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Recent advances in STEM education research focuses on the benefits of making the naturally existing relationship between the individual subjects Science, Technology, Engineering and Mathematics mainly increased learner motivation and performance, and contextual relevance to content. In addition, research also focuses on the challenges including lack of STEM focused teacher preparation, assessment needs of mathematics and science classrooms, varied approaches to integration and so on. This paper focuses on the need for identifying classroom STEM practices as learners engage in STEM instructional sequence designed with a system thinking perspective in a 7 th grade mathematics classroom. The following meta-practices emerged at the classroom and the individual levels, (a) developing conceptual understanding in multiple subject areas; (b) building relationships among subject areas; (c) shifting back and forth between goals of the individual subject experts; (d) developing ethical thinking; and (e) rethinking communication.

Introduction

Science, Technology, Engineering, and Mathematics (STEM) education, as it is known today, has a relatively young history in the United States. Albeit young, STEM is one of the fastest growing educational disciplines due to global headlines that paint a world economy that relies heavily on advancements in science and technology. [START_REF] Seymour | Academic perspectives of systems engineering[END_REF] highlight the importance of introducing secondary students to the ideas of STEM and possible careers in the field for a strong STEM educational pipeline. They believe early exposure is critical in preparing sufficient numbers of qualified individuals for future engineering and technology careers. 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].

One of the greatest challenges facing secondary STEM teachers today is effectively integrating STEM content into their core classes. Many barriers to seamless integration currently exist, such as the static curricular requirements set by grade-level standards, rigid time blocks of instruction, and a general lack of STEM resources and materials [START_REF] Pugalenthi | Research summary: stem in middle grades[END_REF]. Instructional theories related to interdisciplinary practices have been pursued in the past, yet many of these barriers remain as a current threat to creating holistic STEM learning experiences for today's learners. Recent educational standards reforms in the United States such as the Next Generation Science Standards (NGSS) and the Common Core State Standards for Mathematics (CCSSM) encourage integration of engineering and technology in science and mathematics classrooms.

For a larger research on rethinking STEM integration using a systems thinking perspective, we designed and developed a set of mathematical instructional sequences that attempted to situate learner's exploration of angles and parallel within the engineering context of design and development of a residential community and two-story homes in a 7th grade mathematics classroom of a STEM middle school in a suburban school district in the southeast region of United States. NGSS has explicit language on integration in its Science and Engineering practices but CCSSM does not provide the same. It beckons the need to explore the practices that emerge from a classroom when students engage in engineering context based mathematical instructional sequences that are purposely and intentionally designed. This paper explores the emergence of classroom engineering and mathematics meta-practices as students engage within the above designed engineering context based mathematical instructional sequences.

STEM Integration: A Systems Thinking Perspective

STEM education is at its early stages of development and the two common approaches include using engineering as a pedagogical tool where engineering and technology applications are used to learn science and mathematics, and engineering as a stand-alone subject where students use their science and mathematics knowledge and skills to learn engineering. Irrespective of the approach, integration of STEM in regular K-12 classrooms has been the primary driving factor for reformations in curricula, standards and policies concerning STEM education. National Research Council (2014) report titled, STEM integration in K-12 education: Status, prospects, and an agenda for research highlights the notion that STEM integration is not teaching the individual subjects Science, Technology, Engineering and Mathematics that make up the acronym separately nor attempting to match essential standards among these subjects with the pretext of highlighting the connections between them. An attempt to match content between subject areas based on standards will result in learning sequences that demonstrate a static relationship that does not mimic unlimited possible combinations of these subject contents like in the real-world.

We propose that meaningful STEM integration should be guided by the fundamental idea of systems thinking that is moving away from establishing such static relationships and situate learning of one subject area within the context of another. This allows the design of instructional sequence for students to explore content of one subject area within the context of another. Then, the corresponding standards related to the content and context can be identified and the combination of which will be unique to the lesson that is designed. STEM integration from a systems thinking perspective views each content area as a subsystem that is situated within the larger system of STEM. This reconceptualized thinking towards STEM integration allows instructional sequence designers to provide explicit opportunities for learners to play the role of different subject experts as they engage in the problem-solving process and mimic the real-world process within K-12 classrooms.

Methodology

The research reported in this paper aims to capture the engineering and mathematical practices that emerged from the classroom so that K-12 teachers may incorporate them into their STEM integrated classrooms and also for instructional designers to include components that evoke these practices in their design of instruction. 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. The data included video and/or audio of a) a pre-and post-interview of four students from the classroom, b) discussions from the development of the instructional sequences by the design team, c) classroom implementation, and d) teacher reflections. This article focuses on the analysis of video recording of classroom implementation of both overall class and the small group work, and daily reflection interviews of the classroom teacher to identify the practices that emerged in the classroom. During the implementation of the STEM instructional sequences, the small groups work and the whole group discussions were video/audio recorded. All of the interviews were audio/video recorded.

