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Executive Summary
Northeast Ohio has an emerging and globally competitive cluster in Additive Manufacturing (AM) that has the
potential to drive growth in the regional economy. Articles and reports are plentiful describing AM’s spread nationally
and locally, including a recent report by TeamNEO, a regional economic development organization which found
nascent economic growth in the AM field in the region with the potential for more in the next decade. The Wohlers
Report, an annual report covering global developments in the AM field, consistently finds growth and spread year
after year, which makes Northeast Ohio’s emerging cluster an interesting prospect. This report fills a gap in the
reporting to date by tackling the topic of the AM workforce to determine the current scale of the job market and the
potential for future growth.
Three key themes of the AM workforce in the region are identified in this report:
• The Northeast Ohio AM industry is growing in jobs, revenue and spread of technology;
• Schools must be mindful of meeting the emerging demand where it is, and of not portraying a promise
of employment for below-bachelor degree individuals in jobs that do not yet exist; and
• AM is best thought of as an emerging skillset that is being adopted within many existing occupations,
not a distinct or new category of jobs.
Additive Manufacturing is a growing and innovative industry in Northeast Ohio. Key regional assets have created a
competitive edge in the region. A set of over 350 manufacturing businesses in the region has self-identified as using
or exploring AM technologies. Interestingly, this set has demonstrated positive job and revenue growth in the last
decade that outpaces all other manufacturing companies. With this in mind, educational institutions need to prepare
a workforce, but must also be careful to balance the supply of graduates with emerging needs in the job market.
We estimate there are approximately 500 jobs in the 18-county Northeast Ohio region that utilize AM as a core
function. Most of these are higher skill level positions such as engineers or drafters. However, there are as many as
20,000 additional jobs that utilize AM-related skills, even if not a primary function or responsibility. These could be
considered the technical workforce – the most ready to adopt emerging AM technologies and support their spread
among businesses in Northeast Ohio.

ADDITIVE MANUFACTURING: State of the Workforce and Industry in Northeast Ohio

3

Introduction
The 2016 New York Toy Fair was filled with fun and innovative ideas, but one of the most popular items on display
was the Mattel ThingMaker, a device that allows children to design and create their own toys using a kid-friendly
desktop printer.1 Unlike a typical printer, which lays a single layer of ink on paper to produce a two-dimensional
printout, the ThingMaker is a three-dimensional printer which overlays layer after layer of plastic to gradually build up
a three-dimensional object. The potential for creativity is only limited by the child’s imagination.
This example is one of many showing the expanding horizons of a manufacturing technique known as Additive
Manufacturing (AM), also commonly called “3D printing.”2 AM refers to the construction of objects by building
up layers of material guided by a computerized 3D model. The term contrasts with “subtractive” manufacturing,
where material is removed from a rough form to arrive at a finished product. With applications across a multitude
of materials and settings, AM extends beyond manufacturing into a wide variety of fields. With examples including
lightweight airplane parts, children’s toys, 3D printed bones and much more, AM is finding its way into many
industries and continues to grow each year.3,4 According to a prominent annual industry survey called the Wohlers
Report (2015), the AM industry generated over $4.1 billion in products and services revenue in 2014, growing over
$1 billion compared to the previous year.5,6
Northeast Ohio has an emerging cluster in AM technologies with the potential to be a driver in the regional
economy. Articles and reports describing AM’s spread are plentiful, including a recent report by regional economic
development organization TeamNEO, which found potential for growth in the AM field in the region in the next
decade. On a national and global scale, the Wohlers Report consistently finds growth and spread year after year,
which makes Northeast Ohio’s emerging cluster an interesting prospect. This report fills a gap in the reporting to
date by tackling the topic of AM jobs and workforce.
Where are the jobs? What skills do workers need? What can reasonably be expected in the coming years in terms of
opportunities for Northeast Ohioans as a result of AM?
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Perez, S. (2016, February 15). Mattel Unveils ThingMaker, a $300 3D Printer That Lets Kids Make Their Own Toys.
Retrieved October 10, 2016, from http://techcrunch.com/2016/02/15/mattel-unveils-thingmaker-a-300-3d-printer-thatlets-kids-make-their-own-toys/.
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For the purpose of this report, the two terms are used interchangeably.
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Tampi, T. (2015, May 18). Move Over Titanium, 3D Printed Bone Implants Are Here. Retrieved October 10, 2016, from
http://3dprintingindustry.com/2015/05/18/move-over-titanium-3d-printed-bone-implants-are-here/
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Isodore, C. (2015, October 15). Boeing says it created lightest metal ever. Retrieved October 10, 2016, from
http://money.cnn.com/2015/10/14/news/companies/boeing-lightest-metal/index.html.
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Wohlers Report 2016. (2016). 3D Printing and Additive Manufacturing State of the Industry. Wohlers Associates.
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This number is comprised of revenues generated in the primary AM market and includes all AM products and services worldwide.
Products include AM systems, system upgrades, materials and after-market products such as software and lasers. Services
include revenues generated from parts produced on AM systems by service providers, system maintenance contracts, training,
seminars, conferences, expositions, advertising, publications, contract research and consulting services. This number does not
include research and development initiatives at original equipment manufacturers (OEMs) and their suppliers, due to difficulty of
quantifying. This number also does not include secondary processes such as tooling, molded parts or castings. Wohlers report
2015, pg. 120.
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This report will summarize the state of AM overall and delve into the AM workforce in the Northeast Ohio region.
First, there is a review of the history, processes, applications and common materials used in AM. Next, there is a
summary of the state of the AM economy nationally. This includes a look at what is happening within AM industries,
as well as educational standards emerging on a national level. Finally, the regional AM workforce will be analyzed,
including an assessment of supply and demand for AM skills in the labor market.
In their effort to support the region’s workforce needs in the AM field, this study was commissioned by Cuyahoga
Community College (Tri-C®), located in Cuyahoga County, Ohio. Tri-C received a Trade Adjustment Assistance
Community College and Career Training (TAACCCT) grant from the U.S. Department of Labor to develop and
implement an AM course of study.

