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As a result of focused efforts to promote STEM education, there is an increased interest in understanding the use of engineering and technology contexts to teach mathematics in K-12 classrooms. This design research was conducted in a grade 7 classroom of a suburban school. Analysis of student interviews revealed that the students possess a rudimentary understanding of parallel lines and lack a conceptual understanding of angles. These notions were used to design and develop mathematical instructional tasks with an engineering problem as the context in order to motivate students understanding to more sophisticated notions of angles and parallel lines.

Introduction

The intricacies of today's technologically advanced world have pushed educators to rethink the set of core skills and knowledge that current students should learn. Included among these skills is problem solving, gathering data, evaluating evidence, making sense of information and communicating findings with others. Science, Technology, Engineering, and Mathematics (STEM) education provides students with opportunities to develop such skills and knowledge and also the application of that knowledge [START_REF] Mahoney | Student attitude toward STEM: Development of an instrument for high school STEM-based programs[END_REF]. STEM education started as a way of providing additional rigor and depth for gifted students, but over the years it has proven effective with a range of students and, in fact, has improved disadvantaged students' motivation and performance [START_REF] Kim | Gender gap in maths test scores in South Korea and Hong Kong: role of family background and single-sex schooling[END_REF]. This understanding of the importance and necessity of student-centered approaches has pushed researchers and policymakers' work towards increasing student-learning opportunities in United States [START_REF] Brown | The current status of STEM education research[END_REF]. Given the emphasis, there is no surprise that there is a huge push for educational standards reforms by organizations such as National Council of Teachers of Mathematics, the National Research Council, and the International Technology Education Association. Recent educational standards reforms such as Next Generation Science Standards (NGSS) and Common Core State Standards for Mathematics (CCSSM) encourage integration of engineering and technology in science and mathematics classrooms [START_REF] Kuenzi | Science, technology, engineering, and mathematics (STEM) education: Background, federal policy, and legislative action[END_REF].

The underlying intent of these mathematics standards is to enculturate students into the mathematical practices that will encourage deeper understanding of the concepts (cf. Standards for Mathematical Practices, CCSSM) and help students apply mathematics to the world around them [START_REF] Brown | The current status of STEM education research[END_REF]. STEM-based mathematics learning, at its heart, is an investigative process that allows the learner to dive deeply into a topic and use mathematics to create a solution. A student centric approach like STEM-based learning becomes not only a viable method of teaching and learning, but possibly a highly effective method as well [START_REF] Bybee | What is STEM education?[END_REF]. The central idea with STEM education is promoting pedagogical practices that are student centric. That is, teachers play the role of facilitators as opposed to the traditional knowledge provider.

Teachers employ several instructional strategies including student-led presentations, problem-based learning, brainstorming sessions, small group discussions, simulations, student-led experiments and engineering designs and so on [START_REF] Fairweather | Linking evidence and promising practices in science, technology, engineering, and mathematics (STEM) undergraduate education[END_REF]. In the world of mathematics, STEM-based learning allows students to use mathematics within the context of other subject areas to solve problems. This process requires students to learn math to apply to the formation of a solution or solutions. The math is never separated from other disciplines, thereby making the construction and the application of knowledge easier [START_REF] Fairweather | Linking evidence and promising practices in science, technology, engineering, and mathematics (STEM) undergraduate education[END_REF]. STEM-based learning accesses the students' knowledge and engages students to be part of a community collaborating together on activities [START_REF] Blumenfeld | Lessons learned: How collaboration helped middle grade science teachers learn project-based instruction[END_REF]. Thus, students share what they already know with other students in the group toward finding solutions for the tasks at hand. Students discuss, justify, and argue about the mathematics as part of this collaboration. This research paper is a part of a larger research study that aimed to contribute to the ongoing dialogue regarding the efficacy of genuine STEM integration. Specifically, this study explored the process of design and implementation of a classroom-learning trajectory (Stephan, 2014) that integrated mathematics and engineering in an authentic manner to evoke STEM practices more generally. Our goal was to explore the feasibility of using engineering contexts to teach mathematics and to develop a conceptual framework for effective STEM integration. The rationale behind choosing a design based research approach was the ability to contribute to development of theory and educational practices together given that the inter-relation between them is complex and dynamic (Plomp & Nieveen, 2007).