Data Analysis

Video recordings of classroom implementation were the major source of data which was analyzed using Toulmin's model of argumentation to capture the STEM practices that emerge when students engage in designed STEM instructional sequences. Toulmin's model of argumentation allows the researcher to identify the structure and function of certain parts of an argument with the core of an argument including three parts: data, claim and warrant (Toulmin, 1969). In order to make an argument, one has to make a claim and support the claim with appropriate data or evidence. A warrant provides more clarification to connect the data and claim when the relationship between data and claim is challenged and backings are provided when the mathematical validity is challenged (Rasmussen and Stephan, 2008). After documenting the structure and function of the arguments across all discussions, researchers utilized constant comparative method by [START_REF] Glaser | Grounded theory: The discovery of grounded theory[END_REF] to analyze them. In this method, multiple researchers separately analyze all the arguments by letting themes emerge during ongoing data analysis. A researcher starts with, say, arguments from one class session and attempts to find any common themes as he/she reads across all the arguments. Once a theme emerges, he/she continues data analysis to either support or refute the theme. At the completion of all data analysis, several data-generated themes emerged and were triangulated with the other researchers to verify or throw out proposed themes. Documents such as student worksheets, rubrics, engineers' log and design solutions were used to triangulate the findings.

STEM Instructional Sequences

The pre-interview on student conception of angles, parallel lines and engineering thinking revealed that they possess a rudimentary understanding of angles, parallel lines, and engineering thinking [START_REF] Pugalenthi | Student conception of angles and parallel lines in engineering context[END_REF]. These findings framed the mathematical learning goals of the instructional sequence as follows, Students would justify that two lines are parallel by identifying that the length of all the perpendicular segments between them are same, and Students would justify that two lines are parallel by identifying that if those two lines are cut by a transversal, the corresponding angles are congruent, the two-alternate interior/exterior angles are congruent, and the two same-side interior/exterior angles are supplementary.

The goal of the instructional sequences is to capitalize on the students existing conceptions of angles and parallel lines and use the contextual features of the engineering problem to revise them. Students were introduced to the engineering problem of designing a residential community and play the role of an architect. They were given a client brief with all the specifications and one of the design constraints is to design a road parallel to an existing road. This motivated the students to think about and explore the concept of parallelism. Students engaged in two instructional sequences that were situated within the context of designing the residential community and explored the notions of equidistant and angle relationship properties of parallelism as guided by the learning goals. Students then completed their design of their residential community based on the design constraints and the angles and parallel concepts they explored earlier. They presented their solution to the classroom teacher who acted as the client and provided feedback. Student groups finalized their designs based on the feedback and presented their design rationale for the whole classroom.

Design team was purposeful and intentional in the design of instructional sequences by using the engineering problem to motivate mathematical thinking. The learners were intentionally provided separate learning opportunities to explore and learn new mathematics content within the context of engineering problem and then they return back to solve the original engineering problem. In other words, the original engineering problem of designing a residential community and the two mathematical instructional sequences to explore the notions of equidistant and angle relationship properties of parallelism are the subsystems. Hence, these instructional sequences were situated within the notions of systems thinking. The practices that emerge from such a classroom are classified as meta-practices. Because these practices are unique and emerge because of the synergistic relationship between engineering and mathematics as they are integrated holistically.

Meta-Practices

The manuscript explores the emergence of the following meta-practices at the classroom and the individual levels when the designed instructional sequence was used, (a) developing conceptual understanding in multiple subject areas; (b) building relationships among subject areas; (c) shifting back and forth between goals of the individual subject experts; (d) developing ethical thinking; and (e) rethinking communication.

Developing Conceptual Understanding in Multiple Subject Areas

The first meta-practice that emerged from the classroom was the idea of providing opportunities for students that allow them to utilize their conceptual understanding from different disciplines. In both the overall and small group discussions, the students engaged in discussions that highlighted their conceptual understanding of the different disciplines. In the transcript below, a small student group is discussing why they should not be designing to build in the swamp. The students argue that they cannot built in the swamp because of the stagnant water in the swamps when it rains and the presence of wildlife in the protected area. They are bringing in arguments based on their prior knowledge they obtained in their science classroom into their discussion to rationalize a design choice.