Background
History and Current State of the Industry
Traditionally, manufacturing has used subtractive methods, where material is removed via techniques such as
cutting and grinding, coupled with assembly, where sub-parts are combined to make final products via methods
such as bolting and welding. The AM method takes an entirely different approach. The final part is conceived in
whole, modeled in a 3D design process, and built all at once using layered printing technologies. Typically, there
is very little post-processing (cutting, grinding, bolting, welding, etc.), and materials are used more efficiently given
that no material is subtracted in the process.
AM methods originated most prominently with the development of stereolithography in 1987.7 Stereolithography
involves using Computer-Aided Drafting (CAD) to model the construction of thin layers. More specifically, an object
is created with light-activated polymerization, which binds and cures liquid photopolymers using light-emitting diodes
or digital light processing.8 By the mid-1990s, 3D printing technologies were in wider development and research
was focused on broadening AM technologies into new applications and fields.9 By the early 2000s, research had
expanded to using new non-polymer materials, most notably metals. Technologies continue to develop today.
For example, 3D printing of biomaterials is beginning to emerge, and there is a new emphasis on creating
international standards for AM processes and materials.
The AM industry has had double-digit revenue growth 18 of the 29 years it has been around. Much of the growth
is currently occurring outside of the traditional manufacturing sector, especially in fields that have a strong need
for customized products, which will be discussed in more detail later. For example, the U.S. hearing aid industry
converted to 3D printing exclusively for production of plastic, personalized hearing aids.10 Worldwide revenue
growth in AM has accelerated over the last five years, nearly quadrupling in size from 2010 to 2014. The primary
AM revenue of products and services reached $4.1 billion in 2014, a result of the industry’s strongest year of growth
in 18 years. According to the Wohlers report, primary market products refer to AM systems, system upgrades,
materials and after-market products (software and lasers). Primary market services refer to revenue generated
from parts produced on AM systems by service providers, system maintenance contracts, training, seminars,
conferences, expositions, advertising, publications, contract research and consulting services. The estimate does
not include R&D initiatives at original equipment manufacturer (OEM) companies and their suppliers. The secondary
market refers to tooling produced from AM, such as molds, dies, etc. Of the $4.1 billion, revenues from products
7

