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Technology and design courses hold a potential to contribute to the STEM agenda. In this study I seek to explore the nature of STEM education across the courses, particularly examining 7 th grade intended curriculum in Turkey in terms of engineering design process and knowledge base. By extensive examination and coding of learning outcomes together with explanation provided under each one I identified instances of engineering design process and knowledge by learning areas. 52

Introduction

Technology and Design (T & D) courses, or similar forms, have been taught in many countries around the world. T & D courses hold potential to contribute to the Science, Technology, Engineering and Mathematics (STEM) education agenda, however currently this is not wholly examined how. The purpose of this study was to explore the way T & D course in Turkey contributes to the STEM education agenda. Specifically, the aim was to explore how existing 7 th grade T & D course intended curriculum [START_REF] Eğitim | [END_REF] concretize engineering design process (EDP) together with knowledge base combined with it, with the ultimate purpose of providing direction in understanding STEM education. EDP combines knowledge and skills from a variety of fields with the application of values and understanding of societal needs to create systems, components, or processes to meet human needs (NAE, 2009, p.9). The research questions of the study were:

1. To what extent is engineering design process present in the 7 th grade T & D course intended curriculum in Turkey? 2. What are the central knowledge of engineering and technology that are present in existing curriculum? 3. What are the central knowledge of mathematics and science that are present in existing curriculum?

This study provided a window into the nature of STEM education across T & D courses. This information provided educational researchers, policy makers, and K-12 teachers with a detailed picture of what STEM education is, especially when that vision of STEM education includes engineering and technology. This study was significant in order to demonstrate possibilities for a systematic integrated framework for engineering and technology in K-12.

What is the engineering design process?

EDP is the iterative process for creation and manipulation of the human-made world. It is one of the six tenets for successful STEM education [START_REF] Moore | Implementation and integration of engineering in K-12 STEM education[END_REF]. A number of core characteristics of EDP are (1) the design process begins with problem definition; (2) design problems have many possible solutions 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). Figure 1 summarizes these four characteristics of engineering design, articulating the key aspects of each characteristic and highlighting the aspects that create the most opportunity for mathematics and science integration. To accomplish the aim of the study, I examined the 7 th grade T & D course intended curriculum learning outcomes together with the explanations provided under each one. Learning outcomes helps to identify assumptions about what knowledge and skills the students need to bring to succeed. Although learning outcomes might differ in the ways they are written, they all express the same idea and that is what the learner should know, do, or feel. Explanations provided under each learning outcomes assists teachers in building knowledge and skills in accordance with learning outcomes. Content analysis of learning outcomes was conducted using line-by-line analysis. The operational definitions of EDP (see Figure 1) and the five components of learning outcomes proposed by [START_REF] Gagné | Principles of instructional design[END_REF] guided the initial open coding of the outcomes. The unit of analysis during all phases of coding was the phrase. While coding the learning outcomes individually as phrases, a word analysis was deemed helpful in locating and portraying the big ideas of EDP and knowledge base. The most common verbs (see Figure 2) and objects (see Figure 3) found in the learning outcomes regarding EDP and knowledge base are provided below. All outcomes were coded using the following two primary categories: EDP, or knowledge. Outcomes that fit the category of EDP went into one of the four categories of EDP provided in Figure 1 as well as a new category labelled as presentation. Outcomes that fit the category of knowledge went into one of the three categories: Design, technology, or design and technology. An example learning outcome was: "7.A.2.1. State the elements of art/design". This statement implies knowledge as "state" refers to capability verb pointing out verbal information and "the elements of art/design" refers to object that the learner will produce as a result of action. Additionally, the opportunities for using or integrating mathematics and science in these two main categories were also examined. Inter-rater reliability verified consistency among two individuals through descriptive statistical measures. 
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Results

A close analysis of the 7 th grade T & D course intended curriculum reveals EDP together with knowledge base in technology and design. 52 learning outcomes (27 with emphasis on knowledge and 25 with EDP) (see Table 1) were identified in the intended curriculum. Core characteristics of the EDP and knowledge base are presented in Figure 4 and 5, respectively. Some explanations were found to have explicit references to mathematics and science. Regarding mathematics, two-three dimensional space appeared for producing or demonstrating a design, ratio-proportion as one of the design principle, measurement for analyzing physical dimensions of architectural structures or buildings, and graphing for representing a design. Explicit references to science were about energy, force, pressure, durability, resistance, balance, corrosion, or geography (geographical and climate conditions). Because of the space restriction, learning outcomes together with their coding are given only regarding to the two learning areas (see Figure 6 and7).