Student 1:

Do not put a home lot in the swamp area! (To student 2) Student 2:

Why? Student 3:

It is marked off in red so we cannot build there Student 1: Also swamp will have water standing in it when it rains and there might be animals living in the area. So we cannot build there. Student 4:

The soil will be too wet to build too

We knew that students would bring in their existing funds of knowledge to solve the problem but we did not originally anticipate the specific funds of knowledge they would bring in such as their science knowledge that swamps are a protected area. The original design of the instructional sequence focused mainly on their mathematical and engineering funds of knowledge and such instances demonstrate that learners draw upon their existing funds of knowledge from any disciplines in their arguments. It is important to note that these conceptual understandings from other disciplines are rudimentary in nature, as the students do not have the time or opportunity to explore them further.

Relationships among Subject Areas

The second meta-practice that emerged from the classroom was the idea of providing opportunities for students that allow them to view the synergistic relationship between the subject areas. This metapractice was purposefully designed into the instructional sequences by the design team. In both the overall and small group discussions, the students engaged in discussions that highlighted their understanding of the synergistic relationship between the subject areas. The students went back and forth between the two subject areas depending on the goal they were focusing on currently. Teacher: One of you two, explain to us what you did here? (points to the board with the diagram of roads where a new parallel road needs to be added) Student 1:

So the first row of houses is about an inch wide and it includes two rows of home.

So the new road must also include two rows of homes and so it must be an inch away as well Teacher:

How do you know that is the exact placement of the line? Did you use a ruler? Student 2:

If you keep going with your finger across and the lines intersect eventually then they are not parallel. Teacher:

Ok. How can you mathematically convince me, that they are parallel or not parallel? Remember in the real world I do not have a big ruler to use its parallel edge to draw a parallel road. Student 3:

If you measure the distance between two points one on each line and if you keep measuring across the lines and if the distance remains the same then they are parallel Student 1: ah! so distance between to the two lines remains the same across

In transcript above, the discourse started with using distance between two lines as the property to explain parallelism and then defaulted back to lines never touch each other. Then through probing based on the engineering context that you cannot use the parallel edge of the ruler to draw a parallel road in the real world, their conceptual understanding moved to a more sophisticated notion that the two lines are parallel if they are equidistant from each other. The whole classroom moved back and forth from the engineering context to mathematical context or in other words, they mathematized the context to solve a problem and demathematized the solution back into the context. This intentionally designed back and forth between engineering and mathematics capitalized on the synergistic relationship between the two-subject area for learners to explore and develop their understanding of the mathematical notion of equidistance between parallel lines.

Shifting Back and Forth between Goals of the Individual Subject Experts

The third meta-practice that emerged from the classroom was the idea of providing opportunities for students that allow them to view that the end goal of each individual subject expert is different. This meta-practice was purposefully designed into the instructional sequences by the design team. In both the overall and small group discussions, the students engaged in discussions that highlighted their understanding that the goals of the individual subject expert are different from one another. This notion of difference in goals was heavily discussed in the design team meetings to ensure that while integration mathematics is not used as a tool to solve the engineering problem but the engineering problem is used to motivate students to think about the mathematical concept. In the transcript below, the teacher is engaging the students in a whole class discussion on calculating the scaling factor for drawing the width of the road.

Student 1:

We looked at the bottom of the paper and it shows a 50m scaled line and I measured it to be 30mm. So 50m in real life is represented by 30mm. The width of the road in real life is 9m. We divided 30mm over 50m and multiplied it by 9m and the scaled width is 5.4mm Student 2:

We used the width of the road as 29ft in real life and we converted 50m to 164.04ft. Then we divided 30mm by 164.94ft and multiplied it by 29ft to give 5.27mm. Teacher:

5.4mm is different from 5.27mm. Which group is correct and why? Student 3:

Our group (5.4mm group) is correct Teacher:

Why? Student 2:

No. It says here (points to the client brief) that the width of the road is 29 feet, which is approximately 9m. We used the exact measurement. So we are correct Teacher:

Interesting. What do you think about that? (looks at 5.4mm group) Student 1:

The values (5.4 and 5.27) are almost the same Teacher:

Yes but since there will be so many roads in the community. The difference will add up and there will be an error at the end. Does that make sense?

One group uses the exact dimension provided in the brief as per the building code that is 29 feet for the width of the road and finds the scaled dimension to be 5.27mm. Another group uses the approximated 9m width as their dimension for their calculation and ends up with 5.4mm. If it was just mathematical calculations, the values are so close and both would be considered correct. However, in real world as the teacher points out when building the roads, that small difference can add up and result in an error at the end. The context of the problem drives the precision of the result.

In other words, since the students are playing the role of an architect designing the residential community, they are forced to be precise in their calculations, as it would lead to misalignments in the real world at the end. Students are motivated to think about which role they are playing and what the end goal of the role is. As an architect they need to be precise in their calculations but as a mathematician approximate solution are acceptable. The idea is that this discussion on the end goals of each discipline experts emerged from a purposefully and intentionally integrated classroom.

