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Abstract— During the summer of 2020, we hosted a virtual 
summer camp for high school and early-college STEM 
students. The subject is related to advanced manufacturing 
(AM) and 3D printing. This outreach is funded by the 
Department of Energy DOE consortium project. With this 
summer program, our objective is to prepare a pool of 
students in the AM area in high demand in industrial and 
national research laboratories. 

The main objective is to teach students to use Autodesk 
Inventor, use mathematics to solve engineering problems 
and use 3D printers. Additionally, the application of 
materials science is introduced to demonstrate the 
integration between mathematics and science. The 
progressive level of projects related to producing better 
parts, assemblies, and drawings mainly focuses on critical 
thinking and developing creative solutions (problem-solving, 
writing, visual arts, communication skills, and open-
mindedness) to problems. 

One goal is to first introduce students to different areas of 
engineering and how each of these areas is connected to 
different applications of advanced manufacturing to help 
students shape their careers and select a discipline program 
that best suits their goals.  

This article aims to discuss the virtual teaching experience 
from the perspective of students and teachers. We will 
discuss the virtual activities carried out during this summer 
camp, as well as the modifications made to this course to 
make it more suitable for online teaching. Virtual teaching 
was an opportunity to share knowledge, information, and 
experiences online with other groups and universities. 

Collaborative work between an NCAT faculty and high 
school instructors and teachers from the AM industry and 
research labs has been one of the success stories that have 
helped shape this program. The industrial participation was 
very helpful in meeting industrial needs, reviewing AM 
applications, and discussing issues related to research and 
education, pedagogy, communication with high school 
students, and keeping them focused on the task. 

We discuss the project design program from a student's 
perspective and experience gained in the AM area, 
integration, and written and oral communication. The 
methodology used to assess the effectiveness of this outreach 
program in terms of learning outcomes is also described. 

Index Terms— Advanced Manufacturing, Outreach, 
Pipeline, STEM Education. 

1. Introduction

Advanced manufacturing [1-6] has been at the heart of
our technological growth and economic indicators as more 
manpower is needed in industry and laboratories to 
advance towards AM applications in several areas. In 
order to attract more students to careers focused on 
manufacturing as well as science, technology, 
engineering, and mathematics (STEM) [7, 8], academic 
institutions are working with the national laboratories, the 
energy department, the education department, etc. to 
prepare a new generation of engineers with the knowledge 
related to this new technology. Cutting-edge 
manufacturing programs and programs strive to meet the 
industry's growing need for high-tech skills, adaptability, 
and critical thinking to accelerate in their fields. 

This effort is reaching all levels [9], starting with 
elementary [10], middle [11] and high schools and early 
colleges through outreach programs, new curriculums or 
undergraduate program changes [12, 13], new certificates 
[14] and online courses, as well as the research and
development [2, 13, 15], through summer internships and
graduate programs.

The AM is touching several industries and major 
applications of AM are building and construction [16], 
Medical devices [17-20] educations [17, 21-24], 
aerospace, robotics, pharmaceuticals, rapid prototyping, 
and much more.   

During the summer of 2020, we hosted a virtual 
summer camp for high school and early-college STEM 
students. The subject is related to advanced manufacturing 
(AM) and 3D printing. This outreach is funded by the 
Department of Energy DOE consortium project. With this 
summer program, our objective is to prepare a pool of 
students in the AM area in high demand in industrial and 
national research laboratories. 

High school Architectural and Engineering Drafting 
teachers from Guilford County participated in the 
workshop to help with teaching and designing the 
activities and the program.  A University faculty 
participated in organizing the workshop activities and 
instructed the students on a number of engineering topics. 
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The program usually starts by introducing the students to 
the main tools in Autodesk Inventor that students use in 
their designs.  This year, students also learned about the 
Tinkercad program, especially for those who have 
difficulty installing Autodesk Inventor on their computers.  
Then the students are given design projects to work on.  
These projects are either individual or team projects.  

