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ABSTRACT 
Additive Manufacturing (AM) has played an integral part in the growth of makerspaces as 

democratization of manufacturing continues to evolve. AM has also shown potential in enabling 

the successful amalgamation of art (A) with science, technology, engineering, and math (STEM) 

disciplines, giving new possibilities to STEAM subjects and its implementation.  This paper 

presents the conceptual design and development of a deployable, mobile makerspace curriculum 

focused on AM education for a diverse range of participant backgrounds, ages, and locations. The 

aim is to identify effective means of informal learning to broaden participation and increase 

engagement with STEAM subjects through the context of AM. The curriculum is envisioned as 

“material-to-form,” offering separate modules that present opportunities for self-directed learning 

through all the stages of design, material use, and manufacturing associated with AM. Pilot studies 

of the curriculum were performed to identify potential changes to improve the effectiveness of the 

mobile makerspace. 

 

1. INTRODUCTION 

The rapid expansion of low-cost additive manufacturing (AM, or 3D printing) systems has 

been one of the key catalysts in the rise of the maker movement.  This movement is typified by a 

student desire to learn through hands-on design and fabrication experience, which maintains a 

primacy on sharing, connecting and do-it-yourself tinkering [1], [2]. Often, this experience occurs 

in increasingly common makerspaces, whether academic or commercial in nature.  While 

makerspaces are often comprised of various forms of manufacturing (numerical milling machines, 

laser-cutting, welding, electronics manufacturing, etc.) many modern makerspaces also 

incorporate some form of AM.  AM’s capacity to quickly and accurately manufacture parts of 

nearly unlimited complexity with minimal manual user input positions it well as a key element in 

learning through making.  Indeed, research has shown that makerspaces are the dominant location 

where the majority of entry-level AM occurs [3].  However, the same research discusses that, while 

the spectacle of the printing process often lures users to the various systems, users may maintain 

only a superficial or passing interest in the technology, if not encouraged to experiment with the 

complex relationships between the AM process and the designs that can be manufactured with it. 

 

One of the defining traits of the maker movement is that it is inherently interdisciplinary.  This 

allows it to organically operate at the intersection of science, technology, engineering, art, and 

math (STEAM) disciplines.  STEAM initiatives may provide an opportunity to actualize a 

resurgence of the fundamental importance of making to learning. This resurgence can be seen in 

the energy around digital media and learning [4], [5] and in the growing prominence of the maker 

movement.  Increasing success of STEM students is connected to creating experiential learning 

opportunities. While this experiential emphasis can take many forms, utilizing interdisciplinary 

approaches to complex problems that draw upon STEM inquiry methods has had positive impacts 

on students’ self-efficacy [6]. Recently, there has been a call from federal legislatures for 
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“reintegrating the two [STEM and Art disciplines] in our classrooms” [7], but the lack of 

substantive funding continues to marginalize initiatives in STEAM as a low priority [8]. STEAM 

has gained momentum as it is taken up in the popular press as a conundrum for educators [9], as a 

way of merging art and science education [10], and a way to “encourage holistic learning” [11]. 

The National Science Teachers Association (NSTA) reports incorporating Art into STEM subjects 

is a benefit to students and teachers in connecting concepts, exploring ideas, and increasing 

participation [12]. Indeed, research from the NSF funded The Art of Science Learning initiative 

indicates that student participants benefited from arts-based learning via greater collaboration, 

increased creative thinking, and longer sustained benefits in school and extracurricular 

participation [13]. 

 

To address the opportunities inherent in utilizing makerspaces to promote informal STEAM 

education, this paper discusses the creation and pilot implementation of a mobile makerspace 

(dubbed MAKE 3D) that capitalizes on the spectacle of AM to promote design and manufacturing 

learning.  The system will ideally improve informal learning pathways for increasing retention and 

broadening participation in STEAM for students.  Section 2 will discuss existing research into both 

the educational context to support makerspace learning as well as existing forms of AM curricular 

spectacle.  Section 3 will then detail the design of both i) the mobile makerspace itself as well as 

ii) the curricular elements that scaffold the student learning experience.  Section 4 will offer both 

quantitative and qualitative evidence of the makerspace’s impact on student engagement.  Finally, 

Section 5 will offer conclusions and discuss avenues for future research and implementation. 

 

2. LITERATURE REVIEW 
Related research relevant to this work has been divided into two sections. Section 2.1 discusses 

the emphasis on education to expand the field of AM and the close alignment of the maker 

movement to introducing informal contexts of AM to the formal context of schools. Section 2.2 

discusses existing development of mobile makerspaces through informal contexts such as libraries, 

hospitals, and museums.  

 

2.1 Educational Context to Support Informal Learning with the Maker Movement 

The “2009 Roadmap for Additive Manufacturing” identified education as a critical area of 

research and development for advancement of the additive manufacturing field [14]. To address 

this critical area there have been efforts to explore AM primarily focused on university and 

industry training [15], but there is also interest in curriculum at the secondary level [16].  In order 

to grow AM learning, it is crucial to intertwine interdisciplinary curricula with simultaneous 

hands-on manufacturing experience. Increasing success of STEM students is connected to creating 

experiential learning opportunities [17]. Makerspaces provide a set of tools within an informal 

context that maintains a primacy on sharing, connecting and “thinking through materials” [18]. 

 

Makerspaces also are perceived to have a high level of engagement for students within an 

informal setting. Formal contexts, such as schools, are disconnected from students’ everyday lives 

and not focused on what students necessarily want to learn [19]. However, makerspaces are 

increasingly becoming a part of schools creating more fluid boundaries between formal and 

informal contexts for education [20]. Makerspaces provide student-centered learning 

environments that integrate technology and material play engaging more students to find value in 

school [21]. When students create with technology they “become more engaged, spend more time 
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investigating and/or constructing and take ownership for and build confidence in their abilities to 

learn and understand” [22]. Part of what creates engagement in the makerspace context is the 

importance of creativity and play with materials, often expressed through the concept of tinkering. 

Tinkering is an open-ended process of inquiry that involves improvisation and creativity [23]. 

 

2.2 Existing Forms of AM Curricular Spectacle and Mobile Makerspaces 

Makerspaces combine informal learning utilizing AM as a central fabrication technology, 

interdisciplinary approaches in STEAM, and investigations into materials, but are often situated 

within a particular space, which limits their impact. MAKE 3D adds an additional aspect through 

the mobility of our platform extending what we call the curricular spectacle of our approach. 

Curricular spectacle refers to educational efforts that involve highly visible or novel introductions 

to content or technologies that engage learners immediately while possibly leading to deeper 

understanding. Attempts in recent years to capture this spectacle-driven fascination with AM 

technology to informally guide users to a deeper understanding of manufacturing and design 

include MakerBot Innovation Centers and 3D printing vending machines [24]. Beyond these static 

forms of informal AM making, libraries, universities, and K-12 schools have also been 

experimenting with the use of mobile makerspaces to create a sense of spectacle that can be easily 

transported from location to location (see, for example, [25]–[28]).  While these mobile 

makerspaces have been shown to excite local communities and create a sense of wonder regarding 

AM technology, there have been no studies to assess whether or not such mobile makerspaces are 

capable of taking the user’s initial spectacle-driven fascination and sustain it into learning and 

engagement with the STEAM disciplines that rely on the concept of making.   

