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Problem Statement 
			
Designerly play has been identified as a fundamental component of childhood learning (Baynes, 1994).  Designerly play is supported in typical preschool and kindergarten classes with sand tables, water tables, blocks, LEGOs, art, and dramatic play areas.  However, as students enter grade one and beyond, the increasing academic focus has resulted in the loss of opportunities for designerly play (Zhao, 2012). At the same time, there are increasing calls to increase the number, skill, and diversity of STEM workers (Brophy, Portsmore, Klein, & Rogers, 2008).  My thesis is that the lack of opportunities for designerly play in elementary school results in a reduction of the number and diversity of students interested in the STEM fields (especially engineering) later in school.   Elementary engineering curriculum such as the robotics based Elementary Engineering Curriculum (Heffernan, 2013) and more general Engineering Is Elementary (Ernst & Bottomley, 2011) have the potential to ameliorate this problem.  Robotics offers specific affordances that make it an especially attractive educational technology (Brophy et al., 2008; Gura, 2011).  
A brief review of the existing research on robotics and design in general follows.  Because so few studies have been done, I include studies across a wide age range.  Also, design process models and methodologies of older learners may still be applicable (with modification) to studies of elementary students.  
Previous studies have investigated different aspects of design and engineering as a means of teaching science concepts and process skills (Puntambekar & Kolodner, 2005), engineering (Hynes, 2007), problem solving (Fortus, Krajcik, Dershimer, Marx, & Mamlok-Naaman, 2005), and systems thinking (Sullivan, 2008).  These studies have been of limited duration, have focused on older children, and have looked at the overall educational efficacy of the intervention. 
Other studies have examined the novice design processes of learners in different contexts, ages, and have used different learning and process models.  McRobbie, Stein, & Ginns (2001) analyzed the novice design practices of preservice teachers.  They found that novice teachers did not follow the idealized practices found in engineering design process models.  Roden (1999) looked at changes in the design process from infant school to primary school in Great Britain over a period of two years.  He classified the collaborative problem solving strategies as: personalization, identification of wants and needs, negotiation and reposing the task, focusing on the task, tools, and materials, practice and planning, identifying difficulties, talking self through problems, tackling obstacles, sharing and cooperating, panic or persistence, showing and evaluating.  Each strategy was judged as:  declining, emerging, developing, and changing over time.  The study showed that these strategies do change over time and he suggests that teachers need to understand them and help children make them explicit.  Roden included cognitive, social, and emotional strategies in his analysis.   
	Crismond (2001) compared novice and expert high school and adult designers as they tried to redesign some common household tools.  Each teams’ activities was coded and analyzed in terms of an idealized design process model.   Crismond found the teams did not follow the idealized model.  Furthermore, only the expert designers used general principles and connections to science concepts to help their design process.  Crismond concluded that teacher must scaffold design tasks for this reason.  
[bookmark: _GoBack]	Fleer (1999) looked at design at for 5 and 11 years olds in terms of how their intended designs relate to what they actually built. She found that drawings were not always used.  However, post-make drawing, especially by the older students provided good documentation of design choices.  Older students still engaged in fantasy play associated with the design task but in a more subdued and socially acceptable way.  They showed a preference for using 3-D models (i.e., the actual materials) to solve design problems.   
	Portsmore (2011) looked at preplanning for grade 1 students and found that even first grade students could sometimes used effective preplanning in a design task with familiar materials.  Welch (1999) studied grade 7 students in a design task, coded what they were doing, and compared that to an idealized design process.  He found that students did not follow an idealized design process.  The evaluated their design much more frequently, tried one idea at a time instead of evaluating alternatives, and preferred 3 dimensional materials over 2 dimensional sketches.  
K-12 robotics engineering, which typically uses design challenges, has been identified as a promising and effective way to incorporate engineering into K12 (Brophy et al., 2008).  Multiple studies have pointed out the need for teacher scaffolding in the design process (Crismond, 2001; McRobbie et al., 2001; Puntambekar & Kolodner, 2005).  However, elementary children’s design processes are not well understood.  This proposed research fills a need for systematic description and analysis of the design processes undertaken by young children over time in the context of an established and systemic robotics based elementary engineering curriculum.   
Project Overview 

	The comprehensive examination will consist of a literature review and pilot study (with accompanying papers) designed as preparation to provide the theoretical framework and methodologies needed to answer the expected dissertation research question:  how do grade K to 6 elementary students’ robotics engineering skills and processes change over time in terms of construction and programming techniques?  Specifically, what changes in their techniques and processes can be seen over time that impact their ability to realize their design ideas?  The literature review will answer the question:  what are the most relevant frameworks, design process models, and research methodologies that can be used or modified in a longitudinal case study of elementary robotics students in the context of established K-6 elementary robotics curriculum (Heffernan, 2013)?  The pilot study will establish the methodologies needed for the dissertation research by doing a small subset of the case study and determining the exact research protocols to use in the larger, cross-sectional, longitudinal study.  The following questions will be answered.  
· What will be the exact coding of videotape?  Will they use temporal and/or summative?  
· How can the developmental strengths and challenges of each age be identified more formally?
· What design process model best fits this study and age range?  
· What is the best design task to use for the dissertation study? 
Literature Review Paper