To keep the program successful and challenging, we 
invited talented faculty to perform several activities such 
as using a sputter coater to coat plastic with a layer of gold 
and produce filaments for 3D printers using an extruder 
and spooler. The students were also asked to do research 
on the different methods of 3D printing that the 
Department of Energy labs are involved in.   

The students are taught the basic function of the 
Autodesk Inventor program and carried out several 
activities to expound the students' understanding of 
Autodesk Inventor.  Among the projects, the students 
researched and designed tool holders for standard 
household tools. They also designed and virtually 
assembled a weathervane prototype. Several projects have 
been performed, including 1) designing and 3D printing 
tools holder; 2) designing safe children playground 
equipment.  

To have a better understanding of Additive 
Manufacturing, students watched various videos on 
several 3D printing technologies. Also, students 
researched various concepts surrounding Additive 
Manufacturing. As advanced topics, stress analysis, the 
use of 3D-scanner. Students are trained in constructing 
and presenting their work at the end of the workshop.  On 
the last day of the workshop, the students gave 
PowerPoint presentations on their designs and 3D prints.  
Parents were invited to the presentations and were used to 
judge the work of the students. 

 
2. The Problems of Virtual and Distance Teaching 

Due to the coronavirus pandemic, the 2020-summer, we 
decided to set up virtual classes despite the problems of 
distance education. Here are the difficulties and problems 
encountered in distance education: 

1. Quality of teaching 
The first problem for the distance teacher is the ability 

to adapt face-to-face teaching to distance teaching. Much 
of the quality of teaching depends on the attitude of the 
teacher, students, the equipment used, as well as the home 
environment of the students.  

The technology itself is an important factor, however, 
the technology does not affect significantly the quality of 
the classroom. Indeed, effective teachers do help to 
improve distance education. A teacher who can be 
effective in face-to-face teaching will not perform the 
same way in a virtual teaching situation.  

It is important to use technology to deliver virtual 
teaching. Too often instructors do not design their lessons 
to take advantage of the technology presented. This affects 
the quality of instruction. The effectiveness of distance 
education depends on preparation, the teacher's 
understanding of the needs of the students, and an 
understanding of the target population. 

2. Chances of distraction are high 

In the absence of the faculty of face-to-face interaction 
and of classmates capable of helping you with constant 
reminders of pending works and deadlines. The chances of 
getting sidetracked and losing interest and 
misunderstanding the teachers’ explanation are very high. 
The teachers play a significant role in motivating students 
and keeping them focused. Distance learning is not a good 
idea if you tend to procrastinate and can't meet deadlines. 

3. Hidden costs 
Virtual education comes with hidden costs involved, 

such as incurring some initial expenses such as setting up 
a computer and obtaining a reliable Internet connection. 
You may need to purchase additional resources such as a 
printer, web camera, etc. Some expenses can be recurring, 
such as maintenance and electricity costs. In particular, 
having a good computer that handles demanding software 
such as Autodesk Inventor is another burden on the 
shoulder of the parents to make go through this summer 
camp without difficulties. To solve this problem, few 
students in difficulties used VMware to connect to 
university computers, as well as other computer programs 
were given as an alternative to Autodesk Inventor.  

4. Complicated technology 
Over-reliance on technology can be a major drawback 

in distance education mode, especially when learning 
takes place in an online environment. Any faulty software 
or hardware can block a class in progress and interrupt the 
class and thus the learning process. Likewise, if a student 
is better at computers and technology, their learning 
experience can be unsatisfactory and compromised. 

5. Faculty quality compromised 
Distance education used to be overwhelmed by a lack 

of good quality teachers. In other cases, even if the 
instructor is good, he or she may not be comfortable with 
teaching in an online environment. Sometimes technology 
may not do full justice to the delivery and design of the 
course. If the teaching loses in quality, the student will 
have less good learning. Distance education providers 
need to realize that it is not technology, but good and 
effective teachers who teach students. 

Let's take a look at some of the benefits of distance 
education while in lockdown. 

There are no limits of distance: 
Access to digital education means that different 

educators will be ready to teach you a unique 
methodology. Likewise, we have invited high-quality 
instructors from other states who have participated in the 
outreach education. Their contribution has been invaluable 
and has given a significant understanding of new topics, 
not only to students in our county but also in other states. 