 

Research on informal learning and makerspaces has demonstrated its import for science 

education [29], [30], and much of this work in informal spaces has focused on libraries and 

museums [31]–[33]. Library programs such as the Arrowhead Library System mobile makerspace, 

started in 2014, to develop a model of shared equipment relevant for making among seven small 

to mid-size libraries in southern Wisconsin (see http://als.lib.wi.us/Makerspace/). There has also 

been mobile making in hospitals to explore its therapeutic capacity such as Gokul Krishnan’s 

mobile makerspace at Monroe Carell Jr. Children's Hospital at Vanderbilt in Nashville, Tennessee 

[34] which helps to address the needs of chronically ill patients (see 

http://www.makertherapy.com/). All of these programs are engaging with issues of maker 

education in ways that is mobile, open, and accessible to all. Our research is intended to add to this 

literature with the unique capacities of mobile makerspaces with adaptable curricular kits that 

engage learners in design and material education using AM to extend this high-visibility approach 

and better understand the effects of heightened awareness, hands-on learning, and broader 

participation in making as an experiential approach to STEAM disciplines. 

 

3. DESIGN APPROACH TO THE MOBILE MAKERSPACE 
The essence of a mobile makerspace lies in its nature of being accessible, both physically and 

intellectually [35]. Just like the mobile libraries or the bookmobiles which were introduced to 

provide library services everywhere [36], the mobile aspect of a makerspace ensures the physical 

accessibility of a learning environment. Additionally, a self-driven and experiential learning 

offered by these makerspaces is expected to improve participation in STEAM [37]. Subsequently, 

the MAKE 3D truck is intended to be built so as to offer effective learning and retention of 

knowledge offered around AM. To meet this objective, the design of the trailer dedicated as the 
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mobile for this deployable makerspace, and its operation is elaborated in the section 3.1. The 

development of the curriculum for the same is explained in the section 3.2. 

 

3.1 Overview of the MAKE 3D Space and Educational Approach  

The entirety of the deployable MAKE 3D makerspace is contained within a single mobile 

platform.  The platform chosen for this implementation is a closed-wall trailer (see Figure 1) with 

interior space of 132” x 72” x 78”. The different equipment, consumables, and support systems 

necessary to operate the makerspace were custom designed and selected in order to best make use 

of the mobile environment.  When the MAKE 3D trailer arrives at the desired location, all contents 

can be removed and deployed in a flexible configuration.  This allows it the unique ability to have 

the learning space cater to the needs of the student, rather than requiring the student to conform to 

the limitations of the learning space.  

 

  
(a) (b) 

Figure 1. MAKE 3D trailer with (a) side view, and (b) back view. 

 

The curriculum for MAKE 3D was developed with the intention of introducing AM in a 

makerspace platform to test and advance its role in improving the effectiveness of informal 

learning pathways. Via a comprehensive spectrum of rudimentary concepts referred to in this 

project as the “Material to Form” model, the curriculum for MAKE 3D centers around AM as a 

fabrication method in making from an interdisciplinary and layman understanding. As the term 

“material to form” suggests, the curriculum for MAKE 3D was originally conceived of as a 

comprehensive project with a clear start-to-finish trajectory. However, given the nature of the 

makerspace as an informal learning resource for voluntary learners and the project’s 

interdisciplinary platform, it became apparent that the materials and curriculum would need to be 

accessible from multiple entry points. As such, each learning module required flexibility to address 

varying expertise, learning styles, time constraints, and levels of interest. This is done through 

various demonstrative pieces that invites participants to try on hands-on activities that emphasizes 

design and inquiry-based methodologies like Design Thinking [38] as integral components of 

making. Throughout the development of the MAKE 3D project, the Material to Form curriculum 

has gone through multiple iterations informed by ongoing pilot studies. It was determined early on 

that these elements could be grouped into six categories of modules in the curriculum, based on 

the application and equipment required. The modules included Designing Form, Modeling Form, 

Capturing Form, Workflow in AM, Extrusion, and Filament Variety.  These modules will be 

discussed in more detail in Section 4. 

 

2804



Each module was initially developed as self-contained units from start to finish, in order to 

keep in facilitate a more non-sequential and informal flow of participants through modules.  

Additionally, each module was developed with its own set of equipment, a handout, and a set of 

slides.  In the early stages of development, equipment for each module includes all the possible 

hardware, software, and the exemplary relevant 3D printed pieces to be included in a makerspace 

station. As the build of the makerspace progresses curricular modules were expressed in 

makerspace stations with some overlap. For example, the Capturing Form and Workflow in AM 

curricular modules are both facilitated in the makerspace computer station. Handouts include sets 

of directions for activities for each module in step-by-step screen shots and short sentences, ending 

with reflection questions prompting participants to think about what they learned through the 

activities (see Figure 2).  Finally, slide shows were created for each module as an additional 

resource for the instructor to help explain concepts, if necessary.  However, in order to maintain 

the informal nature of the approach, slides are maintained on individual tablets, rather than 

projected on a large screen for the entire group. 

 

   
Figure 2. Examples of handouts in the Work Flow, Capturing Form, and Modeling Form modules 

 

A gimbal design (see Figure 3) was created to serve as a base example for the activities in all 

six modules. This geometry serves as a tool to provide scaffolding for student learning throughout 

the makerspace.  The gimbal is defined as a pivoted support that allows the rotation of an object 

around a single axis, and thus requires participants to consider its aesthetic and functional aspect. 

[39]. This assisted in keeping the modules tied to each other, creating a flow between them. For 

example, geometry serves as a base of Design Form module by prompting students to think and 

create other forms of gimbals, it also serves as a base for Modeling Form to modify it in the digital 

platform, etc.  A common article, like the gimbal, is expected to provide participants with a motive 

to proceed to other modules, by introducing the possibilities of variations that can be performed 

on it. The gimbal was chosen because of the spectacle it offered with its function. Its fabrication 

with 3D printing as an assembled part in one build adds an additional wonder to the possibilities 

of AM, which may invite curiosity and consequently self-motivated involvement in the modules. 
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Figure 3. Gimbal design created as a common artifact for continuity between curricular modules. 
 
3.2 Details of Individual Educational Modules 

The aim for MAKE 3D is to provide hands-on learning experience in AM to a virtually 

unexposed group of students. To successfully create a platform providing basic understanding of 

AM, the curriculum was built around the equipment providing demonstrative, and free form 

interaction. The curriculum covers design thinking, digital designing, digital capturing or scanning, 

work flow in AM (from conversion of files into .STL format to slicing it for desired part quality), 

extrusion (with 3D pens and clay extruders), and filament variety available. These elements were 

disseminated into different modules according to the hardware and software utilized, and are 

elaborated below. 

 

Designing Form 

As the only learning module not directly tied to a particular element of AM machinery, 

designing form is a creative prototyping activity based on the process of Design Thinking [38]. 

The conceptual foundation for this module is based on the understanding that design is an iterative 

process, which can be strategically performed using the five design thinking stages. These stages 

are: empathize, define, ideate, prototype, and test. From the activities stipulated in the Designing 

Form curriculum, MAKE 3D participants learn to use this creative and critical process to 

effectively design a personalized product, such as the gimbal coin discussed earlier. To support 

participant engagement with this process, nontechnical materials such as cardboard, scissors, and 

tape are used for the prototyping process. Participants begin by sketching various versions of their 

design (see Figure 4), before creating cardboard rotating prototypes in the form of their initial 

design. The Designing Form module was set up as an individual station that includes all the 

necessary prototyping supplies and tools. 