Literature review

This review highlights the research on two notions that form the core of the arguments presented throughout the paper. The first section encompasses the present nature and understanding of STEM integration in K-12 education and the subsection on student conception of angles and parallel lines summarizes the framework for the analysis of the related student interviews.

STEM integration

While there has been a nationwide push to increase STEM in secondary schools, the debate regarding the best practices for integrating STEM across multiple subjects still exists [START_REF] Stephan | Lesson imaging in math and science: Anticipating student ideas and questions for deeper STEM learning[END_REF]. Therefore, new theories of best integration practices in STEM are still being conceptualized and pursued. One of the greatest challenges facing secondary STEM teachers today is seamlessly and effectively integrating STEM content as well as the related processes into their core classes. A common barrier for this integration is accurately navigating the multiple static components of a STEM curriculum. The introduction of engineering as a critical component of STEM education is especially problematic for educators who have little training or prior skills with engineering content and principles. When STEM integrated lessons are based in systems thinking, the teaching of multiple subjects becomes less rigid. Kelley and Knowels (2016) conceptual framework for integrated STEM education alludes to this idea with their pulley system model. However they place the emphasis heavily on engineering design and scientific inquiry, which can lead to fewer instances for mathematics and technology to be a central part of the STEM system. [START_REF] Wang | STEM Integration: Teacher perceptions and practice STEM integration: Teacher perceptions and practice[END_REF] showed that successful STEM integration is possible using their case study of three middle school teachers. Their important findings included that teachers need more content knowledge especially in engineering and technology and that their STEM classroom practices depend on their perception of the use of STEM integration, which is influenced by their primary discipline. Also, typically mathematics is taught first to solve an engineering challenge whereas our in our approach instructional sequences are designed to use an engineering challenge to motivate students thinking of mathematics.

Student conception of angles and parallel lines

In this research, students' current conceptions of angles and parallel lines are explored through their concept image. [START_REF] Tall | Concept image and concept definition in mathematics with particular reference to limits and continuity[END_REF] defines concept image as "…the total cognitive structure that is associated with the concept, which includes all the mental pictures and associated properties and processes" (p.152). [START_REF] Keiser | An assessment of students' understanding of angle[END_REF], in their action-based research with 77 sixth grade students, highlighted the limitation posed by definitions of mathematical concepts as, "the truth is that all definitions, by their very nature, tend to limit concepts because they establish boundaries" (p.117). The idea is that a definition can focus on one aspect of the concept, which may lead to students not having a well-developed concept image. [START_REF] Keiser | Struggles with developing the concept of angle: Comparing sixth-grade students' discourse to the history of the angle concept[END_REF] further expands this notion of angle as a concept: What exactly is being measured when referring to the size of angles?, Can angles contain curves?, and difficulties with conceiving of 0°, 180°, and 360° angles. [START_REF] Fyhn | A climbing class' reinvention of angles[END_REF] summarized the research on cognition of angles and the key ideas of angles: Angle as a static geometric shape, dynamic notion, and as measure; and Angle without arc (as linked line), with arc (angle space), with arrow (part of a plane) and with rotation arrow (creation can be a described by rotation of a ray). [START_REF] Happs | Students' and teachers' perceptions of the cognitive and affective outcomes of some lessons in geometry[END_REF] identified the following as the common misconceptions about parallel lines that student bring to lessons: parallel segments must be aligned; and presence of arrows or dots on the ends of lines affects whether or not those lines are parallel.

Methodology

The research reported in this paper aims to capture the students' conception of angles and parallel lines in order to design the engineering context based instructional sequences for a middle grades mathematics classroom. The research was conducted in a 7th grade mathematics classroom of a STEM middle school in a suburban school district in the southeast region of United States. The classroom teacher was part of the design team along with faculty specializing in mathematics education, chemistry, and engineering at a large urban university and a mathematics education faculty member from an international university. This research is comprised of a pre-interview to assess the existing conceptions of angles and parallel lines, design and implementation of engineering-based instructional sequences and a post-interview to assess the changes in conceptions of angles and parallel lines. This research paper focuses mainly on the analysis of the pre-interview questions dealing with angles and parallel lines along with preliminary discussion of the design of the instructional sequence.