Wohlers, T., and Gornet, T. (2015). History of additive manufacturing. Retrieved October 10, 2016,
from http://www.wohlersassociates.com/history2015.pdf.
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More details on stereolithography can be found in the AM Processes section of this report.
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University of Exeter, Center for Additive Layer Manufacturing. (2016). The history of additive layer manufacturing.
Retrieved October 10, 2016, from http://emps.exeter.ac.uk/engineering/research/calm/whatis/history/.
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UPS and Consumer Technology Association. (2016). 3D Printing: The Next Revolution in Industrial Manufacturing. Retrieved on
October 10, 2016, from https://www.pressroom.ups.com/mobile0c9a66/assets/pdf/pressroom/infographic/UPS_3D_Printing_
executive%20summary.pdf.
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were an estimated $2 billion and services $2.1 billion. When primary and secondary markets are combined, the
revenue increases to $5.7 billion. Experts have attributed this recent growth to an increase in the number of
companies adopting AM paired with falling prices of AM technologies. The pattern of growth seen globally has
occurred in the U.S. as well. Growth is expected to continue, with Wohlers Associates predicting that the AM market
will reach $21.3 billion in revenue from products and services worldwide by 2020.11

AM Processes
AM processes comprise three steps: Pre-processing, processing and post-processing. A variety of techniques can be
used in each step. Figure 1 lists the several techniques in each step.
Figure 1: Additive Manufacturing Process Flow

Pre-Processing
Pre-processing includes all the work that occurs prior to the start of building an object. First, the object needs to be
designed, typically by using computer-aided design (CAD) modeling or scanning an existing object.12 Once the design
is created, it must then be converted to an STL (stereolithography) file, which creates an approximation of the model
readable by computer-aided manufacturing (CAM) software.13 The STL file is then uploaded into CAM software.
CAM software is responsible for slicing the CAD model into layers and adding any necessary support structures to
the build. Lastly, the sliced file created by the CAM software is transferred to the AM machine.14
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Columbus, L. (2015, March 31). 2015 Roundup of 3D Printing Market Forecasts And Estimates. Forbes. Retrieved October 10,
2016, from http://www.forbes.com/sites/louiscolumbus/2015/03/31/2015-roundup-of-3d-printing-market-forecasts-andestimates/#225423eb1dc6.
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Halmes, M., and Pierreu, L. (2014). Additive manufacturing: The effects of 3D printing. Retrieved October 10, 2016, from http://
www2.deloitte.com/content/dam/Deloitte/lu/Documents/manufacturing/lu-additive-manufacturing-3d-printing-31102014.pdf.

13

What Is an STL File? (2015). Retrieved October 10, 2016, from http://www.3dsystems.com/quickparts/learning-center/what-is-stl-file.

14

DeGarmo, E. P.; Black, J.T.; Kohser, R. A. (2011). DeGarmo’s Materials and Processes in Manufacturing (11th ed.).
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Processing
Once a design has been developed, the file needs to be transferred to the appropriate AM machine to be created.
The machine that is chosen depends on the process capabilities and materials needed for the build. According to
the American Society for Testing and Materials (ASTM) International, a globally recognized leader in the development
and delivery of voluntary consensus standards, there are seven process categories which are identified based on
deposition or bonding techniques.15 The seven types of process categories are described below:
• Material extrusion
o Process involves the dispensing of raw material through a nozzle or other orifice onto a platform. Once a layer
has been completed, the platform or nozzle head moves up or down, and a new layer is dispensed.
o Common materials include thermoplastics, ceramics and food.
o Material extrusion machines include popular desktop 3D printers, such as the material extrusion-based fused
deposition system (FDM) technology.
• Material jetting
o Process involves depositing droplets of material using inkjet printing heads.
o Common materials include photopolymers, thermoplastics and metals.
• Binder jetting
o Binder jetting is similar to material jetting with a difference after deposition when a binder joins powder
materials in a powder bed to hold the powdered material together.
o Materials include metals, composites and plastics.
• Sheet lamination
o The process involves sheets of material becoming bonded to form an object.
o Materials include metals, paper and thermoplastics.
• Vat photopolymerization
o Light-activated polymerization cures liquid photopolymers in a vat, typically by using light-emitting diodes
(LEDs) and digital light processing (DLP). Uncured liquid is then drained away, leaving the solid object.
It is also commonly referred to as stereolithography.
o Materials used include ceramics, waxes and UV curable resins.
• Powder bed fusion
o Thermal energy melts selective areas of a powder bed, typically using either a laser or electron beam.
o Materials used include metals, plastics and sand.
• Directed energy deposition
o Process involves thermal energy melting and fusing together materials as deposition occurs.
o Various types of metals are used with this method.