More free time: 
A real course is not just about explaining theory and 

practice. You will have seen it with some teachers who 
start talking about their personal life in class. If you think 
about it, in a typical classroom, you waste a lot of time 
because they have to stick to the schedule established by 
the school. Here it is possible to set the schedules, so you 
guarantee much more direct teaching. 

Several formats: 
Since we are talking about virtual education, there will 

be thousands of formats, through which you can teach and 
learn. The good thing about it is that they can all 
complement each other, so a campus can be used to link to 
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a video on YouTube or attach text documents to reinforce 
a conference. Many educational institutions only have a 
blackboard for teaching, but here the possibilities are 
increasing exponentially. 

At the same time, with distance education, students will 
have the opportunity to review the lessons, since they are 
recorded, and this can help students understand the lessons 
better. 

 
3. Workshop Description 

The developed workshop model is geared mostly 
towards minorities to advance their knowledge in the field 
of 3D printing and advanced manufacturing. Students are 
selected through an application process, based on their 
academic performances, as well as their wishes to pursue 
a career in the AM field. 

 
3.1. The workshop Objectives  

The ten-day camp is part of the outreach program 
oriented toward high-school and early college students. 
The outreach program is part of the consortium DOE 
project. This program has several objectives: 

1) Through active teaching early college, as well as 
high-school students the modeling and models 
development and production using computer programs, as 
well as 3D-printing. 

2) Contribute to the success of existing STEM 
programs by giving them case studies and applications 
that improve students' learning and communication skills. 

3) Preparing skilled and qualified technicians that 
industry and research laboratories are in huge need, after 
this revolution created by 3D-printing and new 
manufacturing.  

4) Make the early-college and high-school students 
aware of what is happening in advanced manufacturing 
(AM) applications to increase their awareness and interest 
in tracking university degrees that give them career paths 
in AM. 

In the last year, the outreach program conveyed a dozen 
junior early-college and high-school students and two high 
school teachers in a ten-day program, full of activities and 
active learning related to advanced manufacturing and 3D 
printing. The main objective of this summer camp is to 
give a limited number of students unique experiences in 
both designing models and generating the 3D-print out of 
these models. 3D CAD solid modeling program Inventor 
™ is used for the training, since available for NCAT 
engineering students, and considered among the best 
programs available. The program is similar to PTC CREO 
and SOLIDWORKS, which is used by the automotive 
industry. The workshop takes place in the middle of the 
summer to avoid conflicts with the other students’ 
activities.  During the spring semester, early-college and 
high-school counselors, as well as Engineering Drafting 
teachers from Guilford County are contributing effectively 
to inform students, as well as advertising for the program. 
The parents’ contribution is very essential since they were 
involved since the early stage of this program. Students 
included both genders and composed in majority from 
minority students. The students and parents are invited to 
a welcome meeting, one day before the starting of the 
program. Both students and parents met the instructors, 
visited the computer labs, and learned about the main 

activities, the camp rules related to absence, parking, and 
other auxiliary items. 

The teaching is progressive, from learning the basics of 
the computer Inventor program and developing the first 
models during the first three to four days. Later on, each 
student performed multiple relatively advanced designs 
and projects proposed by the instructors with an 
increasing level of difficulty. Each student is exposed to a 
challenging project, where more research and study are 
needed. The projects are obtained from multiple sources 
and the industry, competitions, and personal suggestions. 
At least one of each student's creations was 3D printed. 
Some of the designs were printed on a larger 3D printer 
available at NCAT, Fortus 400mc 3D printer.  

At the beginning of the workshop, our approach is 
based on active learning of the use of the Inventor 
software without relying on deep mathematics knowledge. 
The main objective is to teach students conceptual and 
prototyping design. The visual nature of the Inventor 
software and the attraction of the 3D printing technology 
enabled high-school students to comprehend the concepts 
related to the use of the software very quickly. Later, more 
concepts and more challenges are introduced, with more 
mathematics and the use of equations, materials concepts, 
a search of material properties, and unit conversion to 
perform calculation, estimation, as well as analysis and 
judgment to come up with conclusions of solutions to the 
challenges proposed.  