 

  
Figure 4. A participant engaged with Designing Form handout, creating gimbal inspired designs 

and participants engaged in prototyping. 
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Modeling Form 

The digital modeling component of the curriculum integrates opportunities for experimentation 

with available programs such as Fusion 360 (https://www.autodesk.com/), Tinkercad 

(https://www.tinkercad.com/), and SketchUp (http://www.sketchup.com/). Each of these 

platforms were considered to determine the most user-friendly and accessible program available 

for MAKE 3D participants to engage in designing new forms. Tinkercad was ultimately chosen 

for the makerspace due to the fact that it is free to the public and promotes a simplified, 

straightforward set of commands. This module provides participants with the opportunity to learn 

by doing, and may or may not be based on their previously prototyped gimbal design depending 

on preference and interest (see Figure 5). The handout guides them to create a personalized 

keychain by importing an existing gimbal design and modifying it. The directions aim to create an 

understanding of spatial orientation in digital design, and how to manipulate it to create desired 

designs.  The Modeling Form module was setup along with the Work Flow module as a grouped 

station, since both requires computer for hands-on activities. Six computers were setup on a table 

of dimension 72” x 32”. 

 

 
Figure 5. Use of computer station to learn digital design in Modeling Form module. 

 

Capturing Form 

Similar to Modeling Form, the scanning equipment provided in the Capturing Form Module is 

meant to offer participants the opportunity to engage freely with available technology in order to 

better grasp its capabilities. This engagement occurs via Occipital Structure Sensors on iPad, 

SCANN3D application for android phones, and Microsoft Kinect Scanner programs that are 

demonstrated for the students prior to use. This hand-on engagement allows participants to directly 

observe how 3D scanners are able to capture surface data to be converted into a printable .STL file 

(see Figure 6), and to educate participants in the area of mass customization as one of the driving 

forces in design for AM.  The Capturing Form module was set up as an individual station, with the 

Structure Sensor and the Kinect on a small table. A rotating turntable of diameter 32” was 

constructed as a scanning rig for a hands-on good quality 3D scanning with Kinect.  One of the 

computers in the modeling form and workflow station was dedicated for the Kinect scanning. 
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(a) (b) 

Figure 6. Scanning station with equipment in use (a) Structure Scanner being used by the 

participants to scan a hand, (b) Experts demonstrating use of the turntable to obtain a good quality 

3D scan with Kinect. 
 

Work Flow in AM 

The Work Flow module focuses on the print preparation procedure from importing the digital 

design in STL file formats to exporting the 3D print-ready file. This module demonstrates the 

different parameters in the slicing software (Cura) that can be varied to create the desired output. 

It prompts participants to think about considerations like support material, infill densities, layer 

thicknesses and their impact on part quality and total time for print. The layer animation of the 

previewed file demonstrates the layer-by-layer addition of material in AM, explaining the 

capability of fabricating complex part. The workflow module also incorporates demonstrative 3D 

printed objects to show the need for support material, layer thicknesses, infill densities and 

patterns, and various slices of an object printed as a stacking puzzle game. This module introduces 

participants with the restriction as well as opportunities of AM, an important aspect to be 

considered while designing for AM.  

 

Extrusion and Filament Variety 

Material extrusion systems in the form of 3D pens, handheld clay extrusion tools, 3D printers, 

and filament extruders are leveraged alongside 3D printers using both clay and plastic filament. 

The inclusion of a filament extruder also provides an initial introduction to the concept of raw 

material processing within AM. This simple system demonstrates the ways in which plastic pellets 

are heated, extruded, and wound around a spool to form the processed material for material 

extrusion AM (see Figure 7). These materials are used in collaboration with an information 

handout and worksheet to allow participants to directly observe the manufacturing phase for their 

designed products by relating the complexities of their chosen design to the capabilities of the 

manufacturing system. Furthermore, these materials help participants conceptualize the physical 

capabilities of the 3D printer and the potential for expanding the X, Y, and Z planes of a two-

dimensional object. Along with the learning goals of the Workflow Module, these curricular 

materials engage participants in the process of producing a three-dimensional object using variety 

of materials with AM. The hands-on involvement helps in the most effective demonstration of AM 

extrusion process behavior with different materials like metal, wood, flexible filaments, and 

conductive materials. Extrusion module and the Filament Variety module was set up together on 

a table along with the 3D extrusion Pens and the clay extruders.  Various filaments were available 

for use with 3D extrusion Pens. Multiple material extrusion printers were setup together along with 

a demonstrative clay printer. 
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Figure 7. Participants creating 3D objects with 3D Pens at extrusion station, playing with different 

filament variety. 
 
Demonstration Gallery 

Finally, while not a formal curricular module, a Demonstration Gallery (see Figure 8) was 

conceived to add a collection of 3D printed items, which acted as the demonstration for each 

module. This gallery acts as a curated collection of engineering design, science, mathematics, and 

art objects in a range of printed materials that are meant to illustrate the wide variety of potential 

part applications, surfaces, densities, and AM capabilities. Objects included in this gallery are 

considered case studies, acting as examples of the themes found in each of the established learning 

modules. Due to the open source nature of much of the maker culture, all of the works featured in 

the gallery include corresponding .STL files and resources for reproduction that are accessible to 

the participants and the general public.  While all these modules were developed around material 

extrusion process in AM, owing to its simplicity, accessibility, and robustness for an educational 

setting, the other major process types in AM are demonstrated in form of example prints showcased 

in the Demonstration Gallery. 

 

  
Figure 8. Examples demonstrated in the Display Gallery 
 
4. PRELIMINARY USAGE CASE STUDY 

To test the applicability of the curriculum and the equipment developed for the MAKE 3D, a 

pilot study was performed on four undergraduate class sections, each comprised of approximately 

24 students. The aim was to observe the functioning of each module as an individual station, in 

terms of interaction by the participants, and the involvement of instructors. Additionally, the 

effectiveness of the curriculum in boosting participant’s comprehension of makerspaces, design 

thinking, and AM technology was observed.  
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4.1 Educational Context 

For the pilot studies, a room was setup as a preliminary mock-up of the deployed form of 

MAKE 3D with all the six modules in the curriculum setup as stations (see Figure 9 and Figure 

10). The stations were grouped as explained in Section 3.1, according to the equipment 

requirements and named as Designing, Computers, Extrusion, Scanning, Printing, and the Gallery 

for data collection purposes. While Designing, and Scanning were individual stations for the 

Designing Form module and the Capturing Form modules, respectively, the Computer station was 

a combined setup for the Modeling Form and Work Flow modules. Similarly, the Extrusion station 

was a combined setup for Extrusion module as well as the Filament Variety module. The printing 

station consisted of five material extrusion printers (Monoprice Mini) for free use by the 

participants, as well as a clay printer for demonstration. The Gallery station was named for the 

gallery display. Each station included packets consisting of the collected handouts for all modules, 

with posters at each station also included to convey the same information in a larger format. 

Experts in AM informally moved between stations to guide or demonstrate concepts or equipment 

to the participants if required. 

