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Abstract – This paper discusses the results of experimental testing of an interactive display technology system being developed at the Virtual Construction Instructional Laboratory at Southern Polytechnic State University. The system facilitates the use of Building Information Modeling (BIM) to teach students about construction operations. The first phase consists of evaluating the usability implications of large format interactive displays for manipulation of building information models. The purpose of the evaluation is to compare the performance of students when using the standard desktop computer display versus the large format interactive display. Future phases of the project will test learning outcomes when the system is used to teach students about construction operations planning with the 4D-BIM.   The technology being developed has the potential to greatly enhance the educational experience of students and will provide faculty with a tool that can facilitate teaching of construction concepts in a more visual and interactive way.  
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Introduction

Two-dimensional (2D) drawings are most widely used as pedagogical tools for teaching project management skills to Construction Management students. Some of these skills include estimation, developing and analyzing construction schedules, and safety analysis. The interpretation of 2D drawings by students varies based on their educational background and previous practical experience. Students are required to develop three-dimensional (3D) models mentally by visualizing the different components of the project. Students with little or no practical experience often face challenges and spend more time in developing 3D visual models. With increasing complexity of present-day projects, even experienced professionals can misinterpret the 2D drawings, which results in increased project cost and duration. The use of 3D models provides an opportunity to address the challenges faced by students and experienced professionals. Building Information Modeling (BIM) facilitates the usage of data-rich digital 3D models and enhances the student’s ability to understand the construction process. 

Building information modeling

“BIM is an approach and not a technology” [Autodesk, 1]. In this approach, real world elements, such as walls, beams, doors, and windows, are represented as 3D objects to develop a 3D digital model.  Attaching geometry and other information to these objects further enriches the 3D digital model. This data-rich 3D model serves as a repository of information and provides easy and anytime access to insert, extract, update, or modify digital data. BIM fosters a four-dimensional (4D) modeling framework by facilitating integration of 3D model with time. The 4D modeling provides a virtual reality environment and improves the ability of students to comprehend and learn the construction process. Virtual reality is defined as an experience in which a person is “surrounded by a three dimensional computer-generated representation, and is able to move around in the virtual world and see it from different angles, to reach into it, grab it, and reshape it” [Messner et al., 8].
Use of Graphical Representations and Visualization Tools in Construction Education

Previous research demonstrates that students learn more by engaging them actively “to explore, to question, to experiment and to formulate their own solutions” [Li and Liu, 7].  The teaching processes, which include sensory, visual, inductive and active aspects, provide effective learning methods to the engineering students [Felder and Silverman, 4]. Virtual reality provides the effective learning environment by mimicking the real world through 3D virtual models and actively engages students by immersing the user in this virtual world. The virtual reality experience can be further enhanced by providing interaction between the user and the model. The virtual reality systems are classified into four types, based on the communication of the user with the model [Novak-Marcincin, 9]: (1)Window on World Systems: It is also known as Desktop Virtual Reality, in which computer monitors are used for displaying the keyboard and mouse and are being used for interaction; (2) Video Mapping: In this, the user is embedded into the virtual 3D model  by displaying the user as a 2D object; (3) Immersive Systems: In this system, the feeling of being in the virtual world is created to the user by using head-mounted displays; and (4) Telepresence: In this system, a high-speed network is used to create the feeling of being in the virtual world to the user. This facilitates remote access to the user to interact and change the model.

Researchers have successfully used desktop virtual reality systems for a variety of construction related analysis such as construction process simulation, interference analysis,, space conflict problem identification, and effective site utilization [Koo and Fischer, 6; Chau et al., 3]. Tanyer and Aouad [10] demonstrated the usefulness of desktop virtual reality in decision-making for owners, project engineers or managers. Haque [5] used desktop virtual reality to demonstrate the potential of visualization techniques in the construction education. Immersive Systems and Telepresence provide an extremely rich learning environment, compared to Desktop Virtual Reality and video mapping, since they add realism by providing a full-scale model to the viewer. CAVE, the first large scale immersive system, was developed by using three 10’x10’x10’ rear projection screens walls and one down projection screen for the floor. The interaction with the model is provided by tracking the movement of the user’s head and hand using electromagnetic sensors [Messner et al., 8]. 