15

ASTM International. (2015). Standard Terminology for Additive Manufacturing Technologies. Retrieved October 10, 2016, from
http://www.astm.org/cgi-bin/resolver.cgi?F2792.
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The ASTM F42 Committee meets biannually
with the International Organization for
Standardization (ISO) Technical Committee
(TC) 261 to determine alignment and
standardization of process and material
terminology. Since technology in the
AM field has been changing rapidly,
categorization of processes may be altered
in the future.

Post-Processing
Post-processing occurs after a 3D design
is printed but before it reaches its intended
use. Activities include removing support
materials, property enhancing and surface
finishing.16 Below are some common forms of post-processing:
• Removing support material – Many AM processes require an object to be printed with support material, which
prevents collapsing or falling. Supports are not intended to be included in the final product and must be removed.
The removal process may include using dissolvable thermoplastics, breaking away supports using water jets, or
the removal of excess powder.
• Property enhancement –Includes curing, chrome plating and thermal processing. Certain materials, such as
photopolymers, do not completely polymerize during processing and need to be cured. Thermal processing can be
used to form desired microstructures and to reduce stress. Chrome plating is used to strengthen, improve wear
resistance, and for aesthetic enhancement.
• Surface smoothing –Sanding, mass finishing and vapor smoothing are three types of surface smoothing techniques
used to create uniform surface textures. The goal is to remove traces of support structures and surface textures.
Vapor smoothing involves exposing the product to solvents in order to melt the outer layer for a smooth finish, while
sanding and mass finishing involves sanding and polishing the part, either separately or simultaneously.17

AM Materials
There is a wide variety of material options available for AM. Materials tend to be coupled with specific processes
(as described above). With the variety of materials in the AM industry, two main categories of materials are most
prevalent: plastics/polymers and metals.

Plastics/Polymers
Plastics and polymers are the primary raw materials used in AM to date, due in part to the diverse material
properties available (strength, durability, ease of use, etc.).18 Desktop 3D printers typically feature plastics as the
primary material. Some of the more common plastics are ABS (acrylonitrile butadiene styrene), PLA (polylactic acid)

8

16

Gibson, I.; Rosen, D.; Stucker, B. (2015). Additive Manufacturing Technologies. 3D Printing, Rapid Prototyping,
and Direct Digital Manufacturing. New York: Springer Science + Business Media.

17

Langnau, L. (2014, March 6). Choosing a finishing method for additive manufacturing. Retrieved October 10, 2016,
from http://www.makepartsfast.com/choosing-finishing-method-additive-manufacturing.

18

FASTLANE and University of Dayton. (2015, January 30). Technology Roadmap of Additive Manufacturing in Ohio:
Exploring Opportunities to Cultivate Ohio’s Additive Manufacturing Sector. Retrieved October 10, 2016,
from https://omi.osu.edu/sites/omi.osu.edu/files/uploads/fastlane_additive_manufacturing_in_ohio_2015.pdf.
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and PVA (polyvinyl alcohol).19 The consumer 3D printing market has brought the application of plastics materials to
a level of household familiarity. Many industries, including health care and manufacturing, use plastics to develop
anything from prototypes to final products.