 

 
Figure 9. Conceptual arrangement of the deployed MAKE 3D set up for pilot study, with 

connections between physical stations (rectangles) and corresponding modules (ovals). 
 

 
Figure 10. A portion of deployed MAKE 3D makerspace stations present at the pilot studies. 
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Before exposure to the deployed MAKE 3D space, the participants were prompted to self-rate 

their agreement on familiarity with makerspaces, 3D printing, and design thinking, etc. on a Likert 

scale. The participants were given a short premise of MAKE 3D as a makerspace, before the 

exposure.  Two raters individually and simultaneously completed observation sheets with a 

narrative description of what they perceived was the participant’s response and reaction to each 

station every 10 minutes from the beginning to the end of the session. Additional data for number 

of participants and their nature of interaction with the module was also collected for each station. 

Each session lasted for approximately one and a half hours. 

 

4.2 Results 

The age of the 95 participants ranged from 17 to 20, (15 females and 80 males). These 

participants were all students participating in an introductory engineering design course targeted 

at first-year engineering students.  The participants were asked to finish a 20-question survey on a 

Likert scale (see Figure 11) right before their exposure to makerspace. The same survey was taken 

right after the exposure. A sign test with continuity correction was used to compare differences in 

the Likert scale for each question, pre- and post-exposure, using IBM SPSS Statistics 24. 

 

 
Figure 11. Likert Scale as provided to the participants for each question, pre and post-exposure. 

 

The mean values of the participant ratings improved for 19 of the 20 survey questions post 

exposure, compared to their pre exposure data. To find the significance in improvement, statistical 

analysis was performed within subjects.  On statistically analyzing the pre-exposure and post-

exposure student surveys for the same 20 questions, a statistically significant increase was found 

for 10 of the 20 questions (questions with a significant increase are shown in Figure 12).  Three 

questions in particular saw drastic improvement.  First, it was found that students rated themselves 

statistically significantly more familiar with concepts of a makerspace post exposure, (p<0.0005, 

increase from “Disagree” to “Agree”). This metric gives us a self-reported engagement with 

MAKE 3D as a complete system, where a significant improvement in rating indicates a good level 

of engagement in the space.  Students also rated higher on use of 3D printing, post-exposure, 

compared to pre-exposure (p<0.0005, increase from “Neutral” to “Agree”). The jump from neutral 

to agreement means that the makerspace is properly executing one of its main goals: offering 

students a chance to go hands-on with 3D printing technologies in order to improve their 

engagement with this technology.  Additionally, a significant increase was reported in the students’ 

understanding of 3D scanning technology (p<0.0005, increase from “Disagree” to “Agree”).  

Similar to the use of printers, this jump from disagreement to agreement indicates that the 

curriculum was able to showcase the use of 3D scanning in a way that is relevant to the participants. 
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Figure 12. Average Likert scale rating for survey questions with a statistically significant change 

between pre- and post-exposure. Questions with the most drastic changes are highlighted on the 

vertical axis in a box. 
 

Two observers simultaneously recorded the descriptive narration of what they observed in each 

station in every 10 minutes. They recorded the number of students at the station, and overall 

engagement in the scale of 1 to 5, and type of interaction with the modules for each station. 

Reliability for the engagement level rating scale from two Raters at each station was found by 

calculating Chronbach’s alpha. The test was performed with IBM SPSS Statistics 24, on data 

points with common time and common number of participants.  The test revealed high reliability 

of the scale with Chronbach’s alpha equating to 0.96.  On observing the average for the ratings 

obtained from the two raters on engagement, it was found that the computer station with the 

Modeling Form module was the most engaged station, followed by the extrusion station with 3D 

pens and clay extruders with variety filament, further followed by Printing, Design, Scanning, and 

the Gallery stations respectively (see Figure 13). Additionally, it was observed that extrusion had 

the highest count of participants every 10 minutes followed by Computer, Printing, Design, 

Scanning, and Gallery respectively. 
 

 
Figure 13. Average engagement rating by the raters for each station, along with the average count 

of participants every 10 minutes in each station. 
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Observation notes support the engagement ratings in clearly highlighting the popularity of the 

extrusion table often citing freeform design with the 3D pens and even extruding designs onto 

objects such as smartphone cases and older discarded prints that were made available. Peer 

interaction and numbers of participants remained high throughout the session suggesting the 

success of the informal environment of tinkering, but uncertain as to how the module connected 

with or motivated students to move to other stations to work on other curricular modules. 

Observation notes also confirmed that participation at the computer station appeared to be longer 

term for certain users as it was noted that participants would stay on the computer station designing 

3D forms in Tinkercad for long periods of time which relates to both levels of engagement but also 

the time intensive practice of 3D modeling. It is unclear as to how the computer station related to 

other modules, because there were observations indicating that participants were progressing from 

designing form to utilizing the 3D printing workflow to prepare their prints. However, improper 

build profiles loaded on the 3D printers would sometimes hamper the production of prints and 

made it difficult to track this production cycle. Observation notes indicating low participation in 

the Design and Gallery stations highlighted the inadequate curricular supports provided in the 

paper handouts and lack of instruction for each module to provide entry points to making at the 

various makerspace stations. Revisions to the makerspace and curriculum will take these 

considerations into account as we make changes for subsequent deployments. 

 

5. CONCLUSIONS AND FUTURE WORK 

The MAKE 3D mobile makerspace is conceived as a platform for individuals to gain hands-

on experience with AM technology. It is built based on a “material to form” curriculum around 

basic equipment such as 3D extrusion pens, clay extruders, 3D scanning devices, software to create 

or manipulate digital designs, prepare 3D print file while gaining an understanding of parameters 

that can impact their print quality and print time. These tools are tied with a design thinking process 

that introduces a novice to a methodological and effective approach to design. The hope is to 

showcase the applications of this technology as well as to familiarize participants with techniques 

available to use it for their projects or hobbies. A pilot study was run to observe the effectiveness 

of the design of the curriculum in communicating the accessibility and simplicity of AM 

technology for use. Analysis on self-reported survey ratings showed that participants were able to 

successfully engage with the MAKE 3D as a makerspace, and were able to better understand how 

to use both 3D printing and 3D scanning tools at their disposal.  

 

Observations on participant engagement level and their involvement at the stations showed us 

that some stations grabbed more attention compared to others. To address these variations and 

further expand upon participants’ hands-on experiences, it was determined that a series of revisions 

were needed to enable more robust participation across the curricular modules and corresponding 

makerspace stations.  First, curricular materials will be extended to include digital copies at 

computer stations make content more readily accessible. Second, the arrangement of the stations 

will be deployed in variations that will couple under used and over used stations that test proximity 

effects. For example, the extrusion station will be deployed in the vicinity of the gallery to find out 

how the interaction of the modules may effect participation. Last, the research team will develop 

a schedule of mini demonstrations that will support participants in more technical endeavors while 

trying to maintain the overall informal context of the makerspace. The next steps for MAKE 3D 

is to tour four campuses of the Penn State University system along with other possible informal 
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contexts such as the Maker Week at Schlow Centre Region Library in State College, PA. Through 

the revision process, the research team will remain focused on the fundamental underlying 

processes and techniques of AM while also maintaining learners’ engagement through the informal 

opportunities of the makerspaces using curricular spectacle. 

