they are better equipped to solve major problems related to society they will
face in their future lives (NGSS Lead States, 2013). Engineering design activities are
effective strategies to integrate science, mathematics, and technology and to engage
students (Cantrell, Pekcan, Itani, & Velasquez-Bryant, 2006). Students’ engagement
with the engineering design activities can increase the quality of education in various

aspects.
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Students at the K-12 level should have an understanding of the core elements of the
engineering design process and contexts should be designed where students can apply
the design process in real-world situations (Moore et al., 2014b). There are many
benefits of engineering design applications for K-12 students. As examples, exposure
to engineering design process positively influences students’ intellectual
development (Marra, Palmer, & Litzinger, 2000) and their problem solving abilities
(Li, Huang, Jiang, & Chang, 2016). Engineering design process motivates students in
learning mathematics and science content (Becker & Park, 2011). In summarizing the
impact and significance of these findings, it is revealed that students should be
exposed to more engineering design experiences. In addressing this issue and
ensuring a place for engineering design in K-12 settings, teachers have a substantial

role.

The literature revealed teachers’ insufficient understanding of the engineering design
process (Hirsch et al., 2014). Elementary teachers do not have subject matter
knowledge in engineering and they don’t have experience on teaching engineering
which makes them anxious in bringing engineering to their classrooms (Yu, Luo, Sun,
& Strobel, 2012). Teachers need improved understanding and applications of the
engineering design process, since insufficient engineering knowledge can prevent
teachers from providing adequate instruction and contributing to students’ success in
STEM related careers (Goodale, 2013). Without a clear knowledge on teachers’
understanding of the engineering design process, raising students to be competent at
engineering design challenges is purposeless. Accordingly, investigating teachers’
understanding can bring potential to classroom on the teachers’ and ultimately the
students’ part. Integration of engineering into the curriculum and implementing
engineering activities in the classroom requires a complete understanding of how to
prepare teachers (Nadelson, Pfiester, Callahan, & Pyke, 2015). Teachers need
understanding and experience when they teach a discipline that falls out of their
qualifications. In this respect, it is critical that teachers improve their understanding

of engineering and the engineering design process.
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Teachers can be considered as the change agents in schools where their role is
imperative in transforming the classrooms. However, teachers lack professional
preparation and experience to teach engineering (Kimmel et al., 2006). Such
preparation can be provided in a teacher professional development setting. Exposing
teachers to a PD program is critical because such a setting that introduces teachers to
the nature of engineering and the engineering design process can alter how teachers
approach K-12 engineering education. Similar instructional interventions are
commonly used in learning progressions development studies (Jin & Anderson, 2012;
Nordine, Krajcik, & Fortus, 2011). A teacher PD program as a context can be helpful
in capturing the differences in teachers’ attitudes and their understanding of the
engineering design process from lower levels to higher levels. Since implementing
teaching interventions or providing instructional context are used as validation
methods for learning progressions (Duncan & Hmelo-Silver, 2009), such contexts

can help to test and therefore better refine learning progressions.

2.5. Teacher Professional Development Programs on K-12 Engineering

Education

Professional development (PD) programs for teachers are effective for improving
teachers’ positive attitudes and teachers’ understanding of nature of engineering
and/or the engineering design process. For teachers to inspire and encourage their
students towards STEM careers, they should have an awareness on engineers and
what they do. This can be achieved with delivery of teacher PD programs (Avery &
Reeve, 2013). PD programs have shown to be effective in increasing teachers’
positive attitudes towards various new pedagogies in education such as; inclusion
(Male, 2011), technology integration (Overbaugh, Lu, & Diacopoulos, 2015), and
inquiry-based science education (Kapanadze, Bolte, Schneider, & Slovinsky, 2015).
Other benefits of participating to PD programs on engineering can be listed as;
increase in student motivation to learn more engineering and increase in student
learning (Avery, 2010). Teachers expressed more control over their science teaching,

felt more confidence and enjoyment in teaching following their participation to a PD
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program (Van Aalderen-Smeets & Van Der Molen, 2015). When teachers have
experience on basic engineering principles and methods, they are comfortable in
sharing their experience and knowledge with their students. They can better explain
the connections of math, science and engineering (Jeffers et al., 2004) and they
increase self-confidence on teaching engineering concepts and engineering design

process (Goodale, 2013).

In order to motivate students and raise their confidence towards careers in science
and engineering, the key is to have teachers with appreciation and understanding of
engineering themselves (Jeffers et al., 2004). Teacher PD programs can influence
teachers’ understanding and knowledge on engineering concepts, process, and
applications (Nugent et al., 2010). Through engagement in PD programs, teachers can
notice the importance of integrating the engineering design process into mathematics
and science (Norman, Kern, & Moore, 2010). In order to effectively integrate
engineering to K-12 level education, qualified teacher PD programs are needed
(Dyehouse, Yoon, Lucietto, & Diefes-Dux, 2014). According to Yoon et al. (2013),
teacher PD programs are effective in increasing student classroom performance
through teacher practice by contributing to their knowledge and changing their
attitudes positively. Teachers’ knowledge about their content area and the pedagogies
are in connection with how students develop their deep understanding of engineering
and with students’ interest in the field of engineering (Vessel, 2011). It is critical
whether teachers improve themselves in terms of their understanding of engineering

and the engineering design process.

When compared to science and mathematics, there have been fewer examples of
teacher PD programs on engineering and more research is needed to understand how
teacher PD programs for K-12 engineering education can be more effective (Yoon et
al., 2013). Teachers tend to have a fear engineering and they see it as a discipline that
is only for the brightest children. For this to be overcome, a PD program can be a
great opportunity for them to be exposed to engineering instruction (Cunningham,

2009; Page et al., 2013).
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With PD programs, teachers are better able to promote engineering to their students
(Page et al., 2013). In order to improve the learning outcomes for students, the details
of such programs should be more closely investigated (Dyehouse et al., 2014). For
engineering to have a place in K-12 curriculum, the question of what teacher PD
programs should include for the effective integration of engineering teaching and

assessment should be answered (Dyehouse et al., 2014). More research is needed to
understand the effective practice of teacher PD programs for K-12 engineering
education (Yoon et al., 2013). Teachers can access the knowledge, skills, and
dispositions addressed in the new standards with high-quality professional
development opportunities (Capobianco & Rupp, 2014). Since PD programs have an
eminent role in enhancing teachers’ competencies and understanding of K-12
engineering education, research efforts to better improve their design is of

significance.

To design an effective teacher PD program on K-12 engineering education that can
contribute to teachers’ improvement as well as creating a context for validation of the
learning progressions, revealing influential points in the literature was helpful. Recent
previous teacher PD programs on K-12 engineering education; delivered between
2000 and 2016 were summarized in five parts: a) participant teachers in the PD
programs, b) purposes and focuses of the PD programs, c) delivery format of the PD
programs, d) connection to science and engineering knowledge, and e) collaboration
with engineering experts. Guided mainly by these five parts, an analytical table was
created on the details of the PD programs on teacher K-12 engineering education (for
an overview see Table 2). The articles addressed in this table all included a teacher
PD program on K-12 engineering education. Detailed information on the five

summarizing parts were presented.
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a. Participant teachers in the PD programs. It was revealed that a majority of the
PD programs included elementary teachers (e.g. Hardre, Nanny, Refai, Ling, &
Slater, 2010; Nadelson et al., 2015). This was followed by the inclusion of both
elementary and high school teachers (e.g. Baker, Yasar-Purzer, Kurpius, Krause, &
Roberts, 2007; Moskal et al., 2007) and only high school teachers (e.g. Martin, Baker
Peacock, Ko, & Rudolph, 2015). Before high school, many students tend to lose
interest in classes that are pre-requisites for advanced science, engineering, and
mathematics courses (Moskal et al., 2007). It was considered an urgent need to train
elementary teachers to teach engineering and to evoke their students’ interest in
engineering careers (Sun & Strobel, 2013). This fact was evident in the choice of

elementary teachers in majority of the studies.

b. Purposes and focuses of the PD programs. For their primary purposes of
delivering a PD program, commonalities were detected. In order to summarize, four
purposes in preparing and implementing a PD program on K-12 engineering

education were identified.

The primary purposes of the PD programs were: a) to increase teachers’
understanding and knowledge of K-12 engineering education and/or engineering
design process, b) to increase teachers’ potential to teach engineering, c) to
investigate teachers’ attitudes towards K-12 engineering education, and d) to have

teacher leaders in K-12 engineering education.

The first purpose; to increase teachers’ understanding and/or knowledge of K-12
engineering education, involved increasing teachers’ knowledge and examining what
knowledge they used as they implemented engineering activities (e.g. Duncan et al.,
2011). The second purpose, increasing teachers’ potential to teach engineering
focused on enabling teachers to enact engineering design challenges in their
classroom (e.g. Dare, Ellis, & Roehrig, 2014), resulted in the integration of

engineering in the K-12 curriculum. This second purpose was evident in studies that
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included teachers’ classroom implementations following the face-to-face workshops.
This goal was concerned with teachers not only learning engineering but also
implementing it successfully in their classes (Hynes & Santos, 2007). A third goal
was to work on and to improve teachers’ attitudes towards K-12 engineering
education (Hardre et al., 2010; Martin et al., 2015). The final prominent purpose was
having teacher leaders in K-12 education (e.g. Cunningham et al., 2007). This purpose
highlighted teachers’ being able to transfer what they learnt to teachers and/or to the

principles working in their schools (Cunningham et al., 2007).

In accordance with the purposes of the studies, the focuses or common variables of
interest in the PD programs were: a) focusl; teachers’ understanding/knowledge of
engineering design and/or K-12 engineering education, b) focus2; teachers’ attitudes
including their perceptions, interest, recognition, and comfort towards K-12
engineering education, and c¢) focus3; teachers’ ability to teach engineering in
classroom. The review by Mendoza Diaz and Cox (2012) also reported the main
focuses of teacher PD programs as teacher knowledge and teacher attitudes. Teachers
participating in a PD program valued the improvement in their comprehension of the
engineering design process, engineering and technology (Nugent et al., 2010; Yoon
et al., 2013). PD programs were effective also in increasing teachers’ positive
attitudes towards teaching (Van Aalderen-Smeets & Van Der Molen, 2015). It is
important to have a clear picture of teachers’ attitudes, as negative teacher attitudes
might serve as barriers in the successful integration of engineering practices (Yoon et
al., 2013). Teacher attitudes might include teacher confidence (Hynes & Santos,
2007; Klein, 2009), teacher perceptions (Baker et al., 2007; Iskander et al., 2010;
Poole, DeGrazia, & Sullivan, 2001), teacher satisfaction (Yoon et al., 2013), and
teacher comfort (Cunningham et al., 2007; Diefes-Dux, 2015). Overall, PD programs
seemed to contribute to teacher knowledge on engineering design and positive

attitudes towards engineering.
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c. Delivery format of the PD programs. The delivery of the PD programs was
examined, describing the duration and the scope. The total duration of the PD
programs mostly ranged from between three days and five years and was comprised
of two parts: a) workshops designed as face-to-face, and b) follow-ups. Examples of
face-to-face workshops were one-week-long (e.g. Cejka, Rogers, & Portsmore, 2006;
Duncan et al., 2011) and two-weeks-long (e.g. Chin, Zeid, Duggan, & Kamarthi,
2011; Iskander et al., 2010; Nugent et al., 2010). A big portion of the face-to-face
workshops were delivered during the summer. The reason for this was the increased
amount of time the participant teachers had available to them compared to the
academic year. The face-to-face workshops mainly combined presentations,
discussions, and hands-on engineering activities. Most of the PD programs included
follow-ups such as reunions with teachers following the face-to-face workshop. The
follow-ups were in the form of teachers’ classroom implementations and provided
them with classroom support. Most studies had their participant teachers implement
a lesson or an activity in classrooms with students and then provided improvement
opportunities. The main purpose in including teacher classroom implementation was
to extend professional development beyond the face-to-face workshop and to situate
PD in the classrooms (Nadelson et al., 2015). Classroom implementations enabled
the teachers to practice integrating engineering with science and math concepts

(Cunningham et al., 2007).

Teachers implemented engineering design lessons with their students as they were
observed by the PD program providers (Nadelson et al., 2015). Field notes taken by
the PD program designers during classroom observations were combined with teacher
interviews to better understand how teachers were using what they learnt in face-to-
face workshops (Avery & Reeve, 2013). This resulted in teachers reflecting on their
implementation practices. Teachers reflected on their experience of implementation
as they evaluated how they can synthesize their new knowledge of engineering with
the science, math, or technology concepts they need to teach in class (Dare et al.,

2014; Nadelson et al., 2015). Teachers’ reflections on their experiences following
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their classroom implementations and on possible improvements for the future were
also a part of classroom observations. The reflections included successful strategies
they used with their students and what additional support, training programs and/or
resources they needed (Hynes & Santos, 2007). A variation of this kind of support to
teachers was introduced by Hynes (2012) that included options for teachers: (1) a
two-week summer workshop that included class implementation, and (2) a five-day
school year workshop with no class implementation. The workshops designed face-
to-face and the follow-ups seemed to be effective in terms of facilitating the

integration of engineering in K-12 education by the teachers.

d. Connection to science and engineering knowledge. Inclusion of appropriate
science content is critical for an engineering design activity, in that it helps improve
the design of engineering products (Kolodner et al., 2003). The PD programs offered
a variety in terms of their choice of science content. The majority of the teacher PD
programs on K-12 engineering education had an overarching science content focus.
Some of the most common science content covered with the engineering design
challenges were energy conversion, energy resources, and wind energy (e.g. Guzey
et al., 2014; Moskal et al., 2007), force and motion, matter, and chemical reactions

(e.g. Cejka et al., 2006; Dare et al., 2014).

Most of the PD programs selected a certain strand(s) of engineering for their PD
programs. With a certain strand of engineering as an overarching theme, this theme
was reflected in all aspects of the PD program. Because engineering is not a single
subject but on the contrary a set of separate disciplines (Martin et al., 2015), having
more than one strand as a theme was considered prominent. This thematic structure
seemed to contribute to the PD having a focus which offered the teachers a more

comprehensive and deeper-level understanding of engineering.

Introducing knowledge on K-12 engineering education, the engineering design

process (e.g. Duncan et al., 2011), the nature and practice of engineering (e.g. Guzey
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et al., 2014; Yoon et al., 2013) the work of engineers and how their work interacts
with the society (Cunningham et al., 2007), the similarities and differences between
engineering and science/scientific inquiry, (e.g. Guzey et al., 2014; Richards,
Hallock, & Schnittka, 2007), engineering and technology in everyday items (Duncan
et al., 2011) addressed the engineering subject matter knowledge covered in the PD
programs. This was in line with the comprehensive conclusions by Hynes (2012) on
teacher subject matter knowledge in K-12 engineering education which included
engineering design, basic concepts of engineering and technologies, engineering
tools, and the engineering profession. Focusing on subject matter knowledge on
engineering in the PD programs was noteworthy since most teachers had little or no

background knowledge in engineering (Lehman et al., 2014).

e. Collaboration with engineering experts. Collaboration with engineering experts
was noticed to be helpful in further extending the experience of the teachers (Iskander
etal., 2010). The engineering experts that took part in and facilitated the PD programs
included engineering faculty members (Duncan et al., 2011; Hardre et al., 2010;
Nugent et al., 2010), engineering students (Cejka et al., 2006) and engineers working
in the field (Cunningham et al., 2007; Hynes & Santos, 2007; Winn, Lewis, & Curtis,
2009).

Teachers had sufficient time to work with engineering experts while developing their
engineering design units (Winn et al., 2009). In terms of the role of engineering
experts, they gave presentations on their methods and tools, how they approach and
solve real-world problems (e.g. Avery & Reeve, 2013; Nugent et al., 2010; Winn et
al., 2009), they assisted teachers in implementing engineering design activities and
answered teachers’ questions (e.g. Moskal et al., 2007), and they took part in panels
with teachers (e.g. Yoon et al., 2013). Teachers engaged in discussions where they
learnt what engineers do and how they do it (Winn et al., 2009). Teachers seemed to
have strong connections with engineering experts in working on problem solving with

real-world applications (Moskal et al., 2007). Overall, the literature suggested
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evidence on the benefits of collaborating with engineering experts in the design and

delivery of PD programs.

In addition to the five-summarization points clarified, the teacher PD programs
towards K-12 engineering education most commonly included five effective
instructional techniques. These techniques were: a) engineering design activities, b)
field trips, c) professional learning communities (PLCs), d) teacher design teams, and

e) presentation of final design projects.

a. Engineering design activities. The context of engineering design is effective for
learning science, mathematics and technology content (Richards et al., 2007). The
hands-on engineering design activities in the PD programs modeled the engineering
design process and provided chances for teachers to reflect on how to teach
engineering design (Nadelson et al., 2015). The PD programs exemplified the
engineering design activities with; designing the most efficient paper helicopter,
building the tallest structure possible on an inclined plane (Nadelson et al., 2015),
designing hand pollinators and plant packages, building an index card tower to meet
specific height and load requirements (Diefes-Dux, 2015), designing the most durable
package for the least amount of money (Duncan et al., 2011), designing and building
a water filter and designing devices that help handicapped people (Cunningham et al.,
2007), activities on wind power, solar cars, water filtration (Richards et al., 2007),
and designing bridges and highways (Moskal et al., 2007; Nugent et al., 2010). The
engineering design activities seemed to be concerned with the products used in daily

life, design skills, and in particular the engineering design process steps.

Although the PD programs did not follow the same exact engineering design process
steps in their design activities, the steps followed by teachers in solving design
problems were similar and covered the basic three stages: “(a) introduction of
problem and background, (b) planning and implementing, and (c) testing and

evaluating” (Moore et al., 2014b, p.9). The engineering design problems included
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multiple acceptable solutions (Martin et al., 2015). Teachers’ participation in these
activities was important, as they can implement engineering design processes in their
classrooms to motivate students in learning mathematics and science content (Becker

& Park, 2011).

A major commonality of the engineering design activities was having a real-world
context (e.g. Guzey et al., 2014; Martin et al., 2015; Poole et al., 2001). The real-
world connection referred to having concerns such as a budget, time management,
risk assessment, product reliability and safety and customer needs and demands
(Richards et al., 2007). PD programs having a real-world connection played a crucial
role because a real-world focus within engineering problems helps students grasp and
retain the engineering concepts more easily (NRC, 2009, p. 51). A recurring
commonality among the engineering design activities was the use of easily accessible
materials (e.g. wooden blocks, rubber bands). The PD programs’ consistent emphasis
on using simple and easily accessible materials exemplified the possible simplicity of
showing students the relationship between engineering and daily life. Some of the PD
programs use more sophisticated tools and software as well (Reimers, Farmer, &
Klein-Gardner, 2015) such as; PCS BrickLab (Nadelson et al.,, 2015) LEGO
Mindstorms kits (Martin et al., 2015), LEGO Robotics kits (Cejka et al., 2006; Hynes
& Santos, 2007; Hynes, 2012), CAD/CAM (3D Modeling) (Chin et al., 2011), and
sensors (Iskander et al., 2010). Although these materials might be more difficult to
access, they seemed to present an innovative perspective to the teachers, especially

when combined with the use of simple materials.

b. Field trips. Inclusion of field trips in the scope of PD programs was mentioned in
many of the teacher PD programs. Examples were visits to universities’ engineering
labs and engineering facilities, (e.g. Nugent et al., 2010, Yoon et al., 2013),
engineering research facilities (Avery & Reeve, 2013), and science museums (e.g.
Iskander et al., 2010). With field trips to engineering labs, teachers were exposed to
anew setting (Nugent et al., 2010). In the study by Klein (2009), teachers were paired
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with faculty members to visit the engineering laboratory and to facilitate their
introduction to engineering tools. It was noted that field trips provided teachers with
chances to be engaged in informal learning environments increasing their

understanding of engineering.

c. Professional learning communities (PLCs). The purpose of the PLCs was mainly
to engage teachers in interactions that can result in collaborative knowledge building
(Popp & Goldman, 2016). Teachers’ participation in PLCs impact their teaching
practices positively (Vescio, Ross, & Adams, 2008). In PLCs, teachers worked
collaboratively which reinforced their learning (Guzey et al., 2014). Teachers
discussed science content and engineering design (Dare et al., 2014); teachers were
motivated to learn more (Guzey et al., 2014). Teachers had time to meet and plan
effective instruction in PLCs (Dare et al., 2014). PLCs are effective in develop a
learning atmosphere in schools as well (Hardré et al., 2010). For teacher PD
programs, PLCs and collaborative learning strategies were evidenced to be influential

by Asunda and Hill (2008) as well.

d. Design teams. Teachers working in design teams as they worked on engineering
design challenges improved teachers’ team working skills. Teachers collaborated and
took part in discussions (e.g. Dare et al., 2014; Duncan et al., 2011; Iskander et al.,
2010). In the PD program described by Hardre et al. (2010), teachers even continued
the discussions with their peers in an online learning community. The discussions
were effective in increasing teachers’ understanding of the engineering design
process. Teachers were satisfied with working in design teams to solve the
engineering design challenges (Avery & Reeve, 2013). Working in teams in
engineering PD programs helped teachers in building coherent learning experiences

(Asunda & Hill, 2008).

e. Presentation of final design projects. Teachers presented their engineering design

challenge projects and/or their final products, which was followed by receiving
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feedback (e.g. Cejka et al.,, 2006; Guzey et al., 2014). This feedback included
information on how their design can be refined. In this process, teachers also shared
challenges they had faced in the design process and how they worked together to
brainstorm potential solutions (Hynes & Santos, 2007). Each design product was

separately discussed and negotiated (Martin et al., 2015).

2.5.1. Core Elements of Teacher PD Programs

Following the detailed examination of exemplary teacher PD programs on K-12
engineering education, five core elements (see Figure 2) were generated to; a) serve
as a guide in design and delivery of future PD programs, and b) further understand
the relationship between the commonalities among the PD programs. The five core
elements were; a) engineering design activities with real world context, b)
engineering subject matter knowledge, ¢) a thematic structure, d) face-to-face
workshop, and follow-ups, and e) engineering experts. The first core element on
engineering design activities consisted of four sub core elements which were; field
trips, professional learning communities, design teams, and lastly, the presentation of

final design projects.

The core elements complement each other and they can all play an active role in
design and deliver of a teacher PD program. In the figure, the five core elements stand
together in one large rectangle, addressing their irreplaceable role as part of PD
programs on K-12 engineering education. The four sub-core elements were connected
to engineering design activities. The reason for the demonstration of the four
instructional techniques under engineering design activities was that they were part
of completing the engineering design activity. By exposure to these instructional
techniques, teachers could work on their engineering design activity more effectively.
Engineering design activities and the four instructional techniques under these

activities were explained separately.
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Figure 2. Core elements of teacher PD programs

The four sub-core elements should be addressed all together to ensure the optimal
design of a PD program. The identification of the core elements was based on both
commonalities as well as the noteworthy distinguishing features captured in the PD
programs provided in Table 2. In addressing each core element separately, firstly,
covering engineering subject matter knowledge aims to increase teachers’ subject
matter knowledge on engineering design, the nature of engineering, engineering
materials, and the engineering profession. With exposure to PD programs, teachers
can increase their understanding of nature of engineering and what engineers do
(Duncan et al., 2011). Accordingly, focus on this core element can bring potential to

classroom on both the teachers’ and the students’ side.

Next, the PD programs were revealed to have a thematic structure in terms of their
choice for the engineering and science content strand. Rather than having isolated
science and engineering content, it was suggested by the reviewed studies that
engineering activities and other aspects of the PD programs should be linked under a
thematic structure. In this way teachers can have a more comprehensive
understanding of engineering education and better communicate the link between

engineering, instruction and society to students. The next core element, having a long-
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term design with a combination of follow-ups and face-to-face workshops seemed to
result in increased change in teachers’ learning and teaching. Hoban (2002) reported
the importance of long-terms efforts as follows: “The bottom line is that efforts for
educational change need a long-term approach to support teachers through the non-
linear process of change requiring the schools to be reconceptualised as learning
environments for their teachers.” (p. 39). It is critical that with this core element,
teachers gain experience in teaching engineering. T continue, collaborating with
engineering experts as a core element was highlighted. This kind of collaboration
helped enrich the learning experience of the teachers (Hynes & Santos, 2007).
Interacting with engineers provided teachers with both a safe and challenging learning

environment where they took risks in questioning and creating (Duncan et al., 2011).

Lastly, the contribution of situating engineering design activities in real world
contexts in terms of active engagement and enhanced learning of the participants
(Asunda & Hill, 2008) was confirmed with its consistent focus in PD programs. It is
important to integrate national, local or world problems to curricula and emphasize

real-world contexts (Nugent et al., 2010).

The core elements were in line with the design standards for teacher PD initiatives in
engineering education by Reimers et al. (2015). According to the matrix developed
by Reimers et al. (2015), future teacher PD programs on engineering education should
pay more attention to pedagogical content knowledge, especially activities that focus
on their environments and/or local communities, and links between engineering
curriculum, instruction, learning and assessment. The focus on engineering design
activities based on real-world context, the use of an engineering design process where
teachers learnt from failure, and the inclusion of particular science content were
critical in teacher PD programs. These findings confirmed the framework by Moore
et al. (2014) that depicted the elements of a quality K-12 engineering education. A
focus on real-world problems and the design of products can help teachers understand

how science and math content can be applied in real-life situations and show their
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students how engineers use science and math (Winn et al., 2009). The characteristics
of effective training programs included incorporating appropriate knowledge, having
necessary materials and outside speakers and/or experts, and having a long-term

design (Griffin & Barnes, 1986).

Since K-12 engineering education is a very recent initiative, there are not yet much
instruments to enable the assessment of teacher attitudes and teacher engineering
design understanding both in the context of a PD program or in measuring teachers
from different context. Learning progressions might provide an alternative
perspective to assessment as they have many strengths such as development within
iterative cycles of data collection and analysis, depiction of levels from novice to
expert, serving as templates for assessment and instruction and their being grounded
in research (Mohan, Chen, & Anderson, 2009; Plummer & Maynard, 2014; Steedle
& Shavelson, 2009). Learning progressions have been studied primarily to investigate
student understanding (Mohan et al., 2009; Songer, et al., 2009), but they are

promising also for studying teacher learning (Schenider & Plasman, 2011).

2.6. Learning Progressions

There is a continuing interest on learning progressions in science education.
Increasing number of researchers and educators design assessment tools and
instructional strategies aligned with learning progressions. This focus on learning
progressions research was inspired by several reports, organizations, and meetings.
Some of the leading examples were “A Framework for K12 Science Education:
Practices, Crosscutting Concepts, and Core ideas” (NRC, 2012)”, “Next Generation
Science Standards” (NGSS, Lead States, 2013), and “Developing Assessments for
the Next Generation Science Standards” (NRC, 2014). The Next Generation Science
Standards (NGSS, 2013) built the science concepts from in a way that reflects the

progression in students’ understanding of big ideas and in their skills (Bybee, 2014).
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The fact that understanding develops over time was elaborated on. A particular focus

on ideas getting more sophisticated in time offered the idea of learning progressions.

“Because learning progressions extend over multiple years, they can
prompt educators to consider how topics are presented at each grade
level so that they build on prior understanding and can support
increasingly sophisticated learning. Hence, core ideas and their related
learning progressions are key organizing principles for the design of the
framework” (NRC, 2012, p. 126).

With a breakthrough thinking of the alignment between curriculum, instruction and
assessment, science education is arriving at a new understanding. The direction is
towards building on the smaller set of basic core ideas and contents rather than a
linear and compartmentalized structure of curriculum (Duschl et al., 2011). The work
on learning progressions has much to offer due to the potential to bring a connection
between classroom practice and research on learning (Corcoran et al., 2009). By
asking questions such as; “What do we know about the typical student’s entering
understandings, misunderstandings and misperceptions? What do we know about the
struggles students have with a particular concept? What have we learned about the
steps students typically go through?” (Corcoran et al., 2009, p.16), a more effective

research-based practice can be achieved (Duncan & Rivet, 2013).

Learning progressions offer new perspectives on learning and on a deeper
understanding of smaller number of core concepts. As learning progressions provide
an overview of students’ learning across grades, they continue to be the focus in
assessment, curriculum and standards discussions (Lehrer & Schauble, 2015). The
major uses of learning progressions can be listed as: a) standards development, b)
curriculum development, c) short-term formative assessment, d) large-scale
summative assessment, and e) teacher development (Kobrin et al., 2015). Among
these uses, teacher development is recently starting to receive attention. In line with
this, there is a not a common agreement on how to frame the learning progressions
for teachers’ progress. The learning progression frameworks particular to teacher

progression and development was found to be labeled differently in the literature,
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whereas when students’ progression is the focus, the common label is learning
progressions (Elmesky, 2013; Gotwals & Songer, 2013; Shea & Duncan, 2013).
“Research-based core practices” (Windschitl et al., 2012, p. 879) described the
progression of teachers on a set of performances such as eliciting questioning.
“Learning progression framework-based measures of science teachers’ knowledge”
(Jinetal., 2015, p. 1271) and “teacher learning progressions” (Schneider & Plasman,
2011, p. 535) were the other denotations of learning progressions for teacher
development. There found not to be an agreement when it comes to labeling learning

progressions for teacher development.

A unique perspective is the developmental view; a “growth perspective” (Krajcik,
2011, p.155) embedded in learning progressions. This perspective invites educators
to describe learning as a process where complexity increases. Learners gain expertise
along ordered levels (Shea & Duncan, 2013) and they move from simple to complex
understandings (Plummer & Krajcik, 2010; Songer et al., 2009). Sophistication in
thinking, and reaching higher levels of the construct of interest can be documented
theoretically an empirically with this new way of tracking progress. Learning
progressions can have their associated instruments that help map the respondents
along the learning progressions levels. The instruments are developed together with

the learning progressions.

Learning progressions are typically developed through a series of steps that include
review of literature findings, item paneling where experts share their opinions,
interviews, developing draft or initial versions of learning progressions, collecting
data with instruments associated with learning progression levels. Following these
steps results in refining and validating the learning progressions in multiple research
cycles. As data is collected with the instruments associated with the learning
progressions, levels and the items of associated instruments if any should be revised

in response to empirical evidence obtained (Alonzo & Steedle, 2009). In order to
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validate the initial versions of the learning progressions and to use their associated
instruments as assessment tools in both large-scale and in PD contexts, items should
be revised to their final to form (Alonzo & Steedle, 2009). The highest level of the
learning progressions; the upper anchor is usually based on standard documents,
literature findings, and cognitive science research (Alonzo & Steedle, 2009). The
middle and the lower levels or the lower anchors of the learning progressions are
constructed again through a review of literature and also through initial empirical data

collection and analysis (Wilson, 2005).

Learning progressions having a hypothetical nature (Gotwals & Songer, 2013;
Steedle & Shavelson, 2009; Stevens et al., 2010). They are revised following iterative
data cycles (Mohan et al., 2009). Even though learning progressions are empirically
validated, the fact that they were hypothetical and inferential (Stevens et al., 2010)
should be kept in mind. This approach can provide a unique perspective by describing
learning of core concepts in a domain as it unfolds (Duncan et al., 2009). Learning
progressions received great attention due to their impact of how they guide learning
(Van Rijn, Graf, & Deane, 2014). Learning progressions can be developed with
different purposes that is also related to their grain size. The grain size can be large
or small allowing for zooming in or zooming out. Grain size can be considered as the
amount of content in a single level or the range of difference between levels (Kobrin
et al., 2015). A large grain size can be too overwhelming whereas a very small grain
size can make it hard to evaluate in terms of levels (Kobrin et al., 2015). In majority
of learning progression development studies, participants are tracked for a longer
period of time such as one academic year to be able to capture the progression (Todd
& Kenyon, 2015), and large samples sizes are noticed (Duncan, Castro-Faix, & Choi,

2016; Testa et al., 2015; Todd & Kenyon, 2015).

Mostly learning progressions in the literature were developed to reveal levels of
students’ understanding and thinking. Some examples can be listed as: biodiversity

(Songer et al., 2009); substance (Johnson & Tymms, 2011) modern genetics (Duncan
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et al., 2009), and explanation construction (Songer & Gotwals, 2012), quantitative
reasoning within environmental science (Mayes et al., 2014); modern genetics
(Duncan et al., 2009), and water in environmental systems (Gunckel et al., 2012) (see

Table 3).

Table 3. Exemplary Learning Progressions for K-12 Students

Learning Progressions for K-12 Students on Disciplinary Core Ideas and Practices (NRC,
2012)

Physical Sciences Alonzo & Steedle, 2010; Black, Wilson, & Yao , 2011; Jin, Zhan,
& Anderson, 2013; Johnson & Tymms, 2011; Neuman, Viering,
Boone, & Fischer, 2013; Smith, Wiser, Anderson, & Krajcik,
2006; Stains, M., Escriu-Sune, Molina Alvarez de Santizo, &
Sevian, 2011; Steedle & Shavelson, 2009; Stevens, Delgado, &
Krajcik, 2010

Life Sciences Duncan, Castro-Faix, & Choi, 2014; Duncan, Rogat, & Yarden,
2009; Elmesky, 2013; Gotwals & Songer, 2013; Gunckel, Covitt,
Salinas, & Anderson, 2012; Jin & Anderson, 2012; Lehrer &
Schauble, 2012; Mohan, Chen, & Anderson , 2009; Shea &
Duncan, 2013; Songer & Gotwals, 2012; Songer, Kelcey, &
Gotwals, 2009

Earth and Space Plummer & Krajcik, 2010; Plummer, 2014; Plummer & Maynard,
Sciences 2014

Practices Berland & McNeill, 2010; Mayes, et al., 2014; Lehrer & Schauble,
2012; Songer & Gotwals, 2012; Songer, Kelcey, & Gotwals, 2009;
Wang, Ho, & Cheng, 2015

There are recent efforts to document teachers’ understanding as well as teacher
performance with learning progressions as well. Some examples were teacher
learning progressions that mapped teachers’ performance eliciting students’ ideas,
choosing activity, and pressing for explanation (Windschitl et al., 2012) and teachers’

thinking on astronomy concepts (Plummer & Slagle, 2009).

Usage of multiple data sources during learning progression development was another
commonality noticed; multiple choice items and fill in the blanks used together
(Songer et al., 2009), open-ended questions and interviews used together (Jin et al.,

2013; Stevens et al., 2010), and open-ended questions and multiple-choice questions
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used together (Gotwals & Songer, 2013; Liu, Lee, Hofstetter, & Linn, 2008). Gunckel
et al. (2012) noted that, “Using empirical results, we were able to better articulate
lower anchor and intermediate levels of student achievement” (p.852). For the
refinement of the learning progression levels, empirical evidence has a critically
important role. The most frequently used data collection methods can be reported as
interviews (Stevens et al., 2010), written artifacts such as open-ended explanations
(Alonzo & Steedle, 2010; Gotwals & Songer, 2013; Jin et al., 2013), ordered multiple
choice (OMC) items (Hadenfeldt, Neumann, Bernholt, Liu, & Parchmann, 2016), and
multiple-choice items (Gotwals & Songer, 2013; Neumann et al., 2009). Some of the
studies created these data collection tools by bringing together items published in
standardized examinations (Lee & Liu, 2010) or with investigation of existing
research on student understandings (Hadenfelt et al., 2013; Johnson & Tymms, 2011;
Steedle & Shavelson, 2009).

The development of a learning progression can be summarized as first creating levels
from low to high based existing literature sources. This can be followed by revealing
the quality of this initial ordering of levels; validation of the learning progression.
Therefore, the initial versions of the order of the levels need refinement which can be
done through collection and analysis of empirical data (Testa, Galano, Leccia, &
Puddu, 2015). Use of empirical evidences are basically validation methods of the
learning progression’s initial version. Validation methods for the initially constructed
learning progression levels include developing an associated instrument with the
learning progression; that is aligned with the levels of the learning progression
(Alonzo & Steedle, 2009; Nguyen & Griffin, 2012), use Rasch analysis (Lee & Liu,
2010; van Rijn et al., 2014), deliver a teaching intervention or curricular activities
(Jin et al., 2013; Songer et al., 2009), and use empirical data not necessarily collected
with an associated instrument (Jin et al., 2013; Mohan et al., 2009). A figure depicting
the possible strategies for development and validation of learning progressions can

be examined in Figure 3.
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Figure 3. Commonly used development and validation processes

Collaborating with experts (Gotwals & Songer, 2013), engaging in reflective
discussions among the research group (Elmesky, 2013; Mohan et al., 2009; Songer &
Gotwals, 2012), and collaborating with teachers (Furtak et al., 2012; Furtak &
Heredia, 2014) are some other ways of refining the levels of the learning progressions.
For the case of developing a learning progression with its associated instrument, an
example learning progression and one of the items in the instrument can be examined

in Figure 4 (Alonzo & Steedle, 2009).
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When it comes to evaluating a developed learning progression and revealing its
strengths and areas for improvement, the study by Kobrin et al. (2015) can be useful.
The authors built a framework that can be used to evaluate and interpret the key
features of a developed learning progression. This framework can be useful for
practitioners and educators to understand and evaluate the learning progression they

develop; whether it serves it purpose or not.

Construct maps are smaller versions of learning progressions, as learning
progressions might include several construct maps depending on the focus of study
(Wilson, 2009). A single construct map or a larger learning progressions both are
helpful for tracking the progress on the construct of interest. Learning progressions
are effective in depicting the progress towards a big idea and construct maps can be
useful when the focus in on smaller grain size (Alonzo & Steedle, 2009). A construct
can belong to a conceptual model of a person’s cognition, such as understanding of
consepts, it can be attitude toward something, or it can be a psychological variable
such as need for achievement or a personality variable such as a bipolar diagnosis
(Wilson, 2005). An early version of a learning progressions can be considered a map
of student ideas or a construct map (Wilson, 2005). Construct maps “defines what is
to be measured and assessed” (Wilson, 2009, p. 718). Figure 5 depicted a possible

relationship between a construct map and a learning progression.

The literature included examples of construct maps developed on attitudes; attitudes
of students and parents towards schooling (Nguyen & Griffin, 2003), and teachers’
attitudes toward inclusive education (Mahat, 2008). In these examples, the construct
maps were validated thorough developing an associated instrument and conducting a
Rasch analysis to investigate the empirical alignment between the instrument and the
construct map levels. An example of a construct map and an item from its associated
Likert-type survey can be examined in Figure 6. In addition to being a smaller and a
less complex version of a learning progression, another reason for labeling a learning
progression as a construct map is that the development and refinement processes

follow the construct modeling methodology (Wilson, 2005).
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Initial Version of the Force and Motion Learning Progression

Level Description

5 Student understands that the net force applied to an object is proportional
to its resulting acceleration (change in speed or direction), and that this
force may not be in the direction of motion. Student understands forces
as an interaction between two objects.

4 Student understands that an object is stationary either because there are
no forces acting on it or because there is no net force acting on it.
However, student may have misconceptions related to a belief that the
applied force is proportional to an object’s speed or motion (rather than
its acceleration). Student can use phrases such as “equal and opposite
reaction” to justify the existence of no net forces but may not understand
this as an interaction.

Common Errors:
e Motion is proportional to the force acting.
e A constant speed results from a constant force.
e« Confusion between speed/velocity and acceleration.

3 Student recognizes that forces are not contained within moving objects;
however, student believes that motion implies a force in the direction of
motion and that nonmotion implies no force.

Common Errors:
e Forces are associated only with movement.
e Forces are viewed as causing things to move but not causing things
to stop.

If there is motion, there is a force acting.

If there is no motion, then there is no force acting.

There cannot be a force without motion.

When an object is moving, there is a force in the direction of its

motion.

2 Student recognizes that forces can be caused by nonliving things; however,
student may believe that forces reside in within moving objects.
Common Errors:
« A moving object has a force within it that keeps it going.
« A moving object stops when its force is used up.

1 Student understands forces as a push or pull, but believes that only living or
supernatural things can cause forces.

Derek throws a stone straight up into the air. It leaves his hand, goes up through point A,
gets as high as point B and then comes back down through A again.

a) Original item

When the stone is on its way up through point A, what force(s) are

acting on it? Level
A. Only gravity is acting on the stone. Level 4*
B. Only the force from Derek's hand is acting on the stone. Level 3*
C. A force inside the stone is keeping it moving upward. Level 2%

D. Both gravity and the force from Derek’s hand are acting on the stone,  Level 3*
but the force of gravity is smaller.
E. There are no forces acting on the stone because nothing is touching it.  Level 1*

Figure 4. Example LP and its OMC item (Alonzo & Steedle, 2009, p. 397, 400)
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Figure 5. Possible relation between a Construct Map and a LP

The constructs should have a direction, order, a level of magnitude and replicable
units (Wright & Masters, 1982). Understanding is better conceptualized as a
continuum, compared to a dichotomy (Briggs, Alonzo, Schwab, & Wilson, 2006)

which can be identified effectively with levels of a construct map.

The current study focused on a construct map to track teachers’ attitudes where the
development and refinement procedures followed construct modeling measurement
framework as stated above. However, in order to maintain a consistent language
throughout the study, learning progression was the common denotation for both
focuses; teacher attitudes and teacher understanding of the engineering design

process.
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Direction of increasing attitude A

Respondents Items
A
L 3
Respondents who Items that are
are more positive > harder to agree
—_—T]
e g .
—_—
Respondents who ——F——» v Items that are
are less positive easier to agree
v —_—Tt
v
Affective Cognitive Behavioural

Example item: I believe that an inclusive school is one that permits academic progression of all
students regardless of their ability. Strongly Agree, Somewhat Agree, Agree, Disagree, Somewhat
Disagree and Strongly Disagree

Figure 6. Example Construct Map and its item (Mahat, 2008, p. 85)

Differentiating from traditional interviews, particular types of interviews were used
such as clinical interviews (Johnson & Tymms, 2011; Mohan et al., 2009; Shea &
Duncan, 2013) and think aloud interviews (Songer et al., 2009) to gather data for
learning progressions. Such interviews were promising data collection methods

which were more closely examined in the following sections.

Cognitive interviews and clinical interviews are techniques helpful for learning
progressions development (Breslyn et al., 2016; Mohan et al., 2009; Wilson, 2009).
These techniques are effective in increasing the quality of the learning progressions
frameworks and also their associated instruments if any. Think alouds, cognitive
interviews and clinical interviews were recognized to be used interchangeably in
learning progression development studies in terms of labeling the data collection
method. In order to elicit and further investigate thinking processes on a certain
construct of interest, learning progression studies mainly refer to the interviewing

strategy as think alouds and clinical interviews. Some learning progression studies
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refer to think aloud and cognitive interviews together in their interview protocol
(Gotwals & Songer, 2013). When carefully considered, it was noticed that think-
alouds were the common point in learning progression development studies with the
goal of eliciting teachers’ thinking. Some studies preferred to entitle the interview
technique solely as think alouds only, whereas some other studies referred to the
technique as clinical interview (Mohan et al., 2009) which includes a think-aloud part.
Whatever terminology is used, the main goal of this type of data collection is to help

reveal respondents’ thinking processes in detail.

Clinical interviews are commonly used in learning progression development studies
(Gotwals & Songer, 2013; Plummer & Krajcik, 2013; Schwarz et al., 2009). They are
highly influential in understanding the differences in respondents in terms of the
variable or construct of interest (Jin & Anderson, 2012). The clinical interviews can
include think aloud procedures to investigate teachers’ thinking processes (Ericsson
& Simon, 1993) as they work on various tasks introduced by the interviewer.
Learning progression development studies use both think-alouds and clinical

interviews to explain their data collection methods.

The literature contained examples of studies collecting data with written assessments
or teacher logs and clinical interviews together while developing learning
progressions (Jin et al., 2013; Mohan et al., 2009). This was especially the case when
the iterative process of learning progression development is at its first cycle, which
basically refers to a more exploratory effort to document the possible levels of the
learning progression. Usage of written assessments and teacher logs together with
interviews are useful to provide a great range and variety of information on
respondents’ thinking (Songer et al., 2009). Teacher logs are effective in providing a
real time data. They are collected repeatedly over time to create snapshot of learning
(Glennie, Charlers, & Rice, 2017). In depth interviews most importantly help elicit
the thinking of the respondents (Breslyn et al., 2016) so that differentiating levels of

the learning progression can emerge. Learning progressions research commonly
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make use of interviews and think alouds in revising the hypothetical learning
progressions framework (Hess, 2008). This study used teacher logs together with
clinical interviews to better inform the levels of the learning progression on teachers’

understanding of the engineering design process.

Cognitive interviewing is another helpful method that frequently used in psychology
and clinical research to improve the quality and to test the reliability and validity of
instruments. The method has its origins in psychology and in survey methodology
(Willis, 2015). Cognitive interviews were used in psychology and medicine to revise
the following instruments: Quality of Trauma Measure (Bobrovitz, Santana, Kline,
Kortbeek, & Stelfox, 2015), Epilepsy Module (Follansbee-Junger et al., 2016) and a
Grief Measure for Adolescents (Taylor, Thurman, & Nogela, 2016). Another field of
research is forensics that typically make use of cognitive interviews (Bembibre &
Higueras, 2011; Davis, Mcmahon, & Greenwood, 2002) with the goal of bringing
about more accurate testimonies. Cognitive interviews as evaluation tools are
successful in overcoming measurement challenges in educational research
(Sopromadze & Moorosi, 2016). Cognitive interviews are used in educational
research frequently in order to increase the validity of instruments being developed.
The items on an instrument can be understood from the perspective of the respondents
(Drennan, 2003) before the actual data collection takes place. Cognitive interviewing
is a helpful technique to investigate the extent to which instruments validly and
reliably capture respondents’ experiences (Desimone & Le Floch, 2004). Cognitive
interviewing helps to reveal the internal mechanisms that underlie survey responses
(Willis, 2015) and to refine the items in an instrument (Bernbaum Wilmot,
Schoenfeld, Wilson, Champney, & Zahner, 2011). Cognitive interview focuses on
“the administration of draft survey questions while collecting additional verbal
information about the survey responses, which is used to evaluate the quality of the
response or to help determine whether the question is generation the information that

its author intends” (Beatty & Willis, 2007, p. 287).

58



While cognitive interviews have been used extensively in other fields, for education
researchers this technique is not used often (Desimone & Le Floch, 2004). Cognitive
interviewing is quite different from traditional piloting of items in that cognitive
interviews provide data on how the items are interpreted by the participants and
whether they are confident is responding. In application of an instrument, results have
little meaning if the respondent cannot comprehend the items as assumed (Wildy &
Clarke, 2009). Some additional example instruments where the items were refined
with cognitive interviews can be listed as Mathematics-Related Beliefs Questionnaire
(MRBQ), teacher goal scales, and International Study of Principal Preparation (ISPP)
Survey (Sopromadze & Moorosi, 2016). The results of the cognitive interview data
analysis give information on whether the items on the instrument function as

hypothesized.

During a cognitive interview, participants provide information about their thoughts
regarding each item on the survey (Willis, 2015). Cognitive interviewing designs can
be mostly in two general forms: the “think aloud” approach and the “verbal probing”
approach (Collins, 2003; Willis, 2015). Think-aloud is mostly conducted by
requesting the participant to tell everything they are thinking as they answer the
question. Similar and very general questions can be asked for the think-aloud part.
With think-alouds, participants are encouraged by the interviewer to try to report
everything as they go through the items; reflection of their experience, what is
unfamiliar to them, and any other thoughts (Desimone & Le Floch, 2004). For verbal
probing, it demands more from the part of the interviewer since they require much
more structure on the interview protocol with the various forms they can take (Willis,
2015). As traditional rehearsal and piloting of surveys by itself is not sufficient
(Collins, 2003), cognitive interviews brings about an effective way of improving
instruments. When it comes to cognitive interviews, the main goal is to improve the
overall quality of an instrument developed. Cognitive interview offers results that

cannot be obtained with piloting, which is a more common strategy.
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2.7. Summary of the Literature Review

When the educational demands of the 21* century are considered, it is a clear need
for teachers to be equipped with the necessary understanding and skills on K-12
engineering education. For teachers’ successful integration of engineering concepts
and practices to their instruction, their attitudes and comprehension engineering
design process are significantly critical. In order to measure and understand teachers’
attitudes towards K-12 engineering education, and their understanding of the
engineering design process in a more systematic way, learning progressions can be
helpful tools. For the development and validation of learning progressions, several
strategies are followed including but not limited to, developing associated
instruments, implementing curricular activities for longer periods such as through an

academic year, and using instructional contexts.

Teacher professional development (PD) programs are helpful instructional contexts
for teachers to increase their positive attitudes towards K-12 engineering education.
With various instructional opportunities, teacher PD programs can also contribute to
teachers’ learning of the engineering design concepts and gain an understanding of
the engineering design process. The current study aimed to develop empirically
supported teacher learning progressions that can help to document teachers’ progress
on a continuum of; a) attitudes towards K-12 engineering education, and b)
engineering design process understanding. The empirical tools developed and refined
were a learning progression and its associated survey for teachers’ attitudes and a
learning progression on engineering design process. During the process of developing
these empirical tools, a PD program was used as an instructional context to collect
and analyze data for validation purposes. PD program also aimed to improve teachers
in K-12 engineering education. Development of a survey and analysis of data with
Rasch analysis were the other validation strategies. All procedures followed to
develop and refine the learning progressions were explained in the following

chapters.
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CHAPTER 3

METHODOLOGY

3.1. Design-Based Research

In developing; a) the teacher learning progression on attitudes and its associated
survey; “Science Teachers’ Attitudes towards K-12 Engineering Education Survey”,
and b) the teacher learning progression on understanding of the engineering design
process, design-based research (DBR) (Collins, Joseph, & Bielaczyc, 2004) was put
into practice. According to The Design-Based Research Collective (2003), “Design-
based research can help create and extend knowledge about developing, enacting, and
sustaining innovative learning environments” (p. 5). Design-based research has its
roots in the educational designs of Collins (1992) where a systematic method for
performing design experiments was elaborated on. Design-based research contributes
to many issues in the study of educational practices and in developing educational
tools. Collins et al. (2004) reported some of the examples issues as “the need to
address theoretical questions about the nature of learning in context, the need for
approaches to the study of learning phenomena in the real world” (p. 16). According
to Anderson and Shattuck (2012): “design practice usually evolves through the
creation and testing of prototypes, iterative refinement, and continuous evolution of
the design, as it is tested in authentic practice” (p. 17). The major characteristics of
design-based research can be summarized as (Van den Akker, Gravemeijer,
McKenney, & Nieveen, 2006a):

“Interventionist: The research aims at designing an intervention
in the real world, Iterative: The research incorporates a cyclic
approach of design, evaluation, and revision, Process Oriented:

61



A black box model of input-output measurement is avoided, the
focus is on understanding and improving interventions, Utility
Oriented: The merit of a design is measured, in part, by its
practicality for users in real contexts, and Theory Oriented: The
design is based upon theoretical propositions, and field testing
of the design contributes to theory building” (p. 5).

Design-based research requires the collaborative work of researchers, practitioners
and similar other relevant parties (The Design-Based Research Collective, 2003).
Although there is no single design based method to follow as a one-to-one, still the
critical significance of context on learning design (Barab & Squire, 2004), inclusion
of multiple data cycles, and collaborations between researchers and practitioners
(Anderson & Shattuck, 2012) are some of the distinguishing elements of design-based
research. According to Sandoval and Bell (2004), in following design-based research,
many disciplines and fields are investigated such as “developmental psychology,

cognitive science, learning sciences, anthropology, and sociology” (p. 200).

With use of design-based research in the current study, a better link between theory
and practice could be presented. Designed contexts change with revisions where
successive iterations play an important role (Cobb, Confrey, DiSessa, Lehrer, &
Schauble, 2003). Learning progressions needs to be refined following multiple
iterations; data collection and analysis cycles. Since development of learning
progressions aim to make refinements following cycles of data collection and analysis
in a designed instructional context, design-based research provided critical insights.
Building learning progressions is an iterative process where the theoretical model is
created with investigation of related literature and then verified with empirical data
which is typical of design-based research (Mohan et al., 2009). Design-based research
helped to achieve a systematic way for developing and revising the learning
progressions of the current study. Design-based research approach contains
progressive refinements in design which refers to putting initial versions of a product
into practice and investigating how it performs. This requires constant revisions based

on analysis of data. In line with this, learning progressions are refined with data
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collection and data analysis, and their initial versions are validated (Collins et al.,
2004). The progressive refinement embedded in design-based research approach is
compatible with the development process of learning progressions. Following the
data collection and data analysis, the levels of learning progressions and their
associated instruments can be refined (Alonzo & Steedle, 2009). Design-based
research guided the current study in development and refinement of; a) the teacher
learning progression on attitudes and its associated survey; “Science Teachers’
Attitudes towards K-12 Engineering Education Survey”, and b) the teacher learning

progression on engineering design process understanding.

3.2. Research Design

The research design of the current study highlighted the three critical aspects of
design-based research in particular. These aspects were preliminary research,
development and prototyping, and assessment (Van den Akker et al., 2006b). The
rationale for the emphasis on these aspects was that the development of learning
progressions also relies on previous informative literature findings, on developing a
prototype; initial versions of the learning progressions, and finally on assessing the
quality of initial versions and making refinements. Learning progression research
typically results in educational products to be used in educational settings for the
purposes of tracking progress, assessing learning, developing curriculum, and
administering instructional interventions (Furtak, Thompson, Braaten, & Windschitl,
2012; Kobrin et al., 2015; Wilson, 2009; Wiser, Smith, & Doubler, 2012). The
perspective that design-based research presents was helpful in finalizing the two
learning progressions, survey on teacher attitudes, and the teacher PD program where
conclusions based on research findings were gained (Hernandez, Couso, & Pinto,
2015). In development of learning progressions, use of design-based approach was
apparent (Jin et al., 2015; Stevens et al., 2010) in making refinements following data

collection and analysis cycles.
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The learning progression development process begins with the development of a
hypothetical ordering of levels (Breslyn et al., 2016). Later the learning progression
is refined with collection and analysis of empirical data (Songer et al., 2009).
Development and refinement of learning progressions requires several data collection
and data analysis cycles, which result in refined versions of the learning progressions.
Such a process is typical of design-based research where educational products are
developed and revised through iterative data cycles (Anderson & Shattuck, 2012).
The learning progressions were based on existing literature; informative literature
from relevant sources (Windschitl et al., 2012), and cycles of empirical data collection
and analysis (Furtak, 2009; Neuman et al., 2013). The methodology framework
followed can be observed in Figure 7. The current study completed one cycle of the

methodology framework shown in this figure.

Learning progressions are derived in part from literature, and in part from
professional judgments about what constitutes higher and lower levels, but are also
informed by empirical findings (Alonzo & Steedle, 2009; Wilson, 2005). Blending
all this in a systematic way where findings build on each other called for a design-

based approach.