Metals
Metal has always been a key material in traditional manufacturing, so the capacity to use metal as a material
is crucial to AM’s spread. Advancements in metal processing AM technologies have permeated the traditional
manufacturing market, gaining popularity in the automotive and aviation industries. Major companies such as Alcoa
and General Electric have invested millions of dollars researching how best to integrate AM parts from metals such
as aluminum and titanium into their existing products.20 However, for many businesses, barriers to investing in AM
technology include high production costs and slow build times. Therefore, many companies have only ventured into
the AM world when there is no other way to create a product, when production is customized or low-volume, or when
the benefit of using less material in a product outweighs the cost of slow build time.21
Other Common Materials
Although plastics and metals are the primary materials used in AM, many other unique materials are being
developed for use in the AM industry. For example, bioprinting (biological tissues) is currently under regulatory
examination by the United States Food and Drug Administration (FDA).22 Assuming the use of biomaterials is
approved, scientists discuss the potential of 3D printing to print tissues, organs and implants. Although the use of
biomaterials on people may occur in the near future, it will still require navigating the FDA approval process, which
includes Independent Review Boards, clinical trials and proven results. Other materials in development are ceramics,
composites, paper and sand.
AM Applications
Additive manufacturing has many uses including research and development, prototyping and full-scale production.
Given the nascence of the field, businesses around the world are increasingly becoming aware of AM techniques
and contemplating ways they can adopt the technologies in their own work. According to a survey conducted by
PricewaterhouseCoopers, over 90 percent of manufacturing businesses are adopting AM in some way, or plan
to adopt it in the future.23 However, AM is an emerging field best characterized as an exploratory option for many
businesses with real limitations in its uses for full-scale production due to cost constraints. In the same survey,
only 10 percent of manufacturing businesses were applying AM to both prototyping and production. Below is a
description of different applications, the depth of usage and the industries that are using them.
19

Mike and Yves. (2016). What Material Should I Use for 3D Printing? [Web log post]. Retrieved October 10, 2016,
from http://3dprintingforbeginners.com/filamentprimer/.

20

Sedgwick, D. (2016, May 9). Auto industry studies if 3-D printers can meet production demands. Plastics News.
Retrieved October 10, 2016, from http://www.plasticsnews.com/article/20160509/NEWS/160509837/auto-industry-studies-if-3d-printers-can-meet-production-demands.

21

Sames, W.J.; List, F.A.; Pannala, S.; Dehoff, R.R; Babu, S.S. (2016, March 7). The metallurgy and processing science of metal
additive manufacturing. International Materials Reviews, 61(5), 315-360. Retrieved October 10, 2016,
from http://dx.doi.org/10.1080/09506608.2015.1116649.

22

Cass, W.J. (2016, May 10). 3D Bioprinting of Tissues and Organs: Where Are We? 3DPrint.com. Retrieved October 10, 2016, from
https://3dprint.com/133438/3d-bioprinting-where-are-we/.

23

PricewaterhouseCoopers and Manufacturing Institute. (2014, June). 3D printing and the new shape of
industrial manufacturing. Retrieved October 10, 2016, from http://www.themanufacturinginstitute.org/~/
media/2D80B8EDCCB648BCB4B53BBAB26BED4B/3D_Printing.pdf.
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Prototyping
The first application of AM was in the form
of prototyping, starting in the 1980s.24
Developing and printing a prototype can be
cheaper and quicker than traditional prototype
construction using subtractive techniques.25
Using CAD drawings as the template,
prototypes can be printed within hours,
instead of producing the casts, dies or molds
necessary to generate a prototype using other
methods. Furthermore, any design changes
can be accomplished by redrawing the CAD
file. The rapid prototyping capabilities of AM
have been successful within many industries,
such as health care and manufacturing.
However, the expansion from prototyping to
full-scale production has been more difficult.

Production

Source: Cuyahoga Community College

Part production made up 43 percent of worldwide AM product and service revenue in 2014, a number that continues
to grow.26 Although production has been increasing over the years, it is far from replacing subtractive manufacturing
in many fields. Conventional manufacturing practices continually advance, resulting in quicker, lower cost and, in
some cases, higher quantity production than what AM can accomplish.27 However, the flexibility of AM, paired with
technological advancements that are constantly increasing production speed, are very useful in specific contexts.
Aviation, consumer parts and health care all use direct-part production for items such as hearing aids, jewelry and
replacement parts for airplanes.
Below is a list of production advantages and disadvantages of AM.
Production Advantages:
• Tooling – The machine tools, dies, molds and fixtures common in subtractive manufacturing are removed
completely with AM. As a result, the large cost associated with purchasing, repairing or reconfiguring
machines is removed.
• Market adaptability – AM has the ability to create complex, custom, made-to-order products and can react quickly
to market conditions.
• Customization – In circumstances when items need to be customized (e.g., hearing aids, orthotics, dental
implants or other health care applications) AM can provide the best production option.
• Inventory control – AM is geared toward small-batch production and just-in-time manufacturing, which results in
product volume control and reduced product inventory storage needs.
24