Conclusion

This investigation provided a window into what STEM education look like in a T & D course within middle school. This curriculum could support teachers' integration of STEM disciplines, particularly an understanding of the nature of EDP skills that would develop their ability to effectively integrate EDP into their science and mathematics instruction. This has great implications if integrated STEM is to include EDP. The degree of integration, however, would be related to the teachers' awareness of how to make explicit and meaningful connections between the disciplines.

This study also showed that the ideas expressed by [START_REF] Berland | High school student perceptions of the utility of the engineering design process: Creating opportunities to engage in engineering practices and apply math and science[END_REF] related to characteristics of EDP were present in the document analyzed together with the new additional characteristic named as presentation and key aspects of them. This will provide opportunity to compare the results found here with what courses offered in other countries. Evaluating the designed product based on the determined criteria (aesthetic, original, functional, feasibility, and sustainable). In the process of evaluation self-assessment and peer assessment are used. EDP Iteration 7.D.1.6. Restructures the designed product according to the evaluation results.

Characteristic of design process Key aspects of the characteristics as identified in the curriculum
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7.D.2. I did this

7.D.2.1. Present the products

Promotional materials (short film, computer-aided presentation, promotional card, poster, flyer, etc.) are prepared for product(s) 

EDP Presentation
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 1 Figure 1: Summary of the four characteristics of engineering design
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 2 Figure 2: Most found verbs in EDP and knowledge
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 3 Figure 3: Most found objects in EDP and knowledge

Figure 5 :

 5 Figure 5: Summary of the knowledge on design and technology identified in the curriculum
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 7 Figure 7: The characteristics of the 7th grade curriculum design and technological solution area

Key aspects of the characteristic as identified in the literature

  

	Defining the problem	Interviewing users and stake holders
		Identifying the need that will be solved
		Identifying sub-problems and goals
		Exploring existing solutions
		Describing the need in terms of quantifiable success criteria
		Understanding key math and science principles
	Generating and selecting between	Identifying multiple possible solution
	multiple possible solutions	
		Developing systematic approach for choosing between
		solutions by balancing different goals of the project
	Modeling and analysis	Modeling parts of the existing system into which the solution
		must fit
		Collecting, modeling, and analyzing performance data
	Iteration	Revisiting previously completed steps in order to improve
		designs (some steps may require revision of math and
		science use previously completed)

Note: Italics indicate the quantitative aspects that create the strongest opportunities for integration of traditional math and science content. Taken from

Berland, Steingut, and Ko (2014, p.708) 

Table 1 : Number of learning outcomes at the 7 th grade on knowledge and EDP by learning area

 1 

				Learning Areas		
		A	B	C	Ç	D	Total
	Knowledge						
	Design	3	10	7	-	-	20
	Technology	2	-	-	1	-	3
	Both	2	1	-	1	-	4
	EDP						
	Defining the problem	1	1	-	1	1	4
	Generating and selecting between		1			2	3
	multiple possible solutions						
	Modeling and analysis	1	2	4	2	1	10
	Iteration	1	1	1		2	5
	Presentation		1		1	1	3
	Total	10	17	12	6	7	52

Summary of the five characteristics of EDP identified in the curriculum

  

	Defining the problem		Investigation of examples according to different criteria based
			on venue, lighting, colour, texture, physical measurements,
			geographical conditions, forms of life, manufacturing
			processes, necessary resources, security measures,
			environmental factors, user, applications, material
			Following and reading published public spots, visual-print
			media news, and scientific research
	Generating and selecting between	Developing solution alternatives and choosing the appropriate
	multiple possible solutions	one based on the criteria pointed out in defining problem
	Modeling and analysis		Creating model, prototype, drawings, or maquette of the
			design		
	Iteration		Revisiting previously completed steps in order to re-interpret
			or restructure designs based on the predetermined criteria or
			evaluation		
	Presentation		Short films, computer aided presentations, promotional card,
			poster, flyer		
	Figure 4: Knowledge		
	Design		Technology		Design and Technology
	Industrial design	Invention, discovery, science,	Relation between them and how they
		techniques, technology, industry,	affect each other
		industry 4			
	Graphic design	Historical	development	of	Positive and negative contributions
		technology			of them to daily flow of life
	Architectural design	Technologies to acquire energy		The importance of them to solve
					problems
	Environmental design				
	Elements of art/design				
	Ergonomics				
	Mechanical properties				
	of design				

7.A. Technology and design basics

Subjects

Learning outcomes and explanations STEM