Developing Ethical Thinking

The fourth meta-practice that emerged from the classroom was the idea of providing opportunities for students that allow them to think ethically while making design decisions. The design team did not intentionally design this meta-practice into the instructional sequences but it emerged. In both the overall and small group discussions, the students engaged in discussions that highlighted their ethical thinking while making design decisions or in other words being conscious of the impact of their decisions on social and environmental factors. The goal is to develop a sense of accounting for the needs and concerns of the larger global society in the students thinking or in other words using their content knowledge and skill to be aware of its real-world implications.

Student 1:

We decided to put our swimming pool and tennis court in the middle so it can be easily accessed by everyone. Student 2: I like how you did the club house in the middle Teacher:

Why do you like it? Student 2:

It just looks nice and I can walk to it if I want or drive if I cannot walk

The transcript above is from the presentation a student group was making for the client/classroom teacher and the argument they used to justify their design choice of placing the amenities in the middle of the community was that it will be easily accessible for all the house lots as opposed to if it was at one corner, then some has to travel farther to access it. This sense of social and environmental factors in designing solutions was evident in the pre-and post-interview as well. Students are particularly interested in problems with context that address social justice issues.

Communicating effectively to individuals in other disciplines

The fifth meta-practice that emerged from the classroom was the idea of providing opportunities for students that allow them to view that STEM experts must be able to communicate with different subject experts. The design team did not intentionally design this meta-practice into the instructional sequences but it emerged. In both the overall and small group discussions, the students engaged in discussions that highlighted their understanding for the need to rethink how they communicate depending on what is the current goal. The idea here is that each field is unique in its practices and goals and the same word can mean differently depending on the discipline. For instance, the word model can remind a mathematician of an equation while for an engineer it can remind of a physical model. Therefore, the STEM expert must be able to communicate between the disciplines and with non-technical personnel.

Student 2:

We started with the first parallel road and kept everything parallel after that and so it looks neat Student 3:

I have a question, why is that lot at the end smaller than the rest? Student 2:

Which one? Student 3: this one (points to the lot at the end of the row) Student 1:

That is not a separate one. We will combine it with this (points to the one next to it) and make the lot bigger than the 0.15 acres Student 4:

My grandmother is a real-estate agent and she tells the same and also you will also have marsh views. Also, the lots near the main road will drop the value because of the car noises Teacher:

What is the orange and green on the design? Student 2:

Oh that is the key to tell which is the front and back of the lot

The transcript above is from student group's presentation of their final residential community design. The students were justifying their rationale for a certain design choice such as design parallel rows of home, increasing the lot size or using a key to identify the front and back of the lots. The idea here is that during the presentation, they are using mathematical concepts (parallelism) and it is real world implication (neatly organized row of homes). The real-world implication is rudimentary but allows the students make those connections between the abstract concept and the real world. Students use of keys to identify the front and back of the house shows their thinking about communicating their design to both technical and non-technical audience.

Overall, the practices that emerged from the classroom are a result of synergistic interaction between mainly mathematics and engineering disciplines along with others. In this design research, this is the first cycle of implementation where certain emerged practices were intentionally designed into the instructional sequences and certain emerged by itself. The next step is to keep revising the instructional sequences until the emergence of practices stabilizes and no new practices emerge. This research focuses only on mathematics and engineering integration and opens up the possibility of focusing on the integration between other disciplines including science, technology, social studies, literacy, arts and so on.

Conclusion

Rather than focusing on a final product, which is a typical component of a project, a systems thinking approach encourages teachers to emphasize the multiple learning processes that are taking place in the classroom. One-way teachers can do this is through a rubric that assess the intended skills and knowledge of that project as they emerge. Systems thinking approaches to STEM instruction have several implications for practitioners. Creating rubrics to use as assessments is one-way teachers can embed systems thinking in their STEM instruction. Another way is to break the barriers of teaching these subjects in isolation from one another. In middle and secondary levels of education, subjects are commonly taught in separate blocks or class periods, which may stifle teachers' attempts to teach STEM subjects as interconnected disciplines. Team-teaching or cross-curricular collaborative planning are two ways teachers can attempt to increase systems thinking in their lessons. The simple recognition of considering the individual subjects Science, Technology, Engineering and Mathematics as complex and treating them similarly remarkably changes the approach to STEM integration. With increased attention to assessment, STEM integration based on systems thinking theory places the process of learning at an equal importance to helping students score better end-ofgrades. Traditional approaches would just connect the problem of needs of assessment to the solution of just standards-based curricula but taking a systems thinking approach considers other components of the educational system that contribute to the type of learning envisioned in STEM contexts.