Wong, K. V. and Hernandez, A. (2012). A Review of Additive Manufacturing. ISRN Mechanical Engineering, 2012,
Article ID 208760. Retrieved October 10, 2016, from http://www.ingenieria.unam.mx/posgmecanica/wp-content/
uploads/2016/04/A-review-of-Additive-Manufacturing_Wong_2012.pdf.

25

Piazza, M. and Alexander, S. (2015, April). Additive Manufacturing: A Summary of the Literature. Urban Publications, Paper 1319.
Retrieved October 10, 2016, from http://engagedscholarship.csuohio.edu/urban_facpub/1319.

26

Wohlers Report 2015. (2015).

27

Lopategui, E. (2015, October 26). Additive vs subtractive manufacturing throw down [Web log post].
Retrieved October 10, 2016, from http://blog.grabcad.com/blog/2015/10/26/additive-vs-subtractive-manufacturing/.
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• Decentralization – Since one AM machine has the ability to create many different and complicated parts without
the need for retooling, assembly line needs are reduced. The ability to shrink the supply chain may be one of the
largest disrupters of current manufacturing practices.28
• Lightweight products – AM allows for less material to be used in parts by reducing thicknesses, optimally
designing parts or utilizing lightweight lattice structures to drastically reduce product weights. This results in less
money spent on material per product, as well as cheaper delivery costs.
Production Disadvantages:
• Machine/Material Cost – A major disadvantage in AM is the high cost of AM machines and materials. However,
the cost of the machines has come down over time.
• Speed – Currently, it can take hours or days to print a large, complicated object, which is slower than what high
volume subtractive processes can accomplish. Although new machines are being developed that can print up
to 100 times faster than older models, much ground needs to be covered before AM catches up to traditional
processes in terms of speed and volume.29
• Traditional Mindset – One of the most difficult things to change is business attitudes, perceptions, and expertise.
Even in the most innovative environments, it is challenging to adopt new technologies. Even among businesses
that use AM for prototyping, there is still a strong need to familiarize company leaders, engineers, and production
teams with potential AM uses.

Research and Development
Research and development efforts have focused on improving AM systems and technology. As the range of AMcapable materials expands, the technology’s versatility grows. Currently, much research is focused on improving
printing processes to make AM cheaper, faster and more efficient.30
Researchers have developed a wide range of testing methods to better understand the limits of AM materials.
This includes uniaxial testing and fatigue and fracture analysis, which test the strength of materials. In addition, due
to efforts to incorporate electric functionality in parts, testing for dielectric and conductive properties has increased.
As advancements are made with 3D printing machines, materials research will continue in concert.
New and expired intellectual property, such as utility patents, copyrights, trademarks, etc., will be important for
entrepreneurs and researchers.31 Early patents within the industry are beginning to expire, which is spurring increased
competition and lower prices of AM technology.32 For example, a patent for Fused Deposition Modeling (FDM), which
expired from 3D printing manufacturer Stratasys, resulted in numerous companies investing in FDM technology.33

State of the Additive Manufacturing Workforce
Additive manufacturing is a growing and innovative industry in Northeast Ohio. Key industry stakeholders allow the
region to have a competitive edge, and businesses that utilize AM in some capacity tend to be more successful,
as we demonstrate below. Having said this, training institutions still need to meet job demand where it actually is.
While demand for engineers and product designers with AM skillsets is growing, current demand for an additive
28

PricewaterhouseCoopers and Manufacturing Institute. (2014, June).

29

Tilley, A. (2015, November 23). How Carbon3D Plans To Transform The Way We Make Stuff. Forbes.
Retrieved October 10, 2016, from http://www.forbes.com/sites/aarontilley/2015/11/04/how-carbon3d-plans-to-transformmanufacturing/#3948ae15e56c.

