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Abstract. Use of technological gadgets became an integral part of Construction 7 
Management (CM) students’ life. Students have different learning styles and they 8 
want their academic learning experience to be engaging and interactive. 9 
Engaging these technology savvy students in the learning process with their 10 
preferred learning style is a challenging task. The differences in teaching and 11 
learning styles result in problems such as disengagement of students and loss of 12 
learning aptitude. This active student engagement challenge can be addressed by 13 
using 3D scan model learning environment. This learning environment has the 14 
potential to make a paradigm shift in teaching and learning process. This learning 15 
environment provides a new teaching style and helps the instructor to address 16 
some of the needs of the students’ learning styles. This learning environment 17 
engages students in active learning processes and helps them to focus on their 18 
learning. It also encourages students to take more responsibility for their own 19 
learning process. This paper discusses about the frame work of the 3D scan model 20 
learning environment. This paper also discusses how this frame work was used 21 
for development of a 3D scan model learning environment for a residential house 22 
construction process.   23 
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1 Introduction 26 

The Use of technology became an integral part of Construction Management (CM) 27 
students’ life and they want their academic learning experience to be engaging and 28 
interactive. However, the traditional lecture format style is the one of the teaching styles 29 
which is widely used for teaching CM courses. Since this lecture style teaching provides 30 
very limited engagement and interaction, the CM students are unable to gain the 31 
required skills to solve the real world problems. The differences in teaching and 32 
learning styles also result in problems such as disengagement of students and loss of 33 
learning aptitude [1]. Engaging these technology savvy students with their preferred 34 
learning style in the learning process is a challenging task [2]. This active student 35 
engagement challenge can be addressed through 3D scans which facilitate framework 36 
for the development of a 3D scan learning environment.  Some of characteristics of this 37 
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learning environment such as easy access to the information, visualization, and 38 
simulation capabilities provide auditory, visual, and kinesthetic learning environments. 39 
This learning environment engages students in active learning processes and helps them 40 
to focus on their learning. It also encourages students to take more responsibility for 41 
their own learning process. This learning environment provides a new teaching style 42 
and helps the instructor to address some of the needs of the students’ learning styles. 43 
Any time and interactive access to the repository through 3D scan model creates 44 
learning environment beyond time and space boundaries and facilitates students to learn 45 
at their own pace. This environment facilitates knowledge repository which also helps 46 
as an effective communication tool to transfer the knowledge. This paper discusses 47 
about the frame work of the 3D scan model learning environment. The paper also 48 
discusses how this frame work was used for the development of a 3D scan model 49 
learning environment for a residential house construction process. The following 50 
sections discuss about the 3D scan learning environment followed by details of the pilot 51 
study conducted to engage the technology savvy CM students. 52 
  53 
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Fig. 1. 3D Scan Model Learning Environment 68 

2 3D Scan Model Learning Environment 69 

The two components included in the 3D scan model learning environment framework 70 
are shown in Fig. 1. They are (1) 3D scan model and (2) knowledge repository. The 71 
integration of these two components creates the 3D scan model learning environment. 72 
This learning environment serves as virtual instructor. It provides plethora of 73 
information. Depending upon the learning style, student can access the required 74 
information. This following section discusses the methodology adopted for the 75 
development of a 3D scan model learning environment.  76 
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2.1 3D Scan Model 77 

The steps involved in the 3D scan model development are (1) data capture (2) 78 
Organization, cleanup and analysis. Data capture step includes collection of data 79 
through 3D laser scan. 3D laser scanning is a process of collecting the spatial 80 
coordinates of points of an object by using lasers. The laser scan let you capture the real 81 
world in 3D representation (See Fig. 2). It is like a 3D photograph, but the typical 82 
representation is a point cloud [3]. These clouds are comprised of millions of colored 83 
points in a precise 3D space. The point clouds generated in this process are useful for 84 
measurement and visualization applications. The 3D laser scanners are made by Faro, 85 
Leica, Z+F, Riegl, Topcon and Trimble[3]. Organization, cleanup and analysis step 86 
includes processing of the scan data to provide a realistic 3D model which can be used 87 
for various applications. A number of methods are available to organize the indexed 88 
data to remove or hide portions of the point cloud. 89 

 90 
Fig. 2. 3D Scan Samples 91 

2.2 Knowledge Repository 92 

This step inlcudes the development of knowledge repository. This includes collection 93 
of the information and hosting it in the digital format on a web server. Information used 94 
to develop the knowledge repository can be classified as semi structured data files 95 
(HTML and XML files), unstructured data files (MS Word or plain text files), and 96 
unstructured multimedia files (photographs, audio, and video files) [4]. To facilitate 97 
interaction with the repository through the 3D scan model, the information is to be 98 
integrated with the 3D scan model. This can be accomplished by hyperlinking the 99 
information with the 3D scan model through url. 100 

3 Pilot Study 101 

A pilot study has been conducted to demonstrate the feasibility of 3D scan model 102 
learning environment to address the challenge of actively engaging technology savvy 103 
CM students. The study includes three steps: (a) Students learning styles assessment 104 
(b) 3D scan-learning environment development, and (c) Usability study. Overview of 105 
these steps are discussed below. 106 