On the last day of camp, the morning is spent preparing 
the students for the last activity of the camp, which is to 
present their work to a non-specialized audience, 
composed mainly of the parents and close family.  Each 
group of students gave a twenty-minute PowerPoint 
presentation to communicate their design and contribution 
to the summer camp, followed by a ten-minute discussion 
during which the student is expected to promote their 
ideas and defend the use of certain features in their design. 
Parents and close family were invited to the presentations. 
This year, all meetings were conducted using zoom. 

 
3.2. Workshop important aspects 
Application to the summer camp 

The application is very important and needs to include 
information relating to students and their parents. Summer 
camp for high school students needs parental approval and 
support for many reasons, e.g., summer camp time can be 
in the middle of summer and may disrupt the summer 
schedule for the whole family. In addition, in the summer, 
faculty and high-school teachers have their own summer 
agenda. All of this needs to be discussed and prepared to 
find the best time for summer camp. 
Schedule 

The schedule of the summer camp should be planned 
carefully, especially in the case of virtual education. The 
aim is to keep the student focused on his activities, to 
make the presentation clear and complete enough to make 
it clear and adaptable for all students. 
Type of students 

Our goal in this summer camp is to focus on minorities 
and women, as well as low-income families. At the 
moment, we are focusing on high school. The 
involvement of middle school students was only for the 
purpose of experimentation. For this category, our focus 
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was on the best middle school students to be sure that their 
level can correspond to the level of the high school. 
Preparation for the summer camp 

The preparation of the camp focused on several points. 
(1) The parent's responsibility to guide, supervise and

help students who are learning to be successful. 
(2) Recruit more teaching assistants to help with the

students’ supervision. 
(3) Help install software on personal computers and

offer solutions in case of difficulties. 
(4) Remind students and parents to make students

available from 9 a.m. to 5 p.m. daily for two weeks. 
(5) Organization of pre-summer camp meetings.
(6) Preparation of the university computer lab.
(7) digital survey preparation: students have undergone

multiple surveys, and part of these surveys has been 
digitally prepared to make communication easier and 
faster. 

3.3. Activities of the virtual summer camp  
Due to the corona pandemic, many activities that used 

to take place are being replaced by others, in particular:  
(1) High quality visiting professors with knowledge of

advanced manufacturing and 3D printing: 
These applications focused on the seven 3D printing 

methods and techniques. The fundamentals were 
explained, and the application of 3D printing at the 
industry level was introduced to arouse the curiosity of 
students to pursue engineering careers, since the 
applications cut across all engineering disciplines, 
including building construction and architecture, 
electricity, mechanics, chemistry, as well as industrial and 
biological. 

A specialized presentation related to current research 
topics and the involvement of national laboratories in this 
research was also at the center of these presentations. 

(2) Add new lectures related to engineering, materials
science, and the use of mathematics to solve engineering 
problems: the extension of the summer camp is not only 
3D printing and advanced manufacturing. This summer 
camp was an opportunity to answer questions from high 
school students related to career selection, understanding 
the difference between engineering disciplines, and the 
importance of material selection, behavior, and 
applications to the various projects carried out by national 
laboratories. 

(3) Share important elements with other universities
and collaborators: virtual education was an opportunity 
not only to share knowledge and experiences but also to 
share conferences and presentations between different 
universities, research groups, students, and faculties. 

(4) NCAT Computer Lab as a central focus: To resolve
all technical issues related to the camp, one faculty used a 
computer lab at the university as a central point to teach, 
organize, and resolve any technical issues that may arise 
during the camp summer, such as a lost connection to the 
university server or software problems. 

4. Program Evaluation and Methodology

The success of the workshop was demonstrated through
different outcomes, such as the multiple students who 

participated in the program and later accepted in the 
mechanical engineering program and school of technology 
at our University. Other than that, the camp students 
participated in at least two different poster competitions 
(Appalachian Energy summit (2017 & 2018) and MSIPP 
Consortium for Advanced Manufacturing 1st, 2nd, and 
3rd Annual CAM Scholar Poster Competitors), using the 
work learned at the summer camp, knowing that these 
competitions are usually designed for undergraduate and 
graduate university students.  