 

6. REFERENCES 

[1] S. Libow Martinez and G. S. Stager, “Invent to learn: Making, tinkering, and engineering 

in the classroom,” p. 237, 2013. 

[2] J. Walter Herrmann and C. Büching, Fablab of machine, makers and inventors. 2013. 

[3] C. Bosqué, “What are you printing? Ambivalent emancipation by 3D printing,” Rapid 

Prototyp. J., vol. 21, no. 5, pp. 572–581, 2015. 

[4] Y. B. Kafai, K. A. Peppler, and R. N. Chapman, The Computer Clubhouse: Constructionism 

and Creativity in Youth Communities. Technology, Education--Connections. ERIC, 2009. 

[5] Y. Kafai and M. Resnick, Constructionism in practice: Design, Thinking, and Learning in 

a Digital World. Routledge, 1996. 

[6] A. Harvin, “Experiences of Students from Traditionally Underrepresented Groups in an 

Informal STEM Educational Setting and the Effect on Self-Efficacy, Task Value, and 

Academic Course Selection,” in Proceedings of Society for Information Technology & 

Teacher Education International Conference 2015, 2015, pp. 33–43. 

[7] S. Bonamici and A. Schock, “STEAM on Capitol Hill,” Steam, vol. 1, no. 2, pp. 1–4, 2014. 

[8] S. Hynds, “A Place of Their Own: Teh Arts and Literacy in Age of Accountability,” 

Ubiquity J. Lit. Literacy, Arts, vol. 1, no. 1, pp. 97–121, 2014. 

[9] A. Jolly, “STEM vs.STEAM: Do the arts belong?,” Education Week, 2014. [Online]. 

Available: http://www.edweek.org/tm/articles/2014/11/18/ctq-jolly-stem-vs-steam.html. 

[10] K. Chen and I. Cheers, “STEAM ahead: Merging arts and science education,” PBS 

Newshour, 2012. [Online]. Available: http://www.pbs.org/newshour/rundown/the-

movement-to-put-arts-into-stem-education/. 

[11] E. Krigman, “Gaining STEAM: Teaching Science Through Art,” US News & World Report, 

2014. 

[12] D. Shapiro, “Reaching students through STEM and the Arts,” 2010. 

[13] H. Seifter, “3rd Year Project Update,” The Art of Science Learning, 2015. [Online]. 

Available: http://www.artofsciencelearning.org/3rd-year-project-update-report/. 

[14] D. L. Bourell, M. C. Leu, and D. W. Rosen, “Roadmap for Additive Manufacturing: 

Identifying the Future of Freeform Processing,” The University of Texas at Austin 

Laboratory for Freeform Fabrication Advanced Manufacturing Center, Austin TX, 2009. 

[15] C. B. Williams and C. C. Seepersad, “Design for Additive Manufacturing Curriculum: A 

Problem-and Project-Based Approach,” Int. Solid Free. Fabr. Symp., pp. 81–92, 2012. 

[16] S. Brophy, S. Klein, M. Portsmore, and C. Rogers, “Advancing Engineering Education in 

P-12 Classrooms,” J. Eng. Educ., vol. 97, no. 3, pp. 369–387, 2008. 

[17] NEA Foundation, “Harnessing the Potential of Innovative STEM Education Programs: 

Stories of Collaboration , Connectedness and Empowerment,” 2012. 

[18] N. N. Guyotte, Kelly W.; Sochacka, NICKI W.; Costantino, TRACIE E.; Walther, 

JOACHIM; Kellam, “STEAM as social practice: Cultivating Creativity in Transdisciplinary 

Spaces,” Art Educ., vol. 67, no. 6, pp. 12–19, 2014. 

[19] B. Barron, “Interest and self-sustained learning as catalysts of development: A learning 

ecology perspective,” Human Development, vol. 49, no. 4. pp. 193–224, 2006. 

2814



[20] K. Peppler and S. Bender, “Maker movement spreads innovation one project at a time,” Phi 

Delta Kappan, vol. 95, no. 3, pp. 22–27, 2013. 

[21] L. Martin, C. Dixon, and O. S. Ave, “Youth Conceptions of Making and the Maker 

Movement,” Interact. Des. Child. Conf., 2013. 

[22] M. Petrich, K. Wilkinson, and B. Bevan, “It Looks Like Fun, But Are They Learning?,” in 

Design, Make, Play: Growing the Next Generation of STEM Innovators, Routledge New 

York, NY, 2013, pp. 50–70. 

[23] B. Bevan, M. Petrich, and K. Wilkinson, “Tinkering is serious play,” Educ. Leadersh., vol. 

72, no. 4, pp. 28–33, 2014. 

[24] N. A. Meisel and C. B. Williams, “Design and Assessment of a 3D Printing Vending 

Machine,” Rapid Prototyp. J., vol. 21, no. 5, pp. 471–481, 2015. 

[25] I. L. Craddock, “Makers on the Move: a Mobile Makerspace at a Comprehensive Public 

High School,” Libr. Hi Tech, vol. 33, no. 4, pp. 497–504, 2015. 

[26] D. Gierdowski and D. Reis, “The MobileMaker: an Experiment with a Mobile 

Makerspace,” Libr. Hi Tech, vol. 33, no. 4, pp. 480–496, 2015. 

[27] H. M. Moorefield-Lang, “When Makerspaces go Mobile: Case Studies of Transportable 

Maker Locations,” Libr. Hi Tech, vol. 33, no. 4, pp. 462–471, 2015. 

[28] J. de Boer, “The business case of FryskLab, Europe’s first mobile library FabLab,” Libr. Hi 

Tech, vol. 33, no. 4, pp. 505–518, 2015. 

[29] G. Leinhardt, K. Crowley, and K. Knutson, Learning conversations in museums. 2003. 

[30] J. Osborne and J. Dillon, “Research on Learning in Informal Contexts: Advancing the 

field?,” Int. J. Sci. Educ., vol. 29, no. 12, pp. 1441–1445, 2007. 

[31] A. of S. and T. Centers, “Learning Labs in Libraries and Museums: transformative spaces 

for teens,” 2014. 

[32] J. Gutwill, N. Hido, and L. Sindorf, “Research to practice: Observing in tinkering 

activities,” Curator Museum J., vol. 58, no. 2, pp. 151–168, 2015. 

[33] Institute of Museum and Library Services, “Talking Points: Museums, Libraries, and 

Makerspaces,” 2014. 

[34] G. Krishnan, “Designing a Mobile Makerspace for Children’s Hospital Patients: Enhancing 

Patients’ Agency and Identity in Learning,” 2015. 

[35] H. M. Moorefield-Lang, “When Makerspaces go Mobile: Case Studies of Transportable 

Maker Locations,” Libr. Hi Tech, vol. 33, no. 4, pp. 462–471, 2015. 

[36] H. Goldstein, “Current Trends in Bookmobiles,” Libr. Trends, vol. 9, no. 3, pp. 117–119, 

1961. 

[37] L. Martin, “The Promise of the Maker Movement for Education,” J. Pre-College Eng. Educ. 

Res., vol. 5, no. 1, 2015. 

[38] P. G. Rowe, Design thinking. MIT press, 1991. 

[39] T. Atkins and M. Escudier, Dictionary of mechanical engineering, no. 1. Oxford University 

Press, 2014. 