The success of the virtual reality as pedagogical tool in disciplines, such as manufacturing, mechanical, and chemical engineering fields, showed a new direction in teaching in the construction discipline. However, the usage of virtual reality in construction education is limited due to the unavailability of low-cost virtual reality systems and lack of interoperability between CAD applications and immersive systems, [Messner et al., 8]. Partial immersive virtual reality system and BIM offers a cost-effective solution to address the above problems. A partial immersive virtual reality system can be simulated by using large format interactive display systems and this provides a viable and cost-effective solution compared to high-cost, full-immersion systems.  The following sections present the methodology and results of the study by using a large format display system (SMARTBoard) to assess the benefits of this technology in the future development of cost-effective instructional systems for construction education. 
Methodology

The experiment conducted for this study involved students interacting with a building information model using two different types of display technology. The facilities used to conduct the experiments were part of the Virtual Construction Instructional Laboratory (VCIL) at Southern Polytechnic State University in Marietta, Georgia. The VCIL was established with the goal of developing innovative approaches to teaching construction management students by integrating information technology and visualization tools in instructional delivery methods. The following sections describe the hardware and software used, the experiment development and execution, and the data collected during the experiment. 

Hardware and Software Used in Experiment

The hardware used in the experiment included a rear projection SmartBoard display (Figure 1), a front projection SmartBoard display (Figure 2), and standard 22 in LCD desktop monitors (Figure 3). SmartBoard technology has been used to study the benefits of virtual reality applications in construction education [Messner et.al, 8].  In this study, the benefits of SmartBoard technology were evaluated in comparison with traditional means of digital information display. The software used in the experiment for development of the BIM and for students to perform the required task during the experiment was Autodesk Revit Architecture.
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	Figure 1 Rear Projection SmartBoard
	Figure 2 Front Projection SmartBoard
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Figure 3 Desktop Computer with LCD Monitor

Experiment Development and Execution

Students were recruited from two sections of the CM3000 “Computer Applications in Construction” course of the Construction Management Department at SPSU. A total of 38 students participated in the experiment. Students were selected at random and were asked to perform the task of identifying discrepancies in the building information model, as shown in Table 1. Several changes were made to the model to introduce discrepancies in standard design conventions that can have an impact in the construction of the structure represented by the model. The discrepancies introduced are described in Table 2. Examples of discrepancies introduced are shown in Figure 4. Students received a short overview of the SMARTBoard and the functions they would use during the experiment. After the overview, students were allowed to practice using the SmartBoard for five minutes. The time allowed for students to perform the experiment was 15 minutes.

Table 1 Distribution of students by display technology 

	Display Technology
	Number of Students

	LCD Desktop Monitor
	38

	SmartBoard Front Projection Display
	19

	SmartBoard Rear Projection Display
	19


Table 2 Discrepancies introduced in the building information model

	Discrepancies

	1) One of the rooms at the lower level has no access, the door has been removed.

2) Access to the front deck has been blocked

3) Stairs has been moved one foot away from its original place

4) A railing has been put to block the access to the stairs

5) One of the foundation walls have been replaced with a curtain wall.

6) No roof for overhang portion

7) Thickness of the lower level walls are 8 inches, thickness of the entry level walls are 12 inches.

8) Lower and the entry level walls are not aligned 

9) Three windows were aligned to the bottom level

10) Walls are not intersecting properly
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Figure 4 Example of discrepancies in building information model used in experiment: guardrail blocking access at top of stairs and door not present in room 4.

Limitations of the Study

Limitations that may affect the results obtained from the experiment conducted include a low sample size and the possibility of students not being familiar with the model. The main issue of the low sample size is in the lack of generalization of the results. In addition, a strong statistical analysis of the data is limited, since the low number of participants prevented the implementation of a fully randomized experimental design. This study can be considered a pilot test for a future study in which a larger sample size will be used. Student’s familiarity with the model is not considered in this study and may have had an effect on the performance of students in identifying discrepancies in the building information model provided. In future studies, several models will be used to reduce the possible effect of familiarity with the model.