Following design-based approach for the current study included quantitative and
qualitative research methods. Data sources of the study were explained in the
following sections separately. The methodology framework had three distinct phases.
Figure 7 depicted the three phases in a cyclical format to address the fact that, at the
end of Phase 3, another development and refinement cycle can begin which exceeds
the scope of the current study. With the results of the current study, the tools presented
can be improved with the completion of the methodology framework in Figure 7 for

the second time in future studies.
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Figure 7. Methodology framework of the study

In Phase 1; development of initial versions of the learning progressions, the initial
versions of the learning progressions were developed based on analysis of data
accessed with searching informative literature, and analysis of empirical data
collected. Levels of the learning progressions from the lowest to the highest were
created. The initial versions of the learning progressions developed at Phase 1 were
subject to change with the completion of the whole methodology framework cycle.
Thus, the products of Phase 1 needed more empirical support which was possible
through delivery of a teacher PD program. The learning progressions developed at
Phase 1 guided the development of an instructional context; implementation of a
teacher PD program, its curricular materials, and assessments (Jin et al., 2013) that
took place in Phase 2; Implementation of teacher PD program. Phase 2 resulted in
empirically-based information on how well teachers’ responses fit to the learning
progression levels (Songer & Gotwals, 2012). To summarize, in Phase 2, the

empirical support needed to validate the learning progressions was provided with the
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implementation of a teacher PD program. Data was collected before, during, and after
the teacher PD program. The details of the implementation of the teacher PD program

and data collection procedures were presented in the following sections.

Finally, in Phase 3; development of final versions of the learning progressions with
refinements were completed through the analysis of the data obtained in Phase 2
through the teacher PD program. For the current study, in order to validate or to refine
the learning progressions, three strategies were utilized in total. First, in order to
validate the learning progression on teacher attitudes two strategies were followed;
developing an associated instrument with the learning progression (Alonzo &
Steedle, 2009; Nguyen & Griffin, 2012) which was, “Science Teachers’ Attitudes
towards K-12 Engineering Education Survey” and following construct modeling
measurement framework (Wilson, 2005) to understand the empirical alignment of the
levels and the items of the survey (Lee & Liu, 2010; van Rijn et al., 2014). Second,
to validate the learning progression on teachers’ understanding of the engineering
design process again two strategies were followed; providing an instructional context;
implementation of a teacher PD program (Jin et al., 2013; Songer et al., 2009), and
collecting empirical evidence from the participants of the teacher PD program (Jin et
al., 2013; Mohan et al., 2009). These validation strategies helped to refine and
increase the quality of the learning progressions in Phase 3. For the survey developed,
responses to the items corresponded to the levels of the learning progression. For the
learning progression on teachers’ understanding of the engineering design process,
data collection and data analysis procedures were more exploratory in nature (Breslyn
et al., 2016; Mohan et al., 2009) in that no associated instrument whose response
categories corresponded to the levels of the learning progression was developed. The
current study focused on identifying the possible levels. With future studies that
complete another research cycle (see Figure 7), such an instrument can be developed

which will help increase the validity of the created levels.
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Both commonalities and differences existed between the steps followed to complete
the methodology framework cycle in Figure 7. These commonalities and differences
existed for; a) the teacher learning progression on teacher attitudes and its associated
survey; “Science Teachers’ Attitudes towards K-12 Engineering Education Survey”,
and b) the teacher learning progression teachers’ engineering design process
understanding. Moving from this point, the methodology framework of the study was
presented in Figure 8 in more detail. For the steps in developing learning progression
on attitudes; the figure included “attitudes”. Likewise, fir the steps in developing
learning progression on engineering design understanding; the figure included
“understanding”. The figure presented the three phases of the methodology
framework of the study as the main headings. Under these three phases, the

similarities and the differentiating points were illustrated.

As can be observed in Figure 8, to develop both learning progressions; the learning
progression for teacher attitudes and the learning progressions for understanding of
the engineering design process, the commonly followed steps were literatures search;
written assessments, item paneling, and refinements with analysis of data collected at
Phase 2. The differentiating research steps can be listed as; cognitive interviews,

survey on teacher attitudes, clinical interviews, and finally teacher logs.

The first step; literature search was the examination of informative literature. This
step included a through literature search on existing sources to help identify the
possible levels of the learning progressions. In this identification, critical literature
findings, standard documents, were used to define what can be expected from the
lower and higher levels (Alonzo & Steedle, 2009). Some of the often used literature
sources helpful in identification of learning progression levels can be listed as internal
logic of the domain (Plummer, 2014), indications from learning theories (Duncan et
al., 2009; Elmesky, 2013; Gunckel et al., 2012), students’ understanding (Elmesky,
2013; Neumann et al., 2013), and national standards (Alonzo & Steedle, 2010;
Duncan et al., 2009; Gotwals & Songer, 2013; Stevens et al., 2010).
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Figure 8. Methodology framework in detail

The current study made use of published articles, books, and standard documents on
K-12 engineering education that contained critical information to create the initial
versions of the levels. The literature search on existing informative studies also helped
creation of items for developed survey on teacher attitudes; “Science Teachers’
Attitudes towards K-12 Engineering Education Survey”. The studies that helped to
identify the levels of the learning progressions and the survey were accessed and
summarized through three phases. These were: 1) Search, to retrieve the studies, 2)
Selection, to apply inclusion criteria, and 3) Synthesis; to reach an overall summary
of the included articles. These phases were adapted from the systematic literature

methodology of Borrego, Foster, and Froyd (2015).

The second step followed to develop learning progressions was conducting written
assessments (See Figure 8). Following the analysis of written assessment data,

revisions were made to the learning progression levels considering the results and
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informative literature search. These findings were also helpful for working on items
for the survey on teacher attitudes. With the analysis of written assessment data and
revisions, item paneling was conducted; presenting the initial versions of the learning
progressions to an expert audience. Opinion and feedback from experts was collected
during the item paneling (Wilson, 2005). Item paneling included the presentation of
the learning progressions and ther associated instruments or surveys if any to an
audience of experts. With the panelists’ ideas and suggestions for improvement,
sometimes major but mostly minor revisions on the learning progressions can be
made. This process is quiet similar to taking expert opinion to improve any tool being
developed. However, item paneling focuses on a panel format where a presentation
is made and followed by a panel discussion (Wilson, 2005). The participants of the
item  paneling should include potential respondents, professionals,
teachers/academics and researchers in the relevant areas, and people knowledgeable
about measurement in general and/or measurement in the specific area of interest
(Wilson, 2005). Inclusion of such relevant people can contribute to the better
improvement of the learning progression and the survey on attitudes. With the item
paneling, comments, and constructive criticisms of the panelists helped to increase
the quality of the products of the current study. For the learning progression and its
associated instrument on teacher attitudes, the next step was to collect data through
cognitive interviews from middle school science teachers. Conducting cognitive
interviews increase the quality of educational measurement tools as contribute to the
increased reliability and validity of surveys (Desimone & Le Floch, 2004). The main
goal was to revise the Likert type survey being developed. However, the results also

resulted in minor revisions to the learning progression levels on teacher attitudes.

Next, moving to Phase 2 in Figure 8, data was collected to inform and revise the
learning progressions during a teacher PD program implemented. Thus, Phase 2
served as the instructional context where the learning progressions can be better
revised with more empirical data. For the learning progressions on teacher attitudes,

the survey on teacher attitudes was implemented both before and after the teaching
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PD program. For the learning progression on understanding of engineering design
process data was collected through clinical interviews and teacher logs. The teacher
logs were implemented both on the first and second days of the teacher PD program.
The clinical interviews were conducted following the completion of the PD program.
In Phase 3, the data collected at Phase 2 was analyzed. With this analysis and
necessary revisions to the learning progressions, the methodology framework cycle

in Figure 7 was completed.

The three research phases together with methodology framework in detail served as
a clear example for learning progression development. Revisions to learning
progressions took place with analysis of empirical evidence following their research
steps in Figure 8. These revisions resulted in revised version of the learning
progressions. The current study presented three versions of each learning progression.
The order of these versions following certain steps can be examined in Table 4. This
table depicted the research steps in Figure 8 with a different organization; putting a

particular focus on the versions of the learning progressions.

A detailed research alignment table that outlined the summary of the current study
was illustrated in Table 5. This table outlined the research questions, goals, methods,
data sources, and data analysis procedures of the study. The table presented the
current study mainly based on the two guiding research questions. With such an
alingment table, designing and carrying out the current study could be more coherent

and organized.
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Table 4. Steps of the Methodology Framework

Steps Actions

Go through the existing informative

Literature search )
literature

Written assessments Collect data with open-ended
written assessment questions

Version 1 of both learning progressions and the survey on teacher attitudes

Take feedback and
Item paneling recommendations from experts to
inform both learning progressions

PHASE 1

Version 2 of learning progression on teacher understanding

Conduct cognitive interviews
mainly to revise the survey and also
Cognitive interviews the learning progression on
attitudes

Version 2 of learning progression on teacher attitudes and the survey on teacher
attitudes

Collect data with a Likert type
survey to inform the learning
progression on attitudes
Implementation of Teacher PD program:
Likert type scale, teacher logs and clinical ~ Collect data with teacher logs and
interviews clinical interviews to inform the
learning progression on
understanding

PHASE 2

The data of Likert type survey,
teacher logs, and clinical interviews
are analyzed

Analyze data obtained from PD program

PHASE 3

Version 3 of both learning progressions
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3.3. Data Sources

The current study followed design-based research approach and used six data sources:
a) written assessments, b) cognitive interview protocol, c¢) item paneling, d) teacher
logs, e) clinical interview protocol, and f) “Science Teachers’ Attitudes towards K-

12 Engineering Education Survey”.

a. Written assessments. Written assessments were used to gather initial information
from in-service science teachers both on their attitudes, and on their knowledge of the
engineering design process. In line with these goals, the written assessments included
two parts. The written assessment questions can be examined in Appendix A. The
first part was composed of questions related to teachers’ attitudes. This part contained
seven questions. The second part was composed of four questions related to
engineering design. The participant teachers filled in two parts of the written
assessments; 11 questions in total. All questions were open-ended similar to learning
progression studies that make use of written assessments (Jin & Anderson, 2012;
Mohan et al., 2009). Collecting data at the very beginning of the study informed the

levels of the first versions of the learning progressions.

The written assessments were implemented to 14 in-service middle school science
teachers who filled in the questions online. A brief e-mail on the goals of the research
and on collecting data with written assessments was sent to the participants together
with the written assessment questions attached as a Word Document. Teachers were
asked to send their responses within two days on the same Word Document. The
teachers filled in the questions with their own personal opinions. For each teacher,
filling in the 11 written assessment questions were reported to last for 15 to 20
minutes on average. For five of the teachers, whom data was collected at a later time
than the other participant teachers (n = 9), the questions were put in a Google Form

to make the process easier.
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The questions on the first part; attitudes, were developed by the researchers. In order
not to guide the respondents in any particular direction, asking broad questions was
preferred. Some of the questions were inspired by the findings of the literature search;
teachers’ possible interest in improving themselves in K-12 engineering education
and their ideas on possible value and importance they attach to K-12 engineering
practices were tried to be captured. The questions on the second part; engineering
design process, were influenced by the study of Schubert, Jacobitz, and Kim (2012).
The authors studied the engineering design process knowledge of freshman
engineering students. They collected data with five open-ended questions to assess
engineering design knowledge: 1) What are the important components of the
engineering design process? 2) What procedures and techniques do you know to
search for and generate possible solutions? 3) Why is the design process iterative? 4)
What methods for the evaluation of possible solutions do you know? and 5) Why do
you document the design process? In order to collect data with the written
assessments, two of these questions by Schubert et al. (2012) were directly included.
The rest of the questions by Schubert et al. (2012) were too specific, such as the third
one, including the iterative nature of engineering design. In total four questions were

prepared and used in the second part of the written assessments.

The questions were refined with feedback from two experts. One of the experts was
a professor of assessment and evaluation at a public university. The second expert
was a PhD student of curriculum and instruction with experience on instrument
development. Their comments and suggestions helped to develop the final version of
the questions. Prior to their feedback, the questions on attitudes included questions
directly asking for teachers’ ideas on the contribution of engineering for the
improvement of the society. However, it was recommended that such questions might
guide the respondents to a certain direction. Another recommendation was about
putting a question on the possible barriers or limitations teachers might face as they
implement engineering practices in their instruction. For the written assessment

questions on engineering design, a critical feedback was on putting a question where
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a simple case is given. It was recommended that such a question can better reveal
teachers’ understanding instead of directly asking their opinion. The questions on
engineering design were piloted with a small group of pre-service science teachers (n
= 2) to go over any unclear parts. This resulted in a revised version of the questions.
An example revision was that, question three and four were combined at the time of
pilot administration. However, it was observed that, having separate questions can
bring about responses both on features and characteristics of engineering design as

well as components and therefore steps of the engineering design process.

b. Cognitive interview protocol. Cognitive interviews were conducted mainly to
refine the survey developed on teacher attitudes; “Science Teachers’ Attitudes
towards K-12 Engineering Education Survey” and also to refine the learning
progression on teacher attitudes. The cognitive interview protocol can be examined

in Appendix B.

With two PhD students taking a course that included cognitive interviewing
strategies, pilot interviews were conducted. Following the pilot interviews, it was
decided to include an introductory part in the interview protocol where the
respondents could get used to the cognitive interview process. In preparation of the
questions of the interview protocol, the following exemplary sources provided
insights; Shafer and Lohse (2005), Sopromadze and Moorosi (2016), and Willis
(2015). The final cognitive interview protocol included five parts; a) welcome, b)
warm-up c) think-aloud questions, d) verbal probes, and e) closure questions. In total
there were six think aloud questions, 16 verbal probing questions, and five closure
questions. Not all questions in the cognitive interview protocol were used for each
and every participant teacher. Instead, the cognitive interview protocol included
options to help the interviewer. Due to the evolving nature of the cognitive
interviewing, new verbal probes emerged in some cases, during the interview. The
questions on the interview protocol were used interchangeably according to both the

evolving nature of the interview and the thinking process of the interviewer. To set
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an example, if the respondent seemed to have difficulty in understanding the item,

then the interviewer chose to ask: “What is the question/item is asking of you?”

Cognitive interviews were conducted with 10 middle school science teachers in total
who participated to a STEM Education Workshop for nine days at a public university
in Turkey. The interviews started with welcoming the participants. Following the
welcome, a small practice was conducted to make the participants familiar with the
procedure in warm-up. An unrelated case to the assessment task was chosen specially
to gain practice for the think-aloud questions. The interviewer asked the participants,
to recall the last time they visited a supermarket and try to imagine their visit as
vividly as possible. First a general think-aloud phrase was given; “Tell me everything
you remember”. This led the participants try to remember everything and speak about
it; so the participants experienced a think-aloud at the very beginning of the interview.
Think aloud questions within cognitive interviews is critical, because frequently
questions are asked where the respondent is expected to tell everything about the item
that he/she is thinking. This small think-aloud practice was followed by facilitating
questions such as, how the smell was like, whether it was crowded, what people were
buying in the supermarket. Following this small “warm-up exercise”, the interview
started with the “think aloud questions” on the cognitive interview protocol. Again,
not every question was asked for each and every item. Instead, the questions were
used as an alternative to each other, providing a comfort zone for the interviewer.
Also the choice of the question depended on both the item, and the response or lack
of response of the respondent. For the next part; “verbal probes”, a commonly asked
verbal probe was the first one; “What to you is X?”” For example, when the respondent
seemed to be thinking on “in-service training” in item1 in the survey, the interviewer
asked questions to understand the personal meaning of “in-service training” for the
respondent. Finally, “closure questions” were asked to capture any thoughts the

respondents might have regarding the survey or the items in particular.
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Again all optional closure questions were included in the interview protocol. During
data collection, the same interview protocol was followed for all participants. Rapport
was established at the beginning of the interviews by introduction of the goals of the
study. The interviews were audio-recorded which were later transcribed verbatim.
During each interview, the interviewer took some notes. These notes were helpful in

the data analysis process.

c. Item paneling. The goal of item paneling was to receive feedback from an expert
audience on the learning progressions to make revisions and to increase their quality.
In total, two item panelings were conducted. The first one was on the learning
progression and its associated survey on teacher attitudes. In total, one expert on
developing instruments and three experts on guidance and psychological counseling
attended to this item paneling. The second item paneling was on the learning
progression on teachers’ understanding of the engineering design process. This time
two experts on curriculum and instruction and one expert on STEM and engineering
design participated. Field notes were taken during each item paneling which were
later examined for recommendations on how to refine the two learning progressions
and the survey on teacher attitudes. Participants of the item panelings differed based
on the content of the learning progression. Inclusion of professionals, academics, and
researchers in relevant areas are recommended for item paneling (Wilson, 2005).
Panelists were supplied with the learning progressions, and the survey for the case of
the item paneling on teacher attitudes. Item panelings started with a brief presentation
on the learning progression and the goals of the study. Later a discussion took place
making sure each panelist can contribute to the discussion in productive ways
(Wilson, 2005). This discussion resulted in various ideas and comments. During the
item panelings, to the fact that most panelists were not familiar with the learning
progressions approach, the approach itself was clearly explained in a step-by-step

manner. Each item paneling lasted around half an hour.
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d. Teacher Logs. The purpose of collecting data with teacher logs was to elicit
teachers’ thinking on the engineering design process and to see the commonalities
and differences in their understanding; ranging from novice to more sophisticated.
The teacher logs were administered to 30 in-service middle school science teachers
who participated to the teacher PD program implemented at Phase 2 of the current
study (see Figure 8). The tasks on the teacher logs were similar to the ones in the
clinical interview protocol. The final version of the Teacher Logs can be examined in

Appendix C.

Teacher logs was composed of different tasks as was the case for the clinical
interviews. There were three tasks created parallel to the tasks in the clinical interview
protocol. These tasks were created by the researcher based on; a) the content of the
teacher PD program implemented at Phase 2 of the methodology framework of the
study (see Figure 7), and b) the second version of the learning progression on
engineering design process (see Table 4). There were several questions that
corresponded to each task. The development of the tasks went through revisions
following expert opinion. The experts that provided improvements on the tasks were
two PhD students both of whom had a B. S. in science education. Prior to taking
feedback, the first two tasks were merged as Task 1 however, it was suggested to
include separate tasks to reflect engineering design process model, its features and
engineering design process steps separately. Another feedback was on decreasing the
number of questions. Before the expert opinion, the Teacher Logs included five tasks.
However, it was recommended that those teachers would be tired at the end of both
first and second days of the PD program. In order to get more useful data, the number
of tasks was kept at three. More information on the administration of teacher logs

were presented in the following sections.

The first task was on engineering design process models and the goals and features
of engineering design process. Teachers responded to questions on the goal and

structure of the engineering design process. They also reported the characteristics
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they know on the engineering design process such as being iterative. The second task
was on engineering design process steps and concepts. Some concepts that were
underlined were criteria, constraints, and tradeoffs. Teachers were asked to report the
engineering design process steps they know and put them in order. In order to make
the task easier who still have no idea on criteria, constraints, and tradeoffs, the
questions included prompts that reminded teachers of the engineering design task they
completed that day. The third and final task was on evaluating a complete engineering
design process. Teachers were expected to consider the strengths and weaknesses of
their own implementation of the engineering design process at the teacher PD
program. Teachers were guided to think of the engineering design task they
completed. Teachers reflected their knowledge on the engineering design going over
their own design team’s performance for the first day’s engineering design challenge;

designing a wind turbine.

Easier questions on the teacher logs were implemented at the end of the first day of
the teacher PD program implemented at Phase 2 of the methodology framework of
the study (see Figure 7), and the second part of the teacher logs were filled in at the
end of the second day of the teacher PD program. This was based on two rationales.
Firstly, teachers could be exhausted with all the questions on the teacher logs
completing them on one day. Secondly, on the first day, easier questions on the
teacher logs were asked since they were still in the learning process. For the higher
levels items, teachers could only respond to when they fully experienced the PD
program. The questions required a more sophisticated thinking. The implementation
of the Teacher Logs lasted approximately 20 minutes on each day of the teacher PD
program. Therefore, administration of the whole Teacher Logs for two days lasted for

40 minutes.

e. Clinical Interview Protocol. Clinical interviews were conducted to elicit teachers’
thinking on the engineering design process as was the case for the teacher logs. The

interviews were conducted with 10 in-service middle school science teachers selected
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among the 30 teachers who participated to the teacher PD program implemented at
Phase 2 of the current study. The results shed light on the differentiations between
teachers who had a naive understanding and who had a more sophisticated
understanding of the engineering design process. In order to ensure capturing such
differentiations, participant teachers of the clinical interviews were deliberately
chosen to represent a variety of understanding levels of the engineering design
process. Following such a sampling, and making teachers elaborate on their
understanding through a clinical interview fit the purpose of revealing a range from
novice to a more sophisticated understanding. So, the participants of the clinical
interview were selected to reflect variance among understanding of the engineering
design process. This was crucial to receive data to work on all levels of the learning

progression; from lower levels to the higher levels.

The clinical interview protocol composed of both think aloud questions and verbal
probes. During the interviews, the interviewer first asked the respondents to talk about
anything that comes to their minds to answer the question or reply to the task. This
exemplified a think-aloud process. Following that, the interviewer used verbal probes
written on the interview protocol to make sure teachers did not lose focus and kept
thinking on the content of the question. The clinical interview protocol contained
three tasks (see Appendix D). These tasks were identified and developed based; on a)
the content of the teacher PD program implemented at Phase 2 of the methodology
framework of the study (see Figure 7), b) the second version of the learning
progression on engineering design process (see Table 4), and c¢) the following sources
serving as guides in particular; Atman et al. (2007), Hsu et al. (2010), Jin et al. (2013),
Mohan et al. (2009), and Mosborg et al. (2005).

The development of these tasks went through revisions following expert opinion and
a small piloting. The experts that provided improvements on the tasks were two PhD
students studying on curriculum and instruction. Both of them had a B.S. degree in

Science Education. To set an example, the first two tasks were merged as Task 1

80



however, it was suggested to use separate tasks as engineering design process model
and engineering design process steps and concepts to better facilitate teachers’
thinking. As a second example, the experts recommended to revise the tasks slightly
so that each task reflected a different level of understanding. This meant creating tasks
from easy to difficult. This suggestion was used to revise the interview protocol. This
was very helpful information to facilitate teachers’ thinking processes at different
difficulty levels. The two experts also helped with minor revisions on the language,

wording and format of the clinical interview protocol.

Next, a small piloting with three fourth year undergraduate students in the program,
Science Education was conducted. Initially the clinical interview protocol included
six tasks. However, during the pilots, it was experienced that the interviews took
approximately an hour to complete and the respondents were too tired to complete
the sixth task. Therefore, the sixth task that asked teachers to apply the engineering
design process to a case was removed from the interview protocol. Another revision
decided with the pilotings was to remove the last part of Task 3. This second part of
this task also attempted to reveal how novice and expert teachers differ on their
conceptions and misconceptions. In total, 20 statements inspired by the study of
Oechlberg and Agogino (2011) were presented and teachers were expected to select a
few ones that they found to be the most critical on engineering design. However,
during the pilotings, it was observed that the results differed too much to reach a
conclusion. In addition, the participants seemed to find the list too long and without
concentrating only chose some statements for the sake of choosing. A last point
noticed was that, the data coming from this task was could be similar to the data
coming from the remaining tasks. With this realization, this part was completely
removed. Some example statements removed from this task were; “Design is what
distinguishes engineering from science”, “Design is iterative”, and “Constraints are

critical components of the engineering design process”.
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The first task was on engineering design process model. First the teachers who were
in-service middle school science teachers were asked to draw a model of the
engineering design process. Then the interviewer asked verbal probes on each step
drawn and the general logic and structure of the model. This was followed by a
question on different engineering design process models. The second task focused on
the engineering design process steps and concepts. With verbal probes, each step on
the engineering design process step was revisited for their relationship to each other
and also for their relation to the whole model. Especially the engineering concepts
criteria, constraints and tradeoffs were elaborated on with both think aloud and verbal

probes.

The purpose of the third task was to understand the differences between novice and
expert teachers in how they evaluate a complete engineering design process (see
Figure 9). For this task, at first, teachers were presented with the complete
engineering design example by Cardella, Hsu, and Ricco (2014). Teachers were first
asked think aloud and report anything they consider as they examine the figure. Then
the interviewer used verbal prompts to enable teachers to evaluate the process. Lastly,
the complete engineering design rubric by NASA let it glide was shown to the
teachers. They were asked to evaluate the figure based on the rubric. This was
especially expected to be performed especially by the expert teachers. The second
part of the same task highlighted the engineering design experience of the teachers
during the teaching intervention; the PD program. Teachers were guided to think
aloud and they responded to several verbal probes on their performance during the
PD program. Teachers were forced to examine and evaluate their performance with
their design team considering the engineering design process steps and engineering
concepts. The interviews were audio-recorded which were later transcribed verbatim.
During each interview, the interviewer also took some notes. These notes helped with
the data analysis process. Completing the interviews with each participant took
around 35 minutes. For three of the participants, the clinical interviews lasted more

than an hour.
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Figure 9. Part of third task (Cardella, Hsu, & Ricco, 2014, p. 4)

f. Science Teachers’ Attitudes towards K-12 Engineering Education Survey. The
“Science Teachers’ Attitudes towards K-12 Engineering Education Survey” was
developed as the associated instrument of the learning progression on science
teachers’ attitudes towards K-12 engineering education. Developing such associated
data collections instruments is a method to ensure empirical validation of the learning
progressions. The survey items associated with the learning progression were aimed
to document how science teachers’ attitudes differ from negative attitude to positive
attitude. The literature included examples of developing learning progressions with
their associated instruments; Alonzo and Steedle (2009), Nguyen and Griffin (2012),
and Mahat (2008). Establishing a theoretically and empirically supported alignment
between the learning progression levels and the survey items makes it possible to
better map the respondent teachers on a continuum ranging from negative attitudes to

positive attitudes.

The survey was implemented at the teacher PD program at Phase 2 of the
methodology framework of the study (see figure 7). This was the second version of

the survey (see Table 4) which consisted of 22 Likert-type items (see Appendix F).
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The respondents were the 30 middle school science teachers who participated to the
teacher PD program implemented at Phase 2. The items had five response categories

ranging between strongly disagree and strongly agree.

The items of the first version of the survey was developed based on a through
literature search and results of the written assessments on teacher attitudes. Later the
survey was revised with results of the item paneling and cognitive interviews. Finally,
following the administration of the survey at the teacher PD program at Phase 2 of
the methodology framework of the study, a statistical analysis was conducted to
analyze the data. Final refinements were completed at Phase 3 of the methodology
framework of the study. To sum up, the current study presented two versions of the
survey. These versions were based on literature search, written assessments, item
paneling, and cognitive interviews. Lastly following the implementation of the survey
at teacher PD program and statistical analysis of data with the statistical program, R

studio, recommendations on a possible third version of the survey were provided.

The “Teachers’ Attitudes towards K-12 Engineering Education Survey” was first
filled in by the teachers one week prior to the teacher PD program. Then the survey
was implemented on the last hour of the teacher PD program for the second time.
This technically resulted in 60 different cases. During the data analysis, they were
treated at 60 different respondents. The probability of teachers’ mostly having
positive attitudes at the closure of the PD program was the main reason for this type
of implementation. It was assumed that the teachers were already motivated to learn
about K-12 engineering education. Therefore, it was decided as a better option to also
gather pre-test data as well to be able to capture a wider range of teacher attitudes,

from negative to positive.

3.4. Participants

The necessary permission to collect data was taken from the Human Subjects Ethics

Committee at Middle East Technical University to. Participants of the study remained
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confidential and they all volunteered to be a part of the study. Participants were
informed about the goals of the study. The sampling procedures differentiated based
on two aspects: a) to represent a variety in terms of the levels of the learning
progressions, and b) to access the most useful results within feasibility concerns.
Accordingly, two sampling strategies were followed; convenience sampling and
purposive sampling. Table 6 presented the participants of the study. For some of the
research steps (see Table 4), participants were included due to their convenience, a
certain group of people were chosen because they were available. “The obvious
advantage of this type of sampling is convenience” (Fraenkel, Wallen, & Hyun, 2012,
p- 99). Use of purposive sampling was also critical for the study to be able to capture

a profile reflecting all levels of the learning progressions.

With purposive sampling strategy, the interest was on including a sample that can
provide the essential data needed instead of people who are just available (Fraenkel
et al., 2012). Each step of the research required participants coming from different

understanding, and level of expertise and/or experience.

Information on the participants of; a) written assessments, b) item paneling, c)
cognitive interviews, d) teacher professional development program, e) Teacher
Attitudes towards K-12 Engineering Education Survey and teacher logs together, and

f) clinical interviews were explained separately in Table 6.
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Table 6. Participants of the Study

Participants

To develop a learning progression
on engineering design process

To develop a learning progression and
survey on attitudes

Written
assessments

Cognitive
interviews

Item paneling

Implementation of
a Teacher PD
program at Phase 2
of the study

Teacher Attitudes
towards K-12

Engineering
Education Survey

Teacher logs

Clinical interviews

14 middle school science teachers

10 science teachers that participated to NA
a STEM Education Workshop
Experts on curriculum and
instruction (n =2), STEM &
engineering design (n = 1)

Experts on developing instruments (n =
1), and on guidance and psychological
counseling (n = 3)

30 middle school science teachers coming from various cities in Turkey

30 middle school science teachers that
were participants of the teacher PD

program implemented at Phase 2 of the NA
study
30 middle school science
NA teachers that were participants of
the teacher PD program at Phase
2
10 middle school science teachers
selected among participants of the
NA teacher PD program implemented

at Phase 2

a. Written assessments. The written assessments were conducted with 14 in-service

science teachers working in middle schools in Turkey. The sampling strategy

included both convenience sampling and purposive sampling. Teachers were selected

among the ones who had experience with K-12 engineering activities (see Table 7).

All teachers were accessed through personal networking who were willing to answer

the written assessment questions.
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Table 7. Participants of Written Assessments

City teacher Experience with
Gender lives and Accessing teachers engineering
teaches in
All through convenience Most teachers had
sampling; majority through experience on engineering
_ Ankara, personal networking (n = 9), and STEM activities either
Female (n = .. _ . .
10), male (n Istanbul, and remaining teachers (n = 5) implemented in class or
T 4) Bursa, Turkey through researcher’s attended a training before
participation to a STEM (n=9), some just
Education Program as a trainer completed a STEM

education program (n = 5)

In total, five of the participants were teachers who participated to a STEM Education
Program. It was a three-day STEM Education Program provided by a public
university in Turkey in July, 2016 with the participation of 27 science teachers. The
researcher of the study was a trainer at the STEM Education Program. The five
participant teachers were mainly selected based on their convenience to the
researcher. Secondly, as the researcher made observations, these five teachers were
recognized to be more willing to contribute to the study. These five teachers were the
ones that data was collected at a later time compared to the rest of the group (n = 9).
One week following their participation to the STEM Education Program, the written
assessment questions were filled in by five teachers in a Google Form, in order to

have an overall idea on their attitudes and knowledge of engineering design process.

The teachers who were not accessed through the STEM Education Program (n = 9)
were acquaintances of the researcher who were known to have experience on STEM
and engineering activities. They were mainly accessed following a personal

networking strategy. They all volunteered to fill in the written assessment questions.

b. Item paneling. During item paneling, each panelist was provided with the learning
progressions, and “Science Teachers’ Attitudes towards K-12 Engineering Education

Survey” for the item paneling on teacher attitudes. Both convenient sampling and
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purposive sampling procedures were followed in accessing the participants of the
item paneling. The panelists were chosen among the ones who had an expertise on
attitudes, STEM and engineering design, and curriculum and instruction or related

fields in order to obtain useful feedback (see Table 6).

There were two item panelings conducted; one for the learning progression on teacher
attitudes and its associated survey; “Science Teachers’ Attitudes towards K-12
Engineering Education Survey”, and the other one for the learning progression on
teacher engineering design process understanding. The participants of the item
paneling on teacher attitudes included experts on developing instruments (n = 1), and
on guidance and psychological counseling (n = 3). These experts were selected based
on their convenience. The expert in STEM and engineering design was an assistant
professor at a public university in Turkey. For the remaining three experts, they were
all research assistants and PhD students at guidance and psychological counseling
program at a public university in Turkey. The participants of the item paneling on
teacher understanding of the engineering design process included experts on
curriculum and instruction (n = 2), and on STEM and engineering design (n = 1).
These experts were again selected based on their convenience. Among the experts,
one of them was a professor at a public university in USA. The learning progression
and the instrument was provided to her online separate from the rest of the panelists.
The rest of the panelists were PhD students and research assistants at the department

of Educational Sciences and Elementary Education at a public university in Turkey.

Comments and recommendations of the experts resulted in revisions to the two
learning progressions and the survey on teacher attitudes. Only to improve the items
of the survey; “Science Teachers’ Attitudes towards K-12 Engineering Education
Survey”, additional expert opinion was taken from two experts. Both of these experts
were faculty members who conducted research on STEM education. They were
working in two different public universities in Turkey, one of them as a professor and

the other one as an assistant professor.

88



c. Cognitive interviews. Conducting cognitive interviews mainly aimed to refine the
“Science Teachers’ Attitudes towards K-12 Engineering Education Survey” and
create its second version. The results of the interviews also created revisions to the
learning progression on teacher attitudes. Participants were accessed through
purposive sampling and convenience sampling. For cognitive interviews where the
goal was to improve the quality of an assessments instrument, expectation of a
convenient sample that has more knowledge on the topic of the instrument is selected
(Ackermann & Blair, 2006). Overall, having 10 participants is considered sufficient
for one round of cognitive interviewing (Willis, 2015). Information on the

participants can be found in Table 8.

Table 8. Participants of the Cognitive Interviews

Cities teacher lives and
Gender ) Age range
teaches in

Corum, Hatay, Izmir (n =2),  Between 20-25 (n = 3), between 26-
Female (n = 6), Usak, Karaman, Giresun, 30 (n = 2), between 30-40 (n = 4),
male (n =4) Kocaeli, Kayseri, Istanbul and one teacher was 43 years old

The cognitive interviews were conducted with middle school science teachers (n =
10) who participated to a STEM Education Workshop for nine days at a public
university in Turkey. As the researcher was a guide in this Workshop, teachers were
selected for their convenience. In total, 30 teachers participated to the STEM
Education Workshop. To select the participants of the cognitive interviews, two
criteria had to be followed purposefully: a) teachers who had an overall understanding
of the K-12 engineering education, and b) teachers who experienced application of
engineering design challenges. The interviews were conducted towards the end of the
Workshop; on the last three days of the Workshop. The main reason was to wait so
that teachers increased in their understanding and experience on engineering design.

Among the 30 teachers, 10 of them were selected with personal observations during
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the Workshop. In addition to the abovementioned two criteria, teachers who seemed
more willing to share their knowledge and experience were selected. Selected
teachers were working in public schools in different cities in Turkey which
represented a wider range of ideas regarding different contexts. Also teachers were

selected to reflect different age groups to represent experience in teaching.

d. Teacher PD program implemented at Phase 2 of the methodology framework
of the study. In selecting the participant teachers to the teacher PD program, certain
criteria were followed. The major goal of following particular criteria was to result in
a variation of levels to better represent the learning progression on understanding of
the engineering design. No certain criteria were used to select teachers to represent
different levels in terms of their attitudes. It was assumed that teachers would already

have variety in terms of their attitudes.

The criteria followed to select teachers to the teacher PD program were: a) level of
participation to STEM and/or engineering design teacher PD programs before, b)
level of knowledge on engineering design process, c¢) gender, d) city in Turkey
working as a teacher, e) experience in teaching, and finally f) school type as public
or private. In all of the criteria presented above, a variety was tried to be reached. The
first two criteria were directly related with seeking for a variety among participants
on their understanding of engineering design; ranging from a novice understanding
towards a more sophisticated understanding. This selection could enable creation of
the learning progression on engineering design more effectively. In order to select
teachers representing different levels of the learning progression frameworks; such
criteria were important. Typically, in learning progression development studies,
participants are selected to reflect different levels in the learning progression
framework; such as from grade levels 6, 8 and 10 (Neumann et al., 2013). In the case
of the current study, the possible differences between teachers’ knowledge of the
engineering design process was reflected by selecting them with distinct knowledge

levels on engineering design process. This type of selection was essential for the
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validity of the learning progression levels. The remaining criteria presented were
important in order to have a heterogeneous group that could learn from each other’s
experiences. These criteria were critical to create a success for the learning climate of
the teacher PD program. A noteworthy point was in selection of teachers for the two
of the criteria; school type and city, public school teachers and teacher working in
small cities were prioritized. Because in small cities in Turkey teachers cannot always

access to qualified teacher PD programs.

The teachers were accessed through advertising the teacher PD program with posters
in schools, Faculties of Education, and in social media platforms; Facebook and
Twitter. A particular webpage was developed to advertise the teacher PD program
and to provide information on its details (see https://tasarlayapogren.wordpress.com).
Appendix E included a visual of the Webpage. The Webpage contained information
under five links which were: a) content of the PD program, b) designers and trainers
of the PD program, c¢) contact the program designers, d) poster of the PD program,
and e) application to the PD program. An application form, which was prepared as a
Google Form was later inserted to the webpage. Through this form, science teachers
could make their online applications to the PD program. Three of the questions on the
Google Form were on personal contact information in line with the selection criteria
presented above. Among these questions two of them aimed to categorize teachers on
their understanding and experience on engineering design. One of these questions
was a prompt to receive knowledge on engineering design process. The other
questions asked teachers to report their previous participation to STEM
activities/seminars/workshops. To summarize, the prompt on engineering design
process, and teachers experience regarding participation to STEM training before,
were the two criteria in selecting teachers so that they reflected low, middle and high
levels of the learning progression. The rest of the questions on the application form
were asked in order to gather information on the profile of teachers such as; city,
school type, and years of experience. With information gathered via the application

form, an initial profile of the applicant teachers was created as an Excel sheet. The
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application period was for two weeks in total. During this period, 320 science teachers
applied to the program. The number of teachers who responded to this prompt other
that as “I don’t know” or who left it as blank was 193, so remaining was 127. The
responses from 127 teachers were descriptively analyzed in order to understand the
differences between teachers’ understanding of the engineering process. This
descriptive analysis resulted in selection of teachers according to a variety in their
engineering design understanding and in categorization of the selected teachers. Table
9 presented information on this categorization that helped select the teachers. As can
be noticed in Table 9, first two criteria applied to select teachers to the teacher PD
program was influential in creation of the three categories of teachers. These criteria
were: a) level of participation to STEM and/or engineering design teacher
professional development programs before and b) level of knowledge on engineering

design.

With their responses in their application form, teachers could be categorized. These
categorization of teachers was critical for their representation of learning progression
levels in terms of understanding of engineering design. Detailed information on the
teachers who participated to the teacher PD program can be found in Table 10. Their

categorization as novice, intermediate, and novice was again presented in this table.

e. Science Teachers’ Attitudes towards K-12 Engineering Education Survey and
Teacher Logs. The survey and the Teacher Logs were completed by all teachers
participating to the teacher PD program implemented at Phase 2 of the methodology
framework of the study. The participants of both the survey and the teacher logs
included the 30 science teachers described in Table 10. However, for the teacher logs,
at some point data was analyzed among 29 teachers because data coming from one of

the teachers included many missing responses.
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Table 9. Categories of Teachers

Example responses to the

Category of Description of category prompt on engineering
teachers ;
design
Expert Teachers who have participated to  .....states almost all steps
more than one STEM training correctly.....it is an iterative
before. Teachers who implemented process, we go back to
engineering activity in class beginning and make
before. revisions.....marketing is
part of the process, among
Teachers who could report on many solutions the best one
majority of engineering design is selected...
process steps, features and/or
concepts correctly.
Intermediate Teachers who participated to one ... states some of the steps
STEM training before. correctly.....problem is at
Teachers who could report on the focus for
some of engineering design planning...there is the
process steps, features and/or engineering design process
concepts correctly. as aplan....
Novice Teachers who have never ... within engineering

participated to a STEM training
before.

Teachers who had no knowledge
related to engineering design

design process, there is a
problem, there are
experiments and tests... .....

f. Clinical interviews. In total, 30 middle school science teachers participated to the
teacher PD program. Among the participant teachers 10 of them were interviewed

within the week following the teacher PD program. These 10 teachers were selected
based on: a) their location for feasibility purposes to access, and b) the variety in
terms of their categorization on engineering design process understanding. The
categorization in Table 9 was used in selection of the teachers. With consideration of
the two criteria stated above, three novice teachers, four intermediate teachers and
four expert teachers were selected. Representing variety in levels of understanding of
the engineering design was crucial in order to see the differences in thinking process

and to be better able to refine the learning progression.
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Table 10. Participants of the Teacher PD Program

Categorization for
Experience in
Gender School type City understanding of
teaching
engineering design

From Ankara and

Less than 5 years Istanbul (n = 14),

(n=10), 5 to 10 Novice (n = 10),

Female (n = years (n = 11), Private (n = other cities (n = 16) intermediate (1 = 10),
17), male (n 9), public (n (e.g. Amasya, N
> more than 10 v expert (n =10)
=13) ars (n = 9) =21) Bursa, Van,
years tn Sanliurfa)

Among the novice group of selected teachers (n = 3), two of them lived in Ankara
and one lived in Istanbul. In the intermediate group (n = 4), two lived in Ankara, one
lived in Konya, and one lived in Eskisehir. In the expert group (n = 3), two lived in
Ankara, and one lived in Adiyaman. For the three teachers who lived out of Ankara
and Istanbul, who were difficult to access, clinical interviews were conducted through

phone interviews.

3.5. Conceptual Framework of the Teacher PD Program

The teacher PD program implemented at Phase 2 of the methodology framework of
the study (see Figure 7) was conceptually based on; a) the second version of the
learning progression on engineering design process understanding, b) the core
elements of teacher PD programs created and presented in Figure 2, and c)
descriptions of the engineering design process as presented in Chapter 2; Review of

the Literature (see Table 4).

Accessing teachers with knowledge on engineering design process can be quite
challenging due to most teachers’ their lack of experience and knowledge in the
Turkish context. Therefore, delivery of a teacher PD program enabled having teachers
who have a high level of understanding of engineering design process as they
complete the teacher PD program. It was decided to deliver a teacher PD program for
the current study to: a) have teachers reflecting a range of engineering design

understanding from novice to more expert, b) have an instructional context where the
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learning progressions can be empirically refined, and c) to contribute to teachers’
improvement in K-12 engineering education. Teaching interventions are one effective
way of validating learning progressions. As Alonzo and Steedle (2008) suggested,
learning progressions should present instructional environments to investigate the
progressing variable closely. The initial versions of the learning progressions should
be detailed enough to guide the PD program (Krajcik et al., 2012). It can be concluded
that the levels of initial learning progression on engineering design understanding was
influential in terms of the conceptual framework of the PD program. An example on
this influence was inclusion of aspects of engineering design process as it appeared
on the levels of the initial versions. These aspects were different models of
engineering design, conceptions on engineering design, the engineering design
concepts; criteria, constraints and tradeoff and steps of the engineering design

process.

To continue, the core elements on teacher PD programs (see Figure 2) on K-12
engineering education helped with the design of the PD program conceptually. Each
core element was examined and constructed in detail. To set an example, the
engineering design activities of the PD programs as a core element, specifically
focused on steps of the engineering design process, identifying constraints and
criteria, problem identification and explaining tradeoffs. As a second core element,
when the thematic structure is considered, overall the theme of the teacher PD
program as science content was renewable energy and wind energy, and the theme as
an engineering strand was mechanical engineering and aerodynamics engineering.
This is a highlighted topic for middle school students in Turkey to comprehend as it
is addressed in Science Program in Turkey (MoNE, 2012). It is a major content
included NGSS (NGSS Lead States, 2013) as well. As presented in Table 2, many
teacher PD programs on K-12 engineering education focused on the energy topic.
NGSS (NGSS Lead States, 2013) addressed the energy content “Energy and matter:
Flows, cycles, and conservations” as one of the Crosscutting Concepts. For

mathematics, the PD program has a focus on “Scale, Proportion and Quantity: as a
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Crosscutting Concept (NGSS Lead States, 2013). For the Mathematics Education
Program in Turkey (MoNE, 2013), geometry, measurement, and data analysis were
important aspects that were addressed in the PD program. For technology content the
PD program included the four competencies reported in the Information Technologies
and Software Program in for Middle Schools Turkey (MoNE, 2013). These were; a)
technology literacy, b) construction of knowledge and collaboration, ¢) problem
solving and design of authentic products, and d) communication and share of

information.

For the same core element, thematic structure, having a strand of engineering was
found critical. engineering design as a context to merge the three disciplines; science,
technology and mathematics, mechanical engineering and aerodynamic engineering
were selected as the strands of engineering focus. This was mainly due to the fact
that, the science content Renewable Energy and Wind Energy selected for the PD
program necessitated the selection of these strands of engineering. This alignment
between the selected science content and the strand of engineering as mechanical was
confirmed with the materials developed by Museum of Science, Boston
(Cunningham, 2009). As the engineering experts that collaborated for the PD program
suggested, aerodynamic engineering was also included as in real life mechanical and
aerodynamic engineers’ work on wind energy together. All activities centered on two

engineering disciplines; mechanical engineering and aerodynamics engineering.

As another core element, engineering subject matter knowledge was considered. The
teacher PD program included interactive lectures, activities and discussions on K-12
engineering education, engineering design process, nature of engineering, practices
of engineers and how engineers and their products interacts with the society,
similarities and differences of engineering and science/scientific inquiry, similarities
and differences among different engineering design process models, and engineering
and technology in everyday items were aspects of engineering subject matter

knowledge covered by the PD program.
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Collaboration with engineers is another critical core element for teacher PD
programs. The researchers collaborated with a team of engineers working at
METUWind, Middle East Technical University. METUWind is a center for wind
energy where eight engineering departments in METU collaborate. Their research
projects mainly focus on wind potential assessment, wind turbine aerodynamics and
wind turbine blades. From METUWind, four engineers took part in the design and
delivery of the PD program. This team of engineers included two mechanical
engineers, one aerodynamic engineer, and one environmental engineer. The educators
of the program included academics from Faculty of Education, engineers and research
assistants. This enabled bringing science teachers, university faculty experienced on
STEM education and engineering pedagogy, and engineers together to create a
fruitful learning environment. This kind of learning environment provided the

participants with a rich professional development experience (Pinnell et al., 2013).

There were two engineering design challenges in the PD program where teachers
worked on engineering design cycle in design teams. Both of the design challenges
were based on a real-context linked to the science and engineering themes of the PD
program. A field trip was organized to the engineering labs of METUWind. The team
of engineers introduced their workplaces to the teachers. During the PD program,
teachers were expected to work in design teams as they work on their engineering
design. At the end of each design challenge, the design teams presented their refined
designs to the class. As a last core element, the PD programs are better productive
when they are designed to include follow-ups along with the face-to-face workshop.

The current study only included the face-to-face workshop due to feasibility concerns.

A last aspect for developing a conceptual framework, the design of the PD program
drew mainly from the materials and structures of Museum of Science; Engineering is
Elementary Units (Cunningham, 2009) and the “framework on elements of a quality
engineering education curriculum units and activities” (Moore et al., 2014b, p. 9).

These elements were: a) having a meaningful purpose and an engaging context,
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b) having all learners participate in an engineering design challenge with a relevant
purpose, c¢) having opportunity to redesign, d) including appropriate science and
mathematics content, ) teaching with student-centered pedagogies, and f) improving
teamwork and communication. To keep the context meaningful and engaging,
national and international issues were underlined during the presentations and
discussions of the PD program. The two engineering design challenges in the program
were tied to societal problems as well. Both of the engineering design challenges
reflected the science content of the PD program; energy sources, renewable energy
and energy transformation. Overall, the above mentioned elements were focused on

in the implementation of the teacher PD program.

3.5.1. Implementation of Teacher PD Program

The teacher PD program was a two-day face-to-face program. It was delivered on a
weekend to ensure the participation of teachers since during the weekdays teachers
were working in schools. Teachers participated to the program activities beginning at
9 a.m. and ending at 5 p.m. for each day. Face-to-face workshop is the most widely
used form of teacher professional development (Cejka et al., 2006; Chin et al., 2011;
Duncan et al., 2011). Workshops commonly include exposing K-12 teachers to basic
engineering concepts and examples, reinforcing this instruction with hands-on
experiences and providing materials and resources to share with their students (Jeffers
et al., 2004). In the PD for the current study, interactive lectures, activities,
engineering design challenges, discussions, field trips took place. The trainers of the
PD program included five researchers and engineers working at METUWind, four
engineers who took part in panel and evaluation in design challenge products, and
four guides experienced on K-12 engineering education and STEM activities. Photos
helpful in describing the context of the teacher PD program can be found in Appendix

E. Details on the outline PD program was presented in Table 11.

The context integration model by Moore et al. (2014a) necessitated engineering

design as the core; the main context with support from the three disciplines; science,
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mathematics and technology. In the engineering design challenges, this main idea was
followed. Participant teachers were exposed to two engineering design challenges that
integrated engineering design with the scientific concepts of energy conservation,
renewable energy and wind energy. For the first engineering design challenge, teacher
design teams designed wind turbines. For the second engineering design challenge,
teacher design teams designed a Lunar Vehicle. In both engineering design
challenges, teacher design teams presented the prototype of their designs and also

their refined and final designs.

The design challenges were based on an engaging and real-world context. Teachers
were expected to develop their knowledge and understanding on energy sources,
renewable energy, energy conservation, wind energy, geometry and calculation, data
analysis, technology literacy through the engineering design challenges, small
activities, discussions and presentations. Teacher design teams were expected to
follow the engineering design process steps as they went through the challenge. All
activities revolved around engineering design process, nature of engineering, and how
engineers work, science content, mathematics content, and technology content
selected. With exposure to all of these activities, teachers were provided teachers with
opportunities to recognize and understand engineering in real life. Overall, teachers
were able to comprehend a broad perspective of the nature and practice of engineering

(Duncan et al., 2011).

The main sources that guided the engineering challenges and other activities were the
units chosen from Engineering is Elementary (Cunningham, 2009), documents on
design challenges prepared by Lawrence Hall of Science at University of California,

Berkeley, and NASA’s BEST Activity Guides (NASA, 2012).
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Table 11. Outline of the Teacher PD Program

Day 1

Registration and welcome

Introductory presentation: STEM Education Introduction to STEM
education and engineering design

Ice breaking activity Participant teachers get to know each other with a
small activity

Presentation: Introduction to engineering Work of mechanical, aerospace
and aerodynamic engineers. Nature of engineering and methods of
engineers, engineering design. Science connections of the PD program:
energy, wind energy and windmills

Fieldtrip and demonstrations Engineering labs, introducing the tools and
workplace of engineers

Panel: Who are engineers Connections between real life and engineering,
engineering and society, engineering and education, how engineers design
and use engineering design process, problem solving

Engineering design challenge Designing a windmill

Implementation of Teacher Log part 1

Day 2

Interactive presentation and discussion Engineering design cycle,
engineering design models, Engineering concepts

Exhibition with Station Technique Exploring five different designs
Engineering design challenge Designing a Lunar Buggy Car
Implementation of Teacher Log part 2

Evaluation and closure of the PD program Comments and
recommendations, big group discussion

At the beginning of the first day, during the interactive introductory presentation, the
trainers of the PD program provided an introduction; STEM education, K-12
engineering education its short history, pedagogical approaches, connections to
science, mathematics and technology. Afterwards, a presentation as introductory to
engineering was provided by one of the engineering faculty members at Middle East

Technical University. This presentation was followed by techers’ comments and
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questions to the presenter. Teachers had the chance to learn the nature of engineering
from an experienced engineering and a faculty member at the same time. Next, a field
trip to the engineering labs of METUWind took place. METUWind is a research
center where engineers from different disciplines at Middle East Technical University
collaborate on research projects. During the field trip, the engineers introduced their
tools, work methods and workplaces. “The panel: Who are engineers?” included four
engineers as panelists and one moderator who was experienced on K-12 engineering
education. Engineers shared their experiences, their methods and tools in their
profession. Engineering as a discipline for the improvement of the society and for
solving the global challenges were discussed. Teachers volunteered to ask questions
at the question and answer session. The teachers brainstormed about the nature of
engineering, process of design, and the connections of design and engineering with
the real problems of the society. The first day ended with the engineering design
challenge; design of a windmill where teachers worked in design teams. After they
got feedback to their prototypes, they refined their designs. The engineers were active
during this process as well. They monitored the teacher design teams and they gave
feedback to them on their designs and how they follow the engineering design
process. At the end of the day, each design team presented their final designs. A jury
composed of two engineers and two STEM education experts evaluated the final

designs and discussed the weaknesses and strengths.

The second day began with an interactive presentation on the details of the
engineering design process. The similarities and differences of various engineering
design process models were discussed. Some of the models and related materials were
prepared by NGSS (NGSS Lead States, 2013), Massachusetts Engineering
Framework (Massachusetts Department of Education, 2006), and Engineering is
Elementary units and materials (Cunnigham, 2009). Following this, an exhibit with
five demonstrations of engineering design examples was conducted. The five strands
included the engineering sets of Vernier; Windkit, five different engineering design

products, technologies teachers can use during design and evaluation stages, wearable

technology, and engineering design examples on energy conservation. This exhibit
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was especially important for the teachers to be familiar with technological tools to
integrate engineering to their instruction. The Vernier Windkit set (see Appendix E)
contained many examples of energy sources and energy conservation demonstrated
with sensors and probes. The Vernier Windkit set was an excellent technological tool
to collect, analyse and present data. The day continued with the second engineering
design challenge of the PD program; design of a Lunar Buggy car. Teachers once
again worked in their design teams. After teachers got feedback to their prototypes,
they tested their designs again and made necessary revisions. Each design team
presented their final design of Lunar Buggy Cars. Teachers had the chance to receive
feedback from the engineers and researchers from METUWind on their engineering

design process practice performances and on their final designs.

At the end of each day, teachers filled in their Teacher Logs. In addition, on the end
of second day, teachers filled in “Science Teachers’ Attitudes towards K-12
Engineering Education Survey” for the second time. The second day ended with an
overall evaluation of the teacher PD program. Figure 10 presented visuals from the
documents teachers used as they worked on the engineering design challenges.
Appendix G presented the full version of the documents teachers used during the

teacher PD program.

The full version of the documents in Appendix G included detailed information on
the two engineering design challenges that the techer design teams worked on. As can
be examined, the engineering design challenges followed the engineering design
process steps. The design challenges also presented information on criteris and

constraints related to the design.
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Tasarim Gorevimiz: Riizgar Tiirbini Tasarhyoruz!