This evaluation research utilizes quantitative approach 
data sources to determine the overall experience of the 
students regarding virtual education. The questions relate 
to several aspects of virtual learning, including how much 
time students spend while taking a virtual course, and 
determine if they are allocating some time to other 
activities, such as sports and social interactions. Students’ 
personality plays a major role in whether they prefer 
virtual learning or classroom interaction. NCAT team 
offers comprehensive technical support to students in 
terms of access to NCAT computers and accessibility to 
Inventor Software to make distance education comfortable 
and effective.  

Studying virtually and especially during a pandemic 
can be quite stressful, especially if you have a problem 
accessing a good computer and fast internet. Measuring 
students' stress levels and identifying ways to reduce it is 
an important aspect of this virtual learning. 

Understanding whether students enjoy virtual learning 
or do so under pressure from parents is essential for a 
teacher to adopt different teaching techniques. Find out 
how you can improve distance education and make it 
interesting for them. 

Virtual learning lacks interaction and presents its own 
unique challenges. Some students may have difficulty 
learning a subject and take longer to understand. Measure 
the extent to which students find their teachers useful is 
essential to improve distance learning. 

Using the course's indirect assessment form, students 
were asked, anonymously, to self-assess the specific areas 
identified by the instructor in relation to the course's 
learning objectives, as well as the motivations for the 
program experience (the questionnaire is displayed in the 
appendix). 

The compilation of the results of the course learning 
objective self-assessment questions for this short course is 
shown in Tables 1 and 2. Student responses from “5” 
being extremely well and “1” being not at all. 

The results of the students’ assessment show that for all 
the questions, students generally feel like virtual learning 
is a good experience and are interested in distance 
education. The assignments and performance of the 
students over the summer camp show the same positive 
answers.  

The instructor also performed an assessment of student 
performance in the course as part of the process of 
evaluating program objectives (POs) and outcomes. A 
summary report on student performance (to achieve 
program objectives) and compliance with program 
outcomes are prepared and submitted to the funding 
agency (DOE). A more rigorous process for evaluating the 
learning outcomes of this summer camp will be 
implemented alongside the outcomes of the program. 
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More evaluation research utilizing a mixed-methods 
approach employing both qualitative and quantitative data 
sources to determine the impact of the workshop on 
student learning were used during the final presentation. 
The compilation of the results of the student-self-
evaluation, as well as parents’ evaluation of the summer 
camp oral presentation questions, are presented in Figures 
1 to 3. 

TABLE 1.  
INDIRECT ASSESSMENT 

Indirect Assessment (Consider 5 being extremely well and 1 being not 
at all) 

Student Self-Assessment 
of Course Learning 
Objectives 

(5) (4) (3) (2) (1) Average 

1. How do you feel 
overall about virtual 
summer camp? 

5 5 1 1 0 4.17 

2. How much time do 
you spend each day on 
an average on distance 
virtual summer camp? 

6 6 0 0 0 4.25 

3. How effective has 
virtual learning been for 
you? 

4 6 2 0 0 4.17 

4. How helpful NCAT
(during the summer 
camp) has been in 
offering you the 
resources to learn from 
home? 

5 6 1 0 0 4.17 

5. How stressful is 
distance learning for you 
during the COVID-19 
pandemic? 

5 5 2 0 0 4.25 

6. How well could you 
manage time while 
learning remotely?  

6 5 1 0 0 4.25 

7. Do you enjoy learning 
virtually? 

4 4 4 0 0 4.00 

8. How helpful are your 
teachers while studying 
virtually? 

6 6 0 0 0 4.33 

TABLE 2.  
INDIRECT ASSESSMENT (OTHER QUESTIONS) 

Indirect Assessment (Consider 5 being extremely well and 1 being not 
at all) 

Student Self-Assessment of 
Course Learning Objectives 

(a) (b) (c) (d) 

9. Do you have access to a
device for learning virtually? 

6 6 0 0 

Figure 1.  The participant of the survey (parents and students) 

Figure 2.  Presentation survey (content and visual) responses 

Figure 3.  Presentation survey (presentation skills and organization) 
responses 

5. Conclusions

The summer camp took place virtually, due to the
COVID pandemic. Our goal is not only to prepare for a 
successful summer camp but to create a summer camp 
model that will be shared with other universities and 
organizations. This template should be comprehensive and 
cover all aspects of summer camps, including preparation, 
organization, planning, recruiting, and delivery. 