4 

3.1 3D Students Learning Styles Assesment 107 

The objective of this step is to assess the learning styles of the students. The assessment 108 
helps to assess the applicabiltiy of the.3D scan model learning enviroment to address 109 
visualization, engagement and interaction challenges faced by CM students. Index of 110 
learning styles questionnaire proposed by Soloman and Felder of North Carolina State 111 
university [5] was used to assess the learning styles. It is an on-line instrument 112 
questionnaire and has 44 questions. Once the survey is submitted the learning styles of 113 
the student are presented on scale score ranging from 1 to 11 in increments of 2 for each 114 
learning style. Depending on the score, the students preference to particular learning 115 
can be classified as “fairly well balanced” (score on scale 1-3), “moderate” (score on 116 
scale 5-7), and “very strong” (score on scale 9-11) [5]. Fairly well balanced indicate 117 
that the student is flexible in adopting either learning style. Moderate indicates student’s 118 
moderate preference to particular learning style. Very strong indicates student’s strong 119 
preference to particular style [5]. A screen shot of the submitted survey results is shown 120 
in Fig. 3. For this study, visual and verbal category was only considered. Each student 121 
of the course was asked to complete the survey. The results of the survey were then 122 
analyzed to assess the different learning styles of the students in the course. The survey 123 
results indicated that all students are visual learners. As shown in Fig. 4, based on the 124 
scores 0%, 17% and 83% were considered as fairly well balanced, moderate and very 125 
strong visual learners respectively. The following sections discuss how 3D scan model 126 
learning environment was used for engaging students and their usability experience of 127 
3D scan model learning environment. 128 

 129 
Fig. 3. Screen Shot of the Learning Styles Survey Results 130 

 131 

 132 
Fig 4: Visual Learners and their Preferences 133 

3.2 3D Scan Model Learning Environment Development 134 

In this pilot study, a 3D scan model learning environment for a residential house 135 
construction process is developed. The steps involved in the development process 136 



5 

include 3D scan model development and integration of information to the 3D scan 137 
model components. The point cloud data was captured using FARO focus 3D and Leica 138 
Scan Station P30 (See Fig. 5) laser scanners. FARO Focus 3D laser scanner is small 139 
and lightweight scanner. It is a high accuracy, high resolution scanner. It scans at the 140 
rate of 976,000 points per second. It has range resolution upto 70 megapixel colour. It 141 
has ranging error of ±2mm at 10 m and 25 m. It has 305o and 360o field of view in 142 
vertical and horizontal directions, respectively [6]. Leica ScanStation P30 is designed 143 
to devleiver highest quality 3D data and HDR imaging at an extremely fast scan rate of 144 
one million points per second at ranges of upto 270m. It has range accuracy of 1.2mm 145 
+ 10 ppm over full range. It has 290o and 360o field of view in vertical and horizontal 146 
directions, respectively [7].  147 

 148 

   149 
Fig. 5. 3D Laser Scanners 150 

Autodesk ReCap Pro software is used for oorganization, cleanup and analysis of the 151 
point cloud data [8]. The steps involved in the work flow are given in Fig. 6.  152 

 153 
Fig. 6. Processing Scan Data Work Flow 154 

Any measurements, regions, markups, and selections created within ReCap, along 155 
with any general points within the project, can have notes assigned directly to them, 156 
allowing for a richer form of communication. Title and description text, along with 157 
image attachments, can be added to annotations at any point by selecting the "Note" 158 
tool either on the in-canvas object or through its Project Explorer representation [8] 159 

FARO Focus 3D 
 

Leica ScanStation P30 
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(See Fig. 7). A 3D scan model learning environment of residential house construction 160 
process developed by using the above framework is shown in the Fig. 8.  161 

 162 
Fig. 7. Note tool options in ReCap 163 

 164 
Fig. 8. 3D Residential House Construction Proces Scan Model Learning 165 

Environment 166 

3.3 Usability study 167 

CM Students were asked to use 3D scan model learning environment to learn about the 168 
residential house construction process. After usage the students were asked to express 169 
their satisfaction on usefulness, ease of use and ease of learning of 3D scan model 170 
learning environment with 5-point Likert-type scale (1= Strongly Agree, 2 = Agree, 171 
3=neutral, 4= Disagree, and 5=Strongly Disagree). The analyses of the results are 172 
shown in Fig. 9. Most of the students were satisfied with the usefulness of 3D scan 173 
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model learning environment and expressed their agreement with the statement 174 
“Overall, I am satisfied with usefulness of the 3D scan model learning environment” 175 
(65% strongly agreed and 22% agreed). Most of the students were satisfied with ease 176 
of use of the 3D scan model learning environment and expressed their agreement with 177 
the statement “Overall, I am satisfied with the ease of use of the 3D scan model learning 178 
environment” (51% strongly agreed and 43% agreed). Most of the students were 179 
satisfied with ease of learning through 3D scan model learning environment and 180 
expressed their agreement with the statement “Overall, I am satisfied with ease of 181 
learning through 3D scan model learning environment” (51% strongly agreed and 43% 182 
agreed). Most of the students enjoyed learning through 3D scan model learning 183 
environment and expressed their agreement with the statement “Overall, I am satisfied 184 
with 3D scan model learning environment” (51% strongly agreed and 43% agreed). 185 

 186 
Fig. 9: 3D Scan Model Learning Environment Usability Results 187 

4 Conclusion 188 

3D scan model learning environment serves as a new teaching tool and helps the 189 
instructors to be more effective in communicating the information to the students. This 190 
learning environment provide 3D visualization and helps students to be actively 191 
engaged in the learning process. 3D laser scanner is required for developing this 192 
learning environment. However, these scanners are not used widely because of this high 193 
cost and more computing hardware requirements for post processing the data.  The 194 
continuous evolution of technology and computing hardware will make these scanners 195 
affordable. The 3D scan model learning environment has the potential to make a 196 
paradigm shift in teaching and learning process. The pilot study discussed in this paper 197 
serves as an initial step to extend the 3D scan model learning environment to various 198 
CM courses.  199 
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