Yagadiginz bolge elektrigini komiirden enerji saglayan enerji
istasyonlarindan elde ediyor. Yerel girketler komiir kaynaklarinin
tikendigini ve elektrik iiretmek i¢in farkl yollara ihtiyag oldugunu
belirttiler.

Maliyeti diigiik riizgar tiirbinlerinin elektrik enerjisi iiretmede faydalt
olabilecegi goriigii on planda. Siz uzman mithendislerden bugiin yerel

sirketlerin ricasi lizerinde farkli fikirler ve ¢oziim onerileri bekliyoruz
!

Takim halinde basit malzemeleri kullanarak bir riizgar tiirbini tasarim1
ortaya koyunuz !

Bu tasarim gorevi igin kullanabileceginiz biitge en fazla 40 tl dir. Toplam iki buguk
saat siireniz bulunmaktadr.

Figure 10. Visuals on the PD documents

3.6. Data Analysis

Data analysis resulted in a summary and synthesis of the findings. Data analysis

strategies were explained separately for the qualitative data and quantitative data.

3.6.1. Analysis of the Qualitative Data

Qualitative data was collected with the written assessments, item paneling, cognitive
interviews, teacher logs and clinical interviews. Figure 11 presented the overall data
analysis strategies for qualitative data collected with; a) written assessments, b)

cognitive interviews, and c) teacher logs and clinical interviews.

103



Written assessments

Iitial screening of data; identification
of emerging codes

Scan data several times as final codes
and themes are created.

Calculate frequencies for each code
and theme

Cognitive interviews

Initial screening of data; identification
of emerging codes

Create codebook with codes and
themes. Help from Ackerman and Blair
(2006) coding template

Calculation of frequencies of codes
and themes, slight revisions to
Codebook

Data in relation to each item is
presented in a comprehensive table.
Calculation of frequencies item wise

Clinical interviews and
Teacher Logs
Initial screening of data; use learning

progression on engineering design as
template

Creation of three coding rubrics for
the three tasks in the Teacher Logs

Scan data several times as the coding
rubrics are revised and combined in
one comprehensive coding rubric

Analyze clinical interview data;
frequencies for each category in the
comprehensive coding rubric

Final version of the comprehensive
coding rubric

Figure 11. Data analysis strategies for qualitative data

Only the field notes taken were carefully examined for the analysis of data collected
at item paneling. This resulted in summarization of the comments and
recommendations found in the field notes. No further qualitative data analysis was
conducted. For descriptive examination and summarization, the field notes were read
to identify the most common recommendations by the panellists. Therefore, the
careful reading of the notes aimed to summarize the notes under recommendations.
The frequently mentioned recommendations by the panellists were taken into
consideration on refinements of the learning progression levels, survey items, and
administration procedures of the survey. The process described was carried out

separately for the two item panelings.
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For the written assessments, data was analysed in three phases (see Figure 11) which
was inspired by the data analysis strategies by Miles and Huberman (1994). First,
teachers’ responses to the written assessment questions were carefully read with
paying attention to emerging codes. These emerging codes were identified based on
their repetition as teachers’ responses were read several times. At this phase, no
calculation of how many times these codes appeared in the responses was made. Later
at second phase, the list of emerging codes was examined and the responses were read
several more times paying attention to the list of emerging codes. During this phase
first it was recognized that some of the codes in the list of emerging codes were more
commonly found in teachers’ responses. The least frequent codes were deleted from
the list. Later in the third phase, the remaining codes were calculated on how many
times they were repeated in teachers’ responses. The codes with the highest
frequencies were revealed which resulted in the final list of codes. As a last step, the
codes were organized to be expressed under general themes. This resulted in minor
revisions to the list of final codes, a few codes were deleted, or modified. The three
phases explained for the data analysis of the written responses were completed
separately for the written assessments on attitudes, and for the written assessments on

engineering design process.

To continue, for the analysis of data collected through cognitive interviews, the first
step was to examine the five data analysis strategies for cognitive interviews depicted
in Figure 12 (Willis, 2015, p. 60). For the current study, a merge of Analysis Model
4; Theme Coding and Analysis Model 5; Pattern Coding was followed which were
both illustrated in Figure 12. Then the data analysis was completed in four phases
(see Figure 11) in light of the two data analysis models merged and followed. This
necessitated the analysis of data with a bottom-up approach where codes and themes

were built from the data; making use of patterns and associations (Willis, 2015).

In order to prepare the data for analysis, audio-recordings of the interviews were

transcribed verbatim. Then at the first phase of data analysis, the transcripts were
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carefully read to identify emerging codes. As in the case of the data analysis of written
responses, the emerging codes were identified based on their repetition in the
transcripts. In the next phase, the codes with higher frequencies were determined with
reading the transcripts a few times more. At this point, notes taken during the
interviews were also helpful. Such notes were illustrated in Figure 12 as well under
Raw Data as Interviewer Notes and quotes. In order to create a Codebook with the
finalized codes; codes with the highest frequencies, the two general themes in a
cognitive interview data analysis proposed by Ackermann and Blair (2006) were
used. The two overall themes in the Codebook were: a) problems with how readily
the question is understood (semantics) and b) problems with retrieving information
or formulating a response (response task). The final codes were summarized under

these two themes.

Raw data

a) Answers to the

tested survey
Uncoded | qyestions Coded

b) Interviewer
Notes and quotes
from the cognitive
interviews

Analysis Model 1:
Text Summary

In words, describe dominant
themes, conclusions, problems

Top-Down: Bottom up:
Assign codes Build codes
to data from data
Analysis Model 2: Analysis Model 4:
Cognitive Coding Theme Coding
Focus on the behavior of the Create labels to describe
Respondent phenomena observed
Analysis Model 3: Analysis Model 5:
Question Feature Coding Pattern Coding
Focus on the behavior of the Discover associations in
evaluated survey questions responses

Figure 12. Data analysis models for cognitive interviews (Willis, 2015, p. 60)
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In the next and third phase, the transcripts were scanned carefully to calculate
frequencies for the codes. During this step, many revisions took place in the
Codebook. To set an example, the code “VAR YES” that explained having a wide
range of responses from the participants; ranging from strongly disagree to strongly
agree, was deleted from the Codebook due to lack of high frequencies. For an example
of a change in a code, the code; SIT was combined with another code; CON.
SIT _CON was used to describe situations and contexts where teachers talked about
differences between the situation and context of schools types, and number of
teachers working in a particular school. However, in second step, with more careful
consideration, it was recognized that teachers gave many different examples of
various situations and context. They did not particularly address schools type.
Therefore, whenever teachers mentioned differences in situation and context, the
more generic code; SIT CON was found to be sufficient. While codes were inserted
on the transcripts, some slight changes still occurred. These can be reported as
removal of the codes on teachers’ agreeing or disagreeing with the item, and creating
a new code that addresses changes and recommendations by teachers. Also due to
very low frequency, three codes that were on item consistency, item repetition and

use of examples were removed from the Codebook.

Following the exemplified removals and changes in some of the emerging codes a
final Codebook was generated. Codebook in Table 20 included three parts. The first
part included the label for the codes that were used as the researches coded the data.
The second part presented a description for each code. These descriptions were
helpful in the coding process of the data because at some points it might be confusing
to decide which code should be used. The last column of the Codebook presented the
items that had at least a frequency of one for that code. However as will be discussed
later, not every item associated with a code went through a revision. This column only
intended to reflect the overall items in relation to each code; not necessarily a revision
in all items in this column was administered. As can be noticed, the generation of the

Codebook was a recursive pattern, where after each step explained, removed and
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emerging codes were considered carefully. The final frequencies were calculated

based on all transcripts as the codes in the final Codebook appeared.

A comprehensive analysis of the results necessitated an examination based on the
items separately as well. In order to do this, in the fourth and the final step, a separate
excel sheet was created for the items for phrases that belonged an item in particular.
Later this excel sheet was converted into a comprehensive table to examine the
frequency calculations item wise. This table was later merged with the Codebook as
the column on the very right hand side. The item wise frequency calculations helped
to understand which items had the lowest and highest frequency for each code. To
summarize, the relation between the items and the codes were documented clearly.
This was a major step to reach overall findings of the cognitive interviews and to
make the necessary revisions on items. In this table, even the low frequency item-
code relationships were put forth. However, for a revision to take place in the survey
items, at least a frequency of five was seeked for. So in order to take the code for the
particular item into consideration, codes with at the least a frequency of five were

carefully identified.

For the analysis of data collected with the teacher logs and clinical interviews, several
steps were followed to analyse the data. Data analysis began with the teacher logs.
The unit of analysis was captured in teachers’ accounts of engineering design process
(e.g. accounts of teacher logs task 2). The identification of unit of analyses was useful
in making comparisons between accounts of the same task either in the clinical
interview, or the teacher logs, for teachers from different categories; novice,
intermediate, and expert. To set an example, the teachers could respond to a question
on engineering design process steps, by defining each step or by explaining steps as
making comparisons in different models along with giving real world examples. Next,
separate coding rubrics in line with each task on the teacher logs were created. An
example coding rubric for two levels that was used to examine written assessment

responses of students to refine a learning progression on energy was provided in
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Figure 13 by Jin et al. (2013). In preparation of the coding rubrics for the current
study, two example studies on learning progression development were especially

helpful; Jin et al. (2013) and Mohan et al. (2009).

In total, there were three coding rubrics prepared to analyze the data reflecting the
three tasks in the teacher logs. The systematic coding rubrics reflected the learning
progression levels and helped with analyzing and coding responses of teachers. The
coding rubrics included ordered levels of achievement in terms of understanding of
engineering design for each task. First draft versions of these coding rubrics were
generated each consisting of four ordered levels, from novice level understanding
(lower level) to mastery level understanding (higher level or the upper anchor). Later,
as the data was scanned multiple times, the levels were revised with addition or
deletion of new statements within each level for each task. Each level in the coding
rubrics were finalized according to the frequencies. These frequencies referred to
number of teachers reporting the same code. These were calculated separately for
responses of each group of teachers; novice, intermediate and expert. To set an
example, the responses of teachers in the novice group for a particular task were
analyzed together to inform the lower levels of the progression. Likewise, the
responses of teachers in the expert group for a particular task were analyzed together
to inform the higher levels of the progression. Following the revisions, final versions
of the coding rubrics were generated. Each statement in the ordered level in the coding
rubrics can be thought of as a code. As a last step, the three coding rubrics were
evaluated together and consistent points for each level of the learning progression
were combined. This resulted in one comprehensive coding rubric with three

identified aspects of engineering design process.
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Level Specific level description Exemplar responses from students

L[4 (1) Identify light as the main (external) energy  Chose Light;
source for plants (without converting energy Explanation: Light is where plants get the

and matter). AND energy to produce food (glucose).

(2) distinguish between light and matter Photosynthesis takes place when CO, is
sources. absorbed from the air and reacts with H,O to
Do not need to: Describe that light is produce glucose and O,. O, is released into the
transformed into chemical energy environment through stomata

Distinction berween L3 and L4: L4 students note light is the sole energy source for plants whereas L3
students additionally include other things as energy source for plants

L3 (1) Describe that plants make their own energy ~ Choose water, light, air, and plants make their
by photosynthesis, or making glucose or food ~ own energy;

from water, light, air, and/or nutrients. May Explanation: Water is an energy source for
choose water, air, and/or nutrients as energy plants because it allows photosynthesis to take
sources in addition to light. place. The same is true for light and air they
Do not need to: allow photosynthesis. Nutrients in the soil, I
(1) Describe how light energy is transferred to ~ feel do not aid in giving the plant energy.
chemical energy in glucose Through photosynthesis plants produce

glucose, which serves as their source of energy

Figure 13. Example coding rubric (Jin et al., 2013, p. 1697)

For the clinical interviews, audio data coming from 10 teachers was transcribed
verbatim. Different from analysis of teacher logs, separate group of teachers; novice,
intermediate, and expert were not analyzed together as a group. The reason was that
since the clinical interviews were conducted following the teacher PD program, there
might have been changes in the categorization of the teachers. Although the sample
was selected based on this categorization, all transcripts were analyzed together based
on the comprehensive coding rubric created with the data analysis of the teacher logs.
Accounts of teachers were coded according to the statements on the comprehensive
rubric statements treated as codes. The code calculations were not done on number of
codes emerging; frequencies, but on umber of teachers with each code. This resulted
in a revised version of the comprehensive coding rubric. Finally, the final
comprehensive rubric was examined in relation to the second version of the learning
progression. With this examination, the third version of the learning progression on

engineering design understanding was created.
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For teacher logs and clinical interviews, to decide on the common codes, data coming
from the majority of the teachers; that was data coming from at least five teachers was
taken into consideration for each group of teachers; novice, intermediate, and expert.
The rationale for this selection was that five and more teachers represented more than
half of the participant group. The unit of analysis was the number of teachers, not the
number of each code. This was due to the fact that the main goal was the identification
of each level based on commonalities among the teachers. If a certain code or theme
is frequently used by only two teachers, then this was not accepted as a commonality.
In order for a certain phrase to be accepted to be put into levels, the main criteria were
that it was frequently used by more than half of the teachers; addressing more than

average; a majority.

3.6.2. Analysis of the Quantitative Data

Construct modeling (Wilson, 2005); a particular measurement framework guided the
analysis of the quantitative data. Construct modeling is very useful for studies
interested in developing a construct map together with its associated instrument
(Wilson, 2005). Construct modeling helps to empirically align a construct map with
its associated assessment (Wilson, 2005). For the current study, as discussed before,
the learning progression developed on teacher attitudes can be referred to as a
construct map because it is a simpler version of a learning progression. However, in
order to maintain a consistent language throughout the study, learning progression
was the common naming for both focuses. The associated survey for the learning
progression on teachers’ attitudes was a Likert-Type survey. Responses to the items
in the survey corresponded to certain levels on the learning progression. The quality
of the alignment between the levels and the items was revealed by following construct
modeling. The construct modeling measurement framework was only followed for

development of the learning progression on teachers’ attitudes.
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Construct modeling measurement framework includes four basic building blocks; a)
construct, b) item responses, ¢) outcome space, and d) measurement model (Wilson,
2005, p. 15). This framework and its four bulding blocks were followed to analyze
the data collected with the survey on teacher attitudes; “Science Teachers’ Attitudes

towards K-12 Engineering Education Survey”.

With the first building block, construct, probable hypothetical levels are created. Each
level reflects a hierarchical stage through which individuals pass (Briggs et al., 2006).
In the second building block, item responses, items connected with the levels of the
learning progression which would elicit the responses from the participants were
formed. For the current study, a particular survey was developed; “Science Teachers’
Attitudes towards K-12 Engineering Education Survey”. For the second building
block, the critical point is creation of items with scoring and response categories that
align with the levels of the learning progression. The survey developed on teacher
attitudes was a Likert-type survey with five response categories ranging from strongly
disagree to strongly agree. Each response category of the items corresponded to a one
particular level of the learning progression. To set an example, the response category;
strongly agree corresponded to the highest level of the learning progression; advocate.
Thus, survey development was the necessary step to complete the second building
block. The third building block; outcome space, includes both the administration of
the data collection tool, and preparing the data for analysis. First, the survey with its
second version developed throughout the current study, was administered to 30
middle school science teachers during the teacher PD program at Phase 2 (see Table
4). Teachers’ responses were collected to the 22 Likert-type items. The responses
were not scored by the researchers; teachers’ self-report responses were the scores
obtained. Second, three input files were created, that are required to conduct the
statistical analysis later in the R Studio program. Although the input files were created
in Microsoft Excel, they were saved in CSV format which can be edited in text editing
programs (e.g. Textedit, Notepad), and spreadsheet programs (e.g. Excel). The first

file; construct information (consinfo), presented information on both the number and
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names of the levels of the learning progression to R Studio. The categoryO should
always be left blank in this type of analysis. A screen shot can be observed in Figure

14.

Construct.ID Long.Name Short.Name Cat0 (atl (at2 (at3 Catd Catd
11111 Attitude A blank resistant  doubtful  neutral  supporter  advocate

Figure 14. Construct information file

The second file; item information (itemlnfo) presented information on the number and
labels of the items. As can be examined in Figure 15, there were 22 items in total
entered in this file. Another point presented was that the possible score that can be
obtained for each item and response category was one. The fourth coloumn addressed
the fact that the learning progression has five levels with the denotation; 11111. These
levels of the learning progression lay between catl and cat 5. For the fifth coloumn
labeled as cat0, the entire coloumn should be entered as 1 for this type of data analysis
with R studio. The final and the third file; scored responses (wide), presented the
scores of teachers to the items to R Studio. Each teacher was denoted by one row of

an Excel file, where there were 22 coloumns representing each item.

Item.No SG.ID Item.Name Construct.ID Cat0 Catl Cat2 Cat3 Cat4 Cat5
1 1ql 11111 1 1 1 1 1 1
2 2 g2 11111 1 1 1 1 1 1
3 3 a3 11111 1 1 1 1 1 1
4 4 g4 11111 1 1 1 1 1 1
5 5 g5 11111 1 1 1 1 1 1
6 6 g6 11111 1 1 1 1 1 1
7 7 q7 11111 1 1 1 1 1 1
8 8 q8 11111 1 1 1 1 1 1
9 9q9 11111 1 1 1 1 1 1
10 10 q10 11111 1 1 1 1 1 1
11 11 ql1 11111 1 1 1 1 1 1
12 12 ql2 11111 1 1 1 1 1 1
13 13 g13 11111 1 1 1 1 1 1
14 14 q14 11111 1 1 1 1 1 1
15 15 ql15 11111 1 1 1 1 1 1
16 16 ql6 11111 1 1 1 1 1 1
17 17 q17 11111 1 1 1 1 1 1
18 18 g18 11111 1 1 1 1 1 1
19 19 ql19 11111 1 1 1 1 1 1
20 20 q20 11111 1 1 1 1 1 1
21 21 g21 11111 1 1 1 1 1 1
22 22 q22 11111 1 1 1 1 1 1

Figure 15. Item information file
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In the fourth and final building block, measurement model, a Rasch analysis was
performed with the statistical data analysis program; R Studio. A Rasch model is “a
mathematical model that describes the relationship between the probability of
correctly answering an item and the difference between the person’s ability and the
item’s difficulty” (Jackson et al., 2002, p. 234). The results of the data analysis can
provide information on both the respondents and the items of the instruments. With
Rasch analysis, the items’ success in separating them to the levels of the learning
progression can be identified (Fulmer, Liang, & Liu, 2014). The Partial Credit Model
(PCM) was selected as the measurement model which is an extension of Rasch Model
in the case of polytomous items (Back & Kim, 2008). This was found appropriate
particularly also due to the assumption that the distance between the response
categories within the items may be different rather than being equal. Therefore, the

estimation was that the steps may vary within items and also across items.

Right after the analysis was run, output files were prepared by the statistical program;
R Studio in the same file where the three input files explained were put. These newly
created files included numeric results on Excel files as well as visuals as tables and
figures. With the files produced through the analysis run on the statistical program,
findings on item fit-misfit, respondent-item distribution, items’ capability of
differentiating teachers, reliability estimates of both the items and the respondents
were found out (Djaja, Youl, Aitken, & Janda, 2014; Lee & Liu, 2010; van Rijn et
al., 2014). Following the construct modeling measurement framework helped to
follow a systematic process to reveal information on the performance of the items,
and on the empirical alignment between the learning progression and the survey;

validity estimates.

3.7. Trustworthiness of the Study

Several measures were taken to ensure the trustworthiness of the study. According to
Lincoln and Guba (1985), trustworthiness can be described with the following

expression:
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“How can an inquirer persuade his/her audiences (including self) that
the findings of an inquiry are worth paying attention to, worth taking
account of? What arguments can be mounted, what criteria invoked,
what questions asked, that would be persuasive on this issue?” (p.
290).

The codes were reviewed with discussions on disagreements as well as additional
emerging themes. The data analysis continued until a consensus was reached on the
codes and the themes. Following the discussions, codebooks were generated to code
the interview results, which contributed to objectivity. Having multiple data sources
thought the study contributed to the trustworthiness of the results. During the data
analysis and in particular the coding processes of the qualitative data, other two raters
helped for the inter-rater reliability. Both raters were PhD students at a public
university. The first rater was registered to the program; Curriculum and Instruction
and the second rater was registered to the program; Arhitecture and Design. They
were selected based on their convenience and on their former experiences with
qualitative data analysis. They were both not familiar with cognitive interviews and
clinical interviews. So in cases where necessary, they were provided with necessary

information.

For the calculations of the inter-rater reliability values, three steps were followed.
These steps were followed separately for teacher logs, cognitive interviews, and
clinical interviews. First, the researcher provided an overview of the goals of the data
collection method to work on for the inter-rater reliability check. For example, for the
inter-reliability calculation of cognitive interviews, the main goals of conducting a
cognitive interview and its relevance to the current study were clarified. As a second

step, one of the verbatim transcripts, or results of teacher logs of the participants was

selected. This selection was based on inclusion of more number of codes. Later a copy
of the same transcript or written responses along with the Codebook was provided to
both raters. Right before starting to code, each code in the Codebook was explained

to the rater. Any confusions were discussed at times when codes were not clear. At
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the next step, each rater separately coded three pages of their copy based on the
Codebook. At times of disagreement, small discussions took place when the rater
seemed to understand a code too differently. At such times, clairification was ensured
by going over the explanation and examples of the codes. This was followed by
another round of coding where both raters were clear on all codes. Following that, a
chart was prepared where common codes, and separate codes coded by the raters were
clearly noted. Out of 30 codes, a percentage was calculated by dividing the number
of common codes to the number of total codes. This calculation revealed the value of

the inter-rater reliability.

For the data analysis of teacher logs, the inter-coder reliability was around .77, for
cognitive interviews, the value was .67, and lastly for the clinical interviews, the value
was calculated to be .76. According to Krippendorff (2004) the inter-rater reliability
values were acceptable. Only the value for the cognitive interviews was weak. This
could be due to the fact that, the second rater had difficulty at points in understanding
the flow of the interviews due to lack of experience on engineering design.

Calculating inter-rater reliability with another rater might increase the value.

To have confirmation about the analysis results of the quantitative data, a PhD student
and researcher in one of the public universities in USA who was experienced in R
studio analysis conducted the statistical analysis the R Studio statistical program. The
three input files to run the statistical analysis was sent to her. Therefore, she could
conduct the analysis by using the same input files that the researcher used. It was

found out that the results confirmed each other in terms of the output files created.

Triangulation of the data collected is critically important to ascertain the refinement
of the final versions of the initial learning progressions (Cobb et al., 2003; Yildirim
& Simsek, 2013). Having multiple data sources for the development of the initial
learning progressions was important for the trustworthiness of the study. For an
enhanced reliability and objectivity of the findings, triangulation of data sources is

always critical for design-based research (Yildirim & Simsek, 2013). Triangulation
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can enable the revision and the final versions of the methodology framework and the
instruments. The triangulation of data sources served to the validation of the learning
progressions and the survey developed on teacher attitudes. Implementation of a
teacher PD program was also important to test the learning progressions and enhance

their validity.

Following the construct modeling measurement framework for developing the
learning progression and survey on attitudes, information on reliability and validity
was accessed. Both the reliability arguments and the validity arguments for the initial
learning progressions and the associated survey were ensured with the several steps
(Wilson, 2009). For reliability measures, internal consistency reliability coefficients;
two Cronbach’s Alpha values (Cohen, Manion, & Morrison, 2007) were identified;

one for the item separation reliability, and one for the person separation reliability.

There were four sources of validity evidence for the learning progression and its
associated survey on teacher attitudes. These can be listed as; a) evidence based on
instrument content, b) evidence based on response processes, and c¢) evidence based
on internal structure. (Wilson, 2005). For validity evidence based on instrument
content, creation of items through a comprehensive literature search and consultation
with experts in item paneling helped to improve the content validity of the instrument
and the learning progression. For evidence based on response processes, analysis of
data from potential responses of the survey and the learning progressions obtained
with written assessments and cognitive interviews contributed to the validity. For
evidence based on internal structure, statistical analysis was run which revealed

critical information on item separation, item difficulties respondent separation and
respondent abilities. These results helped to refine the learning progression and the
survey which positively impacted their enhanced validity. As for the last point, to

minimize instrument decay, data analysis procedures were clearly scheduled.
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3.8. Role of the Researcher

I have a B.S. degree in science education, and experience on science teaching,
implementation of engineering design challenges, design and delivery of professional
development programs on STEM education and engineering design for both teachers
and K-12 students. Having previous experience on engineering design was helpful
for me to lead and contribute to the current study. I had the assumption closer to a
qualitative and an interpretivist researcher in that I believed in the existence of
multiple truths rather than an absolute truth. I was interested in thick descriptions of
the participants and in gaining detailed information. In line with the main role of a
researcher for the current study, I was not detached from the study nor from the
participants; I was involved as part of the study. In especially the data collection
procedures, I tried to be aware of my own view of the world and pre-assumptions so
that I would not distort the results in any way. All data in the current study was
collected by me. I tried to be sensitive about objectivity issue during the data
collection and data analysis procedures (Yildinm & Simsek, 2013). I gave
information to the participants about the goal of the study in general, and other
necessary information for them to feel comfortable. Mutual trust was established
between me and the participants during data collection. I used the experience I gained
during the M.S. program I graduated from; Guidance and Psychological Counseling
during the interviews; in establishing rapport, listening actively, and appreciating the

participants.

3.9. Limitations of the Study

The limitations of the study were concerned with the nature of the learning
progression development, the role of the researcher, data collection procedures,
trustworthiness and sampling. With the written assessments, data was collected
online. Although collecting data online has some disadvantages, it brings about some
advantages such as reduced cost and being labor free of boundaries due to location

(O’Neill, 2004). Another issue related to the written assessments was about the
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selection of participants. If the participant teachers were selected reflecting different
levels of attitude and also engineering design understandings, then better results could
have been achieved. Although the results of the written assessments contributed to
the first versions of the learning progressions, still the first version of the learning

progressions were impacted mostly by the literature findings.

One of the major limitations of the study was concerned with the nature of learning
progression development. Typically developing, validating and presenting the final
versions include many cycles of data collection, data analysis, and refinements. Due
to timing and feasibility purposes, the current study completed one research cycle.
With inclusion of more number of researchers and more amount of time, the number
of such cycles of data collection, analysis and refinements can be extended. Again
related to the same issue, the development of learning progressions commonly
includes innovative data collection strategies such as clinical interviews and think
alouds within them. With more experience on cognitive interviews and clinical

interviews, data collection procedures could be more effective.

As another limitation, almost all data collection tools were developed and
administered by the researcher. Actually, this was the inevitable nature of the study
as the main goals were to develop new tools. Products went through many procedures
to enhance their quality (e.g. small piloting, item paneling, cognitive interviews,
clinical interviews, assignment of an additional rater) but still one could be suspicious

about their reliability and validity.

One of the limitations was that for the cognitive interviews, it was conducted with 10
teachers which was quite a large sample. However, cognitive interviews often involve
more than one round of interviews with again 10 respondents. So after the revisions
to the survey developed with analysis of the cognitive interview data, one more round
of interviews could be conducted with the revised survey, with another group of
teachers. This could add more reliability and validity to the survey which could affect

the development of its later version within the current study.
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Two of the critical threats to the interval validity of the study was concerned with the
implementation of the teacher PD program. This program included a unique setting
to align it with the learning progression on teachers’ engineering design
understanding. Secondarily as a future goal, the program and the learning
progressions together aim to raise teachers who are aware of engineering and who
can integrate engineering to their instruction. At this point, the threats to the internal
validity of the study were; implementation, data collector bias and instrument decay.
Although the researcher collaborated with many professionals (e.g. engineering
faculty members, engineers working in the field, educational sciences and science
education faculty members, curriculum development experts) in both the design and
delivery stages of the teacher PD program, still almost half of the activities in the
program were administered by the researcher. The researcher was the same person
who collected the data with survey on attitudes, teacher logs and clinical interviews.
Unconsciously, at some points the researcher might have led the data in a way to
reach the most useful data. As precautions, the researcher tried not to lead participants
in any way and during interviews, and the researcher remained neutral not to guide

the participants in any certain way again.

Related to data collection again, the amount of data to analyze throughout the study
could create fatigue on the side of the researcher. Being tired might have
unconsciously caused the researcher to score the data in different and inaccurate

ways.

Another limitation was about the grain size of the developed learning progressions.
The current study used a teacher PD program to: a) validate the learning progression
on teacher understanding of engineering design, and b) to improve teachers to have
knowledge and experience on engineering since in Turkish context most teachers are
unfamiliar with engineering. This was useful to enhance the validity of the learning
progression however it was recognized that most learning progression studies include
curricular activities or development programs that covers a longer period of time. The

PD program in the current study was only a two-day program.
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For the data analysis of teacher logs and the clinical interviews, the researcher created
coding rubrics which are typical for learning progression studies for the analysis of
data. This process could be even more strengthened by creation of coding rubrics for
each questions instead of doing it for each task. This could result in a more detailed
analysis of data and to capture better distinguished levels. Considering the feasibility
and timing issues, still creating the coding rubrics for each task revealed many
distinguishing points between teachers of different ability levels which was critical

for the goals of the study.

One limitation was about teachers’ selection to the teacher PD program. Teachers
were selected to the teacher PD program based on their experience and knowledge
with engineering design to be able to validate the learning progression on engineering
design understanding. However, this differentiation of teachers as novice,
intermediate and expert only relied on their responses to two main questions on the
application form which was a Google Form. Responses to questions to understand
teachers’ different levels of understanding of the engineering design was found to be
successful when the same group of teachers’ clinical interviews were categorized.
However, the categorization of the teachers could rely on more sound evidence.
Teachers could be asked more number of questions on the application form. To be
more precise, more information could be collected from teachers as they applied to
the program, so that better differentiation points between teachers could be revealed.
This categorization was critical since it effected the results of the clinical interviews
and teacher logs as well. However, the selection was successful at the same time in
that it reflected different levels of understanding of the engineering design process,
from novice to more sophisticated. The researcher experienced one of the
disadvantages of purposive sampling that is it relies on the judgement of the

researcher (Fraenkel et al., 2012).

Lastly, particular to the survey developed on teacher attitudes, a larger sample size
could result in a more informative results on the well-functioning and not so well-

functioning aspects of the survey.
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CHAPTER 4

RESULTS

The results were presented in two major sections in line with the research questions
of the study. The first major section answered the first research question and its sub-

question of the study:

1. How can science teachers’ attitudes towards K-12 engineering
education be depicted with a learning progression?

1.a. How can a survey on science teachers’ attitudes towards K-
12 engineering education be developed to validate the learning
progression?
In order to report the results of the study in answering the above questions, the three
versions of the learning progression on teachers’ attitudes and the survey; “Science
Teachers’ Attitudes towards K-12 Engineering Education Survey”, were presented.
The third and versions of these products were the final versions. Findings on how

each version was developed and later refined were explained in the first section.

The second major section answered the second research question of the study:

2. What levels do science teachers typically experience as they move
from a novice to a more sophisticated understanding of the
engineering design process?
In answering the above research questions, three versions of the learning progression
on teachers’ engineering design understanding were presented. Findings on how each

version of the learning progression was developed and refined with data analysis was
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described. The third version was the final version of the learning progression. The
first major section reported the first, second and the third versions of the learning

progression and the survey on teachers’ attitudes respectively.

4.1. First Versions of the Teacher Learning Progression and Survey on Attitudes

For the development of the first version of the teacher learning progression on
attitudes and the survey; “Science Teachers’ Attitudes towards K-12 Engineering
Education Survey”, a) a literature search was conducted and data collection and b)

analysis with written assessments were completed (see Table 4).

a. Literature search. This first research step involved using the existing literature
sources to inform the levels of the learning progression (Alonzo & Steedle, 2009;
Windschitl et al., 2012). The procedures followed to access the sources that can
inform the learning progression and the survey development included three phases.
These were: 1) Search; to retrieve the studies, 2) Selection; to apply inclusion criteria,
and 3) Synthesis; to reach an overall summary of the included studies. These three
phases were adapted from the systematic literature methodology of Borrego et al.
(2015). The first two phases included retrieving useful studies through utilization of
key search terms. The focus was on conducting searches in databases to access studies
and on making eliminations through inclusion criteria. The third and the last phase
involved a careful reading of the selected studies in order to reveal common patterns

and to reach a summary to inform the learning progression levels.

For the first phase, a search was conducted in the following databases; Ebscohost,
Google Scholar, and Web of Science. The key search terms that provided the most
relevant articles were “K-12 engineering education” in combination with “attitudes”;
similarly, “STEM” in combination with “attitudes”. Some of the key search terms
also used were “teacher attitudes”, “attitudes” in combination with “learning

rogressions”, “attitudes” in combination with “construct maps”, “K-12 engineerin
b

survey”, and “STEM survey”. The search was limited with studies published during
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a 16-year period from 2000 to 2016. The reason for this time limitation was that the
literature was found to include more material on attitudes towards engineering and
STEM and K-12 engineering education after 2000. The search included both articles
published in peer-reviewed journals and conference proceedings to increase the
number of useful results. As these databases were carefully examined to access
studies, this phase resulted in 144 studies following the removal of duplicates, studies
that did not share useful information in terms of sufficient details and studies that

could not be reached as full-text.

Next an initial screening of the selected 144 studies was completed. Some were
eliminated due to having focuses irrelevant to the goals of the search. Some of these
irrelevant focuses were STEM cell studies, variables such as academic achievement,
conceptions, and learning, and particular groups such as females and minorities.
Lastly for the studies that used the same instrument to collect data, only one of them
was put into consideration. With these eliminations, the number of studies decreased
to 76. Following this, two inclusion criteria were applied to result in the most useful
studies for the goals of developing the learning progression and the survey. These
inclusion criteria were: 1) to have attitudes towards STEM and/or engineering as a
focus, 2) to include administration of an instrument on attitudes towards STEM and/or
engineering, or to present a work on developing a construct map or a learning
progression on attitudes. The administration of these two inclusion criteria resulted
in 21 studies in total. Details on the final tally of these 21 studies were presented in

Table 12.

The table included four groups that helped examine the studies. These were; students’
and teachers’ attitudes towards STEM and/or engineering (n = 21), b) administration
of a survey on attitudes (n = 19), c) categorization of levels on attitudes (n = 4), and
d) main contribution of the study (n = 21). Studies in the first group; students’ and

teachers’ attitudes towards STEM and/or engineering had an informative role on
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Table 12. Informative Literature on Teacher Attitudes

Attitudes towards

STEM and/or Main contribution on
engineering
Author Year Teacher Student A survey Levels on Learning  Item
4 Attitude  attitudes  on attitudes attitudes progression
levels
Sun 2013 X X
Chao 2014 X X X
Nguyen 2012 X
Nuansri 2016 X
Mabhat 2008 X X X X X
Al Salami 2015 X X X
Lachapelle 2014 X X X X
Yasar 2006 X X X X
Buyruk 2014 X X X
Yu 2012 X X X X
Faber 2013 X X X
Yamak 2014 X X X X
Lee 2006 X X X
Nugent 2010 X X X
Nadelson 2013 X X
Berlin 2012 X X X
Wang 2015 X X
Binns 2016 X X X
Tseng 2013 X X X X
Teo 2010 X X X
Unfried 2015 X X X X

understanding points that signify having positive attitudes. All studies were marked
to be in this group. The fourth and the last group concentrated on the main
contribution of the examined studies for the current study. Although the above
explanations were helpful on their guiding roles, still this fourth group made the
process more systematic in terms of understanding how these studies impacted the

current study. It should be stated that all 21 studies gave some ideas on both the levels
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of the learning progression and the items of the developed survey; “Science Teachers’
Attitudes towards K-12 Engineering Education Survey”. However, with a close
examination it was recognized that some of the studies were especially helpful in both
creation of the levels and the items of the survey at the same time (n = 11). For five
of the studies (e.g. Nguyen & Griffin, 2012; Nuansri, Tangdhanakanond, & Pasiphol
2016), they particularly influenced the creation of the learning progression, whereas
the remaining five studies (Binns, Polly, Conrad, & Algozzine, 2016; Wang & Nam,
2015) were mostly helpful in how to write items for the survey. In order to identify
the levels of the learning progression; from highly negative attitude to highly positive
attitude, studies marked on main “contribution on learning progression levels” were
especially effective. These sources had major role in trying to understand the possible
differences between teachers who have different levels of attitude towards K-12

engineering education, from negative to positive.

To give more detail, the diffusion of innovation model (Rogers, 2003) and the skill
acquisition model (Dreyfus, 2004) addressed by one of the studies in this group; Sun
and Strobel (2013) provided suggestions on how to organize and order the levels. One
of the key points figured out with these models were the importance of learning and
reaching information by the individual. Especially the lower levels gave ideas on the
creation of the levels. Accordingly, in the lower levels where the change in attitude is
observed, the teacher first acquires knowledge on the topic, does something to
become involved in it, and then explores its value orientation. Later, uncertainty about
the demands of the innovation, personal ability to implement it, and personal costs of
getting involved, time demands and worries about organization, preparation and
scheduling may occur. To summarize, both models described by Sun and Strobel

(2013) guided what to include on the levels of the learning progression.

The second group presented leading information on the surveys used to collect data
on attitudes towards STEM and/or engineering. Except for two studies; Teo and

Waugh (2010) and Sun and Strobel (2013), all the remaining studies were in this
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group. The third part was composed of studies that showed a demonstration of how
to categorize attitudes. The four studies in this group set influential examples of how
attitudes can be put into increasing and decreasing levels on a continuum. Three of
the studies in this group; Mahat (2008), Nguyen and Griffin (2003), and Nuansri et
al. (2016) developed a learning progression in their studies along with a survey. So
the procedures followed by these studies was similar to the current study. These three
studies had a critically significant influence on how to place attitudes along a
continuum. Some of the leading findings were on how to write items that can be
empirically aligned with the levels of the learning progression. All developed their
survey as a Likert-type survey for the ease of collection of data from larger samples
and again the ease of matching the response categories with the levels of the learning
progression. So the response categories of the Likert-type survey items in these
studies, mostly ranged between strongly disagree to strongly agree. These response
categories were aligned with the levels of the learning progression from the lowest
level; highly negative attitude to the highest level; highly positive attitude

respectively.

Mahat (2008) and Nguyen and Griffin (2003) both developed a learning progression
on teacher attitudes along with its associated instrument. Both associated instruments
were Likert-type surveys that helped validate the order of the learning progression
levels. So both of these studies had a similar goal in terms of creating a learning
progression and along with a survey to have an empirical alignment between the
levels of the learning progression and the survey, and to validate both products. In
that sense, these two studies were highly useful for the process followed in the current
study as also explained in Chapter 2; Review of the Literature. A noteworthy point
was that both studies labeled their learning progression as construct maps. This had
two reasons: a) following the construct modeling measurement framework in analysis
of data, and b) developing a one-dimensional learning progression. For the purpose
of using a similar language for all products of the current study, learning progression

label was used instead of a construct map. A construct map typically represents a one-
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dimensional latent variable. Many constructs are more complex than this; they may
be multidimensional. This is not a barrier to the developing construct maps.
Employing a construct modeling approach to developing instruments is helpful in
supporting the instrument theoretically and empirically with the construct map levels
(Wilson, 2005). The construct map is thought of less complex form of a learning
progressions which is designed to conceptualize how assessments can be developed
that have a theoretical base (Wilson, 2009). As to develop an instrument associated
with the learning progression on teacher attitudes, following the construct modeling

measurement framework was considered very suitable for the current study as well.

With the examination of the surveys that the studies used to collect data on attitudes,
commonalities were put forth. These commonalities were detected to be in line with
the commonalities that were explained above in terms of the points signifying
changes in attitudes. To provide particular examples, the survey developed and
implemented by Nugent et al. (2010) had two subscales; motivation and use of
strategies. The first sub-scale; motivation concentrated on perceived value which
measured participants’ evaluation of importance, usefulness and interest. To
continue, Teacher Attitude Survey (TAS) by Lachapelle et al. (2014) consisted of six
sub-scales; relevance of engineering, pedagogy for teaching engineering, enjoyment
of STEM subjects, when to teach engineering, characteristics of engineers, and
improving abilities to teach engineering. This survey also addressed the motivation
of teachers’ in improving their understanding of engineering and in how engineering
projects can be implemented in class. Especially the three subscales; improving
abilities to teach engineering, relevance of engineering and enjoyment of STEM
subjects were effective in guiding the creation of the learning progression levels and
the items in the survey. Another survey developed by Yasar et al. (2006); The DET
(design, engineering and technology) survey was another source helpful in providing
ideas on both the levels and item development. The DET survey is used for collecting
data on teachers’ perceptions of engineers and familiarity with teaching design,

engineering, and technology. Its sub-scales to measure teacher attitudes were as
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follows; importance of DET, familiarity with DET, stereotypical characteristics of
engineers, and characteristics of engineers and engineering. The first two sub-scales
listed were useful in offering perspectives in the development of the survey. Another
influential instrument was “A Conceptual Teacher Competency Model for Teaching
Engineering” developed by Yu et al. (2012). The two dimensions of this model
highlighted teachers’ attitudes towards teaching engineering and attitudes towards
engineering. Some critical points useful for the purposes of the current study were
willingness to design and implement, to improve knowledge and to learn concepts
and ideas in engineering, understanding of impacts on society, attitudes toward

teaching engineering.

Careful examination of the 21 studies helped with both identification of the levels of
the learning progression, and construction of items for the survey; “Science Teachers’
Attitudes towards K-12 Engineering Education Survey”. The commonalities
identified in level categorizations of attitudes and the surveys used in data collection
on attitudes resulted in a theoretical basis for both the learning progression and the
items in the survey. The common points reached with the literature search in
addressing attitudes were; attaching importance and usefulness to engineering (Berlin
& White, 2012; Nugent et al., 2010), having interest in learning and improving
oneself (Binns et al., 2016; Hsu et al., 2010; Nugent et al., 2010), motivation towards
preparing and implementing engineering practices in class, and enjoyment in teaching

engineering (Faber et al., 2013; Nadelson et al., 2013).

The common points in these studies revealed that having interest in learning an
improving oneself, having motivation to teach, giving value and importance,
enjoyment, having awareness usability, and outcomes addressed having a positive
attitude towards engineering education. These common points were candidates; a) to
include in the levels of the learning progression from lower levels to higher levels,
and b) to write items about. The final decisions on what to include in the learning
progression levels and the survey items were given following the examination of

results of the written assessments.
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b. Written Assessments. Written assessments were conducted with two goals. These
were to better inform; a) the levels of the learning progressions, and b) the items of
the “Science Teachers’ Attitudes towards K-12 Engineering Education Survey”. The
written assessments to inform the learning progression and the survey on attitudes
were conducted with 14 in-service middle school science teachers in total all working
in Turkey. The participants filled in the written assessment questions online. An

example response by one of the participants was provided in Figure 16.

What do you think on the integration of engineering concepts and practices to science
education?

[ agree but there might be limitations. We use engineering practices in science lessons. Our
students’ creative skills and hand craft skills are very weak. With engineering in science, we can
not expect the same growth and performance from each student however students will all learn
fast with interaction of the disciplines. Their knowledge will be permanent, they will be more
creative and successful.

Figure 16. Example response of Word document
In the first step of data analysis, the written assessments were scanned to detect some

emerging codes. All emerging codes identified as the written assessment forms were

examined carefully can be reviewed in Table 13.

130



Table 13. List of Emerging Codes for Attitudes

Emergent codes

Improve as a teacher

Keep pace with new demands of students

Professional development programs and seminars for teachers
Improves students’ skills

Achievement / better learning-instruction in math or science
Interest / positive attitude in STEM disciplines and careers
Curriculum load/time and materials as limitations

Support of school management

Out of school projects

School materials not sufficient to meet needs of students
Improve student creativity

Increases student interest in science, engineering and technology
Communication

Creativity / creative thinking

Critical thinking

Problem solving

21st century skills

Hand-craft skills

Increase in student understanding

Contribution to society

Understand the work of engineers

Draw attention to integration of disciplines

Effective use of technology

As can be examined in the Table 14, teachers expressed their overall attitude towards
K-12 engineering education focusing mostly on interest in learning and in
professional development (f= 30), consideration of school context (f= 32), attaching
value to student development (f= 61), and attaching value to improvement of society

(f=42). These themes were explained in more detail separately.
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Table 14. Results for the Written Assessments for Teacher Attitudes

Themes and codes Frequency Summary of findings
#
1. Interest in learning and in 30 Teachers have an interest in learning about
professional development K-12 engineering education mainly through
professional development opportunities.
Being equipped 16 They are motivated to equip themselves with
. ) necessary knowledge and skills and to search
Opportunities to improve 14 for personal improvement opportunities.
2. Consideration of school context 32 Teachers consider their school context in
Time 10 terms of the time and materials they will
Material 10 need to prepare for a lesson/activity on
aterials . engineering. Teachers’ attitudes might be
Good preparation 12 effected by the level of preparation they
might need.
3. Attaching value to student 53
development
Interest in STEM disciplines 10
Understand integration of disciplines 11
lop skill Teachers attach value to engineering
Develop s ws 32 education because they think it has positive
Creative thinking 13 effects on student development.
Critical thinking
Problem solving
Innovation 6
4. Attaching value to improvement of 33
society . .
. Teachers attach value to engineering
GIOb?I 1§sues, real-world problems 13 education because they think it has positive
Application of knowledge 8 effects on improvement of the society.
Products for the society 12

Theme 1: Interest in learning and in professional development. The results

revealed that teachers were interested in improving themselves professionally and in

learning about K-12 engineering education. Thus, they were revealed to have a

positive attitude towards improving professionally. In total majority of teachers (n =

11) reported that they felt motivated towards improving themselves. Teachers were

revealed to be motivated to gain experience and improve themselves on K-12

engineering education as a teacher. They were interested in being equipped with

necessary knowledge and skills to integrate engineering to their instruction (f' = 16),

and making use of opportunities to improve themselves as a teacher (f' = 14). For

being equipped with necessary knowledge and skills, teachers reported that they felt
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the need to be sufficient enough for their students on K-12 engineering and related

pedagogies. One of the teachers reported:

“As the Maker movement and STEM education is becoming
more common, I should improve myself so that I keep pace with
time and ready for my students.”

Teachers were motivated towards being equipped with necessary knowledge so that
they can keep pace with the new pedagogies. To continue, for the second code,
teachers were found to have a positive attitude towards making use of opportunities
to improve themselves professionally. These opportunities included participating to
seminars, workshops and other related trainings. One of the teachers stated the

following:

“We as teachers should participate in continuous seminars,
conferences and other sharing opportunities so that we improve
ourselves.....”

For following such opportunities, there was an essential commonality for almost all
teachers. Majority (n = 10) expressed that, they find it hard to learn about professional

development programs they can participate in. One of the teachers reported:

“We can only hear about such professional development
programs on Facebook science teachersgroups or from our
friends. It is a bit challenging to learn about them.

To summarize, for this theme, teachers were mostly positive about learning and
improving themselves professionally on K-12 engineering education. This theme
overall was considered to include points that reflected positive attitudes. This meant
that improving oneself professionally on K-12 engineering education can be put in a

continuum where highest level is interpreted as the highest degree of positive attitude.

Theme 2: Consideration of school context. In clarification of the theme; school
context stood for teachers’ differing attitudes depending on three factors that

belonged to their school context as they implement engineering activities; time,
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materials and level of preparation. Overall this second theme revealed the points that
can possibly make and reveal differences in teachers’ attitudes. These most
commonly expressed points were teachers’ expectation/concern of the need for more
time to prepare for engineering activities (f = 10), teachers’ expectation of the need
for appropriate materials to implement engineering activities (= 10), and engineering

activities requiring a good preparation by the teachers (f = 12).

For the first code; time was found to be a very critical consideration point for teachers.

In total, 10 of the teachers expressed that time will be a limitation for them to integrate

engineering to their instruction. One of the teachers expressed her opinion as follows:

“We as teachers might have difficulty in preparing the engineering
activities. For us, we need to spend much effort and time for a
quality activity.

Most of the teachers (n = 9) seemed to worry about creating suitable time on their

schedule to implement engineering practices. For the second code for this theme;

access to appropriate materials, teachers’ overall attitude was found to be in relation
to ease of accessing the materials to implement an engineering activity. One of the
teachers reported:

...... the economic issues in our schools will provide us from purchasing
the materials and prepare them, at this point, teachers’ own endeavor is
what matters...”

About this code; time, it was interpreted that teachers might differ in their attitudes in

how they consider time. Thus, teachers’ attitudes could change with the degree of

time they are motivated to spend on engineering activities. To clarify, a teacher who
has a highly positive attitude towards engineering education would be motivated to
spend more time on engineering activities compared to a teacher with negative
attitude. A similar interpretation was made for the second code, materials. Teachers
seemed to imagine access to materials as a consideration point in applying
engineering activities in their classrooms. Therefore, teachers with a positive attitude
can be motivated to prepare their engineering activities with more variety of materials

compare to a teacher who has less positive attitude. Motivation to expose student to
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more variety of different materials can be considered a sign of higher positive attitude.
A teacher with less positive attitude can try to implement an activity with a very few

materials only.

The third and final code for the second theme; referred to the fact that, teachers’
attitude might depend on the effort they are willing spend in preparation and
implementation of engineering activities. Teachers seemed to be reluctant and
suspicious about getting prepared and spending much effort to successfully
implement engineering activities. One of the teachers expressed his suspicion by
stating the following:

...... the engineering design activities we will implement will
require great effort in planning, design and implementing...”

Another teacher’s comment summarized some main points for this theme:

...... materials, planning, the loaded curriculum and the
attitude of the school administration are all critical...we can
have problems while we practice engineering activities.

Teachers were found to think about the need for more effort in preparation to
implement an engineering activity effectively in their classrooms. This third code was
very similar to the interpretations reached with the first code; time. Again teachers’
attitude reflects their motivation on how much effort teaches are willing to spend. To
make it clear, teachers with a highly positive attitude were interpreted to be willing

to spend more effort in preparing for in-class engineering activities.

To sum up, this theme discussed three points teachers felt unsure and might differ on
their attitudes from negative to positive. Results under this theme was very helpful in
imagining a continuum from negative attitude towards positive attitudes in that,
possible reasons for teachers to have negative attitudes towards K-12 engineering

educations were revealed.
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Theme 3: Attaching value to student development. The role of K-12 engineering
education for the development of students were among the major points highlighted
in written assessments. In relation to the possible positive impacts of K-12
engineering education for students, there were common points for the majority of the
teachers. This theme expressed teachers’ positive attitudes mostly due to the future
effects of K-12 engineering education for the students. Teachers claimed that K-12
engineering education can contribute to students’ interest in STEM disciplines and
careers (f = 10), understanding of the integration of disciplines (n = 11), and
developing skills (n = 32) which included creative thinking (f= 13), critical thinking
(f=17), problem solving (f = 6), and innovation (f = 6).

Teacher were found to believe that students’ realizing how people from different
discipline collaborate and work on a problem is can be a contribution of K-12

engineering education. One of the teachers pointed out the following:

...... as the students solve engineering problems, they can
realize how math and science disciplines are involved, this can
result in their interest in these fields, of course at this point,
teachers’ guidance is critical

Teachers were found to agree on the contribution of engineering education to
students’ understanding or recognizing of the integration of disciplines. A great
portion of the teachers (n = 10) referred to this point as they discussed the possible
contributions of K-12 engineering education in their responses. So according to the
teachers, implementing engineering activities might result in students become aware
how experts in multiple disciplines collaborate to work on problems. As for the third
and final code for this theme; developing skills, teachers mostly responded to the
written assessment questions referring to mostly three skills that students can develop
as they are exposed to K-12 engineering education. One of the teachers responded as

the following:
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“As students design, they will use their brains more actively.
Our students will look at situations from different perspective
and they will improve in their problem solving skills”

The other two skills that teachers thought students can improve with engineering were

critical thinking and innovation.

The results presented under this theme were helpful in understanding the place of
contributions of engineering for students. This theme necessitated providing the
results as signs of teachers’ positive attitudes. To set an example, it was interpreted
that teachers with positive attitudes can be the ones who agree to the role of K-12
engineering education on students’ development. The skills addressed by the teachers
were mostly used for developing items for the “Science Teachers’ Attitudes towards
K-12 Engineering Education Survey”. The skills discussed with this theme were not
directly addresses in the first version of the learning progression. This was explained

in more detail in the following sections.

Theme 4: Attaching value to improvement of the society. The role of K-12
engineering education for the improvement of the society was another major point
mentioned in the written assessments. This theme in particular included three codes;
contribution of K-12 engineering education in solving global issue and real-world
problems (f = 13), application of knowledge (f = 8) and creating products for the
society (f=12).

While 11 of the teachers mentioned the future role of engineering in classrooms in
solving global issue and real-world problems, the rest of the teachers (n = 3) did not
refer to this point. It was interpreted that these 11 teachers believed engineering
education bringing solutions to global issues was a motivation source for them.

Technological advancement was an example for the real-world problems:
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“with the engineering activities, our society can improve,
we are behind other countries in technological advances,
engineering education can benefit us in this”

Majority of the teachers presented their ideas in the written assessments forms
highlighting knowledge can be applied with engineering activities (n = 8). This
recurring code referred to the fact that teachers’ attitude towards K-12 engineering
education was positive due to the opportunity it brings in applying knowledge. As for
the final code for this theme; creating products for the society, teachers seemed to
have positive attitudes towards K-12 engineering education because according to

them, it might generate useful products for the society.

For the four themes; the results of the written assessments, commonalities in teachers’
responses were described based on the frequencies. These results were helpful in
creation of the first version of the learning progression and the “Science Teachers’
Attitudes towards K-12 Engineering Education Survey”. The details on this process

was elaborated on in the following section.

The results of the written assessments together with the literature findings, were
influential in creating the learning progression and in writing items for the “Science
Teachers’ Attitudes towards K-12 Engineering Education Survey”. Some findings
were parallel in both the literature and the written assessment results. These were
directly mentioned in the learning progression and the survey. However, there were
conflicting points between the literature and the results of the written assessments at
some points. All of these were explained separately. Points that reflected teachers’
attitudes and points that teachers could possibly differentiate in terms of their overall
attitude towards K-12 engineering education were identified. To summarize, the first
version of the learning progression and the survey were both based on; a) literature
search, b) analysis of written assessments, and c) a logical consideration of a possible

proximity to the lowest and the highest level (Alonzo & Steedle, 2009). The first
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version of the learning progression guided by the above findings can be observed in

Table 15.