This summer camp was an opportunity for students not 
only to learn about 3D printing and advanced 
manufacturing and to help high school students select an 
engineering discipline for their career but also to help 
them make the appropriate decision in the choice of 
engineering discipline or even other disciplines, such as 
management or business, especially for minority students, 
who are often not supervised by their own families. 

Another achievement of this outreach program was the 
digitization of the application process, as well as the 
expansion of participation not only to students from 
Guilford County but also to students from different states 
and counties. 

ACKNOWLEDGMENT 

1. This research was supported by DOE, Award
Number DE-NA0003867, and by DoEd, Award

5



JOURNAL OF ONLINE ENGINEERING EDUCATION, VOL. 12, NO. 2, ARTICLE 1 

Number P120A200056. This work would not have 
been possible without the support of DOE and DoEd. 

REFERENCES 
[1] L. Chong, S. Ramakrishna, S. Singh, “A review of digital 

manufacturing‐based hybrid additive manufacturing processes,” 
Int. J. Adv. Manuf. Technol. 95 (2018) 2281–2300. 

[2] O. Ivanova, C. Williams, T. Campbell, “Additive manufacturing 
(AM) and nanotechnology: promises and challenges,” Rapid
Prototyp. J. 5 (2013) 353–364. doi:10.1108/RPJ‐12‐2011‐0127. 

[3] S.H. Huang, P. Liu, A. Mokasdar, “Additive manufacturing and its 
societal impact: a literature review,” Int. J. Adv. Manuf. Technol. 
67 (2013) 1191–1203. doi:10.1007/s00170‐012‐4558‐5. 

[4] M. Eisenberg, “3D printing for children: What to build next?,” Int. 
J. Child‐Computer Interact. 1 (2013) 7– 13. 
doi:10.1016/j.ijcci.2012.08.004. 

[5] M. Horejsi, “Teaching STEM with a 3D Printer,” Sci. Teach. 
(2014) 10. doi:10.1126/science.1153539. 

[6] G. Bull, J. Groves, “The Democratization of Production,” Learn. 
Lead. with Technol. (2009) 36–37. 
http://www.eric.ed.gov/ERICWebPortal/recordDetail?accno=EJ86
3943. 

[7] T.R. Kelley, J.G. Knowles, “A conceptual framework for 
integrated STEM education,” Int. J. STEM Educ. 3 (2016) 11. 
doi:10.1186/s40594‐016‐0046‐z. 

[8] W. Easley, E. Buehler, G. Salib, A. Hurst, “Fabricating 
Engagement: Using 3D Printing to Engage. Underrepresented 
Students in STEM Learning,” in: ASEE Annu. Conf. Expo., ASEE, 
Columbus, USA, 2017. 

[9] E. Buehler, N. Comrie, M. Hofmann, S. McDonald, A. Hurst, 
“Investigating the Implications of 3D Printing in Special 
Education,” ACM Trans. Access. Comput. 8 (2016) 1–28. 
doi:10.1145/2870640. 

[10] M. Chen, Y. Zhang, Y. Zhang, “Effects of a 3D printing course on 
mental rotation ability among 10‐year‐ old primary students,” Int. 
J. Psychophysiol. 94 (2014) 240. 
doi:10.1016/j.ijpsycho.2014.08.925. 

[11] “Making in a Middle School Classroom,” in: FabLearn 2015,
Stanford, USA, 2015. 