 

7. ACKNOWLEDGEMENTS 

We gratefully acknowledge the support of the National Science Foundation Grant No. 

1623494.  Any opinions, findings, and conclusions or recommendations expressed in this material 

are those of the author(s) and do not necessarily reflect the views of the National Science 

Foundation.  We would also like to thank Tom Lauerman for his significant efforts in the design 

and implementation of the MAKE 3D space. 

2815


	Welcome
	Title Page
	Preface
	Organizing Committee
	Papers to Journals
	Table of Contents
	Materials
	Scanning Strategies in Electron Beam Melting to Influence Microstructure Development
	Relating Processing of Selective Laser Melted Structures to Their Material and Modal Properties
	Thermal Property Measurement Methods and Analysis for Additive Manufacturing Solids and Powders
	Prediction of Fatigue Lives in Additively Manufactured Alloys Based on the Crack-Growth Concept
	Fatigue Behavior of Additive Manufactured Parts in Different Process Chains – An Experimental Study
	Effect of Process Parameter Variation on Microstructure and Mechanical Properties of Additively Manufactured Ti-6Al-4V
	Optimal Process Parameters for In Situ Alloyed Ti15Mo Structures by Laser Powder Bed Fusion
	Efficient Fabrication of Ti6Al4V Alloy by Means of Multi-Laser Beam Selective Laser Melting
	Effect of Heat Treatment and Hot Isostatic Pressing on the Morphology and Size of Pores in Additive Manufactured Ti-6Al-4V Parts
	Effect of Build Orientation on Fatigue Performance of Ti-6Al-4V Parts Fabricated via Laser-Based Powder Bed Fusion
	Effect of Specimen Surface Area Size on Fatigue Strength of Additively Manufactured Ti-6Al-4V Parts
	Small-Scale Mechanical Properties of Additively Manufactured Ti-6Al-4V
	Design and Fabrication of Functionally Graded Material from Ti to Γ-Tial by Laser Metal Deposition
	Tailoring Commercially Pure Titanium Using Mo₂C during Selective Laser Melting
	Characterization of MAR-M247 Deposits Fabricated through Scanning Laser Epitaxy (SLE)
	Mechanical Assessment of a LPBF Nickel Superalloy Using the Small Punch Test Method
	Effects of Processing Parameters on the Mechanical Properties of CMSX-4® Additively Fabricated through Scanning Laser Epitaxy (SLE)
	Effect of Heat Treatment on the Microstructures of CMSX-4® Processed through Scanning Laser Epitaxy (SLE)
	On the Use of X-Ray Computed Tomography for Monitoring the Failure of an Inconel 718 Two-Bar Specimen Manufactured by Laser Powder Bed Fusion
	Laser Powder Bed Fusion Fabrication and Characterization of Crack-Free Aluminum Alloy 6061 Using In-Process Powder Bed Induction Heating
	Porosity Development and Cracking Behavior of Al-Zn-Mg-Cu Alloys Fabricated by Selective Laser Melting
	Effect of Optimizing Particle Size in Laser Metal Deposition with Blown Pre-Mixed Powders
	Aluminum Matrix Syntactic Foam Fabricated with Additive Manufacturing
	Binderless Jetting: Additive Manufacturing of Metal Parts via Jetting Nanoparticles
	Characterization of Heat-Affected Powder Generated during the Selective Laser Melting of 304L Stainless Steel Powder
	Effects of Area Fraction and Part Spacing on Degradation of 304L Stainless Steel Powder in Selective Laser Melting
	Influence of Gage Length on Miniature Tensile Characterization of Powder Bed Fabricated 304L Stainless Steel
	Study of Selective Laser Melting for Bonding of 304L Stainless Steel to Grey Cast Iron
	Mechanical Performance of Selective Laser Melted 17-4 PH Stainless Steel under Compressive Loading
	Microstructure and Mechanical Properties Comparison of 316L Parts Produced by Different Additive Manufacturing Processes
	A Parametric Study on Grain Structure in Selective Laser Melting Process for Stainless Steel 316L
	316L Powder Reuse for Metal Additive Manufacturing
	Competing Influence of Porosity and Microstructure on the Fatigue Property of Laser Powder Bed Fusion Stainless Steel 316L
	Studying Chromium and Nickel Equivalency to Identify Viable Additive Manufacturing Stainless Steel Chemistries
	Investigation of the Mechanical Properties on Hybrid Deposition and Micro-Rolling of Bainite Steel
	Process – Property Relationships in Additive Manufacturing of Nylon-Fiberglass Composites Using Taguchi Design of Experiments
	Digital Light Processing (DLP): Anisotropic Tensile Considerations
	Determining the Complex Young’s Modulus of Polymer Materials Fabricated with Microstereolithography
	Effect of Process Parameters and Shot Peening on Mechanical Behavior of ABS Parts Manufactured by Fused Filament Fabrication (FFF)
	Expanding Material Property Space Maps with Functionally Graded Materials for Large Scale Additive Manufacturing
	Considering Machine- and Process-Specific Influences to Create Custom-Built Specimens for the Fused Deposition Modeling Process
	Rheological Evaluation of High Temperature Polymers to Identify Successful Extrusion Parameters
	A Viscoelastic Model for Evaluating Extrusion-Based Print Conditions
	Towards a Robust Production of FFF End-User Parts with Improved Tensile Properties
	Investigating Material Degradation through the Recycling of PLA in Additively Manufactured Parts
	Ecoprinting: Investigating the Use of 100% Recycled Acrylonitrile Butadiene Styrene (ABS) for Additive Manufacturing
	Microwave Measurements of Nylon-12 Powder Ageing for Additive Manufacturing
	Improvement of Recycle Rate in Laser Sintering by Low Temperature Process
	Development of an Experimental Laser Sintering Machine to Process New Materials like Nylon 6
	Optimization of Adhesively Joined Laser-Sintered Parts
	Investigating the Impact of Functionally Graded Materials on Fatigue Life of Material Jetted Specimens
	Fabrication and Characterization of Graphite/Nylon 12 Composite via Binder Jetting Additive Manufacturing Process
	Fabricating Zirconia Parts with Organic Support Material by the Ceramic On-Demand Extrusion Process
	The Application of Composite Through-Thickness Assessment to Additively Manufactured Structures
	Tensile Mechanical Properties of Polypropylene Composites Fabricated by Material Extrusion
	Pneumatic System Design for Direct Write 3D Printing
	Ceramic Additive Manufacturing: A Review of Current Status and Challenges
	Recapitulation on Laser Melting of Ceramics and Glass-Ceramics
	A Trade-Off Analysis of Recoating Methods for Vat Photopolymerization of Ceramics
	Additive Manufacturing of High-Entropy Alloys – A Review
	Microstructure and Mechanical Behavior of AlCoCuFeNi High-Entropy Alloy Fabricated by Selective Laser Melting
	Selective Laser Melting of AlCu5MnCdVA: Formability, Microstructure and Mechanical Properties
	Microstructure and Crack Distribution of Fe-Based Amorphous Alloys Manufactured by Selective Laser Melting
	Construction of Metallic Glass Structures by Laser-Foil-Printing Technology
	Building Zr-Based Metallic Glass Part on Ti-6Al-4V Substrate by Laser-Foil-Printing Additive Manufacturing
	Optimising Thermoplastic Polyurethane for Desktop Laser Sintering