To begin with the levels of the learning progression, the points that were highlighted
for teachers’ attitudes in both the literature findings significantly and results of the
written assessments were summarized as: a) motivation to improve oneself
professionally and to learn more (e.g. Lachapelle et al., 2014; Yasar et al., 2006), b)
attaching value to the role of K-12 engineering education in students’ improvement
(e.g. Bybee, 2010; NGSS Lead States, 2013; NRC, 2012), and students’ interest (e.g.
Jeffers et al. 2004), and c) attaching value to the role of K-12 engineering education
in the improvement of the society (e.g. Lachapelle et al., 2014). Motivation to
implement engineering activities or teaching engineering were also reflected; to what
extent teachers are willing to prepare and teach engineering activities since these
points were found to be addressed in the literature search. Lastly consideration of the
school context, and teachers’ the degree of the effort and time they are willing to
spend. As can be noticed these points were place in the learning progression in all
levels. However, the degree of attitude changed from the lowest level; highest
negative attitude to the highest level; highest positive attitude. The points about
teacher attitudes were placed in every level of the learning progression, but with a

different degree; ranging from highly negative attitude to highly positive attitude.
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Table 15. First Version of the Learning Progression on Atttitudes

Increase in positive attitudes

Advocate

Highly interested in learning about K-12 engineering education and engineering and design
education. Highly motivated to improve oneself professionally through in-service trainings.
Highly interested in implementing engineering design activities in classroom. Interested in
implementing with good preparation; good effort and time.

Likely to strongly agree that engineering and design education helps students to develop and
the society to improve.

Supporter

Moderately interested in learning about K-12 engineering education and engineering and
design education. Moderately motivated to improve oneself through in-service trainings.
Moderately interested in implementing engineering design activities in classroom. Interested
in implementing with some preparation; moderate effort and time.

Likely to agree that engineering and design education helps students develop and that it
helps the society improve

Neutral

Undecided about improving oneself on engineering and design education
Undecided about engineering and design education helping students develop and helping
society to improve

Doubtful

Little interest in learning and motivation to improve on K-12 engineering education and
engineering and design education. Little motivation to implement engineering design
activities in classroom. Only interested in implementing with minimum effort and time
and/or when one is required.

Likely to disagree that engineering and design education helps students develop and that it
helps the society improve

Resistant

Avoids learning about K-12 engineering education and engineering and design education and
improving oneself through in-service trainings. Avoids implementing engineering design
engineering design activities in classroom

Likely to strongly disagree that engineering and design education helps students develop
and that it helps the society improve

Increase in negative attitudes
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Throughout the learning progression levels, the connotation; engineering and design
education was used. This aimed to bring more clarity, because the direct Turkish

translation of K-12 engineering education might not be clear.

The common points revealed by reflecting on the results of the literature search and
the written assessments were spread to the levels of the learning progression that
would be in line with the response options of the survey developed; “Science
Teachers’ Attitudes towards K-12 Engineering Education Survey”. Moving from
these points addressed in both the literature and the written assessments, for the first
point; motivation to improve oneself, this was interpreted as positive attitudes to learn
about K-12 engineering education, improve oneself professionally and also included
motivation to teach and implement engineering activities in classroom. For the second
and third point development of students and the improvement of the society, they
were again spread to levels of the learning progression with an increasing level of

positive attitude.

With the next point, consideration of the school context, teachers expressed their
reluctance and their suspicions when it comes to the time and preparation. Teachers
seemed to be distracted in their positive attitudes when they thought about the time
and preparation effort they might spend for implementing engineering activities in
their classrooms. This was thought as a way to distinguish teachers with negative
attitudes and teachers with positive attitudes. Also in terms of a logical consideration,
it was presumed that someone with a positive attitude towards something will be the
one who would like to spend more time and effort on it. This point was not given a
particular focus on the learning progression levels, but reflected in the items of the

survey.

The levels of the learning progression from the highest positive attitude to the highest
negative attitude were labeled as; advocate, supporter, neutral, doubtful and resistant
respectively. This first version was subject to change following results of the item

paneling and cognitive interviews.
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Table 16. Outcome Space

Response

Choice Score Level on the learning progression
Advocate of K-12 engineering education
Strongly agree 5
Supporter of K-12 engineering education
Agree 4
Undecided 3 Neutral about K-12 engineering education
Disagree 2 Doubtful about K-12 engineering education
SFrongly 1 Resistant to K-12 engineering education
disagree

The survey associated with this learning progression was planned to be a Likert type
survey. So the levels of the learning progression were designed to reflect this with its
five levels. Table 16 presented the alignment between the five levels of the learning
progression and five response categories for each item in the Likert-type survey. This
presentation is labeled as outcome space according to the construct modeling
measurement framework (Wilson, 2005). The items in the survey were developed
particularly associated with the levels of the learning progression. Each response

category for the items corresponded to one level of the learning progression.

The outcome space provides information on; a) the relationship of the survey items
to the learning progression levels, and b) how to score the items and get ready for the
statistical data analysis (Wilson, 2005). This was more closely elaborated on in results
of the quantitative data analysis. In light of the findings of the data collection, the
items were created as Likert type items. And as a design requirement, the instrument
was planned to be easily administrable to large number of teachers in future. Hence,
an appropriate fixed response format was selected as Likert type. All items had five

response categories from strongly disagree to strongly agree.
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To continue with the construction of the items of the survey, firstly the survey was
labeled as “Science Teachers’ Attitudes towards K-12 Engineering Education
Survey”. For the findings coming from the literature and the written assessments, an
item pool was generated. A total of 56 items were written. Later, adhering to the first
version of the learning progression created more carefully, many of the items were
eliminated. Also to preventing teachers from getting too exhausted as they fill in the
survey, revisions took place and the number of items were decreased to 25. The first
version of the survey following mainly the learning progression levels that reflected
the results of the literature search and the written assessments can be found in Table

17.

For the items in the survey, the learning progression created was the main source,
which was a reflection of the results of the informative literature search and the
written assessments. For each point highlighted in the learning progression levels,
that only differed between the levels based on degree of attitude from low to high,

1tems were created and finalized.

When the points addressed in the learning progression levels are considered
separately, for motivation to improve oneself, learn and to teach, specific items were
written on teachers’ participation to seminars and professional development
programs, learning and gaining experience on K-12 engineering education. In total,
12 items reflected this comprehensive point. For the second and third points in the
learning progression levels, role of K-12 engineering education in the improvement
of the society and development of students, detail was reflected in the items. For the
next point consideration of school context in terms of time and effort, teachers’
willingness to implement engineering activities was reflected. These items were
harder to agree ones for the teachers. The number of the items for this point was
lower dues its scope being narrower compared to the first point. Also this point was
addressed mainly in the written assessments not in the informative literature

necessarily.
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Table 17. First Version of the Items

1.I would like to participate to a teacher training for two days on a weekend on engineering
design practices.

2.With the integration of engineering design practices to the curriculum, students’ interest in scienc
mathematics, technology, and engineering will increase.

3.I would like to read sources that exemplify engineering design practices.

4.1t makes me excited to gain experience on engineering and design education.

5.1 believe engineering design practices will develop students’ collaborative working skills.
6.1 will be motivated to participate to a teacher training on ‘engineering and design education’.
7.1 enjoy investigating example in-class engineering design practices.

8. I believe engineering design practices will develop students’ communication working skills.

9.Application of engineering activities in schools can contribute to solving problems societies
face (e.g. environmental problems, economical problems).

10. I feel pretty much motivated to teach engineering design process to my students.

11.I am interested in searching for workshops for teachers on engineering and design education.
12. I would use my time and effort to conduct research.

13.1 think that engineering education is important for application of knowledge.

14.1f my school administration asks me to implement an engineering activity, I would accept it.

15. I would consider engineering activities to implement in my class with spending time and
effort in researching on its preparation.

16.1 am interested in participating to a teacher workshop on ‘engineering and design education’
only if I am required.

17. Engineering practices in K-12 classrooms is significant for the improvement of the society.
18. Engineering and design education helps students understand the collaboration of disciplines.
19. I am interested in implementing engineering activities if it is integrated to the curriculum.

20. If my school administration asks me to implement an engineering design activity, I will ask
another teacher to do it.

21. Students’ innovation skills can develop with the integration of engineering to curriculum.
22. T am motivated to have a student club after school where we implement engineering activities.
23. I think engineering education can improve students’ critical thinking skills

24. 1t is critical for students to have a comprehension of engineering.
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In preparation of the items, the Theory of Planned Behaviour (Ajzen, 1991) as used
in Mahat (2008) in development of an instrument on teacher attitudes was also
inspirational. Accordingly, some of the items inquired about affective dimensions of
attitudes, some of the items addressed the cognitive dimensions of attitudes and the
remaining items inquired about behavioral intent. The affective dimension was
related to feelings and emotions, the cognitive dimension was related to perceptions

and the behavioral dimension was related to teachers’ intention to act.

The first version of the learning progression and the survey items were subject to
change following the item paneling and the cognitive interviews (see Table 4 and

Table 5).

4.2. Second Versions of the Learning Progression on Attitudes and the Survey

The second versions of the learning progression and the survey were created
following the analysis of data collected through; a) an item paneling and b) cognitive
interviews. The item paneling was effective in providing minor revisions to the
learning progression levels and the survey items. The cognitive interviews were
conducted mainly to make revisions to the survey and increase the quality of the
items. Still, the results enabled making revisions to the learning progression levels,

as well.

a. Item paneling. Item paneling provided information on how to better revise the
learning progression and the survey items. The learning progression and the survey
were presented to an expert audience to collect discuss problematic parts and receive
their recommendations. The participants of the item paneling were experts on
instrument development (z = 1), and on guidance and psychological counseling (n =
3). Recommendations to improve the leaning progression and the survey were

revealed following a descriptive summarization of the notes taken.
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First, the usage of ABC model of attitudes (Eagly & Chaiken, 1998) in item writing
was found positive by the panelists. According to this model, items in the data
collection instrument focuses on three aspects; affective, behavior, and cognitive.
Another point discussed was about the timing of implementation of the survey. The
research is not interested in comparing the attitudes of the teachers before and after
the PD program. However, to have more variety in the responses, it was decided to
implement the instrument both before and after the PD program implemented at Phase
2 of the current study. The panelists suggested that if the instrument is only
administered at the end of the teacher PD program, then the responses of the teachers
could be towards higher level responses only. And they also elaborated in the idea
that if the survey is only administered before the teacher PD program, then items
might not make sense for some of the teachers as they do not have any knowledge or
experience with engineering. With administering the survey twice, before and after
teacher PD program more number of cases including variety in responses to examine
statistically can be reached. This would result in 60 cases as there were 30 teachers

participating to the teacher PD program.

Another discussion was around using reverse items. Following a discussion on the
issue, writing a few reverse items were recommended. Another point was about the
items being easy to agree. It was recommended to try to include more number of
harder to agree items. Also it was concluded that the phrase; in-service might be

limiting.

In light of this item paneling, the summary of all revisions was noted as: a) writing a
few more items that are harder to agree with, b) writing a few reverse items, c)
implement the instrument twice both before and after the teacher PD program to get
more number of results for the analysis as they can be treated as separate cases, and

d) changing the tenses of some of the items to ensure consistency.

Following the item paneling, expert opinion was taken only to refine the “Science

Teachers’ Attitudes towards K-12 Engineering Education Survey”, not for making
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any refinements to the the learning progression levels. Expert opinion was taken from
two experts experienced on implementation on engineering design challenges and on
survey development. Both of these experts were faculty members who conducted
research on STEM education. They were working in two different public universities
in Turkey, one of them as a professor and the other one as an assistant professor. Their
opinions were taken separately via online. First the survey and the goals of the study
were sent to them. Later they sent their detailed suggestions and comments in

response again via e-mail.

The first version of the instrument in Table 17 was presented to the experts. Each
expert reported their comments and recommendations separately. Following that, all
data from the experts were summarized descriptively. In this summarization process,
two main categories were created as shown in Table 18: change and removal. In total,
11 items went through either a change or a removal. For the first category, the change
in items included changing a word or a phrase. For the second category, removal
included removal of a word, phrase or an item in total. Other than these two main
categories, experts reported their suggestions on grammatical errors, consistency
between items, place of items in the survey, item repetition, and items’ relation to

attitudes.

The first category, change was mainly concerned with teachers’ familiarity with and
clarity on the word or the phrase. The experts revealed that teachers may have
difficulty in understanding particular words and thus the item. Due to unclear words,
items may make teachers think of different things when they are exposed to the same

3

item. One of the changed words ended up to be “workshop” in item 11. It was
suggested that this word can create differences between teachers working in public

school setting and private school setting.
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Table 18. Summary of Revisions with Expert Opinion

Items Change in a word/phrase Removal of word/phrase/item
NA “Two days on a weekend” due to
Item 1 . . .
making the item too specific
Ttem 2 Integration
Item 3 . »
Adding examples to “sources
Examples given to problems in the
iety; “environmental problem
Ttem 9 NA society; “enviro e” problems,
economical problems
Ttem 10 NA Remove “pretty much”
“Workshop” to “training and Remove the underlined word
Item 11 seminars”
“To exhibit in a science fair” due to
Item 14 making the item too specific
“significant for the improvement
Ttem 17 f’f the sqglety to” impacts society
1n a positive way
“inovasyon” to “girisimcilik” Remove unfamiliar concept; K-12
Item 21
I ” “After school” to “following class NA
tem hours”
Remove full item due to the skill
Ttem 23 NA mentioned in the item not directly

related to engineering activities

Another example of the same category was for a particular phrase in item 14; “science
fair”. It was recommended that not all teacher can capture what it means to present
an engineering activity at a fair. So this phrase was removed from the item and item
14 was refined. To continue, for item 9, experts commented that the phrase;
“economical problems” and its relation to engineering education can cause confusion
among the teachers. It was suggested that this phrase might make teachers only think
of a very long-term economical reform which clearly needs a lot more then
implementing engineering in classrooms. Thus, this phrase that was put as an example
in the item in brackets was removed. This was again to the fact that the phrase as it
was may be unfamiliar and ambiguous for the teachers. Item 10 formerly included
the word “pretty much”. The experts recommended that this word alone might direct

teachers in answering positively to the item. So this was removed from the item.
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Some of the items were revealed to include words/phrases that might limit the
thinking of teachers. To set an example, the phrase “two days at weekend” in item 1
was removed from the item following the suggestions of the experts. For item 3, the
word; “resources” was found to be confusing. So the experts suggested use of some
examples to this word given in brackets. This part was revised as writing examples
for “resources” following the recommendations. Lastly, the phrase “innovation” was
revised as “entrenepeurship” following the expert opinion. The results of the item
paneling and expert opinion were combined for the refinement of the survey items.

With these revisions, a refined survey was used in the cognitive interviews.

b. Cognitive Interviews. The cognitive interviews mainly aimed to further increase
the quality of the “Science Teachers’ Attitudes towards K-12 Engineering Education
Survey” developed in the current study. In particular, the goals of conducting
cognitive interviews were to identify ideas for revising the survey with the data
collected from science teachers; potential future respondents of the survey. The
analysis of the cognitive interviews yielded important findings for specific items and
for the survey as a whole. During the cognitive interview, a refined survey following

item paneling and expert opinion, composed of 23 items was used (see Appendix H).

The cognitive interviews were conducted with 10 middle school science teachers that
participated to a Problem Based STEM Education Workshop for nine days at a public
university. As the researcher was one of the guides in this Workshop, teachers were

selected based on their convenience to the researcher. They were potential users of
the survey in the future; a group that can provide useful information to increase the
quality of the survey with their reflections. The two main themes; a) semantics, and
b) response task with their underlying codes described the results of the data analysis.
Table 19 presented the overall frequency of the codes calculated to appear in the
transcripts of teachers. Another comprehensive table, Table 21 illustrated the
Codebook for the analysis of data with information on codes and the related items.

Following the frequency calculations and identification of codes that received a
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frequency of five for an item, those items were examined and revised. So with the

item wise calculations, items to be revised were revealed.

Table 19. Themes and Codes with Frequencies

Codes and themes as they

appear in the Codebook gy ()

1) Semantics 58
Change 46
Situation And Context 12

2) Response Task 90
Unfamiliar 38
Totally familiar 52

Total 148

Theme 1 in cognitive interview results: Semantics

The first theme was concerned with a first level understanding of the items. This
theme included two main codes in the final Codebook; change, and situation/context.
First, for the code “change”, teachers recommended changes to the item where they
thought was necessary. At a few points, the interviewer asked in particular for
teachers’ recommendations for a better written item. However most of the time, the
teachers made recommendations for a change without being asked. So in some
occasions, the participants themselves recommended revisions for the items, which
are important in creation of revised items (Desimone & Le Floch, 2004). For the
second code of this theme; “situation/context”, teachers provided their opinions on
whether the item sounds realistic or to be more specific, whether the item may sound

different to teachers due to a particular situation or a context.

The analysis of the interviews revealed that for the first code; “change”, teachers
mostly drew attention to the phrases “comprehension of engineering” in item 23,
“sources” in item 3, and underlined word; “only if” in item 16 and item 19. For the
second code; situation-context, the phrase “assigned to another teacher” was revised.
To continue, “comprehension of engineering” in item 23 was problematic and
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required refinement according to teachers’ evaluations. In total, five of the teachers

commented about how to improve this item. One of the teachers explained:

“....Here what should be better is thinking like an engineer,
approaching problems like an engineer. The child will not comprehend all
engineering content. This is more like something relevant to a real
engineer”’

Another noteworthy point was that teachers recommended changes to the underlined
word; “only if” appearing in item 16 and item 19. The teachers who commented on
this (n = 5) discussed that underlining this word might push teachers to be cautious
about the item and tend to strongly agree only due to social desirability. There were
also a few (n = 2) who commented that emphasizing this word might raise teachers’

attention.

Next, for the phrase; “resources” in item 3, it was highly recommended to revise the
examples given for this phrase and add “videos”. Teachers believed that inclusion of
other sources such as books and journal may not attract teachers’ attention and
therefore not address their true attitudes. One of the teachers stated:
“For this item, when read the example sources books and journals, it
is not very attractive to me. Even if  want to examine books and journals,

[ certainly don’t have time for that, books that a lot of time. So if I see
videos in among these examples, it is more appealing and realistic to me”

i3

The items that were most frequently discussed by the teachers were all in line with
another code; “Unfamiliar” under the second theme; Response Task. These were
elaborated on as the second theme was described. For the code; “situation/context’;
the item and phrase that the teachers most frequently discussed was the phrase “ask
for assignment to another teacher” in item 14. Teachers stated that in most public
schools the principal of the school do make such requests from teachers as was the
case in the item. So it was revealed that this was a realistic scenario for the teachers.

However, for the same item, teachers also reported that the situation might depend on
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whether there are other science teachers working on the school or not (f= 8). For the
high level of frequency for item 14, revisions were made to this item. According to

one of the teachers:

“In my school which is a very small school in student numbers, I am
the only science teacher working. So this is not possible for my school to
ask another science teacher to do what was asked of me...””

Summarizing the findings expressed with the first theme; Semantics, firsty changes
reported by the teachers and, teachers’ ideas depending on situation and context were
captured. With the findings presented, revisions were made to the survey items. These

revisions were depicted in Table 20.

Table 20. Revisions to the Survey for the First Theme

Item and/or phrase Changes made

“Comprehension of engineering” in item23  “Students approching to problems like
engineers”

“Assign task to another teacher” in item14  “Avoid the assigned task” appearing in
item13

Underlined phrase; “Only if” in item16 and Remove the phrase totally for item16,

item19 remove the underline in item19

“Resources” in item3 Add “videos” to the given examples

Theme 2 in cognitive interview results: Response Task

The second theme focused on a second-level understanding. How well each item and
the concepts addressed in each item was conceived was the concern. These can be
listed as familiarity with words/phrases with two sub-codes which were,

unfamiliarity, and total familiarity.

For the code; familiarity, there were two sub-codes. To begin with, the sub-code,

unfamiliarity, teacher comprehended the item or a phrase in an item in a completely
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different way than expected by the researcher. According to Table 20, the items that
had a high frequency for this code can be listed as: “in-service training” in item 1,
“engineering design education” in various items, and “little effort and time” in item

15.

For item 1, majority of teachers thought of a training provided by Ministry of
Education when they thought about “in-service training”. However, the researcher
intended to make the teachers inquire about any kind of professional development.
So this item was completely understood in a different way. One of the teachers

explained:

“I directly thought of training provided by the Ministry of
Education. In those training, mainly lectures and presentations take
place and we listen. This kind of an environment came to my mind

To continue, with the next item for the phrase “engineering design education”
appearing in various questions, the teachers reported that they did not think of
engineering applications in K-12 classrooms when they thought over this phrase. In
fact, teachers tend to understand this item as a pure engineering application that might
take place at a higher education level. Teacher also reported that at such a point, they

may not reflect their true attitude. One of the teachers reported:

“If Iwas not at a STEM training right not or if you did not explain
to me the goals at the beginning, I would never consider this as referring
to a K-12 engineering activity. This expression is more like an
undergraduate or advanced engineering to me. I would say disagree to
this item.”
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Again, according to another teacher:

“this way as I read it, it is like we will raise engineers. However, my goal
should be to enact objectives in the curriculum. This item is like I will tell
engineers and factories, but the aim is to implement engineering activities in
class.”

For the highly coded second item was item 15 with the phrase “little effort and time”.
Teachers stated that this might depend on the context and economic situation of the
school. If the school has low economic sources, then the teachers might be required
to have small amount of materials. Also in terms of time, teachers stated it might
depend on the context the amount of time that a teacher might use. One of the teachers

expressed:

“I am working at a science and art center (BILSEM). So for me time
does not matter, I can do an activity for eight hours, I am not in a rush.
But with this item, you can not locate teachers who try to take the easy
way out, not sure what this item can measure.”

The researchers as developing this item assumed that having less effort and less time
for an engineering activity addressed that the teacher does not have a positive attitude
towards engineering activities. However, teachers believed that a teacher may be very
positive towards engineering education however, not implementing due to a very
busy schedule is not referring to attitude. So teachers comprehended ‘less effort and
time’ as something positive. They thought that such a teacher is ideal, because in a
limited time, that teacher is trying for the best. Overall, it was concluded that it was
difficult for teachers to understand these three items properly. It was concluded that
future respondents may skip responding to these items only because they cannot

understand it fully.

The last code in this theme described teachers’ complete understanding of the phrase

or the item exactly the same way with the researchers. They were very clear to
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teachers. The most coded item for this sub-code “student club” for item 22,
“mandatory situation” for item 19, “certificate” for item 16, and “collaborative work”
for item16. All of these were clearly understood by the teachers according to the
analysis results. So no revisions were done for these items. It was substantial to be
convinced that teachers could understand these items properly. Table 22 summarized
the revisions to the survey following the results presented with the second theme;

Response Task.

Table 22. Revisions to the Survey for the Second Theme

Item and phrase Changes made

“Engineering design education” in “Integration of engineering to instruction,
integration of engineering to science
education program, and engineering practices
from kindergarden to 12" grade”

several items

“In-service training” in item1 “Education and seminars I can improve
professionally”
“Little preparation, effort and time” in ~ Removal of item due to ambiguity

item 15

With the results of the item paneling and cognitive interviews, interpretations to refine
the learning progression and the survey on teacher attitudes were summarized. This
was followed by the creation of their second versions. With the results of the cognitive
interviews, there were two refinements administered to the learning progression
levels. To begin with, with cognitive interviews, it was revealed that teachers do not
perceive spending more time and effort for preparation of engineering activities as a
sign of positive attitude. Teachers explained that even if they are motivated their
loaded schedule prevents them. So this part was completely removed from the
learning progression levels for future consideration. The phrase; “Only interested in
implementing with minimum effort and/or when one is required” was removed. To
continue, it was put forth that the phrase “K-12 engineering education” and

“engineering and design education” was not properly understood by the teachers.
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Teachers thought of a graduate level engineering education and engineering practices
with such expressions. Therefore, such expressions were removed from the learning
progression levels and replaced with; “integration of engineering to the science
program”, “integration of engineering to instruction” and “engineering practices”. As
the cognitive interview data was analyzed, the Science Program in Turkey was
announced to go through a change. When the draft version of the new program was
examined, it was recognized that these expressions were in line with it. This most
significance change in the program in terms of the goals of the current study was the
inclusion of engineering and design practices. The program clearly states engineering
concepts, engineering design principles and engineering practices. Although this new
program is not actively carried out in schools yet, it will create more interest in

teachers to learn about K-12 engineering education. The second version of the

learning progression was presented in Table 23.

For the revisions on the survey; “Science Teachers’ Attitudes towards K-12
Engineering Education Survey”, again the results of the item paneling and the

cognitive interviews were effective. As a reminder, for the items that had a low
frequency for a particular code in the cognitive interview coding results, no change
was done for that item. Only if the item had a high frequency for a particular code,
then changes were completed. The second version of the survey prepared to be
implemented at the teacher PD program was presented in Table 24. It was also
presented in Appendix F as administered to teachers. One of the major revisions in
the instrument was the removal of the phrase “engineering and design education”
from the items it existed. As discussed in the analysis results section, this phrase made
the teachers think of an undergraduate level education on engineering instead of
existence of engineering at K-12 level. With these results and going through the new
Science Curriculum, this phrase was changed to; “integration of engineering to the
science program”, “integration of engineering to instruction” and “engineering

29 ¢¢

practices” “engineering design practices in science education”. As a last point, with
close examination of the new announced draft Science Program by the Ministry of

Education (MoNE, 2017) four more items were added to the instrument.
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Table 23. Second Version of the Learning Progression on Attitudes

Increase in positive attitudes

Advocate

Highly interested in learning about engineering practices, integration of engineering to instruction,
to science education program and about classroom applications.

Highly motivated to improve oneself professionally. Highly interested in implementing engineering
design activities and to teach engineering.

Likely to strongly agree that engineering practices, and integration of engineering to instruction, to
science education helps students to develop and the society to improve.

Supporter

Moderately interested in learning about engineering practices, integration of engineering to
instruction, to science education program and about classroom applications. Moderately motivated
to improve oneself professionally. Moderately interested in implementing engineering design
activities and to teach engineering.

Likely to agree that engineering practices, and integration of engineering to instruction, to science
education helps students develop and that it helps the society improve.

Neutral

Undecided about learning and improving oneself professionally.
Undecided about engineering practices, and integration of engineering to instruction, to science
education helping students develop and helping society to improve.

Doubtful

Little interest in learning about engineering practices, integration of engineering to instruction, to
science education program and about classroom applications.

Little interest in improving oneself professionally. Little motivation to implement engineering
design activities and to teach engineering

Likely to disagree that engineering practices, and integration of engineering to instruction, to
science education helps students develop and that it helps the society improve.

Resistant

Avoids learning about engineering practices, integration of engineering to instruction, to science
education program and about classroom applications and improving oneself professionally.

Does not want to implement engineering design activities and to teach engineering.
Likely to strongly disagree that engineering practices, and integration of engineering to instruction,
to science education helps students develop and that it helps the society improve.

Increase in negative attitudes
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Table 24. Second Version of the Items

Second version of the items of the survey

1.I am interested in participating to training and seminars on integration of engineering design
process to instruction to improve professionally.

2.1 believe that implementation of engineering design activities in our classrooms can increase
students’ interest in technology and engineering careers.

3.I am interested in sources (e.g. books, journals, videos, other visuals) on engineering design
practices in science instruction

4.1 feel excited to learn more on engineering design activities I can implement in my class.
5.1 think engineering design activities can improve students’ team working skills

6. Integration of engineering to science instruction from kindergarten level to 12 grade level
can impact our society in a positive way.

7.1 enjoy investigating exemplary engineering design challenges.

8.1 think it is significant for students to improve their engineering and design skills.

9. I believe that kindergarten level to 12" grade level should include engineering practices.
10.1 feel motivated to teach engineering design process.

11.Integration of engineering design to science instruction is significant

12. I think engineering design activities can improve students’ creative thinking skills

13.1f my school administration asks me to prepare an engineering design activity, I can avoid
the responsibility.

14. I am interested in participating to a training or seminar on engineering design practices to
receive a certificate of participation.

15. Integration of engineering to science instruction will impact the students in a positive way.

16. Integration of engineering to science instruction from kindergarten level to 12 grade
level helps students to understand the interdisciplinary approach.

17. Integration of engineering to science will contribute to the solutions of societal problems.
18. I am interested in implementing engineering activities when I am required.

19. I believe that integration of engineering to science instruction from kindergarten level to
12™ grade level helps to develop students’ innovative thinking.

20. Engineering design activities are important for students to transfer knowledge to a product.
21. I am motivated to have a student club where I can implement engineering design activities

22. 1 find it important for my students to approach problems like an engineer.
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4.3. Third Versions of the Teacher Learning Progression and Survey on

Attitudes

The third version of the learning progression was created following the analysis of
the collected with the survey at the teacher PD program. The survey was administered
at the teacher PD program that was implemented at Phase 2 of the methodology
framework of the study (see Figure 7). For the administration of the survey, its second
version, which was put forth following the literature search, written assessments, item

paneling, and cognitive interviews was used that was presented in Table 24.

In selection of the participant teachers to the teacher PD program, certain criteria were
followed that was elaborated on in Chapter 3; Methodology. Following these criteria,
30 middle school science teachers were selected among the applications. The criteria
followed to select teachers to the teacher PD program were: a) level of participation
to STEM and/or engineering design teacher professional development programs
before, b) level of knowledge on engineering design process, ¢) gender, d) city in
Turkey, e) experience in teaching, and finally f) school type as public or private. The
participant 30 teachers filled in the survey both one week before the teacher PD
program, and at the second and last day of the teacher PD program. For the statistical
analysis, data coming from both administrations were used. However, due to missing
responses of four cases, in total, 56 cases were examined with the R Studio statistical
program following a Rasch analysis in the third building block of construct modeling

framework (Wilson, 2005).

In examination of the data collected with the survey; and the survey; “Science
Teachers’ Attitudes towards K-12 Engineering Education Survey”, various reliability
and validity estimates were produced. This were elaborated on in the following
section as their examination revealed the third version of the learning progression on

teacher attitudes.
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The analysis of the data focused separately on the reliability measures, validity
measures and the overall fit of the items in relation to the respondents; the teachers.
For reliability measures, internal consistency reliability coefficient; Cronbach’s

Alpha was derived separately for items and respondents (Cohen et al., 2007).

There were four sources of validity evidence; evidence based on instrument content,
evidence based on response processes, evidence based on internal structure, and
evidence based on consequences of using an instrument (Wilson, 2005). In
preparation of the instrument, several steps were followed in line with the construct
modeling framework. To sum up, following a Rasch analysis provided the evidence
on reliability, validity, and information of the empirical alignment between the

learning progression and the survey.

Direction of increasing
Teachers positive attitude towards K-12 Response to items focus on
engineering education

Learning about engineering practices, integration
A of engineering to instruction, to science
Advocate education program and about classroom
applications
Supporter Improve oneself professionally
Neutral . . . .
So Implementing engincering design activities in
classroom
Doubtful
Value attached to integration of engineering in
Resistant student development and improvement of
society
\

Direction of increasing
negative attitude towards K-12
engincering education

Figure 17. Alternative depiction for the LP and items
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Figure 17 depicted an alternative for the learning progression on teachers’ attitudes
towards K-12 engineering education. The levels from highly negative attitude;
resistant to highly positive attitude; advocate can be examined in the figure as they
range between direction of increasing positive attitude and direction of increasing
negative attitude. The right side of the figure summarized the aspects of teachers’
attitudes as they were mainly revealed with literature search and results of the written

assessments.

Wright maps are part of the outputs of the data analysis with R studio for the construct
modeling measurement framework. Wright Maps produce validity evidence for the
internal structure of the learning progression and the survey. The Wright maps
presented the relation of item difficulty to teacher ability. For the purposes of this

analysis, as the construct studies was teacher attitudes, high ability stood for teachers’
more positive attitudes. Likewise, low ability stood for teachers’ more negative
attitudes. The wright map provided teachers’ abilities or locations; tendencies to score

high and low responses for the items with locations of items on the same scale.

For a Rasch analysis, the item and person separation statistics provide the researcher
with information on the quality of separation. If the separation is too wide, this points
to gaps between item difficulties and respondent abilities. And if the separation is too
narrow, this means that there is not sufficient differentiation between item difficulties
and respondent abilities (Wright & Stone, 1999). The item separation reliability, that
is how well the items were separated to identify the direction of the construct, and
finally, the person separation reliability, that is how efficiently the set of items can
separate the teachers being measured will be documented. The Wright maps were
considered evidence of whether the teachers’ selecting a response was related to their
estimated place on the construct map representing their attitudes towards K-12

engineering education.
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To begin with, a comparison between results of two different statistical analyses was
completed. The first analyses results belonged to running the statistical analysis based
on the results of both pre-test and post-test in that the total number of cases was 56.
The pre-rest referred to the administration of the survey before the teacher PD
program, and post-test referred to the administration of the survey on the last day of
the teacher PD program. The second analyses results belonged to running the
statistical analysis based on the results of only the pre-test. This time the number of
cases was 30, as there were 30 teacher participating to the teacher PD program. The
reason for the case number in post-tests to be 26 was because, four of the cases in this

group included too many incomplete items in the survey.

Figure 18 depicted the Wright map for the first case (n = 56), and Figure 19 presented
the Wright map for the second case (» = 30). Some critical differences were observed
when the two wright maps were closely examined. The left hand side of both figures
represented the teachers shown as bar graphs. The blue dots stood for the items on
the survey, presented with the letter “q” for “question” and their number on the
survey. For example, “ql5” addressed question or item 15 on the survey. At the
bottom part of the Wright Maps, the levels of the learning progression ranging from
doubtful to advocate can be observed. Finally, the very right part of the Wright Maps
showed the Logits. The logits stand for the probabilities of both item difficulty and
respondent ability; tendency to score. It can be said that the Logit is a uni-dimensional
measure unit (Nguyen & Griffin, 2013). More information on these representations

by Logits were provided in the following sections when the items and respondents

were examined in detail.

For both figures, black dashed lines were later added to address the range of
respondents; teachers. The critical finding revealed with the comparison of these
figures was that, when the case number was 30, less number of items were left beneath
the dashed line, the set of respondents; teachers. When the case number was 56, there

were more number of items left beneath the dashed lines. The area covered between
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the dashed lines indicate the range that the respondents; teaches are represented by
the item set. Moving from these points, it can be concluded that when the case number
is 30, the teachers are better represented by the item set However, when the case

number is 56, there are more items left out outside the dashed lines.

A shared finding in both figures was that, the area above ql4; the hardest item to
agree with was too large. This meant that, there were respondents that were not
represented by the item set at all. This area was depicted with a blue shade in both
figures. Again for both figures, one when the case number is 30, and the other one
when the case number is 56, there are both positive and problematic issue in terms of
the analysis results. However, as the wright map revealed, when the case number is
30, teachers’ tendencies to score; teacher ability, and item difficulty are better aligned.
Still because the current study was interested in examining the results of both pre-test
and post-test administrations, the rest of the results were presented based on the case
number of 56. The Wright Map depiction when the case is number is only composed

of pre-test results was only for comparison purpose.

To emphasize one of the critical aspects of the Wright Map, among the items pointed
with blue dots, the items on the top are more difficult; harder to agree, and the items
at the bottom part are easier; easier to agree. So for the items at the bottom, that was
where majority of the items accumulated, it was easy for the teachers to respond to
them as strongly agree. The Wright Map presents the findings in a way that helps
understand the probability estimates of both the teachers and the items on one
common figure. The left side of the Map shows where the respondents are located in
terms of ability; teachers’ level of attitude. Teachers with higher positive attitudes
were shown in higher positions whereas teachers with negative attitudes were shown
in lower positions. The right side of the Map shows where the items are located. Items
that reflected a more positive attitude were shown in higher positions and items that

reflected a more negative attitude were shown in lower positions.
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Overall, both the respondents and the items are presented on a Logit scale. For a
particular case, teachers with the same attitude scores as the item difficulty
(agreeableness of the item) had a 50% chance of confirming or agreeing with the item.
Where a person is located at the same location as an item, is where a teacher has a
50% probability of answering it at that level. The difference between the teachers’
attitude (proficiency) and the item’s difficulty is the logarithm of the odds of a higher
level response; strongly agree to that particular item by that teacher. This is identified

by a statistical model (NRC, 2014).

When the Wright Map (see Figure 20) was closely examined with the red and blue
arrows added to the figure, critical findings were revealed. The Logit scale locates the
teachers and the items in a common scale of teachers’ attitudes and the difficulty of

the items. Here again, difficulty of an item refer to its being more harder to agree.
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The red arrow depicted the range of the items; item difficulty or their being easy or
hard to agree. The blue arrow presented the range of teachers; their attitude levels.
The range of the teachers’ attitude levels were from around -2.5 Logits to +1.5 logits,
with a mean ability level of 0.87 logits and a standard deviation of 0.13. Whereas the
item difficulty; the agreeablesness of the items ranged between — 3.80 Logits and +
0.11 Logits with a a standard deviation of 0.16. This firstly indicated that the items
did not sufficiently target the attitude levels of this particular sample of teachers. In
other words, the items did not cover the spectrum of teachers well. However location
of items having similar location with a set of respondents is an ideal result (Wilson et

al., 2006).

The match between items and levels was weak, meaning that the overall the items
were not “difficult” at all. Here “difficult” stands for the difficulty in agreeableness
of the item. In other words, broadly, the items were not harder to agree, instead they
were very easy to agree and choose the highest level of response category, strongly

agree.

Frequency

) 0

Logits

Figure 21. Person estimations
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The locations of the teachers on the Wright Map were positioned too high compared
to the items. So there were more respondents who were able to answer the items at
all ability levels, than if they were doubtful for example. This was also evident in the
histogram of the estimated teacher locations with a normal curve overlaid in Figure
21. The distribution of the teachers among the levels was negatively skewed
distribution as opposed to a normal distribution. This finding again evidenced the
teachers’ accumulation on the more positive attitude end of the continuum
represented by the learning progression. However, for an ideal distribution, a normal
curve around 1.0 Logits was expected. This would signify majority of teachers’

accumulation at around 1.0 Logits.
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Figure 22. Score distributions by item

Figure 22 provided more information of the score distributions of the teachers by
item. When these descriptive results of the scores were examined, a big majority of
the responses accumulated in levels 4 and 5. It was assumed that there would be more
responses at the lower levels as well; level 1 (resistant) and level 2 (doubtful). To

provide more detailed information with examples, for item 1 there were 54 teachers
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at the advocate category, one teacher at the supporter category and one teacher at the
neutral category. This item was the one that included more number of teachers at one
single category. As a second example, for item 2, again there was a great
accumulation on one single category. In total 52 teachers were at the advocate
category, and the remaining four teachers at the supporter category. For the item level
validity, it was expected that participants higher on the construct would score higher

on each of the items.

The score distributions, histogram on teacher location estimates and the Wright Map
all documented teachers’ accumulation towards positive attitude and as a response
category; agree and strongly agree. Overall, some of the items that failed to create
any variety in responses were items 1, 2, 4, and 16. These were items with many
missing response categories demonstrated items with missing response categories;
for having all answers with an attitude of supporter and advocate. Items that included
responses to at least three response categories were 5, 6, 9, 10, 11, 13, 14, 17, 18, 21
and 22. A striking finding was that there was only one item that included all five
response categories; item14 and again only one item that included four response
categories, item13. So these two items seemed to be harder to agree for the teachers
compared to the rest of the items. Lastly, items 6, 9, 13, and 18 elicited answers that
were “resistant” but not doubtful and might be useful to investigate to see if there is
reason to suggest why participants would respond that way. The findings presented
on Figure 22 were in line with the Wright Map in terms of the items’ location ranging

from easy to agree to harder to agree.

Next, the distribution of the items within the levels was examined and found to be
roughly normal (see Figure 23). There was a trend of increase obtained from left to
the right part of the Wright Map to some degree. Nonetheless, there were many issues

on item locations that distorted the trend.
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Figure 23. Distribution of items within levels

On the figure, group of items circled can be recognized. Without the two group of
items in circles, the rest of the Wright Map presented a better pattern in increasing
from the left part to the right map. This increase again signified items’ distribution
from easy to agree to harder to agree. For example, only one of the items; item14
elicited teachers’ responses on their attitudes at Level 1. So it is especially difficult to
make conclusions about Level 1. As the next substantial finding, there were several
points of overlap of items, in particular for items 6, 9, 17, 18, 19, and 21. This
indicated that these questions were more ambiguous for respondents at that ability; or

attitude level.

Item Thresholds were presented with a second Wright Map as seen in Figure 24. The
left part of the Wright Map showed the distribution of teachers’ attitude estimated
and the right part showed the distribution of item thresholds. For every item, there
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were four thresholds possible, since the survey had five response categories; ranging
from strongly disagree to strongly agree. These four thresholds, represented by tt 1,
tt-2, tt_3, and tt_4 stood for the transitions between Level 1 and Level 2, Level 2 and
Level 3, Level 3 and Level 4, and Level 4 and Level 5 respectively. The left part
depicted the distribution of the teachers along the cosntruct; attitude from resistant
to advocate, in Logits. The right part represented the items’ locations in relation to
teachers’ locations. Zero Logit represented overall teacher mean attitude which was

0.87.

The thresholds present a teacher’s estimated location to have a probability of 50% to
respond at that level or below. The Wright Map based on thresholds help to examine
the relation between the difficulties of the items; their being easy or harder to agree
with and the levels of respondents; teachers. To set an example to read the figure, for
iteml, there are only two thresholds; tt 1 and tt 2, although the item had five
response categories and four possible item thresholds. This depiction with only two
thresholds on the Wright Map was due to the fact that, nobody answered “resistant”
or “doubtful” so there were only three categories of responses for item 1; two
thresholds. They were depicted as 1 and 2 even though they indicated thresholds
between levels 5 and 5 and 4 and 3. So this item was one of the easiest to agree items.
Similar items with only one or two thresholds instead of four were items 2, 19, 20, 8,
4, 3. Items 13, 14, 18, and 9 were found to have at least three thresholds meaning that

these items represented the learning progression levels well.

171



spbo7

de\ WYSLIAN PIOYSAIYL W] ‘4 241317

> 2 > g
Ff &S F T FEEFTE L ey P RN
1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1
[l
[Pl o
o1 e}
o
o
° o ° on Om
e ozn
o L] [l ] o™
o >
o
oz [Ne"] o
o
o o o
o ora
e ™ 0w
oru o ®w
'] Ot
orn ®
o cn LR
ocu
o °oen
o vu

Sjuepuodsey

172



Item threshold’s distribution (arrow on right) extended the distribution of respondents
(arrow on left) indicating the item thresholds could not cover the teacher attitudes
well. One significant conclusion of this was that the survey was not successful at
measuring outlying teachers. One example item threshold Wright Map by Jin et al.
(2015) was presented in Figure 25 which addressed a better alignment between the

learning progression and the items the authors developed.
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Figure 25. Example item threshold Wright Map (Jin et al., 2015)

As an example interpretation of Figure 21, a teacher whose attitude location estimate
is the same as the fourth threshold of item14, which is around Logit 0, then the teacher
has a 50% possibility of getting at Level 5 (advocate). A teacher whose attitude
estimate is above the same threshold has more than 50% probability of scoring at that

level or above.

The result of the data analysis revealed both item and person separation reliabilities
of the attitude variable (see Figure 26). The item separation reliability or the

coefficient alpha that showed the internal consistency was found to be .84. This value
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was considered acceptable as it was above .70. The coefficient between .80 - .90 is
usually treated highly reliable and coefficient between .70 - .79 is accepted as reliable
(Cohen et al., 2007). This meant that the items in the survey were measuring as

expected. The person separation reliability was calculated to be .78 which was again

acceptable.
Number of respondents 56 56 55
Number of items 2 2 2
IRT model PCM NA NA
Number of iterations 168 NA NA
Integration points 21 NA NA
Deviance 1268.064936 NA NA
AlC 1358.064936 NA NA
BIC 1449.205762 NA NA
Mean raw score (proportion) 0.866322665 0.865665584 0.867355372
Standard deviation raw score 0.131878249 0.132257517 0.132865026
Missing data % 0.081168831 N 0
Cronbach's Alpha NA T ‘I.._\0.841727148 /}‘ 0845679082
Person separation reliability ([ OTTRATINA - ———NA
\ /

Figure 26. Data analysis output on reliability

With the results of the Rasch analysis, items that showed infit and misfit were
revealed. The item fit statistics represents the item discrimination indices. The
separation of the items within certain limits is critical for construct validity (Wright
& Masters, 1982). The item fit presents the difference in the teachers’ expected score
and their actual score. According to Wilson (2005), the reasonable fit should be
between .75 and 1.33. Figure 27 demonstrated the mean square fit statistics of the 22

items on the survey. The rectangular area indicated the well-fitting items.
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Figure 27. Item mean square fit statistics

When the weighted mean square fit statistics (Wright and Masters, 1982) for item
parameter estimates are closely investigated, it is observed that most of the items are
functioning well. Weighted mean statistics of most of the items are found to be in the
confidence interval. Table 25 presented the weighted infit statistics for all items. The
items that were observed to fall outside the critical interval .75 and 1.33 were items
6, 14, 1, and 22. This results led to the interpretation that one should be really careful
about these items however there is not enough evidence to directly throw them away.
Still for explaining the misfit of the items, they can be investigated closely which can

improve the reliability of the survey.
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The standard error of measurement (SEM) refers to how accurate each estimate of the
items and the teachers were. SEM is critical to for understanding the usefulness of the
estimated locations and make further interpretations. Figure 28 depicted the SEM for
the results. It was observed that relationship between the Logits and the stand error was
not a U-shape. This showed that the teachers on the more positive attitude side of the
learning progression will have more items near them than those respondents at the
middle and the negative attitude side. The SEM is ideally a U-shape figure which
signifies a better empirical alignment between the learning progression and the survey

items.

0.6

0.4 o

Figure 28. Standard error of measurement

When the results were combined and examined more closely, it was noticed that overall
a fairly good reliability and validity evidence was attained. However, there are issues
of reconsideration that requires some of the items. When the results from item fit
analysis and Wright Maps were examined together, removal and/or modification of
some items were considered. To begin with, items 1, 2, 4, and 16 were among the ones
the easiest to agree with; teachers all approached with the same response category to

these items which was strongly agree. As reported, most of these items also had misfit
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statistics in that they were not successful in including separate and at least two item
thresholds.
The items revisited closely were:
Item1 I am interested in participating to training and seminars on integration of
engineering design process to instruction to improve professionally.

Item7 I enjoy investigating exemplary engineering design challenges.

Item21 I am motivated to have a student club where I can implement engineering
design activities

Item?2 I believe that implementation of engineering design activities in our classrooms
can increase students’ interest in technology and engineering careers

Item16 Integration of engineering to science instruction from kindergarten level to 12
grade level helps students to understand the interdisciplinary approach.

When the items were considered together, two group of commonalities were
recognized. First group of items, items 1, 2, 7, 21 were all concerned with teachers;
motivation to improve themselves professionally in K-12 engineering education. A
possible reason for the misfit and issues on estimate could be that as engineering
practices is a new and very interesting topic for teachers, they are all interested in
improving themselves. For the second group of items, they all focused on the role of
engineering in improving students. So these items were not sufficient to tap into lower
levels of the learning progression. There might be more items, or these items can be
refined to make teachers not agree easily on different impact of engineering on

students.

As item 14 was very successful in terms of its thresholds and overall item fit, it was
examined as well. The item included a part on receiving a certificate. Maybe some of
the teachers though the item is asking, the only reason to participate to a teacher PD
program is to get a certificate. So the variety in this item might be due to its being
ambiguous as well. Still, better items similar to item 14 can be added to the survey. As

item14 was successful in terms of its thresholds and overall item fit, it was examined as
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well. The item included a part on receiving a certificate. Maybe some of the teachers
though the item is asking, the only reason to participate to a teacher PD program is to

get a certificate. So the variety in this item might be due to its being ambiguous as well.

To continue analysis of items, the following items 6, 11, 16, 17 were found to be easy
to agree, thus not creating a variety in responses and also not successful in terms of the
thresholds of the items. It was suspected that teachers might have approached to these
items as if they were facts because these items included the similar structure as the
following; “integration of.......... ” can impact in a positive way/is significant/
contribute to students and society”. Therefore, these items were not successful in terms
of tapping onto teachers’ attitudes well. Lastly the items; 4, 10, and 21 had a relatively

more successful performance which were concerned with teachers’ actual performance

and teaching engineering to students.

For the first impressions, since most teachers accumulated at the higher levels of the
learning progression and there were many items that were not successful in separating
teachers to the levels of the learning progression, some revisions were made on the
learning progression. Firstly, since the items on interest and motivation on learning
about engineering and integration of engineering to instruction were easy to agree and
not successful in item difficulty, this aspect of the learning progression was only
evident in the three levels of the learning progression instead of five levels. So this was
considered an aspect easier to agree and put at the lower three levels of the learning
progression only. The higher levels; level 4 and level 5 did not include interest and
motivation towards learning. Likewise, when it comes to teachers’ positive attitudes in
terms of the value they attach to engineering for improving students and the society,
items were not successful in creating an ability; agreeableness distribution. Therefore,
this aspect was kept to reflect only up to three levels. Teachers’ interest in improving
themselves professionally was kept as the same because the number of items around
this aspect was lower so it was decided to be tested again in future studies. To continue,

the items that focused on behavior and on
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Table 26. Third Version of the Learning Progression on Attitudes

Increase in positive attitudes

Advocate

Highly motivated to improve oneself professionally. Highly interested in implementing
engineering design activities and to teach engineering.

Considers school context (time and effort necessary) and possible barriers and highly
interested in implementing engineering activities.

Supporter

Moderately motivated to improve oneself professionally. Moderately interested in
implementing engineering design activities and to teach engineering.

Considers school context (time and effort necessary) and possible barriers and moderately
interested in implementing engineering activities.

Neutral

Somewhat motivated to improve oneself professionally. Somewhat interested in
implementing engineering design activities with students.

Highly interested in learning about engineering practices, integration of engineering to
instruction, to science education program and about classroom applications.

Likely to agree that engineering practices, and integration of engineering to instruction helps
students develop and that it helps the society improve.

Is not sure about the role of school context (time and effort necessary) as a barrier

Doubtful

Little interest in improving oneself professionally. Little motivation to implement
engineering design activities with students

Somewhat interest in learning about engineering practices, integration of engineering to
instruction, to science education program and about classroom applications.

Undecided about engineering practices, and integration of engineering to instruction helping
students develop and the society improve.

Considers the school context (time and effort necessary) as a serious barrier

Resistant

Avoids learning about engineering practices, integration of engineering to instruction, to
science education program and about classroom applications and improving oneself.

Does not want to implement engineering design engineering design activities with students.

Likely to disagree that engineering practices, and integration of engineering to instruction
helps students develop and that it helps the society improve.

Increase in negative attitudes
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teachers’ motivation to implement engineering activities, to expose their students to
engineering in formal and informal environments were relatively harder to agree with
according to the results of the study. So this part of the learning progression was also

kept the same way. Third version of the learning progression was illustrated in Table
26.

In line with the results of the data analysis and the third version of the learning
progression, the refinements to the survey to create its final version were: a) deletion
of the unsuccessfully performing items, b) refinements in the outcome space; scoring
of items, c) addition of more items on aspects of teacher attitudes that reflected
teaching, and on teachers’ professional development and finally, d) addition of

Guttman type items. The final version of the survey can be examined in Appendix I.

First, the items that were successfully performing based on various outputs of data
analysis were identified. The most poorly performing items in terms of their alignment
with the learning progressions and in creating a variety in terms of responses were
revealed to be Items 2, 4, 11, and 16. To continue, there were also slight problems
with the overall performance of Items 1, 19, 2, and 11. However, only items that were
unsuccessful to a large extent were directly revealed. The rest were decided to be tried

more with several administrations, so they were kept.

Overall findings showed that, teachers mostly found it relatively easy to agree with
items on interest in learning about engineering and about the contribution of
engineering to the students and the society. Whereas, teachers found it relatively
difficult to agree with the items on motivation to implement engineering activities and
expose their students to engineering, and on improving themselves professionally. The
levels of the third version of the learning progression were refined accordingly.
Considering the refinements in the learning progression levels, the outcome spaces for
scoring should also be refined. Outcomes spaces show the relationship of the items

and their scoring
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according to the learning progression levels (Wilson, 2005). For the final version of
the survey, there are two outcome spaces, the first one for the items on interest in
learning and on improving oneself professionally, and the second one for the items on
contribution of engineering for students and the society, and motivation to implement
and motivation to implement engineering activities and expose their students to
engineering, and on improving themselves professionally. For the items in relation to
the first outcome space only included three categories. This was due to the fact that,
there are three levels on the refined learning progression for these aspects. Still the
survey will continue to have five response categories, but two of the response
categories will be in line with the new lowest level of the learning progression. This
outcome space was provided in Table 27. For the items in relation to the outcome

space, outcome space previously used (see Table 16) can again be utilized.

As the next refinement, five more items on teaching engineering, and two more items
on motivation to improve oneself professionally; teachers’ professional development
were added to the survey as these aspects were more successful in reaching a
differentiation in teachers’ attitudes. These newly added items were adapted from
surveys on teacher attitudes; two items by Yu et al. (2012), one item by Lachapelle et
al. (2014), two items by Hart and Laher (2015), and two items by Van Aalderen-
Smeets and Van Der Molen (2013). The number of items on teaching engineering can
be even more increased in future versions of the survey, once the teacher PD program
delivered will have follow-ups where teachers will gain experience on teaching

engineering.
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Table 27. Newly Emerged Outcome Space

Response Choice Score Level on the learning progression
Strongly agree . . .
3 Neutral K-12 engineering education
Agree
Undecided 2 Doubtful to K-12 engineering education
Disagree

Resistant to K-12 engineering education

Strongly disagree

As a last point about the survey, a new item type was introduced; Guttman items.
Gutman type scale items are used in attitude instruments (Page-Bucci, 2003; Fidelis,
2017). Guttman type items can also be stated as cumulative items where respondent
chooses the option that applies the best. Although they are useful, such items might
be challenging to construct (Page-Bucci, 2003). With addition of such items,
respondent teachers might be distinguished better which will result in the enhance
validity of the learning progression. With use of Gutman type items in addition to
Likert-type items, item responses included more detail compared to having only
statements on agree or disagree. With use of Gutman items, for the abovementioned
aspects that teachers found easy to agree for the most part, teachers can be forced to
think more and the survey can capture their attitudes more successfully. The final

version of the survey included 10 Gutman type items and 24 Likert-type items.

