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Abstract
	This proposal considers the use of 3D printing in developing models that can enhance construction engineering education. It considers traditional approaches to construction education at the university level, and the areas in which these methods are not satisfactory. It describes the gap the arises between drawings and calculations that describe physical systems and the students’ understanding of these systems. It notes findings of university construction engineering departments that have incorporated physical models or hands on activity into their curricula, both in terms of student satisfaction and academic performance. It lists the factors that would have to be considered in order to develop, design, and fabricate a 3D model and the facilities that would be used to accomplish this. It suggests the kind of data that could assess the impact of such a model on a course. The 3D printed model is expected to benefit the construction sequencing course, based on the experiences of other construction engineering programs.


Introduction
	Construction engineering education covers a wide range of topics, including interpreting technical drawings, analyzing the various loads acting on formwork during and after construction, understanding the methods of erecting and connecting beams and columns, and considering the consequences of water content in the strength and workability of cement (Rajapakse, 2016). All of these topics require students to visualize and understand physical systems governed by abstract equations. Traditionally, engineering education at the university level has been geared towards the abstract conceptualization, where basic observations that can be made about images or hypothetical situations “are incorporated into the principles and theories” (Lee, McCullouch, & Chang, 2008, p. 159). Construction engineering education “has always been associated with traditional methods and hand calculations” (Fernandez-Sanchez & Millan, 2013, p. 244). This information is often disseminated “in the traditional format, where lecture hours were used to deliver content through lecture presentations and demonstrating the solution of example problems” (Karbulut-Iglu & Jahren, 2016, p. 3). 
The current construction education format has yielded unsatisfactory results. Professors in the Department of Construction Management at Colorado State University found that:
Construction education traditionally uses experiential learning to assist in the delivery of course content that requires spatial cognition and visualization. However, spatial abilities not fully developed may compound and have lasting negative impacts on CM students, particularly on those without prior construction experience. If students cannot visualize building system components and their spatial relationships, they may remain at a disadvantage to their peers. (Clevinger, Glick, & Del Puerto, 2012, p. 101-102).
Students of construction engineering do not develop adequate spatial reasoning from the traditional lecture format because the concepts become “too abstract and not very applicable to real life” (Fernandez-Sanchez & Millan, 2013, p. 244). This is because the construction industry itself “may be considered one of the experience-oriented enterprises” where “some experiences can be recreated in a classroom environment, but most of them may not be” (Lee et al., 2008, p. 160). I want to investigate whether 3D printing can be used to create physical models to reduce abstractness and enhance students’ spatial reasoning in the context of the construction sequencing process.
Background
	University level engineering programs have begun incorporating three-dimensional physical models into their curricula to bridge the gap between abstract concepts and physical systems. In place of the pencil diagrams typically used to show the difference between the properties of a roller and a pin, “at many leading programs, educators also have access to fabricated ‘steel sculptures,’ to provide material demonstrations of common steel connections” and to enable students “to directly experience steel connections in 3D” (Clevinger et al., 2012, p. 103). However, these steel sculptures are limited to laboratory use, and are fixed and unalterable (Clevinger et al., 2012, p. 103). Students in a structural analysis course at the Universidad Europea de Madrid used prefabricated plastic blocks to construct a three-dimensional truss in order to translate the theory of truss calculation into a hands on experience; students expressed satisfaction with the opportunity to test the validity of their calculations against real, albeit small, structures. Additionally, these prefabricated plastic truss elements could be reused by future students, making the activity cost effective (Fernandez-Sanchez & Millan, 2013, p. 246). 
	The Construction Engineering program at Iowa State University sought to depart from the typical PowerPoint lecture format by converting a Heavy Construction methods course into a hybrid course, where students participated in interactive online lectures outside of class time in order to spend class time on “open-ended, real-life exercises (chosen from construction projects on and around the campus)” (Karbulut-Iglu & Jahren, 2016, p. 7). When all students enrolled in the course were interviewed after the course ended, 57% responded that the hands-on activities were more beneficial than the lecture format and 73% reported they valued the activities as an opportunity to solve real life problems. The hybrid format also outperformed the traditional format quantitatively, with a statistically significantly higher percentage of students receiving As and a higher percentage of students passing the course (Karbulut-Iglu & Jahren, 2016, p. 11 & 16).