	Modeling
	Real-Time Process Measurement and Feedback Control for Exposure Controlled Projection Lithography
	Optimization of Build Orientation for Minimum Thermal Distortion in DMLS Metallic Additive Manufacturing
	Using Skeletons for Void Filling in Large-Scale Additive Manufacturing
	Implicit Slicing Method for Additive Manufacturing Processes
	Time-Optimal Scan Path Planning Based on Analysis of Sliced Geometry
	A Slicer and Simulator for Cooperative 3D Printing
	Study on STL-Based Slicing Process for 3D Printing
	ORNL Slicer 2: A Novel Approach for Additive Manufacturing Tool Path Planning
	Computer Integration for Geometry Generation for Product Optimization with Additive Manufacturing
	Multi-Level Uncertainty Quantification in Additive Manufacturing
	Computed Axial Lithography for Rapid Volumetric 3D Additive Manufacturing
	Efficient Sampling for Design Optimization of an SLS Product
	Review of AM Simulation Validation Techniques
	Generation of Deposition Paths and Quadrilateral Meshes in Additive Manufacturing
	Analytical and Experimental Characterization of Anisotropic Mechanical Behaviour of Infill Building Strategies for Fused Deposition Modelling Objects
	Flexural Behavior of FDM Parts: Experimental, Analytical and Numerical Study
	Simulation of Spot Melting Scan Strategy to Predict Columnar to Equiaxed Transition in Metal Additive Manufacturing
	Modelling Nanoparticle Sintering in a Microscale Selective Laser Sintering Process
	3-Dimensional Cellular Automata Simulation of Grain Structure in Metal Additive Manufacturing Processes
	Numerical Simulation of Solidification in Additive Manufacturing of Ti Alloy by Multi-Phase Field Method
	The Effect of Process Parameters and Mechanical Properties Oof Direct Energy Deposited Stainless Steel 316
	Thermal Modeling of 304L Stainless Steel Selective Laser Melting
	The Effect of Polymer Melt Rheology on Predicted Die Swell and Fiber Orientation in Fused Filament Fabrication Nozzle Flow
	Simulation of Planar Deposition Polymer Melt Flow and Fiber Orientaiton in Fused Filament Fabrication
	Numerical Investigation of Stiffness Properties of FDM Parts as a Function of Raster Orientation
	A Two-Dimensional Simulation of Grain Structure Growth within Substrate and Fusion Zone during Direct Metal Deposition
	Numerical Simulation of Temperature Fields in Powder Bed Fusion Process by Using Hybrid Heat Source Model
	Thermal Simulation and Experiment Validation of Cooldown Phase of Selective Laser Sintering (SLS)
	Numerical Modeling of High Resolution Electrohydrodynamic Jet Printing Using OpenFOAM
	Mesoscopic Multilayer Simulation of Selective Laser Melting Process
	A Study into the Effects of Gas Flow Inlet Design of the Renishaw AM250 Laser Powder Bed Fusion Machine Using Computational Modelling
	Development of Simulation Tools for Selective Laser Melting Additive Manufacturing
	Machine Learning Enabled Powder Spreading Process Map for Metal Additive Manufacturing (AM)

	Process Development
	Melt Pool Dimension Measurement in Selective Laser Melting Using Thermal Imaging
	In-Process Condition Monitoring in Laser Powder Bed Fusion (LPBF)
	Performance Characterization of Process Monitoring Sensors on the NIST Additive Manufacturing Metrology Testbed
	Microheater Array Powder Sintering: A Novel Additive Manufacturing Process
	Fabrication and Control of a Microheater Array for Microheater Array Powder Sintering
	Initial Investigation of Selective Laser Sintering Laser Power vs. Part Porosity Using In-Situ Optical Coherence Tomography
	The Effect of Powder on Cooling Rate and Melt Pool Length Measurements Using In Situ Thermographic Tecniques
	Monitoring of Single-Track Degradation in the Process of Selective Laser Melting
	Machine Learning for Defect Detection for PBFAM Using High Resolution Layerwise Imaging Coupled with Post-Build CT Scans
	Selection and Installation of High Resolution Imaging to Monitor the PBFAM Process, and Synchronization to Post-Build 3D Computed Tomography
	Multisystem Modeling and Optimization of Solar Sintering System
	Continuous Laser Scan Strategy for Faster Build Speeds in Laser Powder Bed Fusion System
	Influence of the Ratio between the Translation and Contra-Rotating Coating Mechanism on Different Laser Sintering Materials and Their Packing Density
	Thermal History Correlation with Mechanical Properties for Polymer Selective Laser Sintering (SLS)
	Post Processing Treatments on Laser Sintered Nylon 12
	Development of an Experimental Test Setup for In Situ Strain Evaluation during Selective Laser Melting
	In Situ Melt Pool Monitoring and the Correlation to Part Density of Inconel® 718 for Quality Assurance in Selective Laser Melting
	Influence of Process Time and Geometry on Part Quality of Low Temperature Laser Sintering
	Increasing Process Speed in the Laser Melting Process of Ti6Al4V and the Reduction of Pores during Hot Isostatic Pressing
	A Method for Metal AM Support Structure Design to Facilitate Removal
	Expert Survey to Understand and Optimize Part Orientation in Direct Metal Laser Sintering
	Fabrication of 3D Multi-Material Parts Using Laser-Based Powder Bed Fusion
	Melt Pool Image Process Acceleration Using General Purpose Computing on Graphics Processing Units
	Blown Powder Laser Cladding with Novel Processing Parameters for Isotropic Material Properties
	The Effect of Arc-Based Direct Metal Energy Deposition on PBF Maraging Steel
	Fiber-Fed Laser-Heated Process for Printing Transparent Glass
	Reducing Mechanical Anisotropy in Extrusion-Based Printed Parts
	Exploring the Manufacturability and Resistivity of Conductive Filament Used in Material Extrusion Additive Manufacturing
	Active - Z Printing: A New Approach to Increasing 3D Printed Part Strength
	A Mobile 3D Printer for Cooperative 3D Printing
	A Floor Power Module for Cooperative 3D Printing
	Changing Print Resolution on BAAM via Selectable Nozzles
	Predicting Sharkskin Instability in Extrusion Additive Manufacturing of Reinforced Thermoplastics
	Design of a Desktop Wire-Feed Prototyping Machine
	Process Modeling and In-Situ Monitoring of Photopolymerization for Exposure Controlled Projection Lithography (ECPL)
	Effect of Constrained Surface Texturing on Separation Force in Projection Stereolithography
	Modeling of Low One-Photon Polymerization for 3D Printing of UV-Curable Silicones
	Effect of Process Parameters and Shot Peening on the Tensile Strength and Deflection of Polymer Parts Made Using Mask Image Projection Stereolithography (MIP-SLA)
	Additive Manufacturing Utilizing Stock Ultraviolet Curable Silicone
	Temperature and Humidity Variation Effect on Process Behavior in Electrohydrodynamic Jet Printing of a Class of Optical Adhesives
	Reactive Inkjet Printing Approach towards 3D Silcione Elastomeric Structures Fabrication
	Magnetohydrodynamic Drop-On-Demand Liquid Metal 3D Printing
	Selective Separation Shaping of Polymeric Parts
	Selective Separation Shaping (SSS) – Large-Scale Fabrication Potentials
	Mechanical Properties of 304L Metal Parts Made by Laser-Foil-Printing Process
	Investigation of Build Strategies for a Hybrid Manufacturing Process Progress on Ti-6Al-4V
	Direct Additive Subtractive Hybrid Manufacturing (DASH) – An Out of Envelope Method
	Metallic Components Repair Strategies Using the Hybrid Manufacturing Process
	Rapid Prototyping of EPS Pattern for Complicated Casting
	5-Axis Slicing Methods for Additive Manufacturing Process
	A Hybrid Method for Additive Manufacturing of Silicone Structures
	Analysis of Hybrid Manufacturing Systems Based on Additive Manufacturing Technology
	Fabrication and Characterization of Ti6Al4V by Selective Electron Beam and Laser Hybrid Melting
	Development of a Hybrid Manufacturing Process for Precision Metal Parts
	Defects Classification of Laser Metal Deposition Using Acoustic Emission Sensor
	An Online Surface Defects Detection System for AWAM Based on Deep Learning
	Development of Automatic Smoothing Station Based on Solvent Vapour Attack for Low Cost 3D Printers
	Casting - Forging - Milling Composite Additive Manufacturing Thechnology
	Design and Development of a Multi-Tool Additive Manufacturing System
	Challenges in Making Complex Metal Large-Scale Parts for Additive Manufacturing: A Case Study Based on the Additive Manufacturing Excavator
	Visual Sensing and Image Processing for Error Detection in Laser Metal Wire Deposition