With all the refinements outlined, the final version of the survey might better align
with the learning progression levels in future administration and data collection. The
reflections on the refinement of the learning progression, and the survey with future

recommendations were discussed in Chapter 5; Discussion.
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The second major section reported the first, second and the third versions of the
learning progression on teachers’ engineering design process understanding
respectively. The following research questions was answered; “What levels do
science teachers typically experience as they move from a novice to a more

sophisticated understanding of the engineering design process?”

4.4. First Version of the Teacher Learning Progression on Engineering Design

Understanding

First version of the learning progression was created following the results of the; a)
literature search, and b) written assessments. A literature search was conducted and

data collection with written assessments were completed.

a. Literature search. Middle and lower levels of the learning progression were
defined, based exclusively upon the research findings that reported how transition
from a naive to a higher understanding of the engineering design process takes place.
What needed to be investigated was how the transition occurs from a naive
understanding towards a mastery level understanding of the engineering design
process. In order to access an informing literature sources to construct the initial
version of the middle and lower levels, again the three phases adapted from the
systematic literature methodology of Borrego et al. (2015) was utilized. The three
phases were: 1) Search, to retrieve the studies, 2) Selection, to apply inclusion criteria,
and 3) Synthesis; to reach an overall summary of the included articles. For the first
phase, a search was conducted in the databases; Ebscohost, Google Scholar, and Web
of Science. The key search terms that resulted in the most relevant and useful studies
were ‘“engineering design process” in combination with “teacher knowledge”,
“change in engineering design process knowledge/understanding”, “assessing
engineering design process knowledge”, “engineering design understanding rubric”,
“conceptions of engineering design process” and “misconceptions” in combination

with “engineering design process”. The search was again limited with studies
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published during a 16-year period from 2000 to 2016. The databases were carefully
examined to access studies that can inform the first version of the learning progression
on the changes in engineering design process understanding. This phase resulted in 87
articles following the removal of duplicates and the ones that could not be reached as
full-text. As a next step, an initial screening of the selected 87 articles, some of them
were eliminated due to having focuses irrelevant to the goals of the search. These
irrelevant focuses were engineering design process as used in pure engineering
disciplines, and change in engineering design performance, rather than knowledge and

understanding.

In total, two inclusion criteria were applied to retrieve the most useful studies for the
goals of developing the learning progression. These inclusion criteria were: 1) to have
change in engineering design process knowledge/understanding or misconceptions on
engineering design as a focus, and 2) to have K-12 students, engineering faculty
students, and teachers as participants. Literature that described engineering design for
students was also included due to two reasons. Firstly, there was a lack of sufficient
research on teachers’ understanding of engineering design. And secondly, engineering
design was new to teaches and the advanced level they can reach is considered to be
similar to what is expected of students. Especially in Turkish context, due to teachers’
unfamiliarity with the engineering education and the engineering design process, it
was concluded that literature on students’ engineering design understanding can also
guide the learning progression. The elimination among the accessed studies with the
three inclusion criteria resulted in 18 studies in total that can guide the development
of the middle and lower levels of the learning progression. Detailed information on

these studies were shown in Table 28.

There were two group of studies presented in Table 28 useful in understanding the
change or the transition among engineering understanding that were presented under
“changes in engineering design and/or engineering design process understanding”.
This group was further divided into two groups based on how they worked on the

change in engineering design understanding. Among the first group; categorization of
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achievement levels; 10 studies were revealed to create categorizations of achievement

levels to assess their participants’ engineering design process understanding. One
example can be presented from Hynes (2012). According to this study, there were
three achievement levels, which were naive, middle and expert which depicted an
example of the changes as the understanding gets more sophisticated. The teachers in
the naive level were only expected to state the names of the engineering design process
steps. As the transition to the middle level occurs, teachers were expected to explain

each step and provide an example for them.

To continue, Duncan et al. (2011) choose to put teachers on achievement levels based
on the revised taxonomy levels of Bloom (1956). As teachers move from the lower
levels to the higher levels, they start to develop their own ideas, make evaluations and
judgments on engineering design processes also considering criteria and standards.
The exemplary transitions from lower levels to middle and higher levels were very
useful to inform the developed learning progression on engineering design

understanding.

The second group; presentation of a rubric; used a rubric to assess the engineering
design understanding of their participants. These rubrics focused on differentiating
aspects. For example, the rubric by Nadelson (2015) included five design elements
that were scored separately. However, three of these elements were based on the
performance and application of the participants. So only two of the design elements;
problem statement and criteria and constraints were useful for the current study. As a
second example the rubric by Fantz et al. (2010), included four score points for 10
different aspects of the engineering design which contained the engineering design
process steps and elements of the engineering design such as decision making, criteria,
constraints and optimization. Studies presented under; misconceptions related to
engineering design were helpful in especially constructing the lower level of the

learning progression.
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Table 28. Informative Literature on Engineering Design

Change in knowledge/understanding

Categorizations of

Presentation of a ~ Misconceptions related

Authors e achievement levels rubric to engineering design
Hynes 2010 X

Baker 2007 X

Duncan 2011 X X
Bailey 2006 X

Crimsoned 2013 X
Ochlberg 2011 X
Hsu 2010

Nadelson 2015

Fantz 2011 X

Baker 2006 X

Newstetter 2001 X

Wendell 2014 X

Song 2012 X

Becker 2015 X

Cross 2004 X

Ahmed 2003 X

The relative difficulty of engineering design understanding addressed in the examined

sources along with a logical consideration (Alonzo & Steele, 2009) helped with

brainstorming on the organization of the levels. To summarize, the relative

hypothetical differences of teachers’ understanding of the engineering design process

based on the literature, a logical consideration, and finally initial interviews with

teachers helped with the final organization of the levels of the construct maps. Also

the engineering design process descriptions in Table 1, and the engineering design

process models by Boston
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Museum of Science (Cunningham, 2009) and Massachusetts Engineering Framework
(Massachusetts Department of Education, 2006) were helpful in construction of the

levels of the first version of the learning progression.

The common points in the examined studies revealed commonalities to include as the
levels of the learning progression from low to high were constructed. To summarize,
the lower levels were mainly created based on empirical findings from the written
assessments and the literature search findings were influential in creating both the
highest level; the upper anchor and the transition from lower levels towards the higher
levels (Alonzo & Steedle, 2009). The final decisions on what to include in the learning
progression levels were given following the examination of results of the written

assessments.

b. Written Assessments. The results of the written assessments were especially
helpful in understanding how the lower and middle levels can be generated. Although
the results of the written assessments were useful, it was concluded that they did not
make much of a change; the findings of the previous step; literature search was more
influential. The written assessments were conducted with the same teachers that
responded to the written assessments on attitudes. These included 14 in-service middle
school science teachers, working in Turkey. Teachers filled in the written assessments
online. The goal of collecting data with written assessments was to investigate
teachers’ initial understanding of the engineering design process. The findings
obtained with the written assessment had a guiding role in developing the levels of the
learning progression framework. In the first step, the written assessments were
scanned to detect some emerging codes. These emerging codes were carefully noted.

All emerging codes identified can be reviewed in Table 29.
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Table 29. List of Emerging Codes for Engineering Design

Emergent codes

Engineering design cycle
Tradeoffs

Process of design
Prototype
Programming
Modeling

Testing

Constraints

Criteria

Teachers’ facilitation
Preparation of materials
Revision

Iterations

Following the first step, major commonalities between the written assessments were
identified. This step was guided both by the list of emerging codes and a through
reading of the written articles. In the final and third step, frequency calculations was
completed over the final list of codes and themes. According to the frequencies
calculated, the low frequency codes were interpreted as harder to achieve and
understand. In line with the same logic, the high frequency items were interpreted as
easier for teachers to achieve. Therefore, these codes were interpreted as belonging to
the lower level of the learning progression. As for the results, two main themes
emerged; a) engineering design concepts, and b) engineering design process. There

were codes under both themes as can be examined again in Table 30.
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Table 30. Results for the Written Assessments for Engineering Design

Themes and codes Frequencies Summary of findings

Engineering design

concepts The engineering design concepts that
) teachers have knowledge on

Use of materials 21 were use of materials, product and

Product and design 10 design, and use of scientific knowledge

Use of scientific 11

knowledge

Engineering design

process In terms of the engineering design

process steps teachers

Prototype 9 had knowledge on only prototyping,
Testing 10 testing and conducting research
Conducting research 17

Theme 1 in written assessments: Engineering design concepts. Under the first
theme; engineering design concepts, it was revealed that the teachers had knowledge
on use of materials during the process (f=21), the role of product and design (= 10),
and the necessity to use scientific knowledge (f = 7). These can be summarized as
procedures or products completed a during engineering design process. They were
referred to as concepts critical to know as one is involved in the engineering design
process.

“...in order to have products at the end of this process, such

engineering activities and practices should be significant part of science
education”

Teachers seemed clear about the role of product and that engineering design process
is completed with a product. One of the teachers reported that
Another point that teachers commonly were aware of was the existence of a design in

this process. A teacher expressed this by the following:
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“products and material design is critical components of
engineering design process. If students do not create designs,
engineering design process will be incomplete.”

Although majority of teachers (» = 11) mentioned product and design in their written
responses they had a confusion between product and design. Teachers seemed to use
design and product interchangeably. To continue with the next code; use of scientific
knowledge, this knowledge was evident in majority of teachers’ (n = 10) responses.

According to one of the teachers:

“students brainstorm and make observations on which science
knowledge they will use. This is the process where knowledge is
transformed to product and new products are created. Creation of
product is a critical distinction from classical science instruction.

To summarize for this theme, teachers were found to have an initial knowledge on
only a few of the procedures and concepts related to the engineering design; products
and design, use of scientific knowledge, and use of material. Other critical concepts
related to engineering design such as criteria, constraints, optimization and tradeoff
(Moore et al., 2014; NRC, 2012). Only 3 of the teachers could provide explanations

related to criteria, constrains and their role in the engineering design process.

Theme 2 in written assessments: Engineering design process. This code referred
to teachers’ initial knowledge on the steps of the engineering design process and the
process as a whole. Teachers were revealed to have an initial knowledge on prototype,
testing, preparing prototype, and conducting research as steps of the engineering
design process. So the rest of the steps; identify the problem, develop possible
solutions, select the best solution, communicate solutions and revising solution were
not mentioned by the teachers (Massachusetts Department of Education, 2006). Or
according to another engineering design process model, teachers did not discuss ask,
imagine and improve (Cunningham, 2009). Majority of teachers utilized examples or

definitions for testing. One of the teachers reported:
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..... Students can test their proposed solutions only with
engineering design activities, students can only experience this test
with engineering to me. This is a clear distinction from science
instruction.”

These two themes and the codes within the themes reflected the aspects of engineering
design that the teachers were found to have an initial knowledge on. It was revealed
that the teachers had knowledge on only a few of the engineering design concepts and
they were not knowledgeable on engineering design process steps. They were only
aware of a few steps which were, conducting a research, making a prototype, and
testing the design. So having knowledge on only a few steps and concepts of the
engineering design was considered as lower level indicator. However, having
knowledge on more of the steps and concepts of the engineering design was

considered as higher level indicator.

The results of the written assessments together with the literature findings, were
influential in creating the learning progression. Some findings were parallel in both
the literature and the written assessment results. These were directly mentioned in the
learning progression. To summarize, the first version of the learning progression was
based on; a) literature search, b) analysis of written assessments, and c¢) a logical
consideration of proximity to lower and higher levels (Alonzo & Steedle, 2009). The

first version of the learning progression can be observed in Table 31.

4.5. Second Version of the Teacher Learning Progression on Engineering Design

Understanding

Item paneling. During item paneling, the first version of the learning progression was
presented to the panelists. This was followed by questions, comments and a
discussion. And finally panelists agree on some of the recommendations. Through the

process, the researcher took detailed field notes which were summarized below.
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Table 31. First Version of the LP on Engineering Design

More sophisticated understanding

Complex

The engineering design process steps and an engineering design process model are clear

Purpose of each engineering design process phase is clearly understood.

Constraints, criteria, tradeoffs, refinements are clear

Are using accurate scientific evidence in their explanations, and understand the assumptions used to
construct designs, provide rationale for the explanations and existence of each concept/phase.
Compare the potential of different solutions

Can understand complex problems’ relation to issues of global and/or local significance

Can provide examples to design challenges

Intermediate

Can articulate on some of the engineering design process steps

Only has some initial ideas on a few steps of the engineering design process; testing, conducting
research.

Developing a more coherent understanding that engineering design process is made of phases and the
arrangements of these phases related to the success of a design.

Novice

Not grasped the ideas and concepts, need help to start
Articulate their ideas about engineering design process by using prior experiences, observation, not
scientific evidence.

Some concepts such as product and design, use of materials, use of scientific knowledge and their
relation to
engineering design process are clear

Understands engineering design process has phases.

Confusion between scientific method and engineering design process.
Insufficient steps in the engineering design process

No apparent understanding

The participants of the item paneling on teacher understanding of the engineering
design process included experts; PhD students studying on curriculum and instruction
(n = 2), and a professor at a public university in USA experienced on STEM and
engineering design (n = 1). One of the recommendations by the panelists was to put a
separate section on each level that reflects common errors of teachers. This was said

to help better distinguish the levels from each other.

One of the panelists strongly suggested to think this learning progression more of an
explanatory attempt. This meant that it was suggested to keep the levels flexible and
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put as much as information available. It was discussed that with the data analysis of
teacher logs and clinical interviews in the next sections, the learning progression will
eventually turn into an empirically-based form. So the panelists agreed that at this
point, keeping much information at the levels, without much simplification can work
better. This might cause increasing the number of levels, too. Eventually it will be
more simple with data analysis at the implementation of the teacher PD program. To
continue, one of the panelists recommended that a teacher with an advanced
understanding can probably know more than one engineering design process models.
So putting this information in the higher level if the learning progression was
discussed. Another addition agreed upon recommendation was referring to evaluation
of a complete engineering design process model in the levels. The panelists agreed on
the higher difficulty level of being able to understand criteria, constraint, and tradeoff.
They also believed that these engineering design concepts should stay at the higher
levels. Another critical guidance was on stating the name of the engineering design

steps separately within the levels.

A final recommendation highlighted by the panelists was about the implementation of
the teacher logs in the next stage to further collect data and refine the learning
progression. The panelists suggested to implement the easier questions on the teacher
logs at the end of the first day, and implement the more challenging questions on the

teacher logs at the end of the second day.

With guidance taken from the item paneling, the summary of refinements around the
learning progression were noted as: a) containing more detailed information in the
levels, b) putting information on comparison of different engineering design process
levels on the highest level, d) putting information on evaluation of an engineering
design process, €) implementation of the teacher logs on two separate days of the
teacher PD program, and f) attention to problem solving process at the lower level.

Upon these results, the second version of the learning progression can be examined in

Table 32.
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Table 32. Second Version of the LP on Engineering Design

More sophisticated understanding

Mastery

Teacher understands the application of all the engineering design process steps; define problem,
research the problem, develop possible solutions, select the best possible solution, construct a
prototype, test, redesign, and marketing.

Teacher can also understand certain engineering concepts necessary to complete the engineering
design process; criteria, constraints, and how criteria is prioritized with trade-offs.

Teacher can evaluate complete design processes with weaknesses and strengths with regard to
engineering design process steps.

Can compare different engineering design process models (e.g. Cunningham, 2009;
Massachusetts Department of Education, 2006)

Design process is iterative.

Advanced

Teacher recognizes that there are systematic steps of the engineering design process that have
certain names: define problem, research the problem, develop possible solutions, select the best
possible solution, construct a prototype, test, redesign, and marketing.

Teacher can understand more of engineering design process steps beyond problem identification,
prototyping and designing.

Common errors:

Confusion between criteria & constraints and their identification

Problems with identifying and explaining prioritization & trade-offs

Intermediate

Teacher recognizes that engineering design process consists of steps in solving problems and
meeting the needs. However not all steps are understood, there is lack of understanding with
regard to the steps. Teacher may believe that these steps only include problem/need
identification, possible solutions with design and product. Teacher can understand one or two of
the steps.

Mostly teachers are aware of the modeling / prototyping and problem identification steps

Common errors:

Confusion between scientific method and engineering design process. Experiments, observations
and analyzing results are thought of as engineering design process steps

Insufficient steps in the engineering design process

Daily language instead of certain terminology related to engineering design process

Novice

Teacher understands the engineering design process as a problem solving process, a process for
meeting needs. Teacher might recognize the existence of a design during the process.

Teacher believes it is a process where different disciplines collaborate to solve a problem
Teacher believes the process starts with a problem and ends with a design

Common errors
No knowledge on particular steps of the engineering design process.

No apparent understanding

196



4.6. Third Version of the Teacher Learning Progression on Engineering Design

Understanding

Third version of the learning progression was created following the results of the; a)
teacher logs and b) clinical interviews. Data was collected with these two data sources
through the teacher PD program implemented at Phase 2 of the methodology
framework of the study (see Figure 8). In total 30 middle school science teachers
constituted the participants of the teacher PD program. These teachers were selected
based on particular criteria: a) level of participation to STEM and/or engineering
design teacher professional development programs before, b) level of knowledge on
engineering design process, ¢) gender, d) city in Turkey, e) experience in teaching,
and finally f) school type as public or private. The first two criteria were critically
important to have participants who represented different levels of understanding of
the engineering design process. The participant teachers included 10 novice teachers,

10 intermediate teachers, and 10 expert teachers (see Table 9 and Table 10).

The participant teachers completed the teacher logs both at the end of first day and at
the end of the second and the final day. Accounts of all PD participants; 30 teachers
were analyzed. The clinical interviews were conducted with teachers the week
following the completion of the PD program. Data coming from 10 teachers’
interviews following the PD program were analyzed. The data collected with the two
data sources were analyzed to generate the third version of the learning progression.
First the results of the data analysis for teacher logs were presented. This was followed

by the results of the data analysis for clinical interviews.

a. Teacher Logs. First, coding rubrics were developed for each corresponding task
on the teacher logs. The coding rubric for each task included indicators specified for
each achievement level, example responses from the teachers and the particular
differentiations between the above and/or below level(s). These coding rubrics
particular to each task provided elaborated descriptions for the four levels of the

learning progression framework. The relation between the task, the learning
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progression levels, and exemplar responses were presented clearly. The coding rubrics
were composed of four achievement levels as the case for the learning progression.
The lower levels of the coding rubrics were created with the data analysis of accounts
of novice teachers, the middle levels of the rubrics were created with the data analysis
of accounts of intermediate teachers, and finally the higher levels of the rubrics were
created with the data analysis of accounts of expert teachers. Sometimes for example,
responses of expert teachers also helped with the middle levels. So the accounts of
three groups of teachers were examined separately. For novice group teachers,
analysis was made based on nine teachers’ accounts as one teachers’ responses

included many missing parts.

Coding rubric for the first task of the teacher logs

Novice level teachers

The first coding rubric was generated based on the analysis of the responses of
teachers (n = 9) on the first task of the Teacher Logs. The coding rubric for the first
task was presented in Table 33. As another commonality among the low level of
teachers was that, they had confusions between the scientific method and the
engineering design process and the goals of these two (n = 5). This conclusion was
reached by the mistaken placement of teachers for question 4 on this task. As stated,
five of the teachers placed making observations, making experiments as steps of the
engineering design process. Therefore, it was concluded that teachers were not clear
about the steps followed in the engineering design process and distracted by irrelevant
strategies. Although there were also teachers in this group who were very clear about

their distinction.

A point quite confusing for the teachers was their expectation of turning the product
into a technology as one of the steps of the engineering design process. This was
another distractor for Question 4 and it was observed that majority of the teachers
thought of this as a necessary step. An outstanding finding was that almost all of the
teachers (n = 8) could not complete the last five steps of the engineering design model

in Question 4. Only one teacher had these last five steps correctly placed in her model.
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Table 33. Coding Rubric for First Task

Levels Specific level description

Level4 Connection between engineering design process and real life problems is made.
Most steps of the engineering design process model are in order correctly.

Confusions continue to exist on the engineering design steps testing, evaluation,
presenting, and revision.

Level3 Mention of constraints such as quality, usability and feasibility in the engineering
design process model. A new product is revealed or an already existing product
is revised with engineering design process. The order or steps include many
mistakes.

Confusions still with testing, evaluating, revising, presenting and marketing are
missing.

Level2 Engineering design process is a systematic process with certain steps. The order
or steps include many mistakes.
Teachers understand the process is repeated, that is it is iterative.
Confusions with engineering design process model, testing, evaluating, revising,
presenting and marketing are missing

Many mistakes in the order of the engineering design process steps
Level 1 Engineering design process is a problem solving process. A new product is

revealed.

Confusions with scientific method and engineering design process

It was revealed that the lowest level responses did not refer to the engineering design
process with its steps. However, as they depicted on the engineering design model,
they were mostly clear about the beginning steps of the engineering design process,
identification of the problem, conduction research and working on solutions. They
could not complete the engineering design model correctly for the remaining steps.
When it came to the initial steps of the engineering design model, identification of the
problem, conducting research and providing possible solutions, five of the teachers

placed these three steps correctly.

Teachers in this group mentioned the importance of revisions and learning from
mistakes (n = 5). This was interpreted as teachers had some emerging understanding

on the iterative nature of the engineering design process. Almost none of the teachers
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in this group implicitly or explicitly mentioned critical concepts related to the
engineering design process; criteria, constraints and tradeoffs. Still it was detected that
five of the teachers had responses including the systematic nature of engineering

design that follows certain steps.

Intermediate level teachers

Next the accounts of the teachers that belonged to the intermediate level of
understanding were examined. One of the remarkable common point was the mention
of revision, improvement, and/refinement of an existing product (n = 6). So it was
recognized that teachers’ accounts focused on moving in the engineering design cycle
more than one time in order to revise a product. This was a distinction from the lower
levels in that, there was not mention of working on the engineering design process
multiple times for revisions on the products. Teachers seemed aware that one can
move flexibly with the engineering design process (n = 7). This was interpreted as
teachers’ emerging understanding on the nonlinearity of engineering design which is

a critical distinction from the scientific method.

The most commonly used phrase in these accounts was “refinement” (n = 3). This
was also evident in their comments on learning from mistakes as commented by one
of the teachers. Teachers seemed clear about starting the engineering design process
with an already existing product to make refinements. Teachers were still found to be
confused with the final steps of the engineering design process. Almost all teachers (n
= 9) were confused with the steps from four to eight. Only one of the teachers correctly

filled in these steps.

Majority of the teachers (n = 8) did not place any scientific method related distractors
in their engineering design models. Still one of them put making observations and the
other one out making experiments in their models. To continue, five of the teachers
put “collaboration of disciplines” as one of the engineering design process steps in
their model. The collaboration of disciplines is critical for engineering design process

however it is not one of the steps in the model. Another commonality was about
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the order of the steps. Teachers in this group had more number of correctly ordered
steps compared to the lower understanding group. But still, teachers seemed confused

about putting the engineering design steps in the correct order.

A differentiating point for this group of teachers was their implicit mention of
engineering design concept; constraints (n = 5). Teachers started giving examples to
constraints which can be listed as money, functionality, usability. In total, two of the
teachers made a connection between engineering design process and real life
problems, and bringing solutions to impact daily life. Their statements can be reported
as; “solutions to daily life problems”, and “identification of problems with needs of

the current time”

Expert level teachers
According to the accounts of teachers, half them discussed the connection of
engineering design process with real life problems. Some of the phrases teachers

reported in relation to this point were:

“problems in the nature, responding to needs of individuals,
solutions to make life easier, realistic needs

Another commonalty was the mention tradeoff strategy by the teachers (n = 5).
Teachers were examined to use almost the same phrase as they discussed this

strategy in their written responses:

“best solutions with least amount of materials, maximum
efficiency with minimum price..”

So teachers were revealed not to produce alternative understanding on the tradeoff
strategy. Teachers at this level were also confused about the last three steps of the
engineering design process (n = 7). Teachers were revealed to realize the goal of
engineering design process as both solving problems and meeting needs together (n =
5). This was a clear distinction from the intermediate and the lower levels. For the

high understanding group of teachers, it was found out that mostly did not have
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mistaken order of steps in their engineering design process models. None of the had
any scientific method process steps in their models. In total four of the teachers
mentioned the engineering design process as a systematic process with clear steps.

A critical finding was that five of the teachers mentioned the significance of

presentation and marketing after the emergence of a product.

Coding rubric for the second task of the teacher logs

The first coding rubric was generated based on the analysis of the responses of
teachers on the first task of the Teacher Logs. The coding rubric for the second task

was presented in Table 34.

Novice level teachers

With respect to the second task of the written assessments, half of the teachers (n = 5)
that belonged to the lower level of understanding used many irrelevant steps as part
of the engineering design process. Some of these irrelevant steps they mentioned in

their engineering design process steps were:

“research......... , innovation, identifying general characteristics,
pre-test and post-test, relating”

Majority of teachers in this group (n = 6) were found to start their engineering design
process with the correct step that is the identification of problems. Although these
teachers mentioned many of the remaining steps in describing the engineering design
process, one of the teachers only wrote two steps in total; identification of the problem

and solving the problem, which is incorrect and incomplete.
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Table 34. Coding Rubric for Second Task

Levels

Specific level description

Level4

Level3

Level2

Level 1

No mention of irrelevant or incorrect steps in engineering design process steps
description

Only few errors in order of the steps. Correct understanding of almost all
engineering

design process steps.

Correct definitions and examples to both concepts

Variety in examples of criteria and constraints. Examples include engineering
design

challenges they were exposed to.

Correct understanding of more than the first two steps of the engineering
design process.

Still some of the steps are missing.

Less mistakes in the order of the steps. Number of mistakes are less than three.

Correct definitions for both concepts. Correct example for at least one.
Example for constraints limited to budget.

Correct understanding of the first step of the engineering design; problem
identification and

providing multiple solutions. Many mistakes regarding the order of the steps.

Incorrect steps do not include any irrelevant strategies
Mention of irrelevant strategies within the engineering design process steps.

Correct understanding of the first step of the engineering design; problem
identification.
Rest of the steps are mostly missing.

No correct definitions and examples for engineering design concepts;
constraints and
criteria

Among this group of teachers, two of them confused scientific method again as they
described the engineering design process. This was evident in their mentioning of
“hypothesis, experimenting, and scientific process”. When it comes to Question 7 and
Question 8 in the second task, the teachers in this group had much difficulty in
providing correct responses (n = 7). In total seven of the teachers could not provide
any correct definition for both “criteria” and “constraints”. For one of these teachers,

he only tried to define “constraint” as “limitation” which is only paraphrasing with

203



one simple word. For four of the teachers they could provide correct examples for
criteria and constraints both. One of them provided really good definitions and also

examples to both concepts:

“constraints are the limitations/barriers during design process,
whereas criteria are the thinkgs that needs to be met, the basic factors to
include. Consraints can be examplified with budget, and the criteria can
be examplified with the design producing energy.

As one last point for teachers in this group, overall they had many missing steps in
their engineering design process steps descriptions, even for the ones who had a few

correct steps. Example descriptions of the engineering design process steps for

Question 2 and Question 3 were illustrated by the following responses:

“the goal of the engineering design process is bringing about a
new product. The steps of the engineering design process are
hyphothesizing, identification of the problem, finding to steps to solve the
problem, and designing the product..

“The steps of the engineering design process are, identification
of the problem, bringing alternative solutions, and trying the feasibility
of solutions

Intermediate level teachers

The written responses of this group for the second task revealed that most of them
have an understanding of the first two steps of the engineering design process (n = 6);
identification of the problem and providing multiple solutions. In addition, five of the
teachers included ‘conducting research’ as one of the steps of their engineering design
process descriptions which was correct. Differentiating from the lower level of
teachers, this group seemed not to include any irrelevant strategies in their engineering
design process steps descriptions. Again most teachers (n = 7) were found to include
incorrect steps but the difference was that these steps were not irrelevant to the
engineering design process. Some of the phrases teachers mistakenly used were
interdisciplinary approach to problems, and production. Although these were included

incorrectly in the engineering design process, they were not irrelevant but related to
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the engineering design process. For the teachers in this group, it was recognized that
there was an increase in the number of the steps they could correctly put in their
engineering design process. However, they had many mistakes in the order of their

steps.

For the engineering design concepts; criteria and constraints, two of the teachers had
correct definitions for both. To continue, four of the teachers had at least one of these
concepts correctly defined. For the examples they provided for these concepts, three
of them could give correct examples to both and six of them provided a correct

example to at least one of the concepts. Below were two examples from responses:

“examples to constraints budget and the criteria is lifting the load
in the wind turbine design”

“for the design of a product, for economical purposes or for
accessibility purposes, there should be limitations. So that a need is met.
The constraints can be a machine to meet the needs, and the criteria can
be a product that the cost will not exceed 1 million.......

It can be interpreted that the two teachers seemed to be successful in providing
examples to criteria and constraints and they could distinguish between the two. Their
examples did not include a great variety mostly limited. For the teachers in this group,
it was observed that they were poor in producing alternative examples to constraints.
Almost all of them had money, and/budget in their examples. Although two of the

teachers could provide a variety by responding: time, labor and total energy.

Expert level teachers

For the last group of teachers on the second task, the most remarkable finding was that
none of them had any irrelevant or incorrect steps in their engineering design process
steps description for Question 2 and Question 3. However, they still had incomplete
number of steps and there were mistakes in the order of the steps. But the wrong order
depiction only appeared in three of the teachers’ depictions. The steps that mostly got

correctly written were identification of the problem, conducting research, presentation
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of multiple solutions and drawing a prototype and/or drawing a model. All these four
correct steps were included in majority of teachers’ descriptions (n = 6). An example

teacher response for Question 2 and Question 3 were provided below respectively:

“the engineering design process is composed of the steps;
identification of problem or the needs to meet, identification of possible
solutions, drawing the design, choosing the best possible solution,
creating the design, testing, revising the weak points of design, and
presenting the design.

“first the problem or the need will be identified. Then there is
brainstorming based on needs and choose best solution among
alternative solutions. Next there is planning and drawing/sketching. Then
the weak parts are revised, and testing that can result in a new prototype.
then the design is presented.

Another important finding was that more than half of the teachers (n = 6) mentioned
the goal of engineering design process as both solving a problem and addressing or
meeting a need. Teachers in this group were found to have an emerging understanding

of the engineering design steps presenting, marketing and making revisions.

For the definitions of the concepts for Question 5 and Question 6, four of the teachers
had correct definitions to both. To continue, majority of teachers (n = 7) could give
correct examples to both. It was recognized that teachers could provide a variety of
examples, without being limited to budget for constraint. Many of them provided
examples from the engineering design challenges, so they could address their prior
experience in giving examples. Two examples from teachers’ responses were given

below; first for Question 5 and then for Question 6:

..... constraints is the limitations that I need to use in terms of
materials, time, things I have available to solve the problem.....

...... constraints can be material and time. Constraints can be the
performance of our wind turbine first for the light load and then fort he
heavy load.
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“constraints mean the things I need to use to solve the problem.
Criteria can be examplified by the turning performance of our wind
turbine.

....constraints can be material, time and budget. The criteria can
be the turning of the wind turbine for both the light and the heavy load....

Coding Rubric for the third task of the teacher logs

The preparation of the coding rubric and analysis of data for this task showed that, the
data was too spread. This meant that, it was a little challenging to locate commonalities
between teachers to summarize and present. Still, a few common points were revealed
following the calculation of the frequencies. The coding rubric for the third task was

presented in Table 35.

Novice level teachers

While evaluating complete engineering design processes which was elaborated on
with the third task, teachers seemed to discuss paying attention to budget and creating
a realistic solution, drawing a prototype, and learning from mistakes. All of these
aspects were evident in evaluations of more than half of the teachers (n = 6). So
teachers in this group were found to make evaluations based on a limited number of
aspects of the engineering design process. Teachers could not explicitly state criteria
or constraints but they could name them as factors and discussed them (n = 6). One
of the teachers implicitly discussed a tradeoff strategy they implemented. Teachers
were noticed to use a daily language as they evaluated design processes instead of

particular terminologies of the engineering design process (n = 5).

Intermediate level teachers

There were found to be more aspects of the engineering design process teachers
discussed in their teacher logs. The similar points were; providing multiple solutions,
drawing prototype, identification of problem and conducting research (n = 6), learning
from mistakes and testing that were located on majority of the teachers’ accounts (n =

5).
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High level teachers

There were many accounts of teachers as they evaluated their own engineering design
performance. The similar points were; drawing a prototype, identification of problem
properly, making revisions, and mention of criteria and constraints that was a
differentiating point from the lower levels. A few of the teachers (n =3) talked

explicitly about tradeoff strategy they followed.

Table 35. Coding Rubric for the Third Task

Levels Specific level description

Level4 More edp steps are discussed as evaluations are made; including revisions,
criteria and constraints

Level3 Can use proper particular language as in evaluation of design processes.

More edh steps are discussed as evaluations are made

Level2 Starts using proper particular language.

Can evaluate complete design processes on providing multiple solutions,
drawing prototype, identification of problem and conducting research,
testing. Can not make any evaluations based on revisions to design.

Level 1 Use of daily language instead of particular terminologies for edp steps and
concepts

Comprehensive coding rubric (see Table 36) was generated based on the data analysis
of the three tasks of the teacher logs. There were three main aspects of engineering
design process on this rubric: a) overall engineering design process; goals, features,
and model, b) engineering design process steps, and related concepts, and finally c)
evaluation of a complete engineering design process. As the three coding rubrics
explained above were examined, commonalities were found between coding rubric of
Task 1 and the coding rubric of Task 2. As these commonalities were examined, they
were first separated then combined under the first two aspects of engineering design
process; a) overall engineering design process; goals, features, and model, and b)
engineering design process steps, and related concepts. The third aspect evaluation of
a complete engineering design process wad directly taken from the coding rubric for
Task 3 on teacher logs. The next step was to finalize the third version of the learning

progression was to analyze the clinical interview data.
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b. Clinical interviews. Clinical interview transcripts were analyzed firstly in order to
refine the comprehensive coding rubric on Table 36. This refined version of the
comprehensive coding rubric helped to create the third version of the learning

progression on engineering design process understanding.

The analysis of clinical interview data began with multiple careful examination of the
interview transcripts. These examinations were completed by critically following the
comprehensive coding rubric in Table 36 as well. So Table 36 served as a codebook
for analysis of clinical interviews. Some new codes emerged some of which existed on
the comprehensive rubric and some of them did not. They were illustrated in Table 37.
The calculations were based on number of teachers again instead of number of codes

appearing.

Table 37. List of Emerging Codes for Clinical Interview Data

List of emerging codes

Relation of problem identification to conducting research (first two steps of edp)
Explaining criteria and constraints together or with daily language

Description of edp steps problem identification, conducting research and prototype
Group work and brainstorming

More irrelevant strategies as edp steps (e.g. material use, learn from mistakes)
Description of edp steps marketing, revision, presentation

Identification on one solution among many by considering criteria and constraints
Edp for both problem solving and meeting needs

Iteration in two senses; having more than one cycle and revising various steps
Edp model as linear or cyclical

Real life examples to edp problems

Differentiation/confusion between science-engineering-edp-scientific method

Use daily language
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Following the identification of the emerging codes presented in Table 35, the clinical
interview transcripts were scanned several times. An experienced researcher in
examination of qualitative data and engineering design process helped the researcher
to code the data and reach a final comprehensive coding rubric. According to the
results, majority of the teachers (n = 6) understood the goal of engineering design

process as to both solve problems and meet needs.

When it comes to the critical concepts of the engineering design process; criteria,
constraints and tradeoffs, the differentiations between teachers can be reported as the
following. Some of the teachers (n = 4) could exemplify these concepts correctly. One
of the teachers explained the relation of criteria and constraints; thus tradeoffs very

well.:

..... it depends on the problem and the process. At one point a
criteria can be a constraints and vice versa. For example if we have
limited budget and we need to be careful then, money is a constraint.
However if we have unlimited money then it is not a constraint any more.
We decide what is most critical for us and seek for a balance between
criteria and constraints... ... "

As in the comprehensive rubric of teacher logs, some teachers could not define or
provide any examples to criteria and constraints, whereas some of them could do both,
or succeeded partially. A different finding then the teacher logs was the implicit
emphasis on these concepts, which might be called educated guess of use of daily
language. For example, one of the teachers was very successful in discussing tradeoff
strategy with a daily life example. However, he could not talk about this strategy in
relation to the engineering design process. He gave the following example, which was

considered

As the case for teacher logs, teachers mostly talked about budget as en example to

constraints however they also discussed time frequently (n = 6). Teachers could
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provide a variety examples for criteria and constraints; being friendly to nature, human

labor (number of people in the team), and durableness.

“...the rock we throw should be worth the duck we scare...we can
sacrifice from some things whereas not the others...

When the engineering design models of teachers were examined, a similar finding with
the teacher logs were found. For some teachers (n = 3), the design process was drawn
with all correct steps, for some they included irrelevant strategies (n = 4), and for some
there were no irrelevant steps, but the design process was incomplete (n = 3). Some of
the irrelevant strategies that teachers put in their engineering design process model as
if they were steps included learning from mistakes, trial and error, feedback and
selection of materials. Especially the last one, selection of materials was found in three

of the teachers’ engineering design process model.

For explanation of the engineering design process steps, similar to teacher logs, some
teachers could explain multiple steps correctly. Some could provide very different
examples for each step, in addition to describing the role of the step. The steps that
were explained by almost all teachers (n = 8) were problem identification, conducting
research, and making a prototype. Teachers were found to have confusions explaining
the steps; evaluate, make revisions, present and market (n = 5). These steps were found

challenging to discuss in both the teacher logs and clinical interviews.

Teachers seemed clear about the iterative nature of the engineering design process (n
= 7). As a striking finding, they could also talk about this iterative nature in two
different aspects (n = 5). One aspect was about the cyclical nature of the process in
general and the second aspect was about revising different steps of the engineering
design process as needed. The second aspect that was mentioned by five of the teachers
was that whenever needed, one could revisit several steps. One of the teachers

explained:
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“....after I test the product, I an go back to some of the steps, for
example I can go back to the several solutions I had created and go over
them......this is different than going back to the first step; problem
solving following the revisions....

Teachers reflected the iterative nature of the design process on their models as well.
There were teachers who drew a linear model of the engineering design process (n =
3).

Another point of interest was about the relationship between engineering and real life.
This was reflected in six of the teachers’ transcripts. Some aspects of this relationship
was expressed as use of knowledge from other disciplines especially science and math,
awareness of an audience and end users, contribution of the engineering design process

to the improvement of the society.

Confusion between scientific method and the engineering design process was evident
in five of the teachers’ accounts. One teacher put the steps; analysis, synthesis and
construction of hypothesis in her model and she used these as she explained the
engineering design process

“....first in the analysis step. I go over and examine my materials.
Then I make some synthesis to understand what my mistake is...

As teachers evaluated complete design processes in they mostly talked about the
engineering design process steps; identification of problem (n = 5), conducting
research (n = 6), drawing a prototype (n = 5) and finally making revisions (n = 5).
Teachers were not successful in making evaluations based on how certain criteria and

constrains were considered and tradeoff strategy was applied.

As result of these multiple scanning, coding, and discussions with the external
researcher, a final comprehensive coding rubric was generated that was provided in
Table 38. To sum up, the clinical interview data was analyzed that resulted in a revised
version of the comprehensive coding rubric. Later this final comprehensive rubric was

compared with the second version of the learning progression that was presented in
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Table 32. There points that confirmed each other, and also points that included
variation. Because the learning progression with levels depicted mainly the participant
teachers of the teacher PD program, and also for validation purposes, the results
achieved with analysis of teacher logs and clinical interviews was given priority. Still
the second version of the learning progression was critically important in that it both
guided the preparation of the teacher PD program content and also the overall skeleton

of the learning progression.

This third version of the learning progression that was created with attention to the
second version and the comprehensive rubric (see Table 38) can be examined in Table
39. This third version of the learning progression differentiated from the second
version mainly in the following aspects. Firstly, the third version included three
aspects of the engineering design process. Because the data revealed that the
sophistication in the understanding of engineering design process should cover
multiple aspects. So a learning progression with three aspects was generated which
were: a) overall engineering design process, goals, features, and model, b) engineering
design process steps and related concepts, and ¢) evaluation of a complete engineering
design process. These aspects can be referred to as “trends of progress” (Jin et al.,
2013, p. 1676) where each were described by using d data and presentation of ideas.
Each trend of progress included four levels. This detailed version of the learning
progression helped to better demonstrate the movement from a novice understanding
of engineering design to a mastery level understanding (Jin et al., 2013; Mohan et al.,

2009).
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Another point was that in the second version, it was expected that teachers at higher
levels would understand and discuss different models of the engineering design
process model as they were elaborated on in the PD program as well. However,
teachers could not express ideas on different models, their similarities and differences.
For the third version, this part was removed. To continue, in the second version, the
fact that teachers could also differentiate on whether they can make connections with
real life and engineering design/engineering practices was not focused on. However,
as data was examined, it was revealed that as teachers got more sophisticated in their
understanding, they could make such connections. These connections were reflected
as awareness of end users, contribution to society, and use knowledge of other

disciplines in the learning progression.

About engineering design process related concepts, in the third version, it was revealed
that as understanding gets more sophisticated, teachers start describing criteria, and
constraints with their own design process examples, in addition to listing examples for
both. Again the third version demonstrated that teachers can exemplify these concepts
using the same examples; money (e.g. budget) mostly. However, as teachers increased
in levels, they start to mention a variety, such as being friendly to nature, and

durableness.

Chapter 4; Results presented the findings of the study under two main sections: a)
development of a learning progression and survey on teacher attitudes, and b)
development of a learning progression on teacher understanding of the engineering
design process. Under each section, findings leading towards the first, second, and
third versions of the two learning progressions were presented. Each section included
separate data analysis results that were in line with the methodology framework of the
study presented in Table 4. The results of the data analysis included literature search,
written assessments, cognitive interviews, item paneling, survey on teacher attitudes,

teacher logs and finally clinical interviews.
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CHAPTER 5

DISCUSSION

The conclusions and recommendations based on the results of the study were reported
in two sections; a) the teacher learning progression and its associated survey on
teacher attitudes, b) the teacher learning progression on teachers’ understanding of
the engineering design process, both in relation to the teacher PD program
implemented at the Phase 2 of the methodology framework (see Figure 8). These two
sections reflected the two research questions of the study aiming towards developing

the two learning progressions.

5.1. Teacher Learning Progression and Survey on Attitudes

For the development of the first version of the learning progression, a literature
search, and data collection with written assessments were completed. The second
version of the learning progression and the survey on teacher attitudes were put forth
following both an item paneling and data collection with cognitive interviews. This
was followed by the delivery of a teacher PD program. The third version of the
learning progression on teacher attitudes (see Table 26) was created with the analysis
of the data collected with the survey; “Science Teachers’ Attitudes towards K-12
Engineering Education Survey”. The development of an associated survey with the
learning progression was critical since the assessment items aligned with the learning
progressions can show the place of the respondents along a continuum. The overall

findings were discussed in light of the literature.
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The learning progression was constructed to have five levels, ranging from highly
negative attitude to highly positive attitude. Likewise, the survey items had a response
scale to have a variance in options and in attitude levels; ranging from strongly
disagree (1) to strongly agree (5). Data analysis was completed based on Rash

analysis following the Partial Credit Model (Zheng, 2016). The results revealed
information on the reliability and validity estimates, item difficulties and misfit items.
The most essential finding was concerned with the empirical alignment between the
survey items and the levels of the learning progression from the lowest level; resistant
to the highest level; advocate. It was revealed that the spectrum of the items; the item
difficulty was not sufficient enough to cover for the teachers; the variety in teachers’
endorsement levels. The insufficiency in this alignment can be exemplified over an
achievement test where there were so many easy questions and respondents

accumulated at the top level. Results showed an accumulation on the top levels.

The results were different than the surveys developed by Mahat (2008) and Nguyen
and Griffin (2012) in covering the attitudes where the authors also construct modeling
measurement framework. In these studies, the respondents showed a normal
distribution where they accumulated in the middle levels of the learning progression.
However, in the current study the items did not cover teacher attitudes properly.
Teachers were high above the items which addressed the fact that it was easy for
teachers to agree with the majority of the items. A point of attention was that the two
studies mentioned above did not work on attitudes towards a new approach or a
perspective such as engineering in education (MoNE, 2017; NGSS Lead States, 2013;
NRC, 2012) rather they worked on attitudes towards an object already common to the
participants were measured. So it might be the case that, in these two studies, the
respondents had varying degrees of experience on the subject which resulted in a
variety in their responses. However, for the current study, the subject of attitude;
engineering education and integration of engineering is new and exciting to teachers.
Although teaches were selected to the PD program based on different experiences on
engineering, still even the most experienced teacher can be considered novice,

because engineering practices is still very recent in especially the Turkish context
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(MoNE, 2016). The new draft middle school science curriculum introduced by the
Ministry of Education in early 2017 (MoNE, 2017), covered a on engineering
concepts and engineering design principles from grade level four to grade level eight.
When it comes to the successful classroom implementation of engineering practices
it is influenced by characteristics of STEM teachers as well (Corlu et al., 2014).
Taking these points into consideration, teachers not having much experience with
engineering might have caused a surface level of thinking on the items, where most
items seemed appealing and they could not reflect their true attitudes because they

did not have much experience in real classroom environment.

To reach a successful distribution and a variety in respondents’ scores and thus a
strong empirical alignment between the learning progression and the items is critical
in two senses. Firstly, the empirical alignment between the survey items and the
learning progression is an evidence for construct validity of the learning progression
(Wilson, 2005). Second of all, it signifies that the survey does not appeal to or is not
informative of the teachers who have highly positive attitudes which will limit its
future use. In the current study, it might be the case that teachers have approached the
items mostly positively integration of engineering appealed to them as a very recent
initiative. PD programs are influential in shaping teachers’ attitudes towards positive
attitudes on new pedagogies; inclusion (Male, 2011), technology integration
(Overbough et al., 2015), inquiry-based science education (Kapanadze et al., 2015).
Because, teachers don’t have any experience with engineering in terms of
implementing in class, maybe every aspect of engineering sounded attracting to them.
It is also noteworthy that it is a challenging process to change attitudes which takes
time (Grossman, Onkol, & Sands, 2007). Maybe if the same teachers are followed-
up in time, as they implement engineering design activities in their classes, they may
give different responses to the items. Table 2 presented that many of the teacher PD
programs on K-12 engineering preferred to include a follow-up where teachers
implement engineering activities in their classes. This way, teacher PD programs
were extended beyond the face-to-face workshop (Nadelson et al., 2015). Teachers

can practice integrating engineering in such follow-ups (Cunningham et al., 2007)
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and after that, data on their attitudes can be collected again. Implementation of an

instrument on attitudes right after the teacher PD program might have caused the

teachers to tend to agree with majority of the items. Such follow-ups can help teachers
not only learning engineering but also implementing it successfully in their classes
(Hynes & Santos, 2007). The follow-up can include teachers’ implementing
engineering activities in their classrooms and receiving feedback on their
implementations. A follow-up might enable teachers to experience implementing
engineering in a real classroom context with their students. Teachers might need to
become involved in their beliefs and attitudes to be shaped. Changes in teachers’

behavior is effective in shaping teachers’ attitudes (Hew & Cheung, 2014).

Another point of attention supported the above reached conclusions about the effect
of teachers not having sufficient experience on engineering to reflect their true
attitudes. It was observed that when teacher responses collected before their
participation to the teacher PD program was statistically examined, teachers were
better represented by the item set. However, the responses both collected before and
after the PD program was statistically examined, the representation of the items was
less sufficient. It might be inferred that teachers’ attitudes increased positively with
participating to the teacher PD program since PD programs are effective in changing
attitudes (Davidson, Jensen, Klieme, Vieluf, & Baler, 2009). The role of teacher PD
programs in influencing attitudes positively was evidenced in the literature (Al Salami
et al., 2015; Martin et al., 2015; Yoon et al., 2013). Another point related to the PD
program might have been that the presentation of the engineering design activities
seemed too idealistic. If discussions have taken place during the teacher PD on the
implementation of the engineering design activities in class where teachers could
reflect on their genuine experience with engineering. The challenges that teachers
face in real learning and teaching environments are related to their attitudes (Chung
et al., 2015). Even though the PD program presented teachers with opportunities to

learn about engineering practices, it might be the case that this experience directly
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resulted in highly positive attitudes in the case of the survey used to collect data.
Maybe the teachers could not find the time to reflect on what they had learnt in the
PD program yet. So again, the survey can be administered once again in near future
where teachers probably implemented some engineering activities in their classes;

gained experience, and had time to think about that they learnt.

It is important to clarify that the goal was not to avoid teachers with highly positive
attitudes. Because the goal of the study was to develop a learning progression with its
associated instrument, for validation purposes, the alignment between the learning
progression and the survey was critical. In light of the results of the study, it was
revealed that teachers were not distributed well to levels which signified a poor
alignment. This meant that the items were very easy to agree with; the survey lacked
items that were harder to agree for teachers which would place them into lower levels
of the learning progression as well. When the studies who were successful in
capturing a high-quality empirical alignment between their learning progression and
its associated instrument were examined (e.g. Alonzo & Steedle, 2009; Jin et al.,
2015; Wang et al., 2015) important conclusions can be reached. First the instruments
associated with the learning progression included items that captured the ability level
of respondents; which is attitude for the current study. Therefore, the items ranging
from easy to agree to harder to agree is critical rather than having a majority of easy
to agree items. This was one of the conclusions reached for the current study.
Teachers especially could not be separated sufficiently, in other words items that were
not successful in distinguishing between attitude levels were on interest and
motivation to learn about engineering practices and integration of engineering, and
contribution of engineering to development of students and improvement of society.
The future version of the survey needs a careful consideration in having harder to
agree items on these aspects in particular. Example studies on learning progressions
either used large sample sizes (Duncan et al., 2016; Todd & Kenyon, 2015) or

conducted more than one cycle of data collection and analysis. The current study
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employed one cycle of research that consisted of three phases (see Figure 7). The
results of the current study showing a poor distribution of teachers might be

influenced by sample size and that only a single Rasch analysis was conducted.

When the framework for analysis of teacher practices and beliefs (Davidson et al.,
2009) was examined which included teacher attitudes as well, it was noticed that
teacher attitudes are first formed in consideration to teacher background; prior
education and experiences. Later, the newly emerging beliefs, and attitudes are
shaped in relation to student background, teacher background, classroom-level
environment, and school-level environment. Teachers’ professional activities such as
participation to professional trainings and experiences are also critical at this point.
Later as teachers observe effect on student learning and on other student outcomes,
their overall beliefs and attitudes are shaped. This point was elaborated in the attitude
change model by Kelman (1958) that included three stages to explain the change in
attitudes; 1) compliance, 2) identification, and 3) internalization. For for the current
study, it can first be concluded that teachers had an emerging belief and attitude
towards engineering before participating to the PD program. With the teacher PD
program, they had chance to shape their attitudes with the things they learnt.
Currently, in line with the two models exemplified, teachers might benefit from
observing the effectiveness of engineering for their students, and they need to see
what they learning in the PD program in relation to their school and classroom
environment. Therefore, the administration of the survey following the PD program
might present useful results, however in order to get a better picture of teachers’
attitudes, their having experiences with engineering in their school context is
critically important. As de Souza Barros and Elia (1997) illustrated in their teacher
attitude model, although pre-service teacher programs and PD programs have a role
in shaping teachers’ attitudes, teacher competencies, together with the school and

society are also vital.

In particular, items on implementation or teaching of engineering were relatively

more successful in creating a variety in responses and thus increasing the validity of
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the learning progression. These findings pointed to the fact that different aspects of
teacher attitudes related to actual classroom teaching and implementation can be
highlighted more in the survey items. In line with these findings new items were

added to the final version of the survey on attitudes that included enjoyment in
teaching (Lachapelle et al., 2014), attitudes towards teaching (Van Aalderen-Smeets
& Van Der Molen, 2013; Yu et al., 2012), and outcome expectancy (Hart & Laher,
2015) since teachers’ expectancy of performance can also be an important component
of attitudes (Ifenthaler & Schweinbenz, 2013). Other aspects that can be elaborated
on might include teacher confidence (Hynes & Santos, 2007; Klein, 2009), and
teacher comfort (Cunningham et al., 2007; Diefes-Dux, 2015). According to Rink and
Stewart (2003), teachers who believe in their level of teaching are confident about it
are more ready to implement new things. The items could include points on perceived
usefulness of engineering referring specifically to its teaching methods, how it can
exist with other current instructional methods (Hart & Laher, 2015), and when to

teach engineering (Lachapelle et al., 2014).

Teachers’ attitudes can also be reflected in their comfort in teaching engineering in
order to have a better distribution of responses. Teachers’ level of comfort in might
be an important distinguisher that can be included in investigation of teachers,
attitudes towards K-12 engineering education. Confidence about teaching a subject
content (McCullouch, 2016) is another aspect of teacher attitudes that might make the
respondent teachers think harder on the item and thus make the item more difficult to
agree with. When teachers have experience on basic engineering principles and
methods, they can increase self-confidence on teaching engineering concepts and
engineering design process (Goodale, 2013). Teacher attitudes might include teacher
perceptions (Baker et al., 2007; Iskander et al., 2010; Poole et al., 2001), and teacher
satisfaction (Yoon et al., 2013) as well. To sum up, inclusion of these different aspects
of teacher attitudes that can be referred to as job-related attitudes such as self-efficacy;
teachers’ beliefs regarding their effectiveness (Davidson et al., 2009) to the learning
progression and the survey items can help to increase their quality and validity. Such

aspects were highlighted in other teacher attitude surveys; attitudes towards teaching
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(Yu et al., 2012), familiarity with teaching (Yasar et al., 2006), motivation towards
preparing and implementing engineering practices in class, and enjoyment in teaching
engineering (Faber et al., 2013; Nadelson et al., 2013). Exposure to the work of
engineers is an influential factor in shifting teachers’ perspectives and attitudes
positively towards and engineering and also STEM (Nadelson et al., 2013). The PD
program that teachers participated in included engineers who took part in; a) a panel
where they discussed their discipline and the work they do, b) an introductory
presentation on nature of engineering, and the work of engineers, and c) giving
feedback on the design process and on final designs. These three parts were included
in the program due to the benefits collaborating with engineers for teachers (Moskal
et al., 2007; Nugent et al., 2010, Winn et al., 2009). This collaboration might have a
role in explaining teachers high level of positive attitudes. Therefore, it might be a
better idea either to use the same survey in a PD where work of engineers is not that

emphasized, or modify the items and test them again

The development and validation of the teacher learning progression on attitudes
followed the construct modeling measurement framework (Wilson, 2005) to analyze
data and reveal the empirical alignment between the learning progression levels and
the items in the survey. Although the development and and validation procedures of
learning progressions include variety, following the construct modeling framework
presented a systematic approach. Developing an associated instrument with the
learning progression; that is aligned with the levels of the learning progression and
later conducting Rasch analysis (Lee & Liu, 2010; van Rijn et al., 2014) are critical
ways of validating the learning progressions (Alonzo & Steedle, 2009; Nguyen &
Griffin, 2012). The current study employed the two strategies which is important for
validity and reliability purposes. However, using the PD program as a context in
addition to the two validation methods might have not contributed much to the results.
Future studies might test the learning progression and the survey on teachers not

necessarily participating to the teacher PD program.
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The structure of the learning progression was more comprehensive compared to other
developed learning progressions which were called as construct maps on attitudes
(Mahat, 2008; Nguyen & Griffin, 2012). In these learning progressions on attitudes,
the levels did not include any explanation regarding teachers’ attitudes belonging to
that level. Instead, the construct map only was shown with decreasing and increasing
arrows depicting an increase and decrease in attitudes. In that sense, especially with
the third version of the learning progression, an alternative demonstration to learning
progressions on attitudes was proposed which made level descriptions clear. This
made the levels similar to learning progressions developed on variables other than
attitude such as understanding of biodiversity (Songer et al., 2009) and mapping
chemistry understanding (Claesgens, Scalise, Wilson, & Stacy, 2009) that included

detail in level characteristics.