[12] R.E. Stamper, D.L. Dekker, “Utilizing rapid prototyping to 
enhance undergraduate engineering education,” in: 30th Annu. 
Front. Educ. Conf., IEEE, Kansas City, USA, 2000: pp. 1–4. 
doi:10.1109/FIE.2000.896570. 

[13] S.S. Horowitz, P.H. Schultz, “Printing Space: Using 3D Printing 
of Digital Terrain Models in Geosciences Education and 
Research,” J. Geosci. Educ. 62 (2014) 138–145. 
doi:10.5408/13‐031.1. 

[14] UTEP, “Graduate Certificate in 3D Engineering and Additive 
Manufacturing,” (2018). 
http://catalog.utep.edu/grad/college‐of‐engineering/mechanical‐en
gineering/grcertificate‐3dam/. 

[15] M.K. Niaki, F. Nonino, “Additive manufacturing management: a 
review and future research agenda,” Int. Prod. Res. 7543 (2017) 0. 
doi:10.1080/00207543.2016.1229064. 

[16] Y. Wei, D. Tay, B. Panda, S.C. Paul, N.A.N. Mohamed, M.J. Tan, 
K.F. Leong, “3D printing trends in building and construction 
industry: a review,” Virtual Phys. Prototyp. 12 (2017) 261–276. 
doi:10.1080/17452759.2017.1326724. 

[17] Y. Abou Hashem, M. Dayal, S. Savanah, G. Strkali, “The 
application of 3D printing in anatomy education,” Med. Educ. 
Online. 20 (2015). doi:dx.doi.org/10.3402/meo.v20.29847. 

[18] K.L. Cook, S.B. Bush, R. Cox, “Creating a Prosthetic Hand: 3D 
Printers Innovate and Inspire and Maker Movement,” Sci. Child. 
53 (2015) 80–86. 
http://stats.lib.pdx.edu/proxy.php?url=http://search.ebscohost.com/
login.aspx?direct=true&db=ehh& 
AN=111061979&site=ehost‐live. 

[19] P.G. McMenamin, M.R. Quayle, C.R. McHenry, J.W. Adams, 
“The Production of Anatomical Teaching Resources Using 
Three‐Dimensional (3D) Printing Technology,” Anat. Sci. Educ. 7
(2014) 479–486. doi:10.1002/ase.1475. 

[20] A. Stangl, B. Jernigan, T. Yeh, Write, “Design, and 3D Print
Tactile Stories for Visually Impaired: Critical” 

[21] J. Loy, “eLearning and eMaking: 3D Printing Blurring the Digital 
and the Physical,” Educ. Sci. 4 (2014) 108–121. 
doi:10.3390/educsci4010108. 

[22] P. McGahern, F. Bosch, D. Poli, “Enhancing Learning Using 3D 
Printing: An Alternative to Traditional Student Project Methods,” 
Am. Biol. Teach. 77 (2015) 376–377. doi:10.1525/abt.2015.77.5.9. 

[23] J.A. Reuscher, “Three‐Dimensional (3‐D) Scanning Within 
Academic Libraries: Exploring and Considering a New Public 
Service,” Pennsylvania Libr. Res. Pract. 2 (2014) 64–70. 
doi:10.5195/PALRAP.2014.56. 

[24] E. Unver, P. Atkinson, D. Tancock, “Applying 3D Scanning and 
Modeling in Transport Design Education,” J. Comput. Des. Appl.
3 (2006) 41–48. doi:10.1080/16864360.2006.10738440. 

AUTHORS 

A. C. Megri is with the North Carolina A&T State
University, Greensboro, NC, USA. (e-mail: 
acmegri@ncat.edu).  

S. Hamoush is with the North Carolina A&T State
University, Greensboro, NC, USA. (e-mail: 
sameer@ncat.edu). 

I. Z. Megri served as a teaching assistant (TA) and
technical support for the outreach program. He is at 
Northwest Guilford High School, Greensboro, North 
Carolina, USA. (e-mail: 12614690@stu.gcsnc.com).  

Y. Yu was with the North Dakota State University,
Fargo, ND, USA. (e-mail: yao.yu@ndsu.edu). 

6