Data Collection 

Students were asked to find the discrepancies in the building information model using two different display technologies.  The number of discrepancies found in the allowed time was recorded. After completing the task, students were asked to complete a questionnaire survey to assess their perceptions about using interactive displays, such as the SMARTBoard, for working with building information models.  The discussion of the results of the survey is the focus of a separate paper. 
Data Analysis


Age and Gender and Class Rank
Participants’ mean age was 22.58 years, with a standard deviation of 5.2 years (n=38) with a distribution shown in Figure 5. Over half of the participants (73.7%) were under the age of 25, which was expected from a population of college-level students. There was a small number of students over 25 years of age (n=10). These students were non-traditional students and certificate students who attend SPSU. The majority of experiment participants were male; 8% of participants are female. Figure 6 shows the distribution of participants by gender. Figure 7 shows the distribution of experiment participants by class rank. More than half of the students who participated in the experiment are in their junior (third) year or earlier (57.9%, n=38).
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	Figure 5 Age of experiment participants
	Figure 6 Gender of experiment participants (n=38)
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Figure 7 Class rank of experiment participants

Work Experience

There was an almost even distribution in the number of students with construction industry experience. As shown in Figure 8 fifty three percent (53%) of participants had some amount of construction industry experience.  Of the students with industry experience, the majority had five years or less of experience (70%) with the distribution of participants with industry experience as shown in Figure 9.
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	Figure 8 Students with industry experience
	Figure 9 Amount of industry experience of experiment participants


Several of the characteristics of the experiment subject population were included in the data analysis to determine if they had any effect on the performance of students who performed the experiment. The next section discusses the results of the experiment. 

Results from Experiment

The first analysis of the data collected was a basic ANOVA test to determine if any of the known variables about the sample population affected the task performance during the experiment. The results of the test showed that only the display type had a significant effect on the number of discrepancies found by students (F=2.397, p=0.017). Table 3 shows a summary of the ANOVA test results. 

Table 3 Results of ANOVA test on subject-related variables

	Variable
	Total Sum of Squares
	df
	F
	Sig. (p)

	Display
	52.250
	75
	2.397
	.017

	Age
	2030.526
	75
	.608
	.801

	Gender
	5.526
	75
	.960
	.486

	Rank
	94.158
	75
	1.173
	.325

	Experience
	18.947
	75
	.597
	.811


In order to determine the effect that the type of display used by students had on their performance during the experiment, two additional analyses were performed. The two analyses consisted of a comparison between the mean number of discrepancies found by students in the building information model provided when the different display types were used, and an analysis of students’ responses to survey questions about use of the SMARTBoard display technology. Data analysis was intended to determine if the use of interactive display technology, when working with the building information models, improved students’ understanding of the construction process. The results of the analysis of the survey data are included under a separate paper.
Difference between Displays Used

A comparison of the average number of discrepancies found by students was conducted from the data collected. Table 4 shows the average number of discrepancies found by students for each of the display configurations used. The results showed an average difference of 36.6% between the mean number of discrepancies found by students when they used the different display types (Table 4). This finding is further illustrated by Figure 10, which shows that better performance resulted when students used the SMARTBoard displays. For example, more than half (52.63%) of the students who found 8 to 10 discrepancies did so when using the front projection SMARTBoard.

Table 4 Average number of discrepancies found by display type

	Desktop Monitor
	SMARTBoard (Front Projector)
	SMARTBoard (Rear Projector)
	Average for SMARTBoard

	4.974
	6.842
	6.737
	6.789

	% Difference with Desktop Monitor
	37.66
	35.55
	36.6
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Figure 10 Discrepancies found by students by display technology

Conclusions and Future research

This paper presents the results of experimental testing of a large format interactive display teaching system being developed at the Virtual Construction Instructional Laboratory at Southern Polytechnic State University. The system allows faculty to use building information models to teach students several aspects of construction operations. The first phase of the development consists of evaluating the usability implications of large format interactive displays for manipulation of building information models. The purpose of the evaluation is to compare the performance of students when using the standard desktop computer display versus the large format interactive display (SMARTBoard). The results of the experiment clearly show improved performance when large format interactive display are used, as compared to desktop display unit, which indicates the potential of the technology to enhance the educational experience of construction management students.

As with any developing technology, usability must be considered. A follow-up paper will discuss the results of the post-experiment survey, which will address usability issues encountered by students during the experiment. 
Future phases of the project will test learning outcomes when the system is used to teach students about construction operation planning with the 4D- building information model. The system being developed has the potential to greatly enhance the educational experience of students and will provide faculty with a tool that can facilitate teaching of construction concepts in a more visual and interactive way at a lower cost than the systems currently available.  Other potential applications of this technology include interactive safety training to workers with language and other cognitive limitations.
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