In the third version of the learning progression on attitudes, with regard to all issues
discussed, the refinements made to generate the third version of the learning
progression can be summarized as; a) keeping the number of levels to three for the
aspects; interest and motivation to learn about engineering practices and integration
of engineering, and contribution of engineering to development of students and
improvement of society, and b) keeping the number of levels at five for interest and
motivation to improve oneself professionally and motivation towards preparing and
implementing engineering practices in class. The refinements to create the final
version of the survey were listed as In line with the results of the data analysis and
the third version of the learning progression, the refinements to the survey to create
its final version were: a) deletion of the unsuccessfully performing items, b)
refinements in the outcome space; scoring of items, ¢) addition of more items on
aspects of teacher attitudes that reflected teaching, and on teachers’ professional

development and d) addition of Guttman type items
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5.2.Teacher Learning Progression on Engineering Design Understanding

For the refinement and validation of the teacher learning progression on
understanding of the engineering design process, implementation of a teacher PD
program (Jin et al., 2013; Songer et al., 2009), and collection of empirical evidence
from the participants of the teacher PD program (Jin et al., 2013; Mohan et al., 2009)
were leading. The third version of the learning progression on teacher understanding
(see Table 39) was generated with the analysis of data collected with teacher logs and
clinical interviews. The first and second versions of the learning progression were
created with data collection and analysis of literature search, written assessments, and

item paneling.

To begin with, the development and validation of the learning progression was
considered explanatory as was the case for Breslyn et al. (2016). This meant that the
current study did not develop an instrument associated with the learning progression
levels and a large sample size was not included. The efforts were towards laying out
what understanding of the engineering design process from novice to more
sophisticated might look like; which was similar to a pilot study. Similarly, the study
by Claesgens et al. (2009) used open-ended questions to map students along a
continuum of chemistry understanding. Their learning progressions included five
levels and with the scoring rubric they prepared, students responses to the open-ended
questions could be scored accordingly and placed to levels. The further validation of
the levels can be completed with larger samples sizes or with new delivery of the PD

program to other teachers so that the levels are validated.

When the third version of the learning progression was compared with its first and
second versions, critical findings were revealed. The main refinement in the learning
progression was that it was revised to include three aspects, or “trends of progress”
(Jin et al., 2013, p. 1676) of the engineering design process. These were: a) overall
engineering design process, goals, features, and model, b) engineering design process

steps and related concepts, and c) evaluation of a complete engineering design
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process. The learning progression proposed four levels which were novice,
intermediate, advanced, and mastery level of understanding. The novice level
represented the lower level or the lower anchor of the learning progression. The
mastery level represented the highest level of understanding which can also be
referred to as the upper anchor. For each of the three aspects, how understanding
could evolve from novice to more sophisticated was documented based on both the
existing literature and empirical data collected and analyzed throughout the study.
There are similar learning progressions on understanding that presented more than
one progress variable, or aspect such as; Claesgens et al. (2009), Hadenfelth et al.
(2016), and Jin et al. (2012). Due to the comprehensiveness of the core idea selected
which is engineering design process for the current study, benefiting from more than

one aspect emerged as a need as data was collected and analyzed.

In the development of the upper anchor, mainly the existing research studies and
standard documents describing the process and characteristics of the engineering
design were influential (Berland et al., 2014; Cunningham, 2009; Massachusetts
Department of Education, 2006; Moore et al., 2014b; NRC, 2012) as typical of
learning progression studies. The overall commonalities among these sources were
reflected in the highest level of the first and second versions of the learning
progression. Accordingly, it was assumed that teachers at the highest or the mastery
level could understand all engineering design process steps; define problem, research
the problem, develop possible solutions, select the best possible solution, construct a
prototype, test, redesign (revising), and marketing. However according to the third
version of the learning progression even for the teachers that were superior in terms
of the understanding, not all design steps could be properly understood. The steps that
were easier to understand by the teachers were problem identification, conducting
research, and making prototype. However, teachers were found to have more
difficulties explaining the steps; testing, redesigning (revising), presenting

(communicating results), and marketing. The PD program might be examined in
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terms of to what extent each design step is elaborated on. It seemed that some design

steps might have been given more focus.

It was confirmed that understanding of the the steps; (share) results, and marketing
were relatively more difficult to understand. Among the particular studies which were
also effective in creation of the second version Hsu et al. (2010) reported that the two
steps; improve and document were more challenging to comprehend whereas the
steps; test and revise were relatively easier. These findings were consistent with the
third version of the learning progression. When these findings were combined in
relation to the teacher PD program, some highlights can be observed. For the steps
that were relatively more difficult for the teachers to understand and describe;
presenting, documenting, presenting (communicating results), and marketing,
teachers actually presented their final designs to the big group and therefore
communicated their results. However, a discussion did not take place on how to
improve the results based on feedback from the group. Teachers did receive this kind
of feedback from engineers and trainers when they visited each design team at their
working place. Maybe teachers were not aware if the fact that they were
communicating results. They might have just perceived the situation as selection of
the best design. So maybe if each team’s final designs were better communicated with
more elaboration on weaknesses and strengths, they could better comprehend the
engineering design step; presenting (communicating results). The future PD program
can benefit from a short report written by the design teams on their engineering design
process and on their final designs. To continue, the engineering design model by
Massachusetts Department of Education (2006) could have been given more focus.
The more focus on engineering design process model by Cunningham (2009) could
have caused teachers’ not being able to understand the steps that required more

information and proficiency.

The order of the steps was not a focus in the second version of the learning

progression. Again for the third version, such a point was considered with the tasks
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in data collection tools in order to better document teachers’ understanding. The
results showed that as teachers’ understanding gets more sophisticated, they tend to
make less mistakes in the order of the engineering design process steps. Information
on the order of the steps were provided in both presentations in the PD program; one
on the first day and one on the second day. Additionally, with the documents teachers
used as they worked on their designs (see Appendix G), they followed the engineering
design steps in the correct order. This documents might have been helpful for teachers
to learn the correct order of steps. As teachers reach the mastery level of
understanding, their engineering design process models only included one or two

mistakes.

Table 1 presented in Chapter 2; Review of Literature, can be compared with the
results of the study that was based on Moore et al. (2014b) and NRC (2012). This
table was useful in comparing the previous versions of the learning progression to its
third version. With the second version of the learning progression, it was expected
that teachers could understand that the engineering design process is iterative at the
higher levels of the learning progression. The nature of the process being iterative
was documented in many of the existing studies reviewed (Berland et al., 2014;
Cunningham, 2009). However, the third version put forth that even teachers at the
lower levels of the learning progression can explain the iterative nature of the process.
There was a major point that as teachers get to more advanced levels of the learning
progression, they start to think of the iterations in two aspects. So they can explain
not only the the engineering design cycle repeating itself in cycles, but also that the
process is flexible and one can revisit different steps as needed. Engineering design
depends on iteration which is making various refinement during a design process
(NRC, 2009). Teachers’ showing improvement in understanding this critical concept
was important which resulted in another refinement towards the third version. This
finding can be explained again with the teacher PD program. First of all, the
presentations on engineering design process and the engineering design challenges

including the refinement of the designs following feedback from the engineers and
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the trainers might have caused all participants understand the iterative nature of the
process. This was in line with the previous findings that teachers could understand
the engineering design step; making revisions (improving) before they reach higher
levels. So the PD program activities pushing teachers to go back and refine their
designs seemed effective in teaching them about the possible iterations which meant
going back to the beginning of the engineering design process. For the second aspect;
revisiting different steps was only particularly addressed during the presentation
given at the beginning of the second day. Still in addition to this presentation, there
was a discussion in the question and answer session afterward. It was the case that
this discussion took around 15 minutes and teachers reflected on whether it is possible
to be flexible about the steps. Some of the teachers asked questions about the
possibility of changing the place of some steps and also about whether it is possible
to first conduct research and then identify the problem. This discussion that almost
all teachers actively engaged in could have sparked the high level understanding
about the iterative nature of the engineering design process. Also this discussion could
have played a role in the fact that understanding of the first two steps of the
engineering design process; identification of the problem and conducting research
were at the lower levels of the learning progression. So teachers found these
beginning steps relatively easier to remember, put on their models and explain. In the
refined version of the teacher PD program, more discussions can take place that focus
on all steps of the engineering design process and also the iterative nature from both

aspects, not only the cyclical format of the model.

To continue, in the second version of the learning progression, the expectation was
that teachers could be confused about the distinction between the engineering design
process and the scientific model. This was again confirmed with the third version of
the learning progression since teacher at the lower levels had difficulties in clearly
separating the engineering design process steps from the strategies used in the
scientific method. Some of the confusion points or teachers were analysis of results,

experimenting, and identifying hypothesis. There were no confusions left as teachers’
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understanding gets more sophisticated in their understanding. This situation might
have been caused by the fact that the teacher PD program did not put much emphasis
on the distinctions between scientific and engineering practices (Bybee, 2011). Such
differentiations must be explained since the connection on scientific inquiry and
engineering design processes can result ineffective learning opportunities (Jones,

2013).

However, in future refinements, inclusion of small exercises of the engineering design
process can be the case. Also as can be seen in Appendix G, the documents used by
the teachers at the PD program mostly highlighted the steps of the engineering design
process by Massachusetts Department of Education (2006) as well as Cunningham
(2009). During future PD programs, these documents might be refined to include
more than one engineering design process model. To continue, the second version of
the learning progression assumed that even at the lower levels teachers can express
the engineering design process both as a problem solving process and a process to
meet the needs. This was confirmed however, it was concluded with the third version
that, the teachers at the lowest level can understand that engineering design process
is a problem solving process. Whereas the teachers at the second level can understand

both aspects, problem solving and meeting the needs.

In the second version making a connection between the real life and engineering
design process, or engineering practices was not a focus. This was a point highlighted
in some of the sources examined in particular (NGSS Lead States, 2013). However
as common trends in the examined sources were reflected, this was not put in any of
the levels. With the refinements towards the third version, it was revealed that
teachers at the highest level can make such connections easily. The example
connections can be made by the high levels teachers were revealed as awareness of
end users of the products produced with the engineering design process, contribution
of the engineering design process to the society in terms of solving problems and

meeting needs, and using knowledge from various disciplines as one is engaged in
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the engineering design process. As presented in Figure 2, the core elements influential
in designing the teacher PD program included engineering design activities with real-
world context (Guzey et al., 2014; Martin et al., 2015; Poole et al., 2001). This might

have been an important factor in teachers’ being able to make such connections.

The engineering design process related concepts, in particular; criteria, constraints,
and trade-off were highlighted in both the second and third version of the learning
progression. However, for the second version, it was challenging to imagine the
progress in teachers’ understanding of these concepts. In other words, defining the
middle levels; the messy middles (Gotwals & Songer, 2013) was difficult. So the third
version was helpful in that sense in positioning the levels. It was revealed that a more
sophisticated understanding included defining the concepts and producing examples
to them. The higher levels also highlight giving examples to the concepts based on
one’s own design experience. To continue, teachers can understand that consideration
of criteria and constraints, and application of tradeoff strategy is critical for selecting
the best solution among the possible solutions brainstormed as they reach higher
levels. Judging the relevant importance of criteria and constraints and making a
judgment means engage in trade-off strategy (Moore et al., 2014b; NRC, 2012) which
leads to the best solution. As a last point for the highest level again, teachers can
produce a variety of examples for criteria and constraints such as durability, and being
environmental friendly. However, at the lower level, teachers were limited with a few
examples only; budget, money and time. This can be explained with the teacher PD
program focus. In both design challenges in the PD program; design of a wind turbine,
and design of a Lunar Buggy car, the main constraints were time and money. Each
material that the teacher design teams chose to use in their designs had a price. The
total budget for each design team was limited to 40 Turkish liras. Although during
presentations and discussions, the trainers highlighted different examples, still it can
be concluded that, the criteria and constraints of the design challenges were more
effective for teachers. For the tradeoff strategy, as engineers and trainers in the PD

program gave feedback on the design teams’ performance, they deliberately asked
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questions on the tradeoff strategy the teams used. This might have bee influential in
making teachers learn the strategy. It was the assumption that teachers at the lower
levels would fail to understand this strategy properly. In that sense, the third version

of the learning progression was in line with the second version.

To continue with messy middles, the intermediate levels which are the most
challenging to create in learning progression studies, the informative literature
presented formerly in Table 12 was helpful. But again in the third version,
differentiations and similarities from this informative literature were observed. As an
example, Duncan et al. (2011) proposed in their rubric that teachers can make
evaluations and can suggest ways to improve as understanding gets more advanced.
Similarly, third version showed that teachers start using an appropriate language with
particular engineering design terminology and make evaluations of complete
engineering designs. Secondly, Bailey and Szabo (2006) revealed that as teachers’
understanding gets more advanced they can identify strengths and weaknesses of
complete design processes. Another confirmatory point was that, the authors also
found out that teachers can explain and show a higher level understanding of more
number of engineering design process steps as they become advanced. A last example
can be that similar to Baker et al. (2007), as understanding got more sophisticated
teachers could see the reciprocal role of science and engineering and their role. It was
also similar to their results in that, teachers start to understand the iterative nature of
engineering design and see it as less formulaic as their understanding gets advanced.
To sum up, the informative literature sources presented in Table 12 were useful in
developing the first version of the learning progression especially for messy middles.
Now with the third and last version for the current study, many confirmation points
could still be found although this latest version have gone through many changes with

analysis of data.

For teachers’ progress on the learning progression in terms of how they can evaluate

a complete an engineering design process, the second version can be considered weak
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in terms of differentiating levels. The only information that could be speculated was
that teachers would be able to evaluate strengths and weaknesses of a design process
once they reach higher levels. The third version revealed more details on this. The
teachers at the lower levels were more keen on making overall evaluations without
necessarily referring the the steps of the engineering design steps. However, as
teachers’ understanding of the engineering design process gets more sophisticated,
teachers can easily address certain steps of the engineering design process as they
talked about the engineering design process. Similar to the results discussed above,
teachers more easily made comments about the steps, identification of problem,
conducting research, and testing. These steps were the simple ones as in the
engineering design process model by Cunningham (2009). It might be the case that
teachers were able to learn engineering design process based on this simpler version
during the PD program. Teachers’ not being very successful on the later stages of the
engineering design might point to the fact that teachers could not grasp the more
complicated steps during PD program as shown by Massachusetts Department of
Education (2006). The engineering design steps that teachers were revealed to be
unsuccessful in terms of their understanding could have been more focused on with
this model. Making evaluations based on consideration of criteria, constraints, and
tradeoffs, multiple solutions, drawing prototype, and making revisions were typical
of the higher levels (Moore et al., 2014b; NRC, 2012). The teacher PD program did
not include a particular part where complete engineering design processes were
evaluated by the teachers. It might be the case that as teachers learn the engineering
design process steps and the concepts related to the engineering design process, they
started to progress on making evaluations as well. Another influential point could be
that as teacher design teams presented their final designs both for the wind turbine
and the Lunar Buggy car, other teachers made comments and evaluations. In order to
refine the PD program, teachers can be allowed to make evaluations on other design
teams’ performance on engineering design process steps as well, not only evaluate

the final design.
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When the basis of development for learning progressions was considered, there are
studies that rely only on exiting research findings and expert opinion in developing
the learning progression levels (Duncan et al., 2009; Neumann et al., 2013). However,
supporting the levels empirically with data contributes a lot to the validity (Jin et al.,
2013; Songer et al., 2009; Stevens et al., 2010). So there were not associated
instrument developed aligned with the learning progression however, alignment with
support from instructional context, curricular activates, and empirical data
contributed to the validity of the learning progression. To continue with the
development of learning progressions, typical learning progression development
efforts make use of large sample sizes such as; 342 sixth to twelve grade students
(Mayes et al., 2014), 939 students and 23 teachers (Songer & Gotwals, 2012), and
2688 students and 29 teachers (Lee & Liu, 2010). If an associated instrument is
developed with OMC items, administration to such large samples can be probable.
As a last point, learning progression development is an iterative process (Mohan et
al., 2009). Usually learning progressions are developed with multiple cycles; piloting
and then several studies (Furtak, 2009; Neuman et al., 2013; Windschitl et al., 2012).
Because the initial versions need to be tested many times before it is finalized to be
used with its associated instrument or an instructional context. The learning
progression on teachers’ understanding of the engineering design process was

presented with the third and final format for the current study.

Evaluation of the learning progression. The third version of the teacher learning
progression developed on engineering design process understanding was evaluated
based on a systematic learning progression review framework generated by Kobrin et
al. (2015, p. 62) presented in Figure 29. This evaluation resulted in strengths and in

points to improve for the developed learning progression.
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Figure 29. Learning progression review framework (Kobrin et al., 2015, p. 62)

According to this review framework, the developed learning progressions can be
examined under four main categories; a) structure, b) content, c) usability, and d)

validity.

The categories had sub-categories as well which were elaborated on in detail. The
sub-categories can be examined in the figure under four main categories. The
framework can be used in evaluating a developed learning progression with regard to
the categories' existence or nonexistence. For the first category; structure, the
developed learning progression was a zoomed-in learning progression instead of a
zoomed-out one in terms of magnification and grain size. This meant that teachers’
possible progression of sophistication in understanding happened during a short
period of time, which was a two-day teacher PD program. Whereas a zoomed-out
learning progression could focus on progression through a year, or across grades for
the case of student progression. Still for the same category; in terms of anchors and

levels of achievement, the developed learning progression systematically presented
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an upper anchor, a lower anchor and intermediate levels. The intermediate levels are
especially critical since they can drive activity design in the future. For the third and
last sub-category; learning performances, the developed learning progression failed
to include information learning performances for each level, although it included the
level characteristics in detail. If it also included the learning performances for each

level, better interpretations can be made on teachers at a particular level.

For the next category; content, the learning progression was successful in selecting a
core idea; the first sub-category which is an underlying concept and reflecting it in all
levels which was engineering design process understanding. According to the
framework, the core idea should be an idea that is found significant to know and to
learn by experts and organizations. At this point, the developed learning progression
was successful in that, integration of engineering practices and engineering design as
a context to teach science was presented in the new draft middle school science
curriculum in Turkey (MoNE, 2017). The relevance and significance of teachers
improving themselves on engineering design practices (NRC, 2009; Yu et al., 2012)
has positive effects on students as well (Li et al., 2016; Marra et al., 2000). For the
next sub-category; alignment to standards, the content addressed by the learning
progression should relate to a set of educational standards accepted. Again the newly
proposed curriculum addressing integration of engineering (MoNE, 2017) can be an
example. Engineering standards by Massachusetts Department of Education (2006)
and other relevant educational reports on the issue (NGSS Lead States, 2013; NRC,
2012) can be additional supportive examples. For the next sub-category, function, the
developed learning progression had a horizontal function in that it was limited to a
certain time span which was a two-day PD program. For the last two sub-categories,
the developed learning progression should be improved because it did not include any
information on pre-requisite knowledge or misconceptions on its levels. The
misconceptions teachers have, were captured during clinical interviews however the
goal was only to reveal novice teacher thinking. Therefore, pre-requisite knowledge
and misconceptions unique to each level might be captured in the future version to

strengthen the learning progression.
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For the third category; usability, the first sub-category was accessibility and educator
friendliness. At this point, the learning progression’s organization of levels was
clearly presented to be comprehended by educators. However, any possible
instructional support scenarios for levels was not created. This meant putting
instructional strategies to levels so that an educator of a PD program understands what
he/she should do to make a lower level teacher a higher level teacher. Although this
is not existent on the learning progression currently, with future examinations, it is a
necessity. Another lacking point was concrete examples used in levels. Although such
concrete examples were evident in some of the levels (e.g. examples mostly limited
to budget, time and quality), the learning progression needs improvement at this point.
Atman, Chimka, Bursic, and Nachtmann (1999) also found out that engineering
students were limited to do information search only on materials and cost. For the
second sub-category, usage as a problem solving tool, the usage of the learning
progression by an educator is highlighted. This educator is the designer and trainer of
the teacher PD program for the current study. According to the framework, such a
potential educator can use the learning progression for the following however not all
are expected together; to identify misconceptions, to identify concepts that need to be
retaught, to revise a curriculum or instruction, and to consider appropriateness of the
instruction. Among these potential uses, the developed learning progression can be
used for the last three approaches, especially when it is validated with another data
cycle. This is the case due to the fact the learning progression was developed in
alignment with a particular instructional context; a teacher PD program, for validation
purposes. In that sense, when the presented learning progression and the PD program
are finalized following future validation, they can be used in alignment easily. Thus,
teachers participating to the PD program can be measured on their engineering design
understanding with the learning progression which was one of the goals of the study.
For the fourth and the last category; validity, the first sub-category was development
approach. The developed learning progression can be considered strong at this point
because it merged two of the development approaches proposed by the framework;

bottom-up and top-down. To clarify, the development of the levels was based on both
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personal educational experiences and analysis of content domains, and expert
opinions. Still the levels could benefit from the learning theory research which was
not particularly focused on for the current study. For the final sub-categories, the
developed learning progression had conceptual coherence and research base since it
relied on informative literature findings. Lastly, the development procedure also
depended on empirical evidence in the form of written assessments, clinical
interviews and teacher logs. These can be noted as strengths of the developed learning

progression.

To summarize the conclusions reached with the application of the framework in
Figure 29, the teacher learning progression on engineering design understanding was
satisfactory and successful from various aspects. There are also aspects that
refinements can be made with future studies, so that all categories in the framework
are addresses and applied sufficiently. This framework was not used to evaluate the
teacher learning progression on attitudes because it is more suitable to use for learning
progressions on understanding of a certain content, rather than a psychological
construct such as attitudes. According to the overall results of the evaluation made,
the teacher learning progression especially needs to be improved on the two

categories; structure and usability.

5.3.Conclusion

Science and engineering learning for all students can highlight attention to innovative
approaches in instruction and assessment (NGSS Lead States, 2013). In teaching
science around the core ideas to learn, students should be exposed to scientific and
engineering practices (NRC, 2014). Students’ possession of science and engineering
knowledge can enable them to consume scientific and technological knowledge
carefully, and to be involved in discussions on both daily life and global issues (NRC,
2012). Its future outcomes for the students and the society necessitates attaching
priority to integration of engineering practices to K-12 science education. In the

Turkish context it is getting more common for K-12 students to work on problems
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that address the four disciplines and where they follow the engineering design
process. The Technology and Design course for the 7™ and 8" grades, short-term
STEM activities and projects for K-12 students (Gencer, 2017; Karahan et al., 2015;
Yamak et al., 2014), and in-service teacher training programs are some examples
from the national context where engineering design processes is emphasized. Also
with the new draft science program is examined that was shared in early 2017,
integration of engineering concepts and engineering design process to science
education is one of the fundamental focuses. STEM education is gaining more
attention in K-12 classrooms in Turkey (Akgiindiiz et al., 2015; MoNE, 2016). The
current study can help to contribute to these innovations in both national and

international contexts.

In order to raise students who can meet the challenges of the future society, there is a
connection recognized between engineering and K-12 education (NRC, 2012). In
order to motivate and raise confidence in students towards careers in science and
engineering, teachers should be equipped with an understanding of engineering
(Jeffers et al., 2004). Goodale (2013) pointed to the fact that with the introduction of
NGSS (NGSS Lead States, 2013), science teachers are expected to teach elements of
engineering in their classrooms. Working on engineering design process in K-12 level
education can create various opportunities for students to learn science, mathematics,
and technology (Stohlmann, Moore, & Roehrig, 2012). These points addressed the
need for training teachers who will be expected to teach engineering concepts and
engineering design activities. Teacher preparation programs have contributed to
training STEM educators in K-12 classrooms, but more attention is needed to prepare
teachers for the teaching of engineering concepts (Wendt, Isbell, Fidan, & Pittman,
2015). As most teachers have no or little education or experience on engineering
(Cunningham et al., 2007; Lehman et al., 2014), efforts put into training teachers on
engineering is worthwhile. The findings of the study addressed a new perspective to
teacher development in K-12 engineering education for both national and

international contexts.
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Developing learning progressions for teacher development is a recent practice which
is critically important (Furtak & Heredia, 2014). Teacher development is one of the
four uses of learning progressions (Kobrin et al., 2015) which was exemplified with
the current study. Learning progressions can also be used for teacher development to
enable teachers’ use of learning progressions for their students’ thinking (Furtak &
Heredia, 2014). Although this is another perspective to improve teachers, the current
study was interested in a teacher related variable; tracking teachers’ own progress and
development. The current study contributed to the newly emerging effort of learning
progressions for teacher development (Furtak & Heredia, 2014; Jin et al., 2015;
Mahat, 2008; Nguyen & Griffin, 2012; Schneider & Plasman, 2011; Windschitl et al.,
2012). The current study contributes to the emerging teacher learning progressions
by presenting examples on K-12 engineering education where there were no
developed learning progressions. Especially for the national context, the study is the
first example of developing learning progressions. There are only a few examples of
learning progressions for teacher development (Furtak et al., 2012; Jin et al., 2015).
Teacher learning progressions can show how teachers’ knowledge or performance
can progress in time (Schneider & Plasman, 2011, Windschitl et al., 2012). Some of
the unique features of learning progressions that were underlined by the current study
can be stated as: (a) creation with an iterative cycle of refinement (Alonzo & Steedle,
2009; Shea & Duncan, 2013; Stevens et al., 2010), (b) representation of successive
sophistication (Rivet & Kastens, 2012), (c) serving as templates for assessment and
instructional products, and (d) being grounded in research (Duncan et al., 2009;
Stevens et al., 2010). Learning progressions approach was utilized to offer a unique

perspective innovative for teacher development on K-12 engineering education

There were efforts in the literature towards developing and presenting systematic
rubrics and examinations to evaluate teachers’ understanding of the engineering
design process (Bailey & Szabo, 2007; Duncan et al., 2011) and teachers’ engineering
design performance (Wendell, 2014). The current study contributed to the literature
by introducing learning progressions that can be thought of as theoretically and

empirically validated versions of rubrics. There was not particular learning
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progression on engineering design process understanding however the focus on
similar systematic rubrics highlighted the critical contribution of the current study.
The systematic rubrics in the literature presented how an expert level knowledge or
understanding looks like. However, these were created with a top-down approach in
that, no empirical data was used for validation of what the levels describe. The current
study introduced a distinguishing perspective at this point. The levels were created
with help of existing informative literature, expert opinion, and collection and

analysis of empirical data.

The current study developed and implemented core elements of teacher PD programs
on K-12 engineering education. This effort brought about what to highlight in
delivery of such programs. To continue with the teacher PD program delivered in the
study, the characteristics of effective training programs included incorporating
appropriate knowledge, having necessary materials and outside speakers and/or
experts, and having a long-term design (Griffin & Barnes, 1986). The current study
addressed these points as well as some of the weakness of teacher PD programs such
as insufficient professional trainers, lack of collaboration between teachers, and
insufficient feedback to the participant teachers and lack of systematic training
models, need for more teacher PD programs on engineering content, or relevant
pedagogical approaches, and teachers’ having requirement to participate to the PD
program, need for use of more systematic tools to measure teacher progress
(Bayrake1, 2009; Clarke & Hollingsworth, 2002; Guskey, 2002; Hynes & Santos,
2007; Kennedy, 2006; Lee, 2005). The core elements developed and practices in the
current study revealed a process of conceptually basing a teacher PD program on K-

12 engineering education on strengths found in the literature.
It can be concluded that future reforms in teacher education on K-12 engineering

education should increase focus on careful assessment of teacher learning. Learning

progressions can help to point to this need in a comprehensive manner.
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5.4. Implications for Practice

The current study aimed to contribute to the learning progressions literature by
focusing on teacher improvement for K-12 engineering education. The results offered
examples of learning progression development, validation, and alignment of learning
progression, instruction and assessment. Future learning progression development
studies can be inspired with the systematic development and validation procedures.
The current study illustrated two of the four goals of learning progressions; teacher

development and short-term formative assessment (Kobrin et al., 2015).

Engineering education has great potential to increase conceptual understanding of
STEM disciplines. With the finalized versions of the learning progressions, critical
tools will be presented to K-12 engineering education literature concerned with
teacher development. Again for development of teachers, the current study presented
and implemented core elements (see Figure 2) of teacher PD programs than can be
followed by other authors to deliver a similar program on K-12 engineering
education. Teachers can increase their recognition and understanding of engineering
with participation to PD programs (Duncan et al., 2011; Nugent et al., 2010). In order
to effectively integrate engineering to K-12 level education, qualified teacher PD
programs are needed (Dyehouse et al., 2014). The model of core elements is expected
to guide PD designers but it should be noted that PD program design and delivery is
a complicated process. Thus, future researchers should take into account that there
can be revisions to the core elements as contextual and individual factors are
considered. The core elements need to be tested in different contexts and to be refined.
Conceptually basing the teacher PD program on; a) descriptions of the engineering
design process as presented in Chapter 2; Review of the Literature, b) the core
elements of teacher PD programs created and presented in Figure 2, and c) the second
version of the learning progression on engineering design process understanding also

can serve as a proper example for teacher PD program designers.

244



The current study can help assess teaching progress by exemplifying empirically
aligned learning progressions while pointing to the need for more valid and reliable
instruments on teacher improvement on K-12 engineering education. Where teachers
stand in terms of their attitudes and understanding can more validly be documented
with learning progressions. The interpretation of teachers’ attitudes and
understanding will not be limited only to a score of an instrument as in classical
measurement approaches, but further comments on the respondents can be possible
with learning progressions approach. Teachers’ level of attitudes and understanding
of the engineering design process can be more systematically documented and more
interpretations can be made in terms of giving feedback. The survey developed can
be validated by future researchers in different contexts. For the teacher learning
progression on engineering design process understanding, an instrument can be
developed which might be composed of Ordered Multiple Choice (OMC) items (see
Figure 4). To be better useful for teacher development, learning progressions can be
accompanied by tools; associated instruments (e.g. Alonzo & Steedle, 2009; Furtak
et al, 2012; Hadenfelt et al., 2016). In the case of OMC items (Hadenfelt et al., 2016),
much like multiple choice items, each item has response options, each aligned with
one level of the learning progression (see Figure 4). This way, teachers taking the
instruments can directly be put on their progression levels and feedback can be
provided. Such learning progressions aligned with their instruments can be
considered as important contributions to the literature on science teacher
development. The current study presented the first research cycle that would finally

lead to the final version of the learning progressions and their associated instruments.

The findings served as an example on the use of instructional contexts and curricular
activities to validate learning progressions in a clear way (Jin et al., 2013; Songer et
al., 2009). The findings and the products of the study along with an example of a PD
program can provide a foundation for further improving K-12 engineering education
and teacher preparation. Interested educators can implement similar programs by also
focusing on monitoring the progress of teachers. The results of this study can

contribute to the field of science teacher education with the learning progressions and
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the instruments produced on K-12 engineering education. The results can guide other
researchers who are interested in designing a teacher PD program on K-12
engineering education. As the scope of research and practice efforts are
systematically presented; results can contribute to the preparation of more effective

teacher development programs.

With the work on learning progressions, research-based practice can be achieved
(Duncan & Rivet, 2013) with asking questions on the steps taken to achieve a certain
level of understanding (Corcoran et al., 2009). The current study presented examples
to such research-based practice with the validation strategies followed. Overall
supporting learning progression levels with empirical data was illustrated with
various data collection strategies. The teacher PD program exemplified how a
learning progression can be aligned with an instructional context and curricular
activities. Lastly, development of a learning progression with its associated survey
showed ways of validating a learning progression and what to pay attention to in the
refinement procedures. The final versions of the learning progressions and their
associated instruments with future studies can be used to track the changes in
teachers’” attitudes and understanding with participation to the teacher PD program.
Teachers can be measured along the continuum from negative attitude to positive
attitude, and from novice understanding to mastery understanding which will

contribute to their improvement in K-12 engineering education.

The empirical alignment between the teacher learning progression levels, the items
of the survey, and the PD program should be improved. Follow-ups can be integrated
into the structure of the PD so that teachers can have the chance to implement
engineering activities in their classrooms with the guidance of the PD trainers
following what they learn in the PD program. In addition, discussions on school
context, classroom climate, and possible barriers in schools can be included. The
written assessment results had highlighted the role of school context in making as
teachers reflected on their attitudes. Teachers referred to time and the effort they could

need in preparation of the engineering activities. Such barriers teachers face can be
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effective in their adoption of a particular strategy (Blackwell et al., 2013). The effect
of school context was placed in the learning progression levels as well however the
survey items were poor in reflecting this point. Even for the most dedicated teacher
to implement a certain strategy, poor school and classroom conditions can be reasons
to influence the attitude of the teachers (de Souza Barros & Elias, 1997). Existence
or lack of administrative support was also among the factors that effects teachers’
attitudes (Yasar et al., 2006). Items concerned with the barriers of time and effort,

and school context could be given a larger role in the next version of the survey.

Windschitl et al. (2012) developed a teacher learning progression on teachers’
performance on a set of instructional practices. When the sample studied is in-service
teachers, working on performance might be very beneficial as these teachers are
practicing in real classrooms everyday. The current study concentrated understanding
of a core idea selected, engineering design process, rather than a performance. This
performance could be the application of the engineering design process by the
teachers. Evidenced by Table 2, many teacher PD programs investigated teachers’
ability to teach engineering in classroom (e.g. Cejka et al., 2006; Cunningham et al.,
2007). As in the case by Windschitl et al. (2012), teachers can be observed and
videotaped in development of a teacher learning progression. This can be a concern
for future studies, since in-service teachers are practitioners and they can benefit from
a learning progression on their performance of engineering design applications. Such
research can finally result in a very comprehensive learning progression that will
include both content; to what extent engineering design process is understood, and
performance levels; how successfully the engineering design steps are enacted. The
literature contained similar learning progressions that included both a content and a
skill component in one learning progression (Duncan et al., 2009; Songer & Gotwals,
2012). Investigating teachers’ performance levels as they follow engineering design
process can be the next focus. Since the current study is interested in in-service
teachers, who are practitioners all the time in their classrooms, investigating not only

their level of understanding but also their performances can be worthwhile.
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The examples in the learning progressions literature on learning progressions

including both content and skill development together can be examined.

To conclude, for teacher PD program organizers the study can be leading since there
is a need for more measurement tools on teachers’ attitudes towards K-12 engineering
education (Lachapelle et al., 2014; Yasar et al., 2006; Yu et al., 2012). For policy
makers revealing teachers’ attitudes validly is critical as it is a newly emerging area
for science teachers especially in the national context. The final version of learning
progression and surveys are expected to be useful to integrate engineering
successfully to science education. teacher improvement on engineering is critical for
both national and international contexts (MoNE, 2016, 2017; NRC, 2009, 2012, 2014;
Yu et al., 2012). The final version of learning progression, PD and associated
instrument are expected to be useful to integrate engineering successfully to science
education. Programs intended to be educational can support teachers’ ongoing

learning (Schneider & Plasman, 2011).

5.5. Implications for Future Research

Integration of engineering to K-12 level education can have a positive impact on
students from various aspects; interest in engineering careers, technological literacy,
engaging students in real-world discussions, and conceptual understanding of STEM
disciplines (NGSS Lead States, 2013; NRC, 2009; NRC, 2012). The aspects
underlined the importance of engineering for K-12 students. These aspects are not
only limited to science education and science classrooms. Although the current study
had a focus on K-12 science education, engineering design process is useful for
teaching a diversity of mathematical concepts to K-12 students by engaging them in
activities (Narode, 2011). Since most of the science and also mathematics teachers do
not have sufficient knowledge and experience to teach engineering in their classes
(Wang, Moore, Roehrig, & Park, 2011), mathematics teachers’ improvement in terms
of their positive attitudes and understanding of engineering design can contribute to

successful integration of engineering to more K-12 classrooms. Engineering
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education is becoming more prevalent in K-12 classrooms which underlined the

importance of preparing competent teachers in STEM fields (Guzey et al., 2014).

The methodology followed exemplified the fact that developing learning
progressions requires working with large set of participants and completing data
collection and analysis cycles (Mayes et al., 2014; Mohan et al., 2009; Songer &
Gotwals, 2012). This was a strength of the current study to present learning
progressions with refinements and different versions. Learning progressions can be
developed solely on examination of the existing research findings (Duncan et al.,
2009; Neumann et al., 2013). However, supporting the learning progression
development with empirical data adds to its validity. With the collection and analysis
of data, learning progression can be refined many times (Mayes et al., 2014; Mohan
et al., 2009). In validation or refinement of the learning progression levels, associated
assessment instruments, curricular activities or teaching interventions can be
developed where the learning progression can serve as a template for all (Jin et al.,
2013; Songer et al., 2009). Some studies developed an assessment instrument that
was aligned with the levels of the learning progressions (Black et al., 2011; Jin &
Anderson, 2012; Schwarz et al., 2009). The second group of studies developed an
instructional intervention along with an assessment instrument. They created teaching
experiments; developed curricular units (Songer & Gotwals, 2012) or modified
instruction (Plummer & Maryland, 2014). The current study was a good example of

all these frequently used strategies in learning progression development.

The format and structure of the teacher learning progression is innovative for similar
studies on attitudes. The teacher learning progression on attitudes had a format that
exceeded the existing construct maps; learning progressions on attitudes. Because
formerly, in such learning progressions on attitudes, the levels did not even have
particular descriptions, such a format is typical of learning progression on

understanding of a certain content. Therefore, this format is contributing to the
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literature. However, it needs to be improved with more descriptions in the levels. This
can be possible with the final validations of the levels and the items with refinement

studies.

The teacher learning progression followed the validation strategies of developing an
associated instrument, analyzing data with Rasch analysis, and using teacher PD
program as a context. As another alternative, there might be no PD program provided
to any teacher group, where data will be collected from teachers known to implement
engineering activities in their classrooms. This way, there might be an enhanced
empirical alignment between the learning progression and the survey can be achieved.
Because as the participant teachers all will have prior knowledge, background and
experience with engineering, they can reflect a variety in terms of attitudes. Later, the
revised version after analysis of a large sample size can again be tested in the PD
environment. For the third part; learning progression and survey, refining the survey
so that it includes Guttmann type items especially for the aspects where the survey
was unsuccessful in distinguishing teachers; interest and motivation to learn about
engineering practices and integration of engineering, and contribution of engineering
to development of students and improvement of society can be a good strategy.
Overall, more number of harder to agree items are needed. For the learning
progression, the recommendation included in this proposition was already applied.
The levels were refined so that the aspect; interest and motivation to learn about
engineering practices and integration of engineering is solely place in the lower three
levels of the learning progression. Such a new format needs to be tested and validated
with the third version of the survey. In this new version of the survey, items on teacher
comfort in teaching, and teacher efficacy can be included because the alignment

between items on teaching were relatively more successful according to the results.

K-12 engineering education, and integration of engineering practices to science
instruction is a new and innovative pedagogic approach for teachers. As teachers were

not familiar with engineering practices and it is new for especially the Turkish
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context, it is very appealing to teachers. However, according to attitude change
models, teachers need time to gain and reflect on experiences in school context.
Attitude is effected by changes in behavior. Therefore, maybe a true reflection of
teacher attitudes can be captured after a certain amount of time. Maybe following the
execution of the new middle school science curriculum in schools, the item and the

learning progression can give better results with responses of teachers.

Although the current study produced three versions of the learning progression
following refinements, the third version still needs to be validated. The future
validations can be through providing the teacher PD to other groups of teachers and
again use teacher logs and clinical interviews. In this validation the teacher PD
program will be tested as well, with refinements following the results of the study
some of which can be; more focus on a variety of examples for criteria and
constraints, having teachers present their prototypes in both of the engineering design
challenges, and putting more emphasis on the engineering design steps, retesting,
evaluations, presenting, communicating findings and marketing. As a second
alternative, OMC items associated with the learning progression can be developed
and tested with with a large sample of teachers, not necessarily participating to the

teacher PD program.

The variety in the conclusions reached in comparison to the upper anchor of the
second and third versions of the learning progression need examination by researchers
interested in building on this study. The upper anchor of the first and second versions
of the learning progression were mainly based on informative standard documents
and expert opinion through item paneling. These were the expectations a mastery
level teacher could reach. However, the group of teachers in the current study were
revealed not to reach some of the aspects of the upper anchor, which resulted in the
refinement of the upper anchor. Some of the aspects were still having confusions with
some of the engineering design process steps, being limited in terms of exemplifying

criteria, constraints, and tradeoffs, and mistakes in the order of the steps. Such aspects
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might be better improved in the future teacher PD programs so that a more
comprehensive upper anchor as suggested by the literature can be reached by the

teachers.

To conclude, for learning progression developers who are interested to work on
attitudes the format and structure of the teacher learning progression can be
considered innovative compared to similar studies on attitudes (Mahat, 2008; Nguyen

& Griffin, 2012) with inclusion of details in the levels.
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APPENDICES

APPENDIX A

WRITTEN ASSESSMENT QUESTIONS

1. I feel motivated / not motivated to improve myself in K-12 engineering

education.

Please explain your answer briefly with reasons.

2. 1 feel motivated / not motivated to implement engineering activities in my

classroom.
Please explain your answer briefly with reasons.

3. What do you think on the possible contributions of K-12 engineering
education?

4. Can you give some examples of support you will need to implement
engineering activities in your classroom?

5. My overall attitude on K-12 engineering education is positive / negative.

Please explain your answer briefly with reasons.

6. The focus of science education has been fundamentally changing within the
past few years. In particular, there is a movement towards building
knowledge in use and towards STEM (Science, Technology, Engineering
and Mathematics) education. In this respect, engineering is gaining a major
place in science education.

Do you agree with this movement towards implementing engineering
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concepts and practices in science education? Please provide justification for
your answer.

7.What do you think are some reasons that engineering practices are integrated
to science instruction?

In this lesson, 8" grade students will build a scooter that can go farther as possible.
The materials including cardboard, sticker, rubber band, wooden sticks will be
provided. The students will work in groups.

The students will examine their knowledge on energy conservation, friction,
velocity and time. They will play with the variables such as type of material or
diameter of wheels and finalize their scooters. At the end of the lesson, the best
scooter will be selected based on the distance it can travel.

1. What engineering knowledge/concepts do you believe students can learn in a
science lesson described above?

2. How do you think this lesson that is incorporating an engineering activity is
different than a typical science lesson?

3. What do you know about the engineering design process?

4. What are the important components of the engineering design process?
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APPENDIX B

COGNITIVE INTERVIEW PROTOCOL

WELCOME

Greetings. The goals of the interview are clarified. A warm rapport and atmosphere
is established. Information is provided on cognitive interviews and its general
procedure. Informed consent is taken from the participants on voice recording.

WARM UP

[ am interested in what you think about the items in this instrument as we go though
them together.

Let’s try a warm up exercise:

Let’s remember the last time you did grocery shopping. Tell me anything aloud that
you think right now. How was the place like? Who were there? What were they
wearing? What could you smell? State as much detail as you can please.

THINK ALOUD QUESTIONS

1. Please tell me everything you are thinking as you answer the question.
When you answered the item, what were you thinking?

How did you go about answering that question?

What are you thinking now, as you read the item?

What were you thinking about what the item is asking from you?

AR

What is this question asking?

VERBAL PROBES

1. What to you is X?
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How did you decide that was/ was not the correct answer?
What is this question asking?

What was your strategy for answering this way?

Was is easy or difficult for you to answer this question?
How sure are you of this answer?

How did you arrive at this answer?

How did you feel about answering this question?

% =N n ok WD

I noticed you hesitated before you answered—what were you
thinking?
10.  What does X mean to you? How did you remember that?
11.  Why do you say that?
12.  What would it take for you to say °......"?
13.  What time period were you thinking about?
14. Can you tell me more about that?
15. Can you repeat the question I just asked in your own words?

16. Was the intent of the question clear?

CLOSURE

To what extent attitudes towards K-12 engineering education were
addresses?

What aspects were not included?

What would you add to this instrument?

What would you exclude?

What other comments do you have?
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APPENDIX C

TEACHER LOGS

Uygulamanin amaci: Miilakatin amaci1 miithendislik tasarim egitimi, miihendislik
tasarim siireci uygulama adimlari1 konularinda sizlerin bilgi ve deneyimlerini
anlamaktir.

SORULAR

4" 1. Miihendislik tasarim siirecinin amaci nedir?

2. Miihendislik tasarim siireci hangi uygulama adimlarindan olusur?

3. Yazdigimiz uygulama adimlarini siraya sokunuz.
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4. Asagida miihendislik tasarim siirecinin uygulama adimlarim iceren
modellerden biri yer almakta. Uygulama adimlar: yanhs bir sirayla
verilmis durumdalar. Liitfen figiir iizerinde dogru sekilde siralayiniz.

Tiim secenekler kullanilmavacaktir.

a) Cozliimi test etme ve degerlendirme
b)  Olasi ¢oziimler gelistirme
c) Gozlem yapma
d) Ihtiyaci veya problemi belirleme
e) Ihtiyag veya problemle ilgili aragtur
f)  Prototip gelistirme
g) Deney yapma
h)  Coziimii paylasma

1) Tim ¢oziimleri deneme

j) Problemi ¢6zme

k) Hatalar1 ortaya koyma

1) Deney yapma

m) Farkli disiplinlerden
yararlanma

n) Tekrar tasarlama

o) TTriinii teknalaiive

Adim 2

Adim 3

Adim 1
Adim 8
Adim 7
Adim 6
Adim 5

Adim 4

284



5. Miihendislik tasarim siireci i¢in “simirlihik™ ve “Kkriter” kavramlari ne

anlama gelmektedir? Aralarindaki iliskiyi kisaca agiklayiniz.

4 N

N /

6. Bir problem senaryosunda olabilecek kriterlere ve sinirliliklara 6rnek

veriniz.

Sinirhiliklar:

Kriterler:

7. Miihendisler tasarimlarini gergeklestirirken miihendislik tasarim siireci

dogrultusunda calisirlar. Bu surece ait bildiginiz 6zellikleri yaziniz.

8. Miihendislik tasarim sureci genellikle: (boslugu akliniza gelen ifadelerle

doldurunuz)



Tamamladigimiz Riizgar Tiirbini tasarim etkinligini diisiinerek yanmitlayiniz.

1. Miihendislik tasarim siirecini nasil kullandiniz? Hangi uygulama adimlarini etkin
olarak kullandiniz, kisaca agiklayiniz?

2. lleride miihendislik tasarim siirecini hangi uygulama adimlarinda daha iyi olmaniz

gerekir? Neden?

3. Karar verirken optimizasyon ve 0diin verme stratejilerini nasil kullandiniz?

4. Bir tasarim yaparken neleri dikkat edilmesini 6nerirsiniz?
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APPENDIX D

CLINICAL INTERVIEW PROTOCOL

Task 1: Engineering Design Process Model

a. Miihendislik tasarim siirecini bir model ile gosteriniz.

Cizim swrasinda ek sorular sorulur. Cizdigi adimlar ile ilgili neden olmasi
gerektigini diisiindiigii sorulur. Eksik biraktigi adimlar olabilir mi diye sorulur.

b. Tiim tasarim siireci modelleri ¢izilen bu modelin aynist midir?

Farkli modellerin igerikleri sorulur. Eger farkli modellerle ilgili bilgisi varsa

onlarin igerikleri, uygulama adimlart sorulur. Bilgisi yoksa nasil farkliliklar ve
benzerlikler olabilecegi sorulur. Temelde hepsinde neler ayni olabilir?

c. Bosluklar1 tamamlayiniz.

Miihendislik tasarim siireci ile ilerlenirken tiim uygulama adimlari tamamlanir. Bu
esnada

Herhangi bir yanit verilemezse sinifta yapilan riizgar tiirbini tasarimi ve
araba tasarimi etkinlikleri hatirlatilir. O tasarim gorevlerini tamamlarken
nelere dikkat ettikleri, ve amaclarinin ne oldugu sorulur. Birden fazla yanit

vermeye yonlendirilir. Dikkat edilecek tek bir ozellik soylenirse Baska neler
olabilir diye sorulur.
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d. Siireci ikinci veya ii¢lincii kez tamamlarken tiim adimlar yine bastan sona
tamamlanmak zorundadir.  Dogru Yanlis

Verilen yanit iizerinden Neden boyle diisiiniiyorsunuz?

e. Sizce mithendislik tasarim siireci (engineering design process) neden kendini
tekrar eden dongiiler seklinde takip edilmektedir (being iterative)?

Task 2: Engineering Design Process Steps and Concepts

a. Miihendislik tasarim siirecinde neden kriter ve smirliliklar onemlidir
EVET HAYIR

Kriter ve sumrliliklarin farki nedir. Kriter ve simirliliklara ornek
vermezse ornek istenir.

b. Miihendislik tasarim siirecinde 6diin verme stratejisi onemlidir EVET
HAYIR

Kriter ve sumirliliklar iliskisi nedir eger miihendislik tasarim stireci
tizerinden gidilmezse, tasarim siireci ile iliskisi ve katkist sorulur.

c. Probleme olasi ¢6ziimler iiretmek ne demektir?

Eger bahsedilmezse problem belirleme ve Kriter ve Stmirliliklar iligkisi
sorulur. Bunu orneklendirmesi istenir. Problem ¢ozme basamagi ile
bunlarin iliskisi nedir?

d. Cizdiginiz model iizerindeki tiim uygulama adimlarin teker teker
aciklayalim.

Her adimda neler yapilacagini agiklamast istenir. Eger modelde ¢ok
eksik varsa ve aciklamakta zorlaniyorsa NASA Let it Glide modeli
gosterilir ve onun tizerinden agiklamalar yapilir. Hizli gectigi adim
olursa, burayr hizli gegtiniz, sizce daha mi kisa stiriiyor veya daha mi az
onemli.

e. Asagida miihendislik tasarima iligskin verilen maddelerden size gore en
onemli 5 tanesini belirleyiniz.
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Neden onemli oldugunu diistindiikleri sorulur. Toplam 5 tane belirleyemezse
ek olarak bazilart isaret edilir ve agiklattirilir. Sizde bu sectiklerinizle ilgili
egitim basinda ve sonunda nasil bir degisim var sizin aginizdan? Tabloda
goremediginiz size gore onemli eksik ifade, kavram var mi ?

Hangi siklarla arada kaldiniz?

Task 3: Evaluating a Complete Engineering Design Process

a. Tamamlanmis Egg Drop Container gorevi gosterilir.

Bu gérev size neleri diigiindiirdii. Akliniza gelen her seyi séyleyin liitfen. Ik soruda
¢izdiginiz modele gore asamalar: anlatiniz. Giiclii ve zayif yonlerin tizerine gidilir.

b. Bu kez NASA let it glide rubric gdsterilir ve onun iizerinden degerlendirme
alinir.

Degerlendirmekte zorlanirsa ruric in mastery level aciklanir ve onun iizerinden
vapmasi istenir. Bu gorev size neleri diistindiirdii. Akliniza gelen her seyi soyleyin
liitfen. Ilk soruda cizdiginiz modele gére asamalar anlatimiz. Giiglii ve zayif
yonlerin tizerine gidilir. (Cardella et al., 2014, p. 4)
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Chris’ dlass had an egg drop contest. The eggs needed to stay safe when they were dropped off the school’s roof. Chris designed a container for the
egg drop contest. Here is a picture of the design process Chris used

E Teght o many I’/:{. Ob

\ 1. Brainstormed many

( . ideas
'%ﬁ 75N ~
2. Chose the best idea

3. Made a list of the
materials needed

; . A~
7. Built the final version /(* ) ‘

P )

‘i r) o
/ g
3
4. Created atestversion |[z—\
g" )/
—4

/N - )_i

pe
S|
h \L L
7
5
" \\\\Q\\\:%
What was good about the process Chris used? i N

What should be changed? What should Chris do differently next time? —

Atolye sirasinda yapilan iki tasarim etkinliginden birini segmesi istenir.

c. Butasarim gorevinde lizerinde ¢alistiginiz problem neydi?

Ifade etmekte zorlanirsa NASA let it glide problem yazma ifadesi gosterilir ve buna
oturtmasi istenir.

d. Kiriterler ve sinirliliklar nelerdi?

Eger ikisini ayirt edemezse tek tek tekrar sorulur. Gériismenin basindan beri
konusulanlar hatwrlatilir. Zorlanirsa daha énce katildigi farkli tasarim etkinlikleri
varsa diistinmesi istenir. Use a little prompt mesela sumirlilik bizi sinirlayan birsey
tasarim yaparken bu ne olabilir. Ayni sekilde kriter basariya ulastiran seydir bu ne
olabilir.

e. Tradeoff yani 6diin verme stratejisini nasil kullandiniz?
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Zorlanirsa gériismenin basindan beri konusulanlar hatirlatilir. Gergek hayatta
odiin vermek ne demektir oradan akil yiiriitmesi yapmast onerilir.

f. Bu tasarim gorevini yeniden yapiyor olsaydiniz neleri farkli yapardiniz?

Giiglii ve zayif yonler nelerdi

NASA Let It Glide Agiklamalar (NASA, 2012)

ADIMI1: ihtiyaci veya problem belirleme — Tasarim takimi kendi ciimleleri ile problemi ifade eder.
Ornek  olarak  ..ooovevveeeeeeeeeeea, gerceklestirecek  bir ..o, nasil
tasarlayabilirim

ADIM?2: Problemi arastirma — Tasarim takimi interneti, kaynaklari, kiitiiphaneyi ve alaninda
uzmanlarla yaptiklart goériigmeleri kullanarak problemin giincel olarak nasil ¢oziildiigiini, benzer
problemlerin nasil ¢6ziildiigiinii, ve genel olarak gerekli bilgileri arastirirlar.