	The incorporation of hands-on activities and physical models has increased the satisfaction and academic performance of students in construction engineering programs. However, a physical model’s effectiveness is limited by its ability to be adjusted, reproduced, and reused, which is why I want to look into 3D printing as a means of modeling construction sequencing.
Methods
	In order to investigate the use of 3D printing to enhance student understanding and spatial reasoning of multistory steel construction, I intend to design and print columns, girders, wide flange beams, and formwork. I will select a software to design the various elements to be printed, select a scale to use, and use the American Standard Beam dimensions to determine all dimensions of the elements. The software, type of plastic, and size of the elements to be printed must all be compatible with the printer I use; I intend to utilize the printers available in Loyola Marymount University’s Cheryl and Robert Gross Engineering Design Center. I intend to investigate materials that can act as a substitute for concrete in order to allow the students to simulate the pouring of a concrete wall. I intend to examine plaster of paris and silicon because of their relatively short curing times, which is necessary for incorporating the use of the model into a classroom environment, but I am open to investigating other materials as well. After the formwork is printed and a concrete substitute is selected, I will test the activity, observing the stability of the structure and the amount of time the activity takes. It may take several design iterations to yield a satisfactory product. I would like to develop and test these iterations over the summer, living on campus at LMU in order to utilize the computers and printers of the Cheryl and Robert Gross Engineering Design Center.
Once a model has been developed, I intend to incorporate its use into the curriculum of a construction sequencing course. In order to determine its effect on students, I would like to collect both quantitative and qualitative data, as the study of the Construction Engineering program at Iowa State University did. I would like to record the scores of students on an exam or project related to the material demonstrated by the in class activity, and compare it with the scores of previous classes who did not experience the activity. I would also like to use a survey to assess student satisfaction with the hands-on experience, with room for comments. The data from the scores and the survey could be compiled to examine the effectiveness of the integration of 3D printing.
Expected Results
	The initial results of my research will be the 3D printed models of the columns, girders, wide flange beams, and formwork, as well as the selection of a material to simulate concrete in the activity. I may also need to 3D print formwork and connections such as plates and bolts. These will be the final versions of these elements, after testing multiple prototypes. These elements will be easy to reproduce, so that enough could be printed for the use of a class of students working together in groups.
	The secondary result of my research will be a compilation and analysis of the quantitative and qualitative data collected from the students enrolled in the construction sequencing course that uses the model. Based on previous integrations of physical, three-dimensional models into construction engineering curricula, I would expect this data to show an enhanced spatial reasoning and an improved ability to apply abstract equations and calculations to real-world construction scenarios. I would expect the students who utilized the 3D printed elements to simulate the pouring of a concrete wall to outperform past classes who only utilized two-dimensional drawings and diagrams to understand the process.
Conclusion
	While traditional construction engineering courses use a lecture format paired with two-dimensional drawings and diagrams, 3D models have proven to “significantly improve the level of communication and comprehension among viewers over 2D models” (Clevinger et al., 2012, p. 103). While “a considerable portion of the theoretical background is obtained through academic courses,” in the past engineers arrived in the construction industry with stunted spatial reasoning that they can only cultivate “through years of experience on construction projects” (Lee et al., 2008, p. 160). University level engineering programs are reporting significant advantages to courses that incorporate hands-on activities that bring course material to the physical world (Karbulut-Iglu & Jahren, 2016, p. 23). I seek to use 3D printing technology to accomplish this by designing models that are easy to fabricate and reproduce. I want to analyze the impact of three dimensional, hands on, physical activities in a construction sequencing course at the university level by gathering both quantitative and qualitative data from participants.
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Budget
On Campus Summer Housing: $1,620.00
	I would like to stay on campus from Wednesday, May 10, 2017 to Friday, June 23, 2017, in order to utilize the facilities of the Cheryl and Robert Gross Engineering Design Center.
Silicone Rubber Compound Mix: $50.00
Plaster of Paris: $50:00
	I would like to purchase both silicone and plaster of paris in order to test their effectiveness as substitutes for concrete. Although only a small amount will be needed for each experiment, I plan to conduct many experiments.
Additional Materials for Formwork: $25.00
[bookmark: _GoBack]	I may determine that the firmness of the plastic from the 3D printer is not suitable for formwork, in which case I would want to experiment with other materials.
Total Cost: $1,745.00