Although robotics has been identified as a promising way to increase STEM interest and also teach science concepts (Brophy et al., 2008), there is no research of student use of robotics in a sustained program.  More research is needed to understand how to teach engineering to students as their cognitive, motor, and social skills develop (Penner, Giles, Lehrer, & Schauble, 1997; Roth, 1996). The studies that do exist show promising results for short term robotics programs in middle and high school (Hynes, 2007; Sullivan, 2008).  The goal of the literature review is to determine the most relevant frameworks, design process models, and methodologies that can be used or modified in a longitudinal case study of elementary robotics students in the context of established K-6 elementary robotics curriculum (Heffernan, 2013).  The overall aim is to optimize the curriculum and, more generally, to optimize the teaching of engineering with regard to elementary student development.
Pilot Study 

The author has created and documented a complete, standards-aligned, robotics-based, K-6 engineering curriculum that has been in use for many years (Heffernan, 2013). It contains a mix of open-ended engineering challenges and more teacher-directed activities.  Students receive five to twenty hours of robotics curriculum per year from grades K to 6.  While the curriculum has been thoroughly tested in a number of schools, the next step in its refinement is to determine how teachers can better scaffold students’ engineering processes from grade to grade.  To do that, students’ processes first need to be characterized in a systematic manner.  
The pilot study will consist of a cross sectional, qualitative case study that examines two students at grades 2 and 6 as they implement the same open-ended engineering challenge with age appropriate robotics and craft materials.  These materials will be ones that they have used in the classroom robotics curriculum and will change according to the grade level.  Students will be invited to describe and capture their initial ideas and plans through talking, writing, and/or drawing.  Students will be videotaped to capture their building moves.  Their programming moves will also be captured.  Through a think-aloud protocol and semi-structured clinical interview, their verbal discourse will also be captured.  
Data that helps characterize the designs will also be captured:  elapsed time of design activity, design artifacts, photos of the completed design, and number of pieces and programming steps used.  The bulk of the analysis will focus on the time spent in the process on different activities such as planning, tinkering, researching, building, rebuilding, programming, reprogramming, and evaluating. The data will then be examined at to see how and if these change as students age.  Also, any common age related challenges to realizing their design ideas will be identified.   Differences between how students design and build in the classroom and in this more unstructured research setting will also be noted.   This indicates how much of the regular classroom curriculum has been internalized for the students.  The pilot study will specify the exact methodologies, codes, and research protocol needed for the larger dissertation study.  
Conclusion 

In my current collection of about 200 papers on design, engineering, and robotics, I was only able to find three longitudinal studies.   Roden's (1997, 1999) early study tried to broadly induce cognitive, affective, and social problem solving strategies at two points in early childhood.   Fleer (1999) did some early, cross sectional work on characterizing the relationship between design and the artifacts actually produced in a design problem at ages five and eleven.  English, Hudson, & Dawes (2013) are doing a longitudinal study of middle school students simple machine based designs.  However, they are not looking at how students change over time but are more interested in the complete educational systems of teachers, students, and materials.  More research is needed examine and better understand how to teach engineering to students especially at the elementary level and, more specifically, how students design processes change over time (Crismond & Adams, 2012; Penner et al., 1997; Roth, 1996).  A longitudinal study of elementary design processes will fill in important gap in the research base to help elementary teachers provide the appropriate scaffolding at each rapidly development stage of school age children’s development.    
The literature review will identify the most relevant frameworks, design process models, and methodologies that could be used for such a study.  The pilot study will analyze videotape of two elementary students of two different ages as they complete an open-ended robotics-based engineering challenge.  Through a combination of talk-aloud (Sullivan, 2008), direct observation, and semi-structured clinical interview, various coding schemes based on the ones described here will be tried and possibly modified to characterize student’s engineering processes over time with particular focus identifying on the challenging aspects at different ages.  Once these are identified, difficulties will be tied back to the matching development milestones provided by the theoretical frameworks of Piaget and others to better inform instruction and curriculum design for elementary engineering in a developmentally appropriate way.  The literature does not provide guidance nor is it clear on how to identify strengths at different ages besides subjective, inductive analysis.  A more systemic approach for identifying strengths may emerge from the pilot study. Levy & Mioduser (2010) showed that complex and advanced cognition can occur in young children’s interpretation of robot rules and behaviors, likewise, similar understandings need to be uncovered for the construction and programming of educational robots.  In light of the Next Generation Science Standards (“Next Generation Science Standards,” 2012) incorporation of engineering design as a way to teach science K-12,  any research that helps teachers teach engineering design in a developmentally appropriate way has timely relevance.  
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