ADIM3: Olasi ¢oziimler gelistirme — Tasarim takim iiyeleri matematik ve fen alanindaki bilgileri
tizerine beyin firtinasi yaparlar ve problemi ¢ozebilecekleri yollar tartigirlar. En makul ve umut veren
¢oziimler yazilir. Birden fazla makul ¢6ziim ortaya konur. Dogru bir sekilde, tasarim kavramlari gesitli
gizimlerle sunulur.

ADIM4: En iyi c¢oziimii segme — Takim iyeleri tartisarak fikirlerini ifade ederler. Her ¢oziim
Onerisinin gliglii ve zayif yonlerini etraflica analiz eder. Problemin kriter ve kisitlamalarini tiim yonleri
ile degerlendirerek uygulanabilir ve makul bir ¢6ziim seger. Neden bu ¢6ziimiin se¢ildigi agiklanir.

ADIMS: Prototipi yapilandirma — Tasarim ¢6ziimiiniin modeli yapilir. Gerekli malzemeler
kullanilir. Prototip gérevin kriterlerini net ve detayli bir sekilde yerine getirir.

ADIM6: Coziim/leri test etme ve degerlendirme — Coziimiin ne kadar basarili oldugu ortaya konur.
Veriler elde edilip kaydedilir. Veriler yeniden tasarlama siirecinde agik bir bigimde yol gésterici olur.

ADIMT7: Céziimleri sunma — Tasarim takimi test asamast ile elde ettiklerini, 5grendiklerini paylagir.
Coziimleri ile ilgili sunum yapilir. Test sonuglart dogru raporlanir ve nasil gelisim gdsterecegi agik bir
bi¢imde paylasilir. Farkli takimlardan geri bildirim alinir.

ADIMS: Yeniden tasarlama — Tasarim takimi tasarimlarini nasil gliglendirebileceklerini konusurlar.
Probleme geri doniiliir, yeniden tasarlama siireglerinin kriter ve kisitlamalari karsiladigindan emin
olunur. Tasarim siirecine yeniden baglanir.
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APPENDIX E

TEACHER PD PROGRAM PHOTOS
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APPENDIX F

“SCIENCE TEACHERS’ATTITUDES TOWARDS K-12 ENGINEERING

EDUCATION SURVEY” USED IN TEACHER PD PROGRAM

Bu 6l¢egin uygulanma amaci siz degerli 6gretmenlerin ‘Fen Egitiminde
Miihendislik Tasarim Uygulamalar1’ na kars1 tutumlar1 hakkinda bilgi sahibi
olmaktir. Isminizi belirtmenize gerek yoktur. Yanitlarmiz dlgegin gelistirilmesine
katki saglayacaktir. Katiliminiz i¢in ¢ok tesekkiir ederiz.

Aras. Gor. Canan Mesutoglu (mcanan@metu.edu.tr)
Yard. Dog¢ Dr. Evrim Baran (ebaran@metu.edu.tr)

ODTU Egitim Bilimleri

= =
o . £ E & =
Ol¢ek maddeleri $2 % £ 3
5% g 8 B

1. Derslerime miihendislik tasarim siirecinin dahil edilmesi
konusunda kendimi mesleki olarak gelistirebilecegim
egitimlere ve seminerlere katilmak ilgimi ¢eker.

2. Siniflarimizda miihendislik tasarim etkinliklerini
uygulamamiz, 6grencilerin teknoloji ve miithendislik
alanlarindaki mesleklere karsi ilgilerini artirir.

3. Fen egitiminde miihendislik tasarim uygulamalari konulu
kaynaklar (kitap, dergi, video, gorsel materyaller gibi) ilgimi
ceker.

4. Derslerimde uygulayabilecegim miihendislik tasarim
etkinlikleri konusunda kendimi gelistirmek beni
heyecanlandirir.

5.Miihendislik tasarim etkinliklerinin 6grencilerin takim
caligmast becerilerini gelistirecegini diisiiniiyorum.

6. Okul dncesinden baglayarak 12. sinifa kadar fen derslerine
miihendislik tasarim siirecinin dahil edilmesi toplumumuzu
pozitif yonde etkileyecektir.

7. Ornek alabilecegim miihendislik tasarim etkinliklerini
aragtirmaktan keyif alirim.
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8.0grencilerin miihendislik ve tasarim becerilerinin
gelismesini onemli buluyorum.

9. Okul 6ncesinden baslayarak 12. sinifa kadar 6gretim
programlarinda miihendislik uygulamalarina yer verilmesi
gerektigine inantyorum.

10.0grencilerime miihendislik tasarim siirecini gretme
konusunda hevesliyim.

11. Fen 6gretim programina miihendislik tasarimin dahil
edilmesinin 6nemli oldugunu diisiiniiyorum.

12. Miihendislik tasarim etkinlikleri, 6grencilerin yaratici

diisiinme becerilerini gelistirebilmeleri agisindan énemlidir.

13. Okul yonetimim tarafindan bir miithendislik tasarim
etkinligi hazirlamam istenirse, verilen gérevi yapmaktan
kacinirim.

14.0gretmenlere yonelik miihendislik tasarim uygulamalar

konulu bir seminere katilim sertifikasi alabilmek i¢in katilirim.

15. Miihendislik tasarim uygulamalarinin 6gretim
programlarinda yer almasinin 6grenciler agisindan olumlu
olacagini diislintiyorum.

16.Universite dncesi seviyelerde miihendislik tasarim
uygulamalari, 6grencilerin disiplinler aras1 yaklasimi
anlamalarina katki saglar.

17. Miihendislik tasarim uygulamalarinin 6gretim
programlarinda yer almasi toplumsal sorunlarin ¢ézlimiine
katk1 saglar.

18.Miihendislik tasarim etkinliklerini yalnizca zorunlu
durumlarda uygularim.

19. Okul 6ncesinden baslayarak 12. sinifa kadar miithendislik
tasarim etkinliklerinin uygulanmasi ile 6grencilerin yenilik¢i
diisiinme becerileri (inovasyon) gelisir.

20. Miihendislik tasarim etkinlikleri, grencilerin var olan
bilgileri iiriine doniistiirmesi acisindan degerlidir.
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21.Ders saatlerinden sonra mithendislik tasarim etkinliklerinin
uygulanacagi bir 6grenci kuliibii olusturmak ilgimi ¢eker.

22.0grencilerimin problemlere bir miihendis gibi
yaklagmalarini 6nemli buluyorum.

296



APPENDIX G

DOCUMENTS USED AT THE TEACHER PD PROGRAM

.Y .

Detayli bilgi ve bagvurularinizigin:
https:tasarlayapogren.wordpress.com

() oorii sitremm | RiZGEM

TASARLA | YAP | OGREN

ATOLYE ETKINLIKLERI VE KAYNAKLAR

Yararlanmilan kaynaklar
Engineering is Elementary Ornek etkinlikleri, Vernier Araclar1 Internet sitesi,
Lawrence Hall of Science Etkinlikleri, NASA websitesi STEM etkinlikleri
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ODTU BILTEMM ve ODTU RUZGEM isbirligi ile Proje ODTU BAP tarafindan
desteklenmektedir.

Miihendislik kavramlar

* Tasarim

* Miihendisligin dogasi

* Farkli miihendislik dallar1 (bilgisayar miih., telekominikasyon miih., jeofizik
miih., insaat miih., ¢cevre miih., tekstil miih., gida miih., nanomiihendislik,
ziraat miih. gibi)

* Atdlye odagindaki miithendislik dallari: Makina miih., havacilik ve uzay
miih., aerodinamik miih.

* Miihendislik tasarim siireci

* Teknoloji

* Problem belirleme / problem ¢6zme

* Tasarimu gelistirme

e Sinirhliklar

* Basari kriterleri

¢ (Odiin verme

¢ Takim caligmast

Etkinlik 1
Tasarim Gorevi: Riizgar Tiirbini Tasarlama

Genel Amaclar

* Miihendislik tasarim siirecini uygulamak

* Riizgarla ilgili materyaller ve riizgar tutmada etkili olan faktorlerle ilgili
ogrenilen On bilgiyi tasarim yaparken kullanmak

* Riizgar tiirbini tasarlarken birden farkli tasarimi1 hayal edebilmek

* Kullanilacak malzemeleri ve tasarim ¢izimlerini i¢ceren detayl bir plan
ortaya koyabilmek

* Tasarimlar1 yaratmak ve test etmek

¢ Tasarimlarin giiclii ve gelistirilebilir yonlerini ortaya koymak, ve

e Tasarimlar gelistirmek icin fikir tiretmek
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4.-7. Simf:
Unite: Fen ve Miihendislik Uygulamalar

Konu Alani: Uygulamal Bilim
Kazamimlar:

* Giinliik hayattan bir problemi tanimlar.
a. Problemin giinliik hayatta kullanilan veya karsilagilan arag, nesne veya sistemleri
gelistirmeye yonelik olmasi istenir.
b. Bu agsamada problemin malzeme, zaman ve maliyet kriterleri kapsaminda ele
alinmasi beklenir.
c. Problemlerin, egitim-6gretim doneminin basindan itibaren farkli dersler
kapsaminda yer alan konularla iligkili olmas: tercih edilebilir.

* Problem i¢in muhtemel ¢oziimler iiretir ve bunlari karsilagtirarak kriterler

kapsaminda uygun olani seger.

¢ Uriinii tasarlar ve sunar.
a. Uriin tasarimi1 ve yapimi okul ortaminda yapalir.
b. Ogrencilerden, iiriin gelistirme asamasinda deneme yapmalari, bu denemeler
sonucunda elde ettikleri nitel ve nicel verileri, gézlemleri kaydetmeleri ve grafik
okuma veya olusturma becerileriyle degerlendirmeleri beklenmektedir.

Kullanilabilecek Malzemeler

e Karton levhalar-mukavva

* Farkli renklerde kartonlar

*  Cetvel

* Farkli boyda karton kutular (Siit kutusu, meyve suyu kutusu da olabilir)
* Bant

* Makas

[ ] Ip

* (esitli boy ve renklerde kagitlar

* Maket bigagi

* Petsise
* Tahta cubuklar (dondurma ¢ubuklarr),
* Pipet

* Kagit bardak
* Elisi kagidi
* Plastik tabak
*  Oyun hamuru
* Silikon tabancasi ve silikon
* Pet sise kapaklari
* Likit yapistiric
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* Renkli plastik boncuklar

* Plastik seffaf dosya

* Paket lastigi

* Aluinyum folyo

* Ispirto boya kalemleri renkli
* Strafor kopiik

* Plastik poset

* Copsis

* Riizgar tiirbinin donerek tasimasi beklenen yiik

Tasarim Gorevimiz: Riizgar Tiirbini Tasarlyoruz!

Yasadiginiz bolge elektrigini komiirden enerji saglayan enerji istasyonlarindan elde
ediyor. Yerel sirketler komiir kaynaklarinin tiikendigini ve elektrik tiretmek i¢in
farkli yollara ihtiya¢ oldugunu belirttiler.

Maliyeti diistik riizgar tiirbinlerinin elektrik enerjisi iiretmede faydali olabilecegi
gOriigii 6n planda. Siz uzman miithendislerden bugiin yerel sirketlerin ricasi tizerinde
farkl fikirler ve ¢6ziim Onerileri bekliyoruz !

Takim halinde basit malzemeleri kullanarak bir riizgar tiirbini tasarimi ortaya
koyunuz !

Bu tasarim gorevi i¢in kullanabileceginiz biitge en fazla 40 tl dir. Toplam iki buguk
saat siireniz bulunmaktadir.

Riizgar tiirbininiz riizgar enerjisini hareket enerjisine doniistiirmeli.

Zorluk sevivye 1

Riizgar tiirbininiz takiminiza verilen yiikii ip yardimiyla kaldirabilmeli.

Zorluk seviye 2

Riizgar tiirbininiz sizin se¢eceginiz daha agir bir yiikii ip yardimiyla kaldirabilmeli.

Malzemelerin Fiyatlari

e Karton levhalar-mukavva
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e Farkli renklerde kartonlar

* Farkli boyda karton kutular 10 TL

[ ) Ip

* Petsise 5STL

* Tahta ¢cubuklar (dondurma ¢ubuklar) 5STL
* Pipet

* Kagitbardak 5 TL

* Elisi kagidi

* Plastik veya kagit tabak STL
*  Oyun hamuru 10 TL

* Plastik seffaf dosya
* Paket lastigi
* Aluinyum folyo 10 TL

* Strafor kopiik 7 TL

e Cam yiinu

e Copsis 5TL
* Sisekapagt S5TL
e Strafor 5STL

Problemi belirliyoruz

Verilen senaryodaki problem nedir? Problemi yaziniz.

Problemin ¢6ziimii ile hangi ihtiyaclar karsilanacak?

Problemin ¢6ziimiinde hangi miihendislik alanlar1 birlikte ¢alisabilir? Takiminizdaki
tiyelerin miithendislik alanlarimi belirleyiniz.
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Bu problemi ¢6zmek i¢in hangi bilgilere ihtiyaciniz var?

Neler biliyoruz Neler 6grenmek istiyoruz

Neler 6grendik
(Etkinlik sonu
doldurulacak)

Ihtiyaciniz olan bilgilere nasil ulasabilirsiniz?

Problemi ¢6zmek icin dikkat etmeniz gereken kisitlamalar ve kriterler nelerdir?

Kisitlamalar Kriterler

On Bilgilerin Yoklanabilecegi Ornek Degerlendirme Sorulari

Riizgar nedir?
a. Giines enerjisi b. Fan tarafindan olusan bir kuvvet
b. Hareket eden hava  d.......

Ruiigarin enerjisi var midir?
a. Hayir riizgar enerji kullanir
b. Hayir rlizgarin enerjisi olamaz
c. Evet riizgarin gunes enerjisi vardir
d. Evet riizgarin cisimleri hareket ettiren enerjisi vardir

Riizgarin is yaptigi hangisinde drneklendirilmistir?
a. Bir oday1 sogutan fan/ sogutucu
b. Bir tepeden asag1 inen bisikletli
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c. Bir nehirden gecen bot
d. Riizgar is yapamaz

Riizgar tiirbini neler yapar?

Daha once riizgar tlirbini gordiiniiz mii?

Bir riizgar tiirbinin iyi ¢aligmasi i¢in hangi faktorler etkili olabilir?

Tiirkiye’de hangi bolgelerde riizgar tiirbinleri ile enerji tiretilmektedir?

Olas1 Coziimler

Problemi ¢6zmek i¢in olasi ¢6ziim 6nerileri nelerdir?

Sinirhilik, kriter ve 6n bilgileri goz 6niinde bulundurarak hangi ¢6ziim Onerisinde
karar kiliyorsunuz?

Hangi malzemeleri kullanacaksiniz?

Takim olarak karar verdiginiz tasarimimz ¢iziniz.
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Planimiz1 Uygulamaya Koyuyoruz

Tasarimimizi test edelim.

Tasariminiz yiikii kaldirabildi mi? Evet ise kag cm kaldird1? ...

Tasarimin kanatlart.......ccccceeeeeeeeeee.

a. Donmedi b. Fazla donmedi c. Guizelce dondu

Tasarimi daha iyi hale getirmek

Ilk denememiz sonucunda olusan yeni sorularimiz nelerdir?

Yeni tasariminizi ¢iziniz.

Final Tasarim Degerlendirme Sorular

Tasariminiz yiikii kaldirabildi mi? Evet ise kac cm kaldirdi?............c..coooeeiiei

Tasarimin kanatlart........cccceeeeeeeeeee.

b. Donmedi b. Fazla donmedi c. Guizelce dondu
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En iyi tasariminiz ayni zamanda ilk tasariminiz miydi?

a. Evet b. Hayir

Tasariminizda neler iyi ¢aligt1?

Tasariminizda neler iyi ¢aligmadi?

Bir sonraki tasariminizi nasil gelistirmeyi diisliniiyorsunuz?

Sizce tasarimin iyi ¢aligmasit hangi degiskenler ile iliskili?

Veri Tablosu

Denemeler 10 saniyedeki donme sayisi

2

3

Ortalama

1 saniyedeki doniis
sayisl

Yukaridaki veri tablonuza gore, riizgar tiirbininiz 5 saniyede ka¢ kez doner?
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Eger riizgar tiirbininiz 1 saniyede yiikii 20 cm kaldirtyorsa, 1 metre kaldirmasi i¢in
kac saniye gecmelidir?
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Basari kriterleri

Yiik kaldirma, yiik miktari ‘ @ @ P
A |

- @OY

Kullanighlik ‘ @ @

Dayaniklilik ‘ @ @
Sunum- Katma deger ‘ @ @ katma

Riizgar tiirbini kisitlamalari

Tasarim 1 Tasarim 2

Maliyet en fazla 40 TL

Yapim zamani iki
bucuk saat

Kullanilan malzeme
masadakilerle kisith

Riizgar tiirbini basari Kriterleri

Tasarim 1 Tasarim 2

Kanat mekanizmasi
riizgarla donebiliyor
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Kaldirabildigi yiik

Farkli cins yiikler
kolay asilabiliyor

Kanatlar riizgar1
tutuyor

Estetik

Karar verilen tasarim ve 6diin verme konusunda aciklama:

Degiskenler
* Kanat sayisi
¢ Kanat sekli (acisi)
*  Govde uzunlugu-kalinligi-sekli

Tasarim Gorevimiz: Ay’da bir Geziye Cikiyoruz!
* Ay’anasil inis yapabiliriz?
Ay’da nasil ytik tagiyabiliriz?
* Astronotlar Ay ylizeyinde farkli bolgelerde arastirmalar yapabilmek i¢in bir
ulagim aracina ihtiya¢ duyuyorlar. Apollo gorevleri sirasinda astronotlar

Lunar Buggy isimli aracla uzay araclarindan kilometrelerce uzaklastilar.

Tlgili Video:

Siz uzman miihendislerden farkl: fikirler ve ¢6ziim Onerileri bekliyoruz !
« Takim halinde basit malzemelerle astronotlar i¢in bir ulagim araci
tasarlayan miihendisler sizlersiniz! Goreviniz astronotlari ve ihtiyag
duyacaklar yiikleri Ay yiizeyinde tasiyacak bir model ara¢ tasarlamak.

Ekibinizle asagidaki sartlara uygun bir model tasarlamalisiniz: (basari kriterleri)
* Tasariminiz yiikii yapistirmadan ve diisiirmeden tasiyabilmeli
* Tasarimin inisi glivenli olmal
* Tasariminiz egimli ylizeyden (rampadan) indikten sonra en az 30 cm yol
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alabilmeli
* Malzemeler i¢in biitceniz 40 TL
* Siireniz 2 buguk saat

Etkinlige iliskin Ornek Fen Dersi Kazanimlari

Unite ad1 Kuvvetin Olgiilmesi ve Siirtiinme

Konu/Kavramlar: Siirtlinme kuvvetini kaygan ve piiriizlii yiizeylerdeki
uygulamalari, siirtiinme

kuvvetinin giinliik yasamdaki uygulamalari.

F.5.3.2.1. Siirtiinme kuvvetine giinliilk yasamdan 6rnekler verir.

F.5.3.2.2. Siirtlinme kuvvetinin ¢esitli ortamlarda hareketi etkisini deneyerek
kesfeder

Stirtinme kuvvetinin, piiriizlii ve kaygan yiizeylerde harekete etkisi ile ilgili
deneyler yapilir.

F.5.3.2.3. Giinliik yasamda siirtlinmeyi artirma veya azaltmaya yonelik yeni fikirler
Uretir.

Unite ad1 Kuvvetin ve Enerji

Konu/Kavramlar: Enerjinin korunumu, siirtiinme ile kinetik enerji kaybi, hava ve su
direnci.

F.7.3.3.1. Kinetik ve potansiyel enerji tiirlerinin birbirine doniisiimiinden hareketle
enerjinin korundugu sonucunu

cikarir.

F.7.3.3.2. Siirtiinme kuvvetinin kinetik enerji iizerindeki etkisini 6rneklerle agiklar.
a. Stirtiinme kuvvetinin kinetik enerji tizerindeki etkisinin 6rneklendirilmesinde
stirtiinmeli yiizeyler, hava

direnci ve su direnci dikkate alinir.

Etkinlige iliskin Ornek Matematik Dersi Kazanimlari

Dogal sayilarla islemler yapmay1 gerektiren problemleri ¢ozer ve kurar.

Nicelikleri karsilagtirmada oran kullanir ve orani farkli bigimlerde gosterir.
Orantiy1 ve dogru orantili nicelikler arasindaki iliskiyi agiklar

5.2.3.3. Zaman .11 birimlerini tanir, birbirine d.niistiiriir ve ilgili problemleri ¢ozer.
6.1.3.4. Tam sayilarla toplama ve ¢ikarma islemlerini yapar; ilgili problemleri
cozer.

6.3.1.2. Komsu, tiimler, biitiinler ve ters agilarin 6zelliklerini kesfeder; ilgili
problemleri

cozer.

7.2.1.1. Gergek yasam durumlaria uygun birinci dereceden bir bilinmeyenli
denklemleri
kurar.
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7.2.1.2. Denklemlerde esitligin korunumu ilkesini anlar.

7.2.1.3. Birinci dereceden bir bilinmeyenli denklemleri ¢ozer.

7.2.1.4. Birinci dereceden bir bilinmeyenli denklem kurmay1 gerektiren problemleri
cozer.

8.2.2.1. Dogrusal iligki igeren gergek yasam durumlarina ait tablo, grafik ve
denklemi

olusturur ve yorumlar.

8.2.2.3. Dogrusal denklemlerde bir degiskeni digeri cinsinden diizenleyerek ifade
eder.

Malzemelerin Fiyatlari

e Karton levhalar-mukavva
e Farkli renklerde kartonlar

* Farkli boyda karton kutular 10 TL

[ ) Ip

* Petsise 5STL

* Tahta ¢cubuklar (dondurma ¢ubuklar) 5STL
* Pipet

* Kagitbardak 5 TL

* Elisi kagidi

* Plastik veya kagit tabak STL
*  Oyun hamuru 10 TL

* Plastik seffaf dosya
* Paket lastigi
* Aluinyum folyo 10 TL

* Strafor kopiik

e Cam yiinu

e Copsis 5TL
* Sisekapagt S5TL
e Strafor 5STL

Problemi belirleme

(Coziim getireceginiz problemi yaziniz.

Suan da var olan ¢oziimler hangi agilardan yetersiz
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Problemi arastirma

Bu problemi ¢6zmek i¢in hangi bilgilere ihtiyaciniz var?

Ihtiyaciniz olan bilgilere nasil ulasabilirsiniz?

Tasariminizin basarili olmasi igin gereken kisitlamalar ve kriterler varsa nelerdir?

Kisitlamalar Kriterler

Basaril1 bir ¢ézlime gitmek i¢in iizerinde durulmasi gereken tiim anahtar bilgileri
yaziniz.

Olasi ¢oziimler iizerine beyin firtinasi yapma

Uygun olabilecek tiim ¢dziim Onerilerinizi yaziniz.
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Uygulanabilir gdziikmese de one ¢ikan tiim fikirleri listeleyin.

En iyi ¢o6ziime karar verme

Tiim olas1 ¢6zlim 6nerileri i¢in asagidaki tabloyu doldurun

Tabloya gore takim olarak kararinizi verin. Hangi ¢6ziim sinirlilik ve kriterlerinizi
en iyi sekilde karsiliyor

Kisitlamalar Tasarim 1 Tasarim 2

Basari Kriterleri Tasarim 1 Tasarim 2

312



Sectiginiz ¢oziimi agiklaymiz. Nasil karar verdiniz? Optimizasyon siirecini
aciklayiniz

Neden sectiginiz ¢oziim diger ¢6ziim Onerilerinden {istiin

Bir prototip Model gelistirin

Tasariminizi ¢iziniz

Prototipi malzemelerle insa ediniz

Test etme ve degerlendirme

Insa ettiginiz prototipi test alaninda test ediniz
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Neler Yanhs gitmis olabilir?

e Tekerlekler donmedi

Tasarimi gelistirme

* Diiz bir ¢izgide seyahat etmedi
¢ Istenen mesafeye ulasamadi
* Tasarim veya ylik rampadan firladi

Tasarimin yenilenmis halini ¢iziniz

EKk etkinlik

Veri Tablosu

Giiglendirmek i¢in tasariminizda nasil degisiklikler yapacaksiniz

Denemeler

Kullanilan
yuizey

Aracin aldig:
yol

Siire

2

3

Ortalama
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MUHENDISLIGIN DOGASI

Miihendisler farkli ¢6ziim Onerileri tizerinde calisirlar. Daha sonra en uygun ¢6ziim
Onerisi belirlenir. Tum cozum 6nerileri tum kriterleri kargilamayabilir. Odiin
vermek seklinde ilerleyerek probleme cozum getirecek olan ¢6ziim segilir ve test
edilir.

Farkl1 alanlarda uzman miihendisler birlikte ¢alisirlar

Mihendisler Ekip halinde
problem ¢ozer caligirlar

Mihendislik
Farkli disiplinlerdeki tasarim sirecini

bilgilerini kullanirlar izlerler

ORNEK: Temiz su kaynagina
ulasma konusunda bir
tasarim yaparken bakteri,
toprak, suyun yapisi gibi
konulardaki bilgileri
kullanirlar.
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APPENDIX H

“SCIENCE TEACHERS’ATTITUDES TOWARDS K-12 ENGINEERING

EDUCATION SURVEY” USED IN COGNITIVE INTERVIEWS

Olcek maddeleri

1.“Miihendislik ve tasarim egitimi” konusunda hizmet
ici egitimlere katilmak ilgimi ¢eker.

2. Miihendislik tasarim etkinliklerini uygulamamiz,
ogrencilerin fen, matematik, teknoloji ve miithendislik
alanlarindaki mesleklere karsi ilgilerini artirir.

3.Miihendislik tasarim uygulamalar1 konulu kaynaklari
(kitap, dergi, gorsel materyaller gibi) incelemek
isterim.

4.“Miihendislik ve tasarim egitimi” konusunda
kendimi gelistirmek beni heyecanlandirir.

5.Miihendislik tasarim uygulamalarinin &grencilerin
isbirlikli caligma becerilerini gelistirecegini
diisiiniiyorum.

6. Miihendislik uygulamalarinin 6gretim
programlarina dahil edilmesinin toplumumuzu pozitif
yonde etkiler.

7.0rnek alabilecegim miihendislik tasarim
etkinliklerini aragtirmaktan keyif alirim.

8.“Miihendislik ve tasarim egitimi” 6grencilerin
iletisim becerilerini gelistirecegini diigliniiyorum.

9.Miihendislik tasarim etkinliklerinin okullarda
uygulanmasi, toplumlarin kars1 karstya olduklari
sorunlarin ¢ozlimiine katki saglar.
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10.Ogrencilerime miihendislik tasarim siirecini
ogretme konusunda hevesliyim.

11.‘Miihendislik ve tasarim etkinligi’ konusunda
ogretmenlere yonelik egitimleri ve seminerleri
aragtirmak ilgimi ¢ekiyor.

12. Okullarda miihendislik tasarim etkinliklerinin
uygulanmasi toplum gelisimine katki sunacaktir.

13..“Miihendislik ve tasarim egitimi” 6grencilerin
yaratici diistinme becerilerini gelistirebilmeleri
acisindan énemlidir.

14.0kul yonetimim tarafindan bir miihendislik tasarim
etkinligi hazirlamam istendiginde, verilen gorevin
baska bir 6gretmene verilmesini rica edebilirim.

15.0grencilerim i¢in miihendislik tasarim etkinlikleri
hazirlarken, az malzeme ve zaman gerektiren
etkinlikleri secerim.

16.0gretmenlere yonelik ‘miihendislik ve tasarim
egitimi’ konulu bir seminere yalnizca katilim
sertifikasi alabilmek i¢in katilirim.

17. Miihendislik uygulamalarinin gretim
programlarina dahil edilmesinin 6grenciler acisindan
olumlu olacagini diisiiniiyorum.

18.‘Miihendislik ve tasarim egitimi’ 6grencilerin farkli
disiplinlerin birbiriyle nasil iliski igerisinde olduklarini
anlamalarina katki saglar.

19.Miihendislik tasarim etkinliklerini yalnizca zorunlu
durumlarda uygularim.

20. Miihendisligin 6gretim programlarina dahil
edilmesi ile 6grencilerin girisimcilik becerileri gelisir.

21. “Miihendislik ve tasarim egitimi”, 6grencilerin
varolan bilgileri {iriine dontistiirmesi acisindan
degerlidir.

22 .Ders saatlerinden sonra miithendislik tasarim
etkinliklerinin uygulanacagi bir 6grenci kliibii
olusturmak ilgimi ¢eker.

23.0Ogrencilerin temel bir mithendislik kavrayisina
sahip olmalarin1 6nemli buluyorum
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APPENDIX I

FINAL VERSION OF THE “SCIENCE TEACHERS’ATTITUDES
TOWARDS K-12 ENGINEERING EDUCATION SURVEY”

Olcek maddeleri- Birinci Boliim

1. Derslerime miihendislik tasarim siirecinin
dahil edilmesi konusunda kendimi mesleki
olarak gelistirebilecegim egitimlere ve
seminerlere katilmak ilgimi ceker.
2.0grencilerime miihendislige temel olusturan
fen kavramlarini 6gretme konusunda kendimi
mesleki olarak gelistirmek isterim.

3. Fen egitiminde miihendislik tasarim
uygulamalar1 konulu kaynaklar (kitap, dergi,
video, gorsel materyaller gibi) ilgimi ¢eker.
4. Smifimda yenilik¢i miithendislik tasarim
etkinlikleri hazirlamaya ve uygulamaya
istekliyim.

5.Miihendislik tasarim etkinliklerinin
ogrencilerin takim galigmasi becerilerini
gelistirecegini diisliniiyorum.

6. Calisma arkadaslarim ile miihendislik tasarim
uygulama deneyimlerimizi paylasmaya
istekliyim.

7. Ornek alabilecegim miihendislik tasarim
etkinliklerini aragtirmaktan keyif alirim.

8.0grencilerin miithendislik ve tasarim
becerilerinin gelismesini énemli buluyorum.

9. Okul 6ncesinden baglayarak 12. sinifa kadar
Ogretim programlarinda miihendislik
uygulamalarina yer verilmesi gerektigine
inantyorum.
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10.Ogrencilerime miihendislik tasarim siirecini
ogretme konusunda hevesliyim.

11. Fen 6gretim programina miihendislik
tasarimin dahil edilmesinin 6nemli oldugunu
diisiiniiyorum.

12. Miihendislik tasarim etkinlikleri, 6grencilerin
yaratici diisiinme becerilerini gelistirebilmeleri
acisindan énemlidir.

13. Okul yonetimim tarafindan bir miihendislik
tasarim etkinligi hazirlamam istenirse, verilen
gorevi yapmaktan kaginirim.

14.0Ogretmenlere yonelik miihendislik tasarim
uygulamalar1 konulu bir seminere katilim
sertifikasi alabilmek i¢in katilirim.

15. Miihendisligin fen egitimine entegrasyonu
fen konularin1 6grenciler i¢in daha ilgi ¢ekici
hale getirecektir.

16. Ogrencilerime miihendislik tasarim siirecini
ogretmek icin becerilerimi gelistirmeye
istekliyim.

17. Miihendislik tasarim uygulamalarinin
ogretim programlarinda yer almasi toplumsal
sorunlarin ¢ozlimiine katki saglar.
18.Miihendislik tasarim etkinliklerini yalnizca
zorunlu durumlarda uygularim.

19. Okul 6ncesinden baglayarak 12. sinifa kadar
miihendislik tasarim etkinliklerinin uygulanmasi
ile 6grencilerin yenilikgi diisiinme becerileri
(inovasyon) gelisir.

20. Miihendislik tasarim etkinlikleri, 6grencilerin

var olan bilgileri {irline doniistiirmesi agisindan
degerlidir.

21.Ders saatlerinden sonra miithendislik tasarim
etkinliklerinin uygulanacagi bir 6grenci kuliibii
olusturmak ilgimi ¢eker.

319

WNJIoATW]RY

UdWBWE I,

WNIOATWRY]

wizisaeaey

WNJIOAT[)R Y

WNJIOAT[)R Y

UdWBWE I,



22.0grencilerimin problemlere bir miihendis gibi
yaklagmalarini 6nemli buluyorum.

23. Ogrencilerime sinifta tasarim yaparlarken
destekleme noktasinda yeterli donanimim
olduguna inantyorum.

24. Siifta mithendislik tasarim etkinlikleri
uygulamak bana heyecan veriyor.

Olcek maddeleri- ikinci Boliim

25.miihendislik tasarim siireci uygulamari konulu kaynaklari

a. Incelemek istemem

b. Zorunda olursam incelerim

c. Kararsizim

d. Hizlica bakmak isterim

e. Incelemekten keyif alirrm

26. Fen egitimine miihendisligin entegrayonu konulu bir 6gretmen egitimine
katildigimda

a. Etkinliklere katilimda goniilsiiz olabilirim

b. Katilim sertifikas1 almak i¢in katilirim

c. Kararsizim

d. Etkinliklere aktif olarak katilmak isterim

e. Ogrenmeye istekliyim ve kendimi gelistirmek beni heyecanlandirir

27. Sinfimzda uygulamak iizere bir miithendislik tasarim etkinlig¢i hazirlamam
istendiginde

a. Isteksiz olurum

b. Daha 6nce uygulanmis bir etkinligi oldugu gibi uygularim

c. Biraz arastirma yaparak bir etkinlik hazirlarim

d. lyi bir arastirma ile bir etkinlik hazirlarim
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28. Sinifici bir miihendislik tasarim etkinligi uygulamak
a. Fazla ilgimi ¢ekmez

b. Tlgimi ¢ekebilir

c. Bazen beni heyecanlandirir

d. Her zaman beni heyecanlandirir
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APPENDIX J

INFORMED CONSENT FORM

Goniilli Katihm Formu

Bu calisma ODTU Egitim Bilimleri Béliimiinde, Yrd. Dog. Dr. Evrim Baran
danismanliginda arastirma gorevlisi Canan Mesutoglu tarafindan ytiriitiilen arastirma
caligmasidir. Caligmanin amaci, a) fen Ogretmenlerinin miihendislik ve tasarim
egitimine kars1 tutumlarimini temsil edecek bir 6grenme ilerlemesi (learning
progression) tasarlamak ve veri toplama araci gelistirmek, b) gelistirilen 6grenme
ilerlemesi ve miihendislik ve tasarim egitimi konusunda verilecek egitimler ile
ogretmen tutumlarindaki gelisimi takip etmek, ve c) miithendislik ve tasarim egitimi
konusunda verilecek egitimlerin fen Ogretmenlerinin etkinlik tasarlama ve
uygulamalarini hangi yonlerde gelistirdigini ortaya koymaktir.

Calismaya katilim tamamiyla goniilliilik temelindedir. Veri toplama
araglarinda, sizden kimliginizi belirleyici hicbir bilgi istenmemektedir. Cevaplariniz
tamamen gizli tutulacak ve sadece arastirmacilar tarafindan degerlendirilecektir. Elde
edilecek bilgiler sadece bilimsel amacli kullanilacaktir. Sorular kisisel rahatsizlik
verecek icerik icermemektedir. Ancak, sorulari cevaplarken sorulardan ya da
herhangi bagka bir nedenden 6tiirii kendinizi rahatsiz hissederseniz yarida birakmada
serbestsiniz. Bu calismaya katildiginiz i¢in simdiden tesekkiir ederiz. Calisma
hakkinda daha fazla bilgi almak i¢in Arastirma Gorevlisi Canan Mesutoglu (Tel:
(312) 210 4046; e-posta: mcanan@metu.edu.tr) ile iletisim kurabilirsiniz.

Bu calismaya tamamen goniillii olarak katiliyorum ve istedigim zaman
yarida kesip birakabilecegimi biliyorum. Verdigim bilgilerin bilimsel amach
yayimlarda kullanilmasint kabul ediyorum. (Forma onay verdikten sonra sorulari

cevaplayiniz).

322



APPENDIX K

VITA
Canan Mesutoglu, Ph.D.

E-mail: canan.mesutoglu@gmail.com

EDUCATION

Ph.D. 2017, Middle East Technical University, Ankara, Turkey
Major: Curriculum and Instruction
Adpvisor: Dr. Evrim Baran
Dissertation Title: Developing Teacher Learning Progressions For K-12
Engineering Education: Teachers’ Attitudes And Their Understanding of the
Engineering Design

M.S. 2012, Middle East Technical University, Ankara, Turkey
Major: Guidance and Psychological Counseling
Advisor: Dr. Ayhan Demir
Thesis Title: The Relationship among Self Construal, Family Functioning and
Sibling Number in Terms Of Gender in High School Students

B.S. 2007, Bogazici University, Istanbul, Turkey
Major: Elementary Science Education
Certified as an elementary science teacher

PROFESSIONAL EXPERIENCE

Fulbright Visiting Ph.D. Student & Researcher, 08/2015 - 06/2016
University of California, Berkeley, Graduate School of Education, CA, U.S.
Research Topic: Developing construct maps and learning progressions
Research Assistant, 11/2009 - Present
Department of Educational Sciences, Middle East Technical University,
Ankara, Turkey
Science Teacher, 08/2007 - 06/2009
Eyuboglu Educational Institution, Istanbul, Turkey
Voluntary Specialist, 09/2013 - 05/2015

323



Flying Broom (Ucan Siipiirge) Women Communication and Research
Association, Ankara, Turkey

English Translator, 07/2012 - Present
Merkur Import and Export Limited Company, Istanbul, Turkey (working
freelance)

Undergraduate Research Assistant, 09/2006 - 06/2007
Laboratory Applications in Science Education Undergraduate Course,
Bogazici University, Istanbul, Turkey

Guide for Science Activities, 09/2006 - 06/2007
Nezahat Gokyigit Botanical Garden, Istanbul, Turkey

PROJECTS

Mesutoglu, C., Baran, E., & Cakiroglu, E. (2017). Co-Principle Investigator.
Design, Make, Learn: Professional development program for middle school science
teachers on engineering design. Middle East Technical University, Ankara, Turkey.
Supported by BILTEMM (Center for Science, Technology, Engineering, and
Mathematic Education) and METUWIND, Middle East Technical University
https://tasarlayapogren.wordpress.com

Karahan, E., Canbazoglu-Bilici, S. & Baran, E. (2017). Guide. Professional science
teacher development program on problem based STEM (Science, Technology,
Engineering, Mathematics) Education. Osmangazi University, Eskisehir, Turkey.
Funded by The Scientific and Technological Research Council of Turkish Research
Council, http://www.pdstemuygulamalari.com

Cakiroglu, E. & Baran, E. (2016). Instructor. Professional teacher development
program on STEM Education. Supported by BILTEMM, Middle East Technical
University, Ankara, Turkey,

http://sem.metu.edu.tr/egitim_pdf/stem2.pdf, https://biltemm.metu.edu.tr/en/projects

Wilson, M. (2016). Researcher. San Francisco Health Investigators (SF HI).
Developed and led by the Science & Health Education Partnership at UC San
Francisco, U.S.

Baran, E., Cakiroglu, E. & Canbazoglu-Bilici, S. (2015). Trainer and guide. Young
inventors designing the future: Science, Technology, Engineering and Mathematics
(STEM) Education, Middle East Technical University, Ankara. Funded by The
Scientific and Technological Research Council of Turkish Research Council
https://fetemmodtu.wordpress.com/

Canbazoglu-Bilici, S., Baran, E. & Yamak, H. (2014). Guide. Educational
applications for science teachers on technological pedagogical content knowledge

324



(TPACK) Project. Funded by The Scientific and Technological Research Council of
Turkish Research Council, http://www.tpabuygulamalari.com

Flying Broom (Ucan Siiplirge) Women Communication and Research Association.
(2013-2015). Researcher. My Madame Curie: The stories of four women scientists
into making an animated movie for 4™ grade students, Turkey. Funded by Turkish
Ministry of National Education. http://festival.ucansupurge.org/EN,2600/my-
madame-curiem.html

Erentay, N. (2015). Jury member. Science on Stage Europe: Science on Stage
Festival 2015, Middle East Technical University, Ankara, http://www.science-on-
stage.eu/page/display/2/2/185/tr/turkey

PUBLICATIONS

Baran, E., Canbazoglu-Bilici, S., Mesutoglu, C. & Ocak, C. (2016). Moving STEM
beyond schools: Students’ perceptions about an out-of-school STEM education

program. International Journal of Education in Mathematics, Science and
Technology, 4(1), 9—-19.

Baran, E., Canbazoglu-Bilici, S. & Mesutoglu, C. (2015). Science, technology,
engineering, and mathematics (STEM) public service announcement (PSA)
development activity [Fen, teknoloji, miihendislik ve matematik (FeTeMM) spotu
gelistirme etkinligi] Journal of Inquiry Based Activities [Arastirma Temelli Etkinlik
Dergisi], 5(2), 60—-69.

CONFERENCE ACTIVITIES

Baran, E. & Mesutoglu, C. (2015). 4 systematic review of the literature on learning
progressions in science education: Developing critical elements. American
Educational Research Association (AERA) 2015 Annual Meeting, Chicago, IL,
USA, April 16 — 20, 2015.

Mesutoglu, C. & Birgili, B. (2015). Targeting misconceptions in teacher education:
Views and practices of pre-service science and mathematics teachers. VII.
International Congress of Educational Research, Mugla Sitki Kogman University,
Turkey, May 29-31, 2015.

Mesutoglu, C. (2014). Improving the professional development of pre-service
science teachers and raising little scientists. 11"™ National Science and Mathematics
Education Congress, Cukurova University, Adana, Turkey, September 11-14, 2014.

325



Mesutoglu, C. (2014). Views of science teachers and academicians on the 2013
Sciences Curriculum for the 5" grade. 11™ National Science and Mathematics
Education Congress, Cukurova University, Adana, Turkey, September 11-14, 2014.

Somuncuoglu, S. & Mesutoglu, C. (2014). Transferring the women who enlightened
our path to young generations: An exemplary project “My Madame Curie”. Writing
Women’s Lives International Symposium, Yeditepe University, Istanbul, Turkey,
April 19-20, 2014.

PARTICIPATION AT WORKSHOPS, PANELS AND SYMPOSIUMS

(2016) STEAM Symposium: Innovative Methods to Enhance Careers in STEAM
Education: Science, Technology, Engineering, Arts, and Mathematics, 2016,
University of California, Berkeley, U.S.

(2016) The Expanding Potential in STEM Fields Workshop, January 30-31, 2016,
University of California, Berkeley, U.S.

(2015) Science leadership and management (SLAM) weekly workshop series.
September 14-December 14, 2015, University of California, Berkeley, U.S.

(2015) Fulbright minds: Building the pipeline of girls and women in STEM Panel
Series. Institute of International Education, November 17, 2015, San
Francisco, U.S.

MEMBERSHIPS

Fulbright Alumni, Toastmasters, University of California, Berkeley, CA, U.S.

TEACHING EXPERIENCES

Middle East Technical University, Ankara, Turkey
Graduate Courses
Research Methods in Education, Fundamentals of Learning Sciences
Undergraduate Courses
Classroom Management, Educational Statistics

SERVICE

(2016) Volunteer. Lawrence Hall of Science, University of California, Berkeley, CA,
U.S.

(2015) Volunteer. BASIS (Bay Area Scientists in Schools), Berkeley, CA, U.S.

326



APPENDIX L

APPROVAL FROM METU ETHICS COMMITTEE

UYGULAMALI ETIK ARASTIRMA MERKEZI b, ORTA DOGU TEKNIK UNIVERSITESI
APPLIED EVHICS REBEARCH CENTER MIDOLE EAST TECHNICAL UNIVERSITY

DUBMLUPENAR BULVARI C6E00
CANKAYA ANKARA/TURKEY
T:+90 312 210 22 91

P SRYN28620816 /) (v

vasm@metu sdu by

W e ety edu 05 ARALIK 2016

Konu: Degerlendirme Sonucu

Gonderilen: Yrd. Dog.Dr. Evrim BARAN

Gonderen: ODTU insan Aragtrmalari Etik Kurulu [IAEK)

“ligi: Insan Aragtirmalan Etik Kurulu Bagvurusu

Sayin Yrd. Dog.Dr. Evrim BARAN;

Danigmanligint yaptiginiz doktora égrencisi Canan MESUTOGLU nun “Fen Ofiretmenin Mihendisiik ve
Tasanm Egitimi Konusunda Tutum ve Uygulamalannin Ofirenme ilerlemesi Yontemi ile Ortaya Kenmas:
ve lzlenmesi” baglikli arasurmasi insan Arastirmalan Kurulu tarafindan uygun garilerek gerekli onay
2016-EGT-168 protokol numaras: ile 05.12.2016-01.09.2017 tarihleri arasinda gecerli olmak Gzere
verilmistir,

Bligilerinize saygilarimla sunarim.

—
%fﬁf&nan SUEEE

B o '",_“l — T Insan  Arastivinalan Ftik Kurulu Bagkam

erof.|Dr. Mehmet UTKU Prof. Dr. Ahan SOL
iAEX Uyesi IAEK Uyesi

Prof. Dr. Ayhan Giirbiiz DEMIR . asarKONDAK
IAEK Uyesi IAEK Oyesi

)og. Dr. Emre SELCUK
IAEK Uyesi IAEK Ovesi

327



APPENDIX M

TURKISH SUMMARY / TURKCE OZET

Giris
Son yillarda fen, teknoloji, miihendislik, ve matematik (FeTeMM) alanlarina
anaokulundan 12. Sinifa kadar tiim egitim diizeylerinde 6nem verildigi goriilmektedir
(Capobianco & Rupp, 2014; Honey, Pearson, & Schweingruber, 2014; National
Research Council (NRC), 2009). Problemlere alternatif bakis acilarini
degerlendirerek yaklagan, sistematik ve yaratici diigiinebilen ve iirlinler sunarak
¢Oziim lireten 0grencilerin yetisebilmesi i¢in FeTeMM egitimi 6n palana ¢ikmaktadir
(MoNE, 2016). FeTeMM alanlarinda 6grencilerin yetismesini saglamak (Page,
Lewis, Autenrieth, & Butler-Purry, 2013) ve toplum gelisimi i¢in FeTeMM egitimine
yonelimi artirmak (National Science Board, 2010) son derece 6nemlidir. 21. Yiizyilda
iilkelerin basarili olmalar1 ve rekabet edebilmeleri icin FeTeMM alanlarinda yetisen
kisilere ihtiyact vardir (Corlu, Capraro & Capraro, 2014). FeTeMM pedagojisi
inovasyon, yaratici diisiinme, igbirlikli calisma ve elestirel diistinme gibi 21. Yiizyil
becerilerinin gelismesini saglar (NRC, 2012; Perry vd., 2008). Bu becerilerin
gelismesi i¢in bu yaklasimda fen ve miihendislik becerileri 6ne ¢ikmaktadir (NGSS
Lead States, 2013). Miihendislik egitimi, FeTeMM disiplinlerinin kavramsal olarak
anlagilmasi, miihendislige karst ilgi olusturma ve miihendislerin toplum
ilerlemesindeki rollerinin anlasilmasi noktalarinda biiyiik potansiyele sahiptir
(Brophy, Klein, Portsmore, & Rogers, 2008). Anaokulundan 12. Smifa kadar tiim
egitim diizeylerinde miihendisligin 6gretime entegrasyonunda dgretmenlerin dnemli
roli bulunmaktadir. (Hsu, Cardella, & Purzer, 2010). Bu anlamda fen dersini

miihendislik pratikleri ile Ogretebilecek Ogretmenlere ihtiyag bulunmaktadir
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(Capobianco & Rupp, 2014; Guzey, Moore & Morse, 2016). Ogrenciler disiplinlere
ait kavramlar1 6grenirken fen ve miihendislik disiplinlerini beraber kullanmalar1
onemlidir. Tim seviyelerde miihendislige vurgu yapilmasi 6grenme, akademik
basar1, miihendisligin dogasin1 anlama ve miihendislik ile teknoloji alanlarina ilgiyi

artirma anlaminda kritiktir (NRC, 2009).

Miihendisligin fen Ogretimine entegrasyonu Ogretmenler i¢in yabanci pedagojik
yaklasim ve pratigi beraberinde getirmektedir; miihendislik tasarim siireci, ve
modelleme gibi (Yoon, Diefes-Dux, & Strobel, 2013). Fen 6gretmenlerinin fen
ogretiminde miihendislik tasarim siirecini kullanabilmeleri i¢in gerekli bilgi ve
beceriye sahip olmalar1 gerekmektedir (Capobianco, & Rupp, 2014), ancak 6gretmen
egitimindeki eksiklikler miihendisligin yeterince vurgulanmasim1 engelleyen
bariyerlerden birisidir (Fadali & Robinson, 2000). Ogretmenlerin yeni konularda
bilgi ve becerilerini gelistirmeleri yliksek kaliteye sahip Ogretmen gelisimi
programlari ile miimkiin olabilmektedir (Capobianco & Rupp, 2014). Ogretmenlerin
smif i¢i pratiklerinin iyilesmesi ve dgrencilere olumlu yansimalart olmasi agisindan
ogretmen profesyonel gelisim programlari énemlidir (Supovitz & Turner, 2000;
Yoon, Diefes-Dux, & Strobel, 2013). Ogretmenlerin miihendislik egitimine kars
olumlu tutumlarinin ve kavrayislariin  smif i¢i pratigi etkileyeceginden,

ogretmenlerin hem tutum hem anlayislarinin gelismesi vurgulanmalidir.

Ogretmenlerin miihendisligin fen egitimine entegrasyonuna karsi tutumlarinin ve
miihendislik tasarim siireci kavrayiglarinin gelismesi icin profesyonel gelisim
programlarina  katilmalar1  6nem tagimaktadir. Calisma kapsaminda fen
ogretmenlerine yonelik bir 6gretmen egitimi tasarlanmis ve uygulanmistir. Bu egitim
ile fen Ogretmenlerinin miihendislik pratikleri gibi yeni bir alanda gelismeleri
hedeflenmis ve ayni zamanda gelistirilen 6grenme ilerlemelerine yonelik ampirik veri
toplanarak iyilestirmeler saglanmustir. Ogretmen egitimi programimin kavramsal
temelini olusturmak i¢in ilgili alan yazin dikkatlice taranmistir. Bu dogrultuda
ulagilan 21 tane miihendislik egitimi konusunda verilen 6gretmen egitimleri konulu

caligma, analitik bir tabloya dokiilerek farkli agilardan irdelenmistir. Ardindan
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miihendisligin liniversite Oncesi seviyelerde egitime entegrasyonunu konu alacak bir
Ogretmen egitiminde bulunmasi gereken esas nitelikler belirlenmistir. Bu nitelikler su
sekilde siralanmistir, ger¢ek yasam temali mithendislik tasarim etkinlikleri, alan
gezileri, miihendislerle isbirligi i¢inde c¢alisma, Ogretmenleri tasarim takimlari
olusturmasi, yiizyiize ¢alistay sonrasi simif i¢i uygulamalar, tematik gerceve, ve
miihendislik dogasina uygun bilgi aktarimi. Bu esas niteliklerden smf igi
uygulamalar hari¢ hepsi ¢aligma kapsaminda uygulanan Ogretmen egitiminde

karsilanmigtir.

Egitimde yeni yaklasimlarin basarili olmasinda 6gretmenlerin tutumlart énemli bir
yere sahiptir; yapilandirmact 6grenme etkinlikleri (Kasapoglu, 2010), mobil
uygulamalarm kullammi (Zyad, 2016) gibi. Ogretmenlerin olumsuz tutumlari
miihendislik pratiklerinin entegrasyonunda bariyer teskil edebilir. O nedenle
ogretmen tutumlarmi ortaya koymak énemlidir (Yoon vd., 2013). Ogretmenlerin
miihendislik tasarimi ile ilgili deneyim kazanmalari, hem mihendislik
entegrasyonuna karst hem de FeTeMM egitimine karsi olan tutumlarini etkileyebilir
(Nadelson  vd., 2013). Ogretmenlerin  miihendislik  tasarim  siirecini
anlamlandirmalari, miihendisligin fen 6gretimine entegrasyonunda basarili olunmast
icin 6nemli bir diger noktadir. Heniiz fen 6gretiminde miihendislik tasarim siirecinin
kullanilmas: yayginlik kazanmamistir (Guzey, Tank, Wang, Roehrig, & Moore,
2014). Ogretmenlerin genellikle miihendislik uygulamalar1 ile ilgili bir deneyime
sahip olmadiklar1 gézlemlenmistir (Lehman, Kim, & Harris, 2014). Ogretmenlerin
miihendislik tasarim siireci ile ilgili bilgi ve beceri kazanmalar1 ve olumlu tutum

gelistirmeleri i¢in 6gretmenlere yonelik profesyonel gelisim programlart etkilidir.

Ogretmenlerin egitimde miihendislik uygulamalar1 konusunda gelisimini 6lgecek
araglarin sayist olduk¢a azdir (Lachapelle, Hertel, Shams, San Antonio, &
Cunningham, 2014; Yasar, Baker, Robinson-Kurpius, Krause, & Roberts, 2006).
Ancak ogretmenlerin gelisimini 6l¢mek ve takibini yapmak, 6gretmen miihendislik
uygulamalarinda profesyonel gelisimlerini saglaman i¢in 6nemli geri bildirimler

saglayacaktir. Mithendisligin fen 6gretimine entegrasyonu oldukca yeni bir yaklagim
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oldugu icin, 6gretmenlerin tutumlari ve miihendislik tasarim siireci noktasindaki
kavrayislarmi ~ Slgmek ve ortaya koymak &nem tasimaktadir. Ogretmenlerin
tutumlarin1 ve miihendislik tasarim siireci kavrayiglarin1 6lgmek ve takibini yapmak
icin araclar gelistirilmesi 6grenme ilerlemeleri (learning progressions) yaklagiminin

kullanilmasin1 gerekli kilmaktadir.