	Applications
	Embedding of Liquids into Water Soluble Materials via Additive Manufacturing for Timed Release
	Prediction of the Elastic Response of TPMS Cellular Lattice Structures Using Finite Element Method
	Multiscale Analysis of Cellular Solids Fabricated by EBM
	An Investigation of Anisotropy of 3D Periodic Cellular Structure Designs
	Modeling of Crack Propagation in 2D Brittle Finite Lattice Structures Assisted by Additive Manufacturing
	Estimating Strength of Lattice Structure Using Material Extrusion Based on Deposition Modeling and Fracture Mechanics
	Controlling Thermal Expansion with Lattice Structures Using Laser Powder Bed Fusion
	Determination of a Shape and Size Independent Material Modulus for Honeycomb Structures in Additive Manufacturing
	Additively Manufactured Conformal Negative Stiffness Honeycombs
	A Framework for the Design of Biomimetic Cellular Materials for Additive Manufacturing
	A Post-Processing Procedure for Level Set Based Topology Optimization
	Multi-Material Structural Topology Optimization under Uncertainty via a Stochastic Reduced Order Model Approach
	Topology Optimization for 3D Material Distribution and Orientation in Additive Manufacturing
	Topological Optimization and Methodology for Fabricating Additively Manufactured Lightweight Metallic Mirrors
	Topology Optimization of an Additively Manufactured Beam
	Quantifying Accuracy of Metal Additive Processes through a Standardized Test Artifact
	Integrating Interactive Design and Simulation for Mass Customized 3D-Printed Objects – A Cup Holder Example
	High-Resolution Electrohydrodynamic Jet Printing of Molten Polycaprolactone
	3D Bioprinting of Scaffold Structure Using Micro-Extrusion Technology
	Fracture Mechanism Analysis of Schoen Gyroid Cellular Structures Manufactured by Selective Laser Melting
	An Investigation of Build Orientation on Shrinkage in Sintered Bioceramic Parts Fabricated by Vat Photopolymerization
	Hypervelocity Impact of Additively Manufactured A356/316L Interpenetrating Phase Composites
	Understanding and Engineering of Natural Surfaces with Additive Manufacturing
	Additive Fabrication of Polymer-Ceramic Composite for Bone Tissue Engineering
	Binder Jet Additive Manufacturing of Stainless Steel - Tricalcium Phosphate Biocomposite for Bone Scaffold and Implant Applications
	Selective Laser Melting of Novel Titanium-Tantalum Alloy as Orthopedic Biomaterial
	Development of Virtual Surgical Planning Models and a Patient Specific Surgical Resection Guide for Treatment of a Distal Radius Osteosarcoma Using Medical 3D Modelling and Additive Manufacturing Processes
	Design Optimisation of a Thermoplastic Splint
	Reverse Engineering a Transhumeral Prosthetic Design for Additive Manufacturing
	Big Area Additive Manufacturing Application in Wind Turbine Molds
	Design, Fabrication, and Qualification of a 3D Printed Metal Quadruped Body: Combination Hydraulic Manifold, Structure and Mechanical Interface
	Smart Parts Fabrication Using Powder Bed Fusion Additive Manufacturing Technologies
	Design for Protection: Systematic Approach to Prevent Product Piracy during Product Development Using AM
	The Use of Electropolishing Surface Treatment on IN718 Parts Fabricated by Laser Powder Bed Fusion Process
	Towards Defect Detection in Metal SLM Parts Using Modal Analysis “Fingerprinting”
	Electrochemical Enhancement of the Surface Morphology and the Fatigue Performance of Ti-6Al-4V Parts Manufactured by Laser Beam Melting
	Fabrication of Metallic Multi-Material Components Using Laser Metal Deposition
	A Modified Inherent Strain Method for Fast Prediction of Residual Deformation in Additive Manufacturing of Metal Parts 2539
	Effects of Scanning Strategy on Residual Stress Formation in Additively Manufactured Ti-6Al-4V Parts
	How Significant Is the Cost Impact of Part Consolidation within AM Adoption?
	Method for the Evaluation of Economic Efficiency of Additive and Conventional Manufacturing
	Integrating AM into Existing Companies - Selection of Existing Parts for Increase of Acceptance
	Ramp-Up-Management in Additive Manufacturing – Technology Integration in Existing Business Processes
	Rational Decision-Making for the Beneficial Application of Additive Manufacturing
	Approaching Rectangular Extrudate in 3D Printing for Building and Construction by Experimental Iteration of Nozzle Design
	Areal Surface Characterization of Laser Sintered Parts for Various Process Parameters
	Design and Process Considerations for Effective Additive Manufacturing of Heat Exchangers
	Design and Additive Manufacturing of a Composite Crossflow Heat Exchanger
	Fabrication and Quality Assessment of Thin Fins Built Using Metal Powder Bed Fusion Additive Manufacturing
	A Mobile Robot Gripper for Cooperative 3D Printing
	Technological Challenges for Automotive Series Production in Laser Beam Melting
	Qualification Challenges with Additive Manufacturing in Space Applications
	Material Selection on Laser Sintered Stab Resistance Body Armor
	Investigation of Optical Coherence Tomography Imaging in Nylon 12 Powder
	Powder Bed Fusion Metrology for Additive Manufacturing Design Guidance
	Geometrical Accuracy of Holes and Cylinders Manufactured with Fused Deposition Modeling
	New Filament Deposition Technique for High Strength, Ductile 3D Printed Parts
	Applied Solvent-Based Slurry Stereolithography Process to Fabricate High-Performance Ceramic Earrings with Exquisite Details
	Design and Preliminary Evaluation of a Deployable Mobile Makerspace for Informal Additive Manufacturing Education
	Comparative Costs of Additive Manufacturing vs. Machining: The Case Study of the Production of Forming Dies for Tube Bending


	Attendee List
	Author Index
	Print
	Search