Before developing the instructional sequences, 4 students (2 male and 2 female students) at different academic performance levels (as identified by the classroom teacher) were interviewed. The student's cumulative performance on prior assessments in their current classroom was used as the criteria to classify the four academic performance levels as high, above average, average and low. These four students engaged in a pre-interview with questions designed to probe their understanding of angles and parallel lines and an engineering problem. The purpose of these interviews was to learn the students' current conceptions of these mathematical and engineering ideas and design the instructional sequences appropriately for the entire classroom. The interview questions probed for the students' conceptual understanding of angles, parallel lines and their strategies in solving the engineering problem. The first angles question prompted the students to identify the biggest and smallest angle from a set of angles represented diagrammatically (Figure 1). The second set of angles questions asked the students to identify the number of angles in various diagrams such as a triangle (Figure 1) and validate their solution with a mathematical argument. Similarly, the parallel lines questions asked students to identify if the given lines, curves and geometric shapes (e.g., Figure 1) have anything parallel in them and validate their solution with a mathematical argument. In analyzing the student responses, the constant comparative method [START_REF] Glaser | The constant comparative method of qualitative analysis[END_REF] was utilized in order to identify themes that are grounded within the data. The student justifications were broken down into discrete incidents. Researchers simultaneously coded and analyzed these specific incidents to inductively reason the categories for codes and their properties. Three researchers met and analyzed the student responses from the videos and identified emerging categories as the students communicated his/her mathematical arguments. The analysis also took into account the hand gestures of the students. Select portions of the videos were transcribed later for inclusion in the research. Constantly identifying and comparing the relationships between these categories led to the final themes. Once a theme emerged, data analyses were continued to either support or refute the theme until all the student responses were analyzed. This process was the same for both the angles and parallel lines questions, but analysis for each topic was performed separately.

Findings and discussion

This analysis of the students' conceptions of angles and parallel lines comes from the pre-interview data, before instruction with an engineering context to teach the same mathematical concepts. The following three themes emerged from the angles questionnaire analysis: Using Prototypes or Reference Images, Tracing of the Lines, and Decoupling versus Decomposing.

Theme one: Using prototypes or reference images

The first theme that emerged from the data analysis was the idea of using prototypes or reference images of angles to identify and define angles. All of the students shared this notion where they used reference images such as 90°-, 180°-and 360°-angles or used the definitions of acute and obtuse angles. The students associated the word 90° or 180° with the diagrammatic representation of the same without any understanding of what it means that a right angle is 90°. For instance, the student below expressed their confusion with straight angle and straight line, likely, as they had seen a straight line referred to as both a straight angle and a straight line in the past.

Student:

This is a straight...

Interviewer: Straight what?

Student:

It is either a straight line or a straight angle because this is a whole 180.

Theme two: Tracing of the lines

A second theme that emerged from the data analysis was the idea of tracing the line to see if it changes direction as a rationale to identify if there is an angle. For instance, the student below, when asked to identify the number of angles in the given diagrammatic representation of the right triangle in Figure 1, reasoned that there was one angle because there was a corner which makes the line go in two different directions. The student viewed the rays of the angle dynamically in that a dot could be used to trace along one ray and then change direction to follow the other ray, thus, producing an angle. A different student traced the line as well, but the conception of angle was not as dynamic. The student viewed the two lines as two static entities connected at a point to form an angle.

Student: So here's the main line and then it's starting to go up as in 90 degrees.

Interviewer: The main line is going this way (horizontal), then the other line this way (vertical)

Student: Yes, in a 90 degree angle.

Theme three: Decoupling versus decomposing

A third theme was the idea of dissociating the original angle from the two new angles when the original angle is split into two by a new ray. In other words, the students counted the whole angle as an angle and the two new split angles; each as one but they did not worry to check if the sum of the two new angles equals the original angle when they were asked to estimate the angles. In Figure 2, the student estimated the three angles of the equilateral triangle to be 75° and then the two split angles on the top to be 25° each. We also observed another case, where the student expressed that the original angle is no longer available when it is split and only the two new angles are left. In other words, they view the new right-angled triangles as a decoupled shape as opposed to decomposing the angle from the equilateral triangle into two right-angled triangles.