Ogrenme ilerlemeleri fen egitimine yeni bir bakis agis1 sunmaktadir (Duncan &
Hmelo-Silver, 2009, Salinas, 2009). Ogrenme ilerlemeleri, anlamli &lgme ve
degerlendirme araglarmin gelistirilmesi i¢in hizaya dizilmis seviyeler lizerinden
sistematik bir cerceve sunmaktadir (Alonzo & Steedle, 2009). Ogrenme ilerlemeleri
“gittikge karmasiklasan ve derinlik kazanan anlayis ve diisiiniis bigimlerini” ortaya
koymaktadir (Duschl, Maeng, & Sezen, 2011, s. 131). Ogrenen konumundaki kisinin
kuram ve ampirik bulgular ilizerinden insa edilen seviyelerde ilerlemesi odak
noktasidir. Bu ilerleme daha diisiik seviye bir anlayis, kavrayistan daha yiiksek seviye
yani daha karmasik bir anlay1s, kavrayisa dogru olabilecegi gibi (Plummer & Krajcik,
2010; Songer, Kelcey, & Gotwals, 2009), tutum gibi psikolojik bir degisken smz
konusuysa, diisiik dereceden yiiksek seviyeye dogru olabilir (Mahat, 2008; Nguyen
& Griffin, 2013). Ogrenme ilerlemeleri gelistirilirken, dlgme araclar1 gelistirerek
veya veya Ogretim ortamlar1 tasarlayarak Ogrenme ilerlemeleri seviyelerinin
dogrulanmasi saglanir (Duncan & Hmelo-Silver, 2009; Wilson, 2005). Ogrenme
ilerlemeleri ortaya koydugu seviyeler ile daha saglikli ve giivenilir geri bildirim

verilebilmesini kolaylagtirmaktadir.

Ogrenme ilerlemeleri giincel olarak siklikla dgrenciler igin gelistiriliyor olsa da
(Alonzo & Steedle, 2009; Shea & Duncan, 2013), 6gretmenlerin bilgi ve pratiklerinin
ilerlemesinin izlenmesi amaci ile de gelistirildigi goriilmiistiir (Nguyen & Griffin,
2012; Jin, Shin, Johnson, Kim, & Anderson, 2015; Windschitl, Thompson, Braaten,
& Stroupe, 2012). Ogretmenlerin ilerleme ve gelisimlerinin, miihendislik egitiminde
tutum ve kavrayislar1 odag ile ortaya konarak, 6gretmen gelisimi alan yazinina katk1
sunmak hedeflenmistir. Ogrenme ilerlemeleri uygulanan profesyonel gretmen

egitimi programi ile test edilmis ve iyilestirmeler saglanmistir.
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Calismanin Amaci ve Arastirma Sorulari

Calisma, fen Ogretmenlerinin tutum ve miihendislik tasarim stireci kavrayislari
iizerine 0grenme ilerlemeleri gelistirmeyi hedeflemistir. Miihendislik kavram ve
pratiklerinin fen egitimine entegrasyonu noktasinda ogretmenlerin hem tutumlari
hem de miihendislik tasarim siireci hakkindaki bilgi ve anlayislar etkili olacaktir.
Calismanin iki ana amaci su sekilde siralanmistir: a) ortaokul fen 6gretmenlerinin
mithendisligin fen egitimine entegrasyonuna karsi tutumlar1 {lizerine Ogrenme
ilerlemesi gelistirmek, b) ortaokul fen 6gretmenlerinin miihendislik tasarim siireci
hakkindaki kavrayislar1 iizerine 6grenme ilerlemesi gelistirmek. Calismanin ilk
amacini karsilamak i¢in, ve 6grenme ilerlemesinin ampirik dogrulamasinin yapilmasi
icin bir 6l¢ek gelistirilmistir. Ayrica 6zellikle ikinci amaca hizmet etmek ve 6grenme
ilerlemesinin ampirik dogrulamasini saglamak i¢in bir 6gretmen egitimi diizenlenip
uygulanmigtir. Calismaya yOn veren arastirma sorulari asagida verilmistir:
5. Ortaokul fen oOgretmenlerinin mihendisligin fen egitimine entegrasyonuna karsi
tutumlari bir 6grenme ilerlemesi ile nasil ortaya konabilir?
l.a. Ogrenme ilerlemesinin ampirik dogrulamasinin  yapilmasi igin
o0gretmenlerin tutumlarini ortaya koyacak bir 6l¢ek nasil ortaya konabilir?
6. Ortaokul fen dgretmenleri mithendislik tasarim siirecini kavrama noktasinda daha diisiik

seviye bir kavrayistan, yiiksek bir kavrayisa dogru hangi seviyelerden gegerek ilerlerler?

Arastirmanin Onemi

FeTeMM egitimi {izerine onemli kaynaklardan “STEM 2026 raporunda (U. S.
Department of Education, 2016) alt1 adet birbirine bagli bilesenden bahsedilmektedir.
Bu bilesenlerde ii¢ tanesi, bu ¢alismanin amagclari ile dogrudan isaret edilmektedir: a)
riske ve deneme iciren egitim aktivitelerinin saglanmasi, b) zorlu gorevlerin
coziimlenmesine dayanan 0grenme deneyimlerinin saglanmasi, ve ¢) 6grenmenin

yenilik¢i ve ulasilabilir 6l¢timlerinin saglanmasi. Bu bilesenlerden ilk ikisine ¢alisma
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kapsaminda 6gretmenlere saglanan dgretmen egitimi program ile gergeklestirilen
etkinliklerde isaret edilmistir. Uciincii bilesen noktasinda da, gelistirilen dgrenme
ilerlemeleri, 6gretmenlerin tutum ve kavrayislarini sistematik olarak ortaya koyma

cabasi ile vurgulanmaistir.

Ogrenme ilerlemeleri iizerine alan yazin ¢ogunlukla {iniversite Oncesi cesitli
seviyelerden Ogrencilerin  Ol¢iimiine ve gelisimine odaklanmistir. Ancak
ogretmenlerin gelisimlerinin izlenmesi ve gerekli geri bildirim verilmesi amact ile
yeni gelistirilen 6rnekler bulunmaktadir (Furtak, Thompson, Braaten, & Windschitl,
2012; Jin vd., 2015). Ogretmenlerin gelisimlerinin saglanmasi dgrenme
ilerlemelerinin ana amaglar1 arasindadir (Kobrin, Larson, Cromwell, & Garza, 2015).
Ogrenciler icin miihendislik becerileri iizerine dgrenme ilerlemesi bulunmaktadir
(Berland & McNeill, 2010), ancak ¢alismanin sundugu miihendislik tasarim siireci
ogrenme ilerlemesi alan yazin igin oncii niteliktedir. Ogrenme ilerlemelerini
ogretmen gelisimi i¢in kullanmak ve dgretmenlerin tutum ve miihendislik tasarim

kavrayislarina odaklanmak alan yazina yenilik katmaktadir.

Ogrenme ilerlemelerinin hem teorik hem de ampirik bulgular ile desteklenerek
gelistirilmesi diger 6lgme ydntemlerine yenilik¢i bir bakis sunmaktadir (Wilson,
2005). Ogzellikle ara seviyelerin ortaya konmasi ilerlemenin izlenmesi ve

degerlendirilmesi noktasinda oldukca degerlidir (Gotwals & Songer, 2013).

Ortaokul seviyesi fen egitimine miithendislik kavram ve yontemlerinin entegrasyonu,
ogretmenlerin yeterlikleri ve profesyonel gelisimlerini giindeme getirmektedir
(Brophy vd., 2008). Miihendisligin fen egitimine dahil olmas1 6gretmenlere yonelik
nitelikli profesyonel gelisim programlarini gerekli kilmaktadir (Guzey et al., 2014).
Ogretmenlerin miihendislik tasarim siireci iizerine calistiklar1 daha fazla sayida
profesyonel gelisim programlari diizenlenmelidir (Donna, 2012; Hynes & Santos,
2007). Miihendisligin iiniversite Oncesi seviyelerde egitime entegrasyonunun

saglanmasi acisindan Ogretmenlerin miihendislik kavramlarini anlamalar1 ve
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ogrencilerine miithendisli tasarim siirecini 6gretirken rahat olmalar1 6nemlidir (NRC,

2009).

Miihendislik egitimine kars1 6gretmenlerin tutumlarinin gelisiminin, ve miithendislik
tasarim siireci kavrayislarinin gelisim seviyelerinin ortaya konmasi, liniversite dncesi
seviyelere miithendisligi entegre etme noktasinda kolaylastirict rol oynayacaktir. Bu
noktada Ogrenme ilerlemesi gibi Tiirkiye baglami igin yenilik¢i bir yontem

izlenmesinin ilham verici olacagi diistintilmektedir.

Alan Yazin Taramasi
Bu caligmanin alan yazin taramasinda asagidaki basliklar ele alinmistir:
Miihendislik egitiminin ortaya ¢ikist
Tiirkiye baglaminda FeTeMM egitimi ve miihendislik entegrasyonu
Ogretmenlerin miihendislik egitimine kars1 tutumlar
Ogretmenlerin miihendislik tasarim siireci kavrayislari
Miihendislik entegrasyonu konusunda profesyonel oOgretmen gelisim
programlari, ve

Ogrenme ilerlemeleri

Yontem

Arastirma Deseni

Ogrenme ilerlemelerinin gelistirilmesi igin tasarim-tabanli arastirma yodntemi
izlenmigtir (Collins, Joseph, & Bielaczyc, 2004). Tasarim-tabanli aragtirma deseni,
“O0grenmenin ger¢ek baglaminda sistematik tasarim cergevesinde yenilik¢i bir
yaklagimdir” (The Design-Based Research Collective, 2003, s. 5). Bu yontem, ¢esitli
egitim pratikleri ve egitim araglari tizerine c¢aligilirken kullanilmakta ve pek c¢ok
problem yanit aramaktadir. Bu problemlerle ilgili su ifade 6zetleyici niteliktedir:
“laboratuvar ortami yerine 6grenmenin kendi 6zgilin ortaminda calisilmasina olan
ihtiyag, Ogrenmeyi sig ve kisith bir sekilde o6l¢iilmesi, ve bigimlendirici

degerlendirme ile arastirma bulgularina ulasmak” (Collins vd., 2004, p. 16).
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Anderson ve Shattuck (2012)’a gore tasarim pratigi prototiplerin olusturulmasi, test
edilmesi ve yeniden diizenlenerek gelistirilmesi seklinde birbirini tekrar eden
dongtilerle ilerler.

Calisma oOzellikle {ic acidan tasarim-tabanli arastirmanin O6zelliklerine vurgu
yapmaktadir; 6n arastirma yapilmasi, prototip gelistirilmesi, ve 6lgme uygulamasi
(Van den Akker vd., 2006b). Siralanan ozellikler 6grenme ilerlemesi gelistirme
stirecinin onceki alan yazin bulgularindan faydalanmasi, ilk versiyonlarinin veya
prototiplerin gelistirilip daha sonra yeniden diizenlenmesi, ve siirekli bir revizyon
siirecinin olmasi noktalarinda iizerinde durdugu ilkelerdendir. Ogrenme ilerlemesi
aragtirmalar1 genellikle egitim ortamlarinda kullanilacak ve takip ve Olgme
stireclerine katki sunacak araglarin gelistirilmesini ve dgrenme ortamlarinin veya
materyallerinin sunulmasini icermektedir (Furtak, Thompson, Braaten, & Windschitl,
2012; Kobrin vd., 2015; Wilson, 2009). Tasarim-tabanli aragtirma deseninin sundugu
perspektif calisma kapsamindaki O0grenme ilerlemelerinin, tutum Olgeginin ve
ogretmenler icin profesyonel gelisim programinin gelistirilmesine olanak
saglamaktadir (Herndndez, Couso, & Pint6, 2015). Ozellikle ¢alisma kapsaminda
takip edilen birden fazla veri toplama ve analiz dongiisii ve bu dongiilerin sonucu
olarak gelistirme ve iyilestirmelerin yapilmasi tasarim-tabanl arastirma deseni ile
uyum igerisindedir. Ogrenme ilerlemesi gelistirilen calismalar, benzer sekilde bu
arastirma deseninden faydalanmaktadirlar (Jin vd., 2015; Stevens, Delgado, &

Krajcik, 2010).

Arastirma ¢ercevesi li¢ baslica evreden olugsmaktadir. Bu evreler dongiisel bir sekilde
siralanmustir, yani ileride yapilacak arastirmalar ayni dongiiyii tekrar edebilirler.
Birinci evrede alan yazin bulgularina ve toplanan 6n ampirik veri analiz sonuglarina
dayanarak oOgrenme ilerlemeleri diisiikten yiiksege seviyeleri igerecek sekilde
tasarlanmistir. Birinci evre sonunda tasarlanan bu 6grenme ilerlemeleri seviyelerinin
yeni veri toplama ve analizi ile dogrulanmasina ihtiya¢ vardir. Caligmanin ikinci
evresinde bir profesyonel 6gretmen egitimi programi uygulanmistir. Bu program

sirasinda, dncesinde ve sonrasinda veri toplanmistir. Son olarak ii¢lincii evrede, ikinci
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evrede toplanan verinin analizi yapilmistir. Bu analizler 6grenme ilerlemelerinde
degisiklik ve iyilestirmeleri saglamistir.

Tablo 1 de yukarida agiklanan evrelerin farkli detayli gosterimi sunulmustur. Bu
gosterim ile iki farkli 6grenme ilerlemesinin gelistirilmesi i¢in izlenen yollar ve veri
toplama stratejileri, evreler kapsaminda ele alinmigstir.

Veri Kaynaklan

(Calisma kapsaminda alt1 farkli veri kaynagi kullanilmistir: a) yazili degerlendirmeler,
b) biligsel goriisme formu, ¢) uzman paneli, d) 6gretmen giinliikleri, e) klinik gériisme

formu, ve f) Fen Ogretmenlerinin Miithendislik Egitimine Kars1 Tutumlar1 Olgegi.

a. Yazih degerlendirmeler
Hem Ogretmen tutumlari hem de Ogretmenlerin miihendislik tasarim siireci
kavrayislar1 konusunda 6grenme ilerlemesi gelistirmenin ilk basamaklarindan birisi
olarak 6n ampirik veri toplanmistir. Fen 0gretmenlerine uygulanan veri toplama

kaynagi internet lizerinden uygulanmuistir.

Iki kistmdan olusmakta ve toplam 11 adet acik uglu soru icermektedir. Ik bdliimde
ogretmenlerin tutumlarina yonelik yedi soru bulunmaktadir. Ikinci béliimde ise
miihendislik tasarim siirecine yonelik dort soru bulunmaktadir. Uygulama 6ncesi
sorulara iki uzmandan geri bildirim alinmistir. Uzmanlardan biri 6l¢me alanindan bir
uzman digeri ise egitim programlari alaninda doktora 6grencisidir. Bunu takiben iki
adet egitim fakiiltesi lisans 6grencisi ile pilot uygulamalar yapilmistir.

b. Bilissel goriismeler

Gortigmeler oncelikli olarak o6gretmen tutumlarina yonelik gelistirilen olgegin
tyilestirilmesi i¢in yapilmistir. Alan yazinda 6lgek maddelerinin niteliginin artirilmast
ve 1iyilestirilmesi ile benzer biligsel goriismelerin uygulandigi goriilmiistiir
(Sopromadze & Moorosi, 2016; Willis, 2015). Goriisme bulgular1 tutum iizerine

gelistirilen 6grenme ilerlemesinin iyilestirilmesine de katki sunmustur.
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Tablo 1. Calismada Izlenen Yontem Basamaklar

Adimlar Eylemler

Alan yazin taramasi Varolan alan yazin taranir ve destek alinir

Yazili degerlendirmeler Acik uglu sorular ile very toplanir

Her iki 6grenme ilerlemesinin ilk versiyonu gelistirilir

Seviyeleri iyilestirmek i¢in uzmanlardan

Uzman paneli " .
goriis ve Oneri alinir

Ogretmen kavrayislari 6grenme ilerlemesinin ikinci versiyonu gelistirilir

Ozellikle 6gretmen tutumlart 6grenme
ilerlemesi ve dlgege katki saglamak igin
Bilissel goriismeler fen 6gretmenleri ile biligsel goriismeler
gerceklestirilir

Ogretmen tutumlar1 6grenme ilerlemesinin ikinci versiyonu gelistirilir

Ogretmen tutumlari 6grenme ilerlemesini
revize etmek i¢in tutum &lgegi uygulanir
Ogretmen egitiminin uygulanmasi

Tutum 6lgegi, 6gretmen giinliikleri ve Ogretmen kavrayiglar1 §grenme
klinik goriismeler ilerlemesini revize etmek i¢in 6gretmen
giinliikleri ve klinik goériismeler ile veri
toplanir

Veri analizi o . . -
Ikinci evrede toplanan veriler analiz edilir

Her iki 6@renme ilerlemesinin iiciincii versiyonu gelistirilir
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Gorlisme sorularinin hazirlanmasinda ii¢ kaynak ozellikle ilham verici olmustur;
Shafer ve Lohse (2005), Sopromadze ve Moorosi (2016), ile Willis (2015). Goriisme
formundaki tiim sorular her katilimct i¢in kullanilmamistir. Goriismenin dogasina
uygun sorular goriisme formunda segilerek, arastirmaciya yardimci olacak ve dnemli

veriye ulagacak sekilde kullanilmistir.

c¢. Uzman paneli

Uzman paneli ger¢eklestirmenin amaci alaninda uzmanlardan 6grenme ilerlemelerine
degerlendirme ve Oneri almaktir. Calisma kapsaminda iki uzman paneli
gerceklestirilmistir. Ilki tutum {izerine gelistirilen dgrenme ilerlemesi hakkinda
yapilmistir. Panele katilan uzmanlarin biri 6lgme ve degerlendirme alaninda
caligmalar yapmaktadir, diger ii¢ katilimci ise rehberlik ve psikolojik danigmanlik
alaninda arastirma gorevlisidir. Ikinci uzman paneli miihendislik tasarim siireci
iizerine gelistirilen 6grenme ilerlemesi hakkinda yapilmistir. Bu panele egitim
programlar1 ve 6gretimi alaninda doktora yapan iki uzman ve FeTeMM alaninda
caligmalar yapan bir uzman katilmigtir. Her iki panel sirasinda notlar alinmis ve bu
notlar daha sonra detayli okunarak 6zetlenmistir.

d. Ogretmen giinliikleri

Ogretmenlerin miihendislik tasarim siireci kavrayislarinin detayli olarak ortaya
konmasi amaci ile veri toplanmustir. Ogretmen egitimine katilan 30 &gretmene
uygulanmistir. Toplam ti¢ boliim icermektedir. Bu boliimler ikinci evrede uygulanan
Ogretmen egitimi icerigine, miihendislik tasarim siireci 6grenme ilerlemesinin ikinci
versiyonuna gére hazirlanmistir. 1ki giin siiren Ogretmen egitimi sirasinda
uygulanmigtir.

e. Klinik goriismeler

Goriismeler mithendislik tasarim siireci lizerine 6gretmenlerin diisiinme siireglerini
meydana ¢ikarmak ve 6grenme ilerlemesi seviyeleri olusumu i¢in daha detayli veriye

ulagsmaktir. Caligma kapsaminda uygulanan ogretmen egitimine katilan 30
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ogretmenden segilen 10 Ogretmen ile yapilmistir. Gorligme formu &gretmen
giinliikleri ile uyumlu olan ii¢ boliimden olugsmaktadir. Her bir boliimde miihendislik
tasarim stirecinin farkli bir yOnii vurgulanarak oOgretmenlerin goriis ve

degerlendirmelerine ulasilmistir.

f. Fen Ogretmenlerinin Miihendislik Egitimine Kars1 Tutumlar1 Ol¢cegi

Olgek gelistirilmesinin dncelikli amac1 6gretmen tutumlar1 6grenme ilerlemesinin
giivenirlik ve gecerligine katki saglamaktir. Olgek besli Likert-tip olup, yamit
secenekleri 6grenme ilerlemesinin seviyeleri ile paraleldir, olumsuz tutumdan olumlu
tutuma dogru. Ogrenme ilerlemesi gelistirilirken onunla paralel bir 6lgme araci
gelistirilmesine alan yazinda rastlanmaktadir; Alonzo ve Steedle (2009), Nguyen ve
Griffin (2012), ve Mahat (2008). Bdylelikle 6grenme ilerlemesi seviyeleri ve
gelistirilen 6l¢ek arasinda teorik ve ampirik bir eslesme saglanarak, daha giivenilir

bir 6lgme yontemine ulasilmaktadir.

Olgek dgretmen egitiminin hemen dncesine ve egitimin son giiniinde olmak iizere iki
kez uygulanmistir. Caligma kapsaminda revize edilen 6l¢egin dgretmen egitiminde
uygulanan versiyonu toplam 22 madde igermektedir. Her sorunun kesinlikle

katilmiyorum ve kesinlikle katiliyorum arasinda bes yanit kategorisi vardir.

Orneklem

Tablo 2 calismanin katilimcilarimi 6zetlemektedir. Tabloda sunulan katilimci
profiline ek olarak, ¢calismanin ikinci evresinde uygulanan 6gretmen egitimine katilan
30 dgretmenin secimi igin gesitli kriterler aranmistir. Oncelikli olarak programin
duyurulmasi i¢in bir internet sitesi ( https:/tasarlayapogren.wordpress.com).
tasarlanmigtir ve Ogretmenler bagvurularini bu internet sitesi araciligi ile

yapmuglardir.
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Tablo 2. Calismanin Katilimcilar:

Katilimeilar
Miihendislik tasarim
Tutum tizerine 6grenme ilerlemesi ve dlgek tizerine 6grenme
ilerlemesi
Yazili
degerlendirmeler 14 ortaokul fen dgretmeni
B}h“ssel Bir FeTeMM seminerine katilan 10 fen
goriismeler NA

Ogretmeni

Program gelistirme
uzmani (n = 2), FeTeMM
egitimi uzmani (n = 1)

Olgme alaninda uzman (n = 1), ve rehberlik ve

Uzman paneli psikolojik danigmanlik alaninda uzman (n = 3)

eOg%Iier‘;r?en Tiirkiye nin farkli sehirlerinden katilim gosteren 30 fen 6gretmeni
Fen
Ogretmenlerinin
Miihendislik .
Ogretmen egitimine katilan 30 fen 6gretmen NA
Egitimine Kars1
Tutumlar1 Olgegi
Ogretmen Ogretmen egitimine katilan
g NA e .
giinliikleri 30 fen 6gretmeni
Ogretmen egitimi
Klinik katilimcilarindan segilen
. NA o :
goriismeler 10 fen dgretmeni

Bagvurular arasinda secim yapilirken izlenen kriterler su sekildedir: a) FeTeMM
egitimi lizerine daha Once Ogretmen egitimine katilma durumu, b) miihendislik
tasarim siireci 6n bilgisi, ¢) cinsiyet, d) gorev yapilan sehir, e) 6gretmenlik deneyimi,
ve f) devlet veya 6zel olarak okul tiirii. Ilk iki kriterde bir dagilim yakalanmasi
ozellikle miihendislik tasarim siireci 6grenme ilerlemesi gelistirilmesi noktasinda

fayda saglamistir. Diger dort kriter ise egitim programinin farklilik icererek daha
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nitelikli bir 6grenme ortami saglanmasii saglamistir. Ogretmen egitimine toplam

300 {in iizerinde bagvuru yapilmstir.

Calismanin ikinci evresinde uygulanan 6gretmen egitimi

Hafta sonu iki giin sliren bir egitim verilmistir. Egitimin igerigi tasarlanirken {i¢
perspektif etkili olmustur: a) giris kisminda sunulan ve alan yazin dogrultusunda
belirlenen esas nitelikler b) alan yazindan miihendislik tasarim siireci iizerine
aciklamalar ve, c) mihendisligin entegrasyonuna rehberlik eden baglam
entegrasyonu modeli (Moore vd., 2014a).

Egitimin temasi enerji, riizgar enerjisi ve enerji doniisiimleri olarak belirlenmistir.
Egiticileri miihendislik alanindan ve egitim alanindan uzmanlar, alanda calisan
miihendisler ve rehberler olmak iizere toplam 15 kisi olusturmustur. Egitimde iki giin
boyunca yiiriitiilen etkinliklerin 6ne ¢ikanlar1 su sekilde siralanabilir miithendislerle
panel, miihendisligin dogasina giris sunumu, FeTeMM egitimi sunumu, mithendislik
laboratuvarlar1 gezisi, 6gretmenlerin tasarim takimlari olarak iizerinde ¢aligtiklar iki
adet mihendislik tasarim gorevi, farkli miihendislik tasarim etkinlikleri ve

iriinlerinin sunuldugu sergi.

Veri analizi

Nitel veri analizi
Nitel verilerin analizi i¢in toplanan veri kaynagina gore benzerlikleri olmakla birlikte
farkli yontemler izlenmistir. Yazili degerlendirme verisinin analizi i¢in Oncelikler
tiim verileri pek ¢ok kez dikkatlice okunmustur. Bu okumalar ile taslak kodlar
olusturulmustur. Ardindan veriler tekrar okunarak, daha fazla ortaklik gosteren
kodlar belirlenmistir ve bazi kodlar elenmistir. Sonrasinda her kod i¢in frekanslar

hesaplanmustir.

Biligsel goriisme verilerinin analizi i¢in Oncelikler tiim veriler kayit cihazindan
dinlenerek yaziya dokiilmiistiir. Daha sonra Ackerman ve Blair (2006) in kodlama
taslagina gore iki ana tema belirlenmistir. Veriler pek ¢ok kez okunarak iki temanin

altindaki kodlara ortaya konmustur. Olusturulan kod kitap¢ig1 1s18inda tiim kodlarin
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frekans hesab1 yapilmistir. Son olarak benzer frekans hesabi madde bazinda

tekrarlanmig ve revizeye neden olacak frekans degerleri hesaplanmustir.

Ogretmen giinliikleri ve klinik goriisme verilerinin analizi igin, her iki veri toplama
kaynaginda paralel olan boliimlere gore bir kodlama rubrigi olusturulmustur.
Ardindan veriler dikkatlice taranarak baz1 degisiklikler yapilmis ve bu rubriklerin son
hali verilmistir. Ardindan frekans hesaplari ile bir ana rubrik hazirlanmistir. Son
olarak 6grenme ilerlemesinin ikinci versiyonu iler birlikte degerlendirilerek, ti¢lincii
versiyon ortaya konmustur.

Nicel veri analizi

Nicel veriyi wuygulanan Ogretmen egitimine katilan &gretmenlerden Fen
Ogretmenlerinin Miihendislik Egitimine Kars1 Tutumlar1 Olgegi ile toplanmistir.
Ogretmenler Likert-tipi dlgegi tamamlamiglardir. Verinin analizi R Studio istatistik
analiz arac1 ile yapilmistir. Analiz sonuglar1 6grenme ilerlemesi ve dlgegin gecerlik

ve giivenirligi ile ilgili bulgular1 saglamistir.

Analizin gerceklesmesi i¢in veriyi kullanarak Microsoft Excel formatinda {i¢ adet
dosya olusturulmustur. Bu dosyalar daha sonra CSV formatinda kaydedilmistir. Bu
ic dosya R Studio programinin veriyi taniy1p analiz edebilmesini saglamistir. Analiz
gerceklestirildikten sonra bulgular, iic dosyanin da bulundugu biiyiik dosya igerisine
R Studio programi tarafindan otomatik olarak konmustur. Tablo, figiir gibi gorsellerin

yaninda rakamsal sonuglar da bulgular arasindadir.

Siirlamalar

Oncelikli olarak ¢aligmanin basinda toplanan yazili degerlendirme verisinin online
olarak toplanmis olmasi bazi kisitlamalar1 getirmistir. Diger taraftan, bu veri toplama
kaynagi i¢in katilimer se¢imi yapilirken 6gretmenlerin tutum ve miithendislik tasarim
stireci kavrayislar1 anlaminda farkliliklara yer verilmis olsayd: daha zengin bir veri

elde edilebilirdi.
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Bir diger nokta 6grenme ilerlemelerinin dogast ile ilgilidir. Bu siire¢ pek ¢ok veri
toplama ve analizi dongiisiine dayanmaktadir. Caligma 6rnekleminin kiigiik olmast
ve caligmanin {i¢ evreden olusan metot dongiislinii bir kez tamamlamis olmasi
kisitlamalar arasindadir. Ek olarak arastirmacinin biligsel goriisme ve klinik goriisme
uygulanmasinda yeni deneyim kazanmiyor olmast da bir kisitlama olarak
goriilmektedir.

Tiim veri toplama araglar1 arastirmaci tarafindan gelistirilmistir. Bu siirecte hem
uzman goriisleri alinmis hem de ufak pilot uygulamalar yapilmistir. Ancak yine de

hazir bir veri toplama kaynagi ¢alismada bulunmamaktadir.

Gecerlik ve Giivenilirlik

I¢ gegerlik noktasinda ve dgretmen uygulamasi noktasinda, uygulanan etkinliklerin
yarisina yakmi arastirmaci tarafindan gergeklesmistir. Ogretmen egitiminde veri
toplayan ve etkinlikleri uygulayan kisinin ayn1 olmasi gecerligi tehdit etmis olabilir.
Bu durumun olabildigince onlenmesi i¢in egitim ve miihendislik alanindan farkli
uzmanlar programda egitim vermislerdir. Toplanan nitel verinin fazla olmasi veri
analizi noktasinda giivenirligi etkileyebilmektedir. Bu anlamda iki farli
arastirmacidan yardim istenmis ve kodlama siireci birlikte de gerceklestirilerek deger
bigicileraras1 giivenirlik hesaplanmistir. Nicel veri analizi i¢in de benzer bir siire¢
tekrarlanmigtir. Istatistik programi R Studio konusunda deneyimli bir bagka
aragtirmaci ayn1 veriler lizerinden kendi bilgisayarinda analiz gerceklestirip benzer

sonuglar1 almistir.
Calismada pek c¢ok farkli veri kaynaginin kullanilmasi gecerlik ve giivenirlige katki
sunmustur. Veri kaynaklarinin triangulasyon 6zellike tasarim temelli arastirma igin

de 6nem tasimaktadir.

Bulgular

Oncelikle ¢aligmanin birinci arastirma sorusu dogrultusunda bulgular paylasilmistir
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1. Ortaokul fen  Ogretmenlerinin  miihendisligin  fen  egitimine
entegrasyonuna karsi tutumlar1 bir 6grenme ilerlemesi ile nasil ortaya
konabilir?

l.a. Ogrenme ilerlemesinin ampirik dogrulamasimin yapilmas: i¢in dgretmenlerin

tutumlarin ortaya koyacak bir 6l¢ek nasil ortaya konabilir?

Bu soruya calismanin verdigi yanitlar Tablo 2 te verildigi lizere gelistirilen

versiyonlar ¢ergevesinde ortaya konmustur.

Birinci versiyonlarin gelistirilmesi

Bu versiyonun gelistirilmesi i¢in iki yol izlenmistir. Oncelikle ilgili alan yazindan
olumsuz tutumdan olumlu tutuma dogru seviyelerin olusumuna katki saglayacak
caligmalar taranmis ve 6zetlenmistir. Bu ¢alismalardan ¢ikan 6zet ¢ercevesinde dort
ana baglik 6ne ¢cikmistir. Alan yazindan 6ne ¢ikan 21 ¢aligma ¢alismaya su noktalarda
katk1 saglamistir 6gretmen ve 6grencilerin FeTeMM ve miihendislige kars1 tutumlari,
tutumla ilgili 6lgme araclari ve madde hazirlanmasi, 6grenme ilerlemesindeki
seviyelerin olusturulmasi. Alan yazin taramasindan sonra seviyelerle ilgili olugan
fikirlerin ardindan fen 6gretmenleri ile yazili degerlendirmeler uygulanmistir. Bu
yazili degerlendirme sonuglarina gore toplam dort ana tema ve toplam 14 kod ortaya
cikmigtir. Temalar su sekilde ortaya konmustur: a) profesyonel gelisime ve
miihendislik konusuyla ilgili 6grenmeye karsi olan ilgi, b) okul ortaminin géz dniine
alinmasi, c) 6grenci gelisimine deger verme, ve d) toplumun gelisimine deger verme.
Dort tema altinda olusturulan kodlardan 6ne ¢ikanlara ise su sekilde 6rnek verilebilir:
profesyonel gelisim igin firsatlar, zaman, materyaller, FeTeMM alanlarina olan
ilginin geligimi, disiplinlerin entegrasyonunu anlama, bilginin uygulanmasi ve beceri

geligimi.

Birinci versiyonun gelistirilmesi i¢in alan yazindan ve yazili degerlendirmelerden
alinan sonuglar birlikte detayl olarak incelenmistir. Bunun sonucu olarak 6grenme

ilerlemesinin ve ayni dogrultuda gelistirilen dlgegin tutumlari ifade etme noktasinda
344



icerecegi yonler su sekilde belirlenmistir: a) miithendislik entegrasyonu konusunda
profesyonel gelisime ve 6grenmeye olan motivasyon (Lachapelle vd., 2014; Yasar
vd., 2006), b) miihendislik egitiminin 6grenci gelisimine olan katkis1 (NGSS Lead
States, 2013; NRC, 2012; Bybee, 2010), ve c¢) miihendislik egitiminin toplum
gelisimine olan katkis1 (Lachapelle vd., 2014).

Ogrenme ilerlemesi seviyeleri ile paralel olacak sekilde “Fen Ogretmenlerinin
Miihendislik Egitimine Karst Tutumlari Olgegi” de ilk versiyonu ile ortaya
konmustur. Bu 06lgek Likert-tipi olup ilk versiyonu 25 maddeden olusmustur.
Oncelikli olarak alan yazin ve yazili degerlendirme sonuglarina dayanarak, 56
maddelik bir madde havuzu gelistirilmistir. Uzman goriisii neticesinde, ¢aligmasinda
problem olabilecek maddeler 6grenme ilerlemesi ile uyusmayacak maddelerin
elenmesi ile 25 maddelik dlgek elde edilmistir. Olgek maddelerinin her biri bes yanit
kategorisi igerip, her kategori Ogrenme ilerlemesindeki bir seviyeye denk

gelmektedir.

ikinci versiyonlarin gelistirilmesi

Ogrenme ilerlemesi ve 6lgegin ilk versiyonlarmin iyilestirilmesi ve ikinci
versiyonlarmin gelistirilmesi i¢in iki veri kaynagi sonuglar1 analiz edilmistir. Bunlar
uzman paneli ve biligsel goriismelerdir. Uzman paneli ii¢ uzmanin katilimi ile
gerceklesmistir. Ik versiyonlar1 sunulmus ve arastirmaci moderatdrliigiinde bir
tartisma yapilmistir. Uzmanlarin ortak goriis ve degerlendirmeleri sonucu yapilacak
iyilestirmeler su sekilde ortaya konmustur: a) ters madde yazmak, b) 6l¢egi hem
Ogretmen egitimi 6ncesi hem de sonrasinda uygulamak, c¢) seviye agiklamalarin1 daha
anlasilir hale getirmek, ve d) tiim maddelerin yazim ve kipini tutarli bir hale getirmek.
Bu adimin ardindan biligsel goriisme Oncesi, dlgegin gelistirilmesi adina ayr1 bir
uzman gériisii alinmustir. Iki farkli devlet iiniversitesinde egitim alaninda ¢aligmalar

yapan iki uzmanin goriisiine bagvurulmustur. Alinan geri bildirimler dogrultusunda
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one c¢ikan degisiklikler iki baslik altinda tamamlanmistir: a) bazi ifadelerin

degistirilmesi, ve b) bazi ifade veya maddelerin 6l¢ekten ¢ikarilmasi.

Biligsel goriismeler 10 ortaokul fen bilimleri 6gretmeni ile gerceklestirilmistir.
Uzman paneli ve uzman goriisii dogrultusunda revize edilmis olan 23 maddelik 6lgek
bu goriismelerde iyilestirilmek tizere kullanilmistir. Analizler sonucu ortaya konan
iki ana tema ve kodlar asagidaki tabloda verilmistir. Ackermann ve Blair (2006)’1n

kodlama taslagi kullanilmigtir.

Kodlara gore toplam frekans hesabinin ardindan, hangi madde ve ifadelerin nasil
degismesi gerektiginin daha agik ortaya konabilmesi i¢in, madde bazinda ayni kodlar
icin frekanslar hesaplanmistir. Yiiksek frekansa sahip olan maddelerde degisiklikler
yapilmustir. Her iki tema i¢in kod frekans hesaplamalar: ile yapilan degisiklikler
ortaya konmustur. Uzman goriisii ve klinik goriismeler dogrultusunda 6grenme

ilerlemesinin ve dl¢egin ikinci versiyonlart olusturulmustur.

Uciincii versiyonlarin gelistirilmesi

Ucgiincii versiyonlarin gelistirilmesi igin 6lgegin ikinci versiyonu uygulanan 30
ogretmen egitimi katilimecisina hem egitimden once hem de egitimden sonra
uygulanmistir. Elde edilen veriler R Studio istatistik programi ile analiz edilmistir.
Analiz sonuglar1 6grenme ilerlemesi ve 6lgegin gegerlik ve glivenirlikleri ile ilgili

onemli sonuglar saglamistir.

Oncelikli olarak énemli sonuglardan birisi 6lgek maddelerinin dgretmenlerin tutum
seviyelerini kapsamada yetersiz kalmasi olmustur. Olcek maddeleri ¢ogunlukla
katilmas1 6gretmenler agisindan kolay olup, alinan yanitlar ¢ogunlukla st iki
seviyede toplanmustir. Olcekteki maddelere katilimin katilimer 6gretmen profiline

gore oldukca kolay oldugu gozlenmistir.
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Diger bir sonug olarak dlgek ile 6grenme ilerlemesinin koordinasyonun zayif oldugu
ortaya konmustur. Bu durum &grenme ilerlemesinin gecerligi acisinda problemli
bulunmustur. Ogretmenlerin tutumlarinda normal bir dagilimin saglanamamis olmast
da bu bulguyu desteklemistir. Ozellikle 6grenme ilerlemesi seviye hizalanmasinda
problem yaratan maddeler tiim analiz sonuglarini ortak degerlendirerek incelenmistir.
Olgegin giivenirlik sonuglar1 uygun bulunmustur. Tiim sonuglar ve analiz sonucunda
elde edilen figiirler ve degerler birlikte incelendiginde, 6grenme ilerlemesinin ti¢lincii
versiyonu i¢in degisiklikler su sekilde yapilmistir: mithendisligin 6grenci gelisimine
ve toplum gelisimine olan katkis1 noktasinda &gretmenlerin tutumlarmin pozitif
olmasinin daha kolay olmasi sonucu, bu noktalar {i¢ seviye ile kisitlanmistir. Ayni1
durum Ogretmenlerin miihendislik ve miihendislik entegrasyonu konusunu
O0grenmeye olan motivasyonlar1 icin de gecerli olmustur. Diger taraftan,
ogretmenlerin kendilerini profesyonel olarak gelistirmeye olan motivasyonlar: ile
smifta miithendislik etkinlikleri uygulamaya olan tutumlarimin daha iyi sonuglar

gostermesi nedeni ile yine bes seviyede kendini gostermistir.

Ogretmen tutumlari iizerine gelistirilen 6grenme ilerlemesi ve 6lgek arasindaki
ampirik baglantinin zayif oldugu ortaya konmustur. Bu nedenle yapilan
degisikliklerden birisi 6l¢ege, daha basarili olan tutum ifadeleri noktasinda daha fazla
madde eklemesi yapilmistir. Ogretmenlerin profesyonel gelisime kars1 ve simifta
miihendislik 6gretme ve miihendislik tasarim etkinlikleri uygulama konularina ait
maddelerin gegerlik ve giivenirlik bulgular1 kuvvetli oldugundan bu noktalarda

literatlirden 6rnek madde eklemesi yapilmistir.

Bulgularin ikinci kisminda, arastirmanin ikinci sorusuna yanit aranmigtir:
Ortaokul fen dgretmenleri miithendislik tasarim siirecini kavrama noktasinda daha
diistik seviye bir kavrayistan, yliksek bir kavrayisa dogru hangi seviyelerden gegerek

ilerlerler?
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Birinci versiyonun gelistirilmesi

Bu versiyonun gelistirilmesi i¢in birinci arastirma sorusuna benzer sekilde iki yol
izlenmistir. Oncelikle ilgili alan yazindan diisiik kavrayis seviyesinden yiiksek
kavrayis seviyesine dogru seviyelerin olusumuna katki saglayacak c¢aligmalar
taranmis ve 0zetlenmistir. Bu ¢alismalardan ¢ikan 6zet ¢ercevesinde dort ana baslik

one ¢ikmustir.

Alan yazindan 6ne ¢ikan 21 calisma c¢aligmaya su noktalarda katki saglamistir
ogretmen ve dgrencilerin FeTeMM ve miihendislige karsi tutumlari, tutumla ilgili
Olgme araglari ve madde hazirlanmasi, 6grenme ilerlemesindeki seviyelerin
olusturulmasi. Alan yazin taramasindan sonra seviyelerle ilgili olusan fikirlerin
ardindan fen ogretmenleri ile yazili degerlendirmeler uygulanmistir. Bu yazili
degerlendirme sonuglarina gore toplam dort ana tema ve toplam 14 kod ortaya
cikmigtir. Temalar su sekilde ortaya konmustur: a) miihendislik tasarim siireci
kavramlar1 ve b) miihendislik tasarim siireci. Bu iki temanin altinda farkli kodlar
iizerinden frekans hesaplar1 yapilmistir. Ilgili alan yazin tarama ve derlemesi ve yazilt
degerlendirme sonuglar1 1513iInda 6grenme  ilerlemesinin ik  versiyonu

olusturulmustur.

ikinci versiyonun gelistirilmesi
Ogrenme ilerlemesinin ikinci versiyonunun gelistirilmesi uzman paneli sonucunda
gerceklesmistir. Uzman paneli ii¢ uzmani katilimi ile gergeklesmistir. {1k versiyon
sunulmus ve arastirmact moderatorliiglinde bir tartisma yapilmigtir. Bunun

sonucunda 6grenme ilerlemesi seviyelerinde revizyonlara gidilmistir.

Uciincii versiyonun gelistirilmesi

Bu versiyonun gelistirilmesi i¢in giinliiklerden ve klinik goriismelerden elde edilen
veri analiz edilmistir. Analiz sonuglari, 6grenme ilerlemesinin ikinci versiyonu ile

birlikte degerlendirilerek {igiincii versiyona ulagilmistir.
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Ogretmen giinliikleri 6gretmen egitimine katilan 30 katilimciya uygulanmustir.
Egitimin her iki giiniinde 6gretmenler giinliiklerini doldurmuslardir. Giinliiklerde ii¢
boliim bulunmaktadir. Her boliim icin elde edilen verinin analizi i¢in ayr1 kodlama
rubrikleri gelistirilmistir. Bu kodlama rubriklerindeki ifadeler, ortak kod hesaplar
dogrultusunda olugsmustur. Her ii¢ boliim i¢in toplam ii¢ rubrik olusturulmustur.
Bunlar1 her biri farkli 6gretmen grubuna aittir. Bunlar 6gretmen egitimine katilan ve
mihendislik tasarim silirecine gore gruplanan 6gretmen gruplaridir. Tiim kodlama
rubrikleri tamamlandiktan sonra seviyelerdeki ortakliklar dikkate alinarak kapsamli
bir kodlama rubrigi ile bulgular bir araya getirilmistir. Bu kapsamli kodlama rubrigi
klinik goriismelerin analizine ana taslak olmustur ve bir nevi kod kitap¢ig1 gorevi

gOormustir.

Klinik goriismeler 6gretmen egitimi katilimcilarindan segilen 10 6gretmen ile, egitimi
takip eden iki hafta icerisinde gerceklestirilmistir. Yaridan fazla 6gretmen tarafindan
tekrarlanan kodlar, ifadeler kapsamli kodlama rubriginde korunmustur. Daha sonra
ogrenme ilerlemesinin ikinci versiyonu ile birlikte ele alinarak {i¢iincii versiyon
ortaya konmustur. Bu versiyon tabloda verilmistir. Ikinci versiyona gore one gikan
onemli farkliliklar su sekilde siralanabilir, 6grenme ilerlemesinin {i¢ bdliimden
olusuyor olmasi, hangi miihendislik tasarim siireci adimlarinin daha kolay ve zor
kavrandiginin ortaya konmasi, kriter ve kisitlama gibi kavramlara kavrayis diizeyine
gore nasil yaklasildigimin ortaya konmasi, tasarim siireci adimlarinin siralanirken

nasil hatalar yapildiginin ortaya konmas.

Tartisma ve Oneriler

Tartisma ve sonug¢ boliimii, gelistirilen iki 6grenme ilerlemesinin son versiyonlari,

yapilan degisiklikler, degerlendirmeler ve Oneriler ¢ergevesinde sunulmustur.

Ogrenme ilerlemeleri halen yeni gelismekte olan, hem o6grencilerin hem de

ogretmenlerin gelisim diizeylerini sistematik ve veriye dayali olarak ortaya
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koyabilecek bir yaklasimdir (Furtak & Heredia, 2014). Ozellikle Tiirkiye baglami i¢in
calisma Onder olmasi agisindan Oonem tasimaktadir. Alan yazinda &gretmenlerin
miihendislik tasarim siireci kavrayis ve uygulama performanslarini ortaya koyan
sistematik rubrikler olmakla beraber (Bailey & Szabo, 2007; Duncan, Diefex-Dux, &
Gentry, 2011; Wendell, 2014) bir 06grenme ilerlemesi bulunmamaktadir.
Ogretmenlerin gelisimlerinin saglanmasi ve o&lgiilmesi, ogrenme ilerlemeleri
gelistirmenin bes ana amacindan birisidir (Kobrin vd., 2015). Calisma ile 6grenme
ilerlemelerinin 6nde gelen 6zelliklerinin tiimii 6rneklendirilmistir: (a) very toplama
ve analiz dongiileri ile gelistirilme (Alonzo & Steedle, 2009; Shea & Duncan, 2013),
(b) giderek ilerleyen seviyelerin gosterimi (Rivet & Kastens, 2012), (¢) 6l¢me araglari
ve 0gretim programlarina taslak olusturma, ve (d) ampirik veriye dayanma (Duncan

vd., 2009).

Ogrencilerin toplum sorunlarma ¢dziim getirmeye katki saglayacak sekilde
kendilerini gelistirmeleri noktasinda fen egitimin ve miihendislik arasinda bir bag
bulunmaktadir (NRC, 2012). Ogretmenlerin kendilerini miihendislik etkinlikleri ve
miihendislik entegrasyonu konularinda gelistirmeleri (NRC, 2009; Yu et al., 2012)
ogrencilerin gelisimini de etkileyecek bir durumdur (Li et al., 2016; Marra et al.,
2000). Calismanin vurgu yaptigi, 6gretmenlerin miihendislik kavram ve pratikleri
alaninda kavrayislarimin gelismesi ve olumlu tutuma sahip olmalar1 kritik 6neme
sahiptir. Ogrencilerin fen ve miihendislik pratiklerine maruz kalmalar1 énemlidir
(NRC, 2014). Giiniimiizde fen egitiminde miihendislik kavram ve pratiklerinin yeri

giderek artmaktadir (Akgiindiiz vd., 2015; MoNE, 2016; NGSS Lead States, 2013).

Calisma ile daha 6nce verilmis olan 6gretmen egitim programlarinin gelistirilebilir
yonlerine vurgu yapilmis ve Orneklendirilmistir. Bu yonlerden bazilar1 su sekilde
siralanabilir programlarda yeterince nitelikli egitmen olmamasi, programlarin
sistematik bir 6gretim modeline dayanmamasi, ve dgretmenlerin gelisimini ortaya
koyacak yeterli sistematik araclarin olmamasi (Bayrak¢i, 2009; Clarke &
Hollingsworth, 2002; Guskey, 2002; Hynes & Santos, 2007; Kennedy, 2006).
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Uygulanan &gretmen egitimi programinda bir smf i¢i uygulama kismi
bulunmamaktadir. Ancak bu tarz uygulamalar 6gretmenlerin miithendisligi derslerine
entegre etmelerinde etkilidir (Hynes & Santos, 2007). Ogretmenlerin siif igi
davraniglarindaki degisiklikler onlarin tutumlarinda da degisime yol agmaktadir
(Hew & Cheung, 2014). Kelman (1958) 1n tutum ile ilgili modelinde de degindigi
gibi, tutumlarin degisme ve igsellestirilme noktalarinda, smif i¢i deneyim ve
gozlemlerin, ger¢ek okul ortaminin rolii vardir. Ogretmenlerin heniiz 6grendikleri
iizerine yansima ve degerlendirme yapacak zamanlar1 olmamig olabilecegi

diistinilmektedir.

Tutum konusundaki 6grenme ilerlemesi ve dl¢ek arasindaki ampirik bag, literatiirdeki
benzer caligmalara gore zayif bulunmustur (Mahat, 2008; Nguyen & Griffin, 2012).
Bu durumun nedenlerinden birisi katilimc1 sayisinin alan yazindaki 6grenme
ilerlemesi gelistiren ¢alismalara gore az olmasi olabilir (Duncan vd., 2016; Todd &
Kenyon, 2015). Bir diger nokta ise 6gretmenlerin hem uluslararasi hem de ulusal
baglamda heniiz olduk¢a yeni ve ilgili ¢ekici olan bir konuda egitime katildiktan
sonra dlgekleri doldurmalart olabilir. Ogretmen egitim programlar1 dgretmenlerin
yeni pedagojik yaklasimlara karsi pozitif tutumlarini artirmada role sahiptir (Male,
2011; Kapanadze, Bolte, Schneider, & Slovinsky, 2015). Ogretmenlerin sinifta
miihendislik uygulamalar1 yapma ve 6grencilerine miihendislik tasarim siirecini
ogretme konusunda 6grenme ilerlemesi ve Olgegin daha basarili olmasi iizerine
diizenlemeler 6gretmekten keyif alma (Lachapelle vd., 2014), 6gretmeye karst tutum
(Van Aalderen-Smeets & Van Der Molen, 2013; Yu vd., 2012), ve sonug-beklenti
(Hart & Laher, 2015) noktalarinda yapilmistir. Ogretmenlerin miithendisligi gretmen
ile ilgili kendilerine giivenleri, ve rahat etmeleri de {izerinde calisilabilecek yonlerdir
(Cunningham vd., 2007; Hynes & Santos, 2007). Rick ve Stewart (2003) a gore bir
konuyu ogretmede kendilerine giiven duyan Ogretmenler yeni yaklasimlar
uygulamaya daha agik olmaktadir. Diger taraftan miihendislerle etkilesim halinde
olmak ve onlarin yaptiklari igin dogasini 6grenmek Ogretmenlerin bakis agis1 ve
tutumlarmi olumlu etkilemektedir (Nadelson vd., 2013). Ogretmen egitiminde

miihendislerle panel, sunum gibi ¢esitli etkinliklerin yapilmis olmasi, 6gretmenlerin
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tutumlarini program sonunda etkilemis olabilir. Ozellikle iist seviyelerde yanitlarin

toplanmis olmasi bir yonden bu sekilde agiklanabilir.

Ogretmenlerim miihendislik tasarim siireci kavrayislar {izerine gelistirilen 6grenme
ilerlemelerinin bir dlgek gibi veri toplama aract gelistirilmemistir. Alan yazindaki
daha agiklayici yaklasan 6grenme ilerlemelerinde oldugu gibi for (Breslyn vd., 2016)
acik uglu sorularla seviyelerin detay1 olusturulmaya calisilmigtir. Veri toplarken
uygulanan ve dgretmenlerin diisiiniislerini ortaya koyan sorular ile kavrayiglarinin
olas1 seviyeleri ortaya konmustur (Claesgens vd., 2008). Ogretmenlere ait ortaya
konan seviyeler incelendiginde alan yazinla birlikte ¢esitli degerlendirmeler ortaya
konmustur. Ogretmenlerin diisiik seviye bulundurduklar1 tasarim siireci adimlari
arastirma yapmak, ve problemin belirlenmesi olmustur. Hsu vd. (2010) de benzer bir
sonuca ulasmistir. Bu calisma icin bunun nedeni Ogretmen egitiminde ve
dokiimanlarda daha fazla vurgu yapilmis olan bes adimli daha basit bir tasarim siireci
modeli olabilir (Cunningham, 2008). Alan yazina gore beklenen iist seviyeye, siire¢
adimlarmin tamamiin agiklanmasi ve kisitlama gibi tasarim siireci kavramlarinin
orneklendirilmesi (NRC, 2012; Moore vd., 2014b). iist seviyede de sunulamamastir.
Bunun nedeni ogretmen egitimi etkinliklerinin tim bu adim ve kavramlari

karsilamada yetersiz kalmig olmasi olabilir.

Miihendislik tasarim siireci 0grenme ilerlemesi Kobrin vd. (2015) tarafindan
gelistirilen, O6grenme ilerlemesi degerlendirme taslagi ile degerlendirilmistir.
Sonuglara gore 6zellikle gelistirilmeye agik yonler bicim ve kullanighlik olmustur.
Ileride yapilacak yeni dogrulama calismalari ile bu yonlerin gelisimine katki
saglanabilir. Bu calismada alan yazina 6rnek teskil edilebilecek yonlerden birisi
gelistirilen ve sonrasinda uygulanan 6gretmen egitimine yonelik esas niteliklerdir.
Miihendislik entegrasyonu konusunda dgretmenlere mesleki gelisim egitimi vermek
isteyen egitimciler bu niteliklerin uygulanmasi noktasinda c¢aligmadan yardim
alabilirler. Fen O6gretmenlerinin miihendislik entegrasyonu konusunda gelismeleri
icin daha fazla benzer programa ihtiyag duyulmaktadir (Dyehouse vd., 2014).

Windschitl vd. (2012) tarafindan gelistirilen Ogretmenlere yonelik Ogrenme
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ilerlemesinde oldugu gibi ilerideki ¢aligmalar, 6gretmenlerin kavrayis ve tutumlari
disinda smif i¢in performanslari iizerine 6grenme ilerlemeleri gelistirebilirler.
Calisma fen alanina isaret etmekle birlikte, miithendislik tasarim siireci, matematik
alaninda da ogrencilere katki sunmaktadir (Narode, 2011). Calismadan ilham
alinarak, diger FeTeMM alanlarinda da tasarim siirecine yonelik egitimler

saglanabilir ve ¢aligmalar yapilabilir.
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APPENDIX N

TEZ FOTOKOPISI iZIN FORMU

ENSTITU

Fen Bilimleri Enstitisu

Sosyal Bilimler Enstitiisii X

Uygulamali Matematik Enstitiisii

Enformatik Enstitiisti

Deniz Bilimleri Enstitiisi

YAZARIN

Soyad1 : MESUTOGLU
Adi : Canan
Boliimii : Egitim Bilimleri Boliimii

TEZIN ADI (ingilizce) : Developing teacher learning progressions for K-12
engineering education: Teachers’ attitudes and their understanding of the
engineering design

TEZIN TORU : Yiiksek Lisans | | Doktora | X

1. Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir.

2. Tezimin igindekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir

boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

3. Tezimden bir bir (1) yil slireyle fotokopi alinamaz. X

TEZIN KUTUPHANEYE TESLIM TARIHI:
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