The following two themes emerged from the parallel line questionnaire analysis: Never Touch and Same Shape Pattern.

Theme one: Never touch

The first theme that emerged from the data analysis was the idea that something is parallel if they never touch. This is evident in one student's use of railroad tracks as an example. The questionnaire began with sets of lines oriented in different angles and were misaligned the reasoning that they will never touch was predominately used by all students for these questions with lines.

Interviewer: How about these?

Student: Parallel, I see this mainly because they still won't touch.

Theme two: Same shape pattern

Another theme that emerged from the data analysis was the idea that for two lines or curves to be parallel they must have the same shape pattern and align in the same direction. This reasoning of having the same shape pattern emerged only when curves were introduced in the questions.

Interviewer: How do you know that they are never going to touch each other?

Student:

As long as this pattern is maintained, they're never going to touch.

However, two of the students extended the curves into a line to show that either the two lines/curves touch or not touch to justify their argument of whether they are or are not parallel. For instance, in Figure 3, the student extended the curve at the bottom as a line to touch the straight line on the top instead of following the pattern of the curve at the bottom. This shows that the students preferred the never touch rule over the same shape pattern when justifying their argument as to whether they are or are not parallel. From our analysis of students' existing notions of parallel lines, the students' mathematical arguments were rudimentary and based on their prior experiences of parallel lines either in mathematics or other subject areas. This is evident in the classic railroad track example followed by the justification that the two tracks never touch. Students demonstrated difficulty in extending the notion of the lines that never touch to more sophisticated notions such as that the lines are equidistant from each other. This exploration of student's understanding of angles and parallel lines combined with perspectives from the literature was utilized to design the context of the engineering based instructional sequence for the classroom.

Design of engineering problem based instructional sequences

Gravemeijer and Doorman (1999) highlight the role of context problems as, "...context problems are intended for supporting a reinvention process that enables students to come to grips with formal mathematics" (p. 111). Combining this notion with the understanding of the students' concept images of angles and parallel lines which is rudimentary as revealed in the findings above, the instructional sequences of building parallel roads in a residential community and constructing 3D models of two-story homes was developed. The problems within the sequences were designed to capitalize on students' current conceptions of angles and parallel lines (as revealed in the interviews), yet utilizing contextual features to revise those conceptions. The instructional activities were designed to develop students' understanding of measuring angles as the degree of turn and parallel lines as the same distance apart. Designing a residential community is the engineering problem used to provide context for the mathematical task where the students identified the design constraints from an architect's brief. In essence, the students played the role of an architect and were asked to develop the Phase II of an existing residential community given a map of Phase I.

One of the constraints was to build a road parallel to the existing road on Phase I for aesthetic reasons, the context for the first mathematical instructional sequence. Student groups explored the possibility of using pre-drawn, existing parallel roads in Phase I and measuring the distance between the two existing roads to create new parallel roads. This led to the discussion of the concept of equidistance in parallel lines. Similar instructional sequences were used to develop the notions of parallel lines using angles. A post-interview was conducted to study if the engineering based instructional sequence, which was designed based on the pre-interview questionnaire analysis helped the students improve their understanding of the mathematical concepts related to angles and parallel lines. Due to page limitations, the analysis of the post-interview and additional instructional sequences are not discussed here and instead was discussed in detailed at the congress during the presentation. Post-interview analysis revealed that there was an overall improvement in conceptual understanding of angles and parallel lines among the four students.

Current in-service mathematics teachers are asked to design and teach in STEM integrated classrooms, yet most of them are not academically trained in engineering and technology. This study is part of a larger investigation focused on a research-based framework for STEM integration. The analysis of student thinking relative to angles and parallel lines is important to this study as a foundation for informing the larger design research process. The analysis of student thinking revealed several limitations in students' current conceptualization of angles and parallel lines, both of which are critical components in the target instructional tasks embedded within the engineering context of planning the roads and houses in a community. The students' current perspectives with limited understanding of angles and parallel lines inform the larger design research study by setting up instructional tasks that specifically address these issues. This study underscores the role of visiting and revisiting student thinking as a necessary step in the design research process.
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