30

FASTLANE and University of Dayton. (2015, January 30).

31

Simons, W.A. (2013, April 15). IP Issues with Additive Manufacturing. Connecticut Law Tribune. Retrieved October 10, 2016,
from http://www.ipo.org/wp-content/uploads/2013/08/IPIssueswithAdditive.pdf.

32

FASTLANE and University of Dayton. (2015, January 30).

33

Peels, J. (2014, May 25). Patents: The Real Reason Behind Stratasys’ Acquisition of MakerBot. Inside 3DP.
Retrieved October 10, 2016, from http://www.inside3dp.com/patents-real-reason-behind-stratasys-acquisition-makerbot/.
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manufacturing production workforce is low. Many educational institutions are fully aware of the rapid growth
occurring in the industry and have been quick to adapt curriculum. However, the number of students receiving
certifications for work in an AM production capacity currently outweighs the demand for an AM-specialized production
workforce. Within the 18-county region comprising Northeast Ohio, we estimate that approximately 500 or fewer jobs
exist where the primary function or responsibility, with respect to job description, is focused on AM. Despite this,
there is still demand for some level of AM skills. In the same region, we estimate there are as many as 20,000 jobs
that utilize AM-related skills on occasion, even if not as a primary function or responsibility. Most of these jobs are at
higher skill levels requiring bachelor degrees or higher.
This section of the report expands upon three key themes of the region’s AM workforce. These are:
• The Northeast Ohio AM industry is growing in jobs, revenue and spread of technology;
• Schools must be mindful of meeting the demand where it is, and of not portraying a promise of employment for
below-bachelor degree individuals in jobs that do not yet exist; and
• AM is best thought of as an emerging skillset that is being adopted within many existing occupations, not a
distinct or new category of jobs.
To these ends, the following pages include:
• Analysis of businesses in the region that have been identified in the AM industry. This was achieved by collaborating
with local stakeholders to compile a list of AM-related companies in the region, which were then cross-referenced
with various data sources. Growth of AM businesses in terms of sales and employment is included.
• Assessment of the supply of workers compared to industry demand. For this, a comparison of job openings to
regional postsecondary completions was developed. Occupations that are strictly AM do not exist using Standard
Occupational Codes (SOC). To overcome this, primary information was gathered in interviews and educational
institutions to improve estimates developed from standard available labor market information.
• Discussion of the diffusion of the AM skillset within existing occupations. AM skills are usually embedded within
traditional occupations. Meaning, jobs for Additive Manufacturing Technicians, or Additive Manufacturing Engineers,
are few and far between. Instead, AM-related tend to exist in the broader fields of design, engineering or drafting.
Information used for this report was compiled from numerous sources, based on an 18-county definition of
Northeast Ohio: Ashland, Ashtabula, Columbiana, Cuyahoga, Erie, Geauga, Huron, Lake, Lorain, Mahoning, Medina,
Portage, Richland, Stark, Summit, Trumbull, Tuscarawas and Wayne (Figure 2). Interviews were conducted with
key business leaders, educational partners and industry partner organizations located within the target region.
These interviews aided in narrowing down the business and occupation data collected from other public and
private data sources. Business data were gathered from Dun and Bradstreet's National Establishment Time-Series
(NETS) database. Graduation information for educational institutions was collected using the Institute of Education
Science's National Center for Education Statistics database. Occupational data were compiled using Economic
Modeling Specialists, Inc. (EMSI).
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Figure 2: 18-County Analysis Region

Methodology
Themes discussed in this report were
developed based on numerous sources
of information. The backbone of report
development was based on interviews with
regional AM stakeholders. Points established
through conversations with industry persons
were substantiated with data. These
sources are broken into industrial data
and educational data. Compilation of data
through these informational sources is
described below.

Primary Interview Data Methodology
Interviews of regional stakeholders were
conducted throughout the process. These
interviews have been distilled and folded
into much of the content found in this
document. In total, 15 people were consulted
to understand what is occurring in AM in
the region. These interviews were typically
60 minutes in length and conducted with
people in a broad range of fields such as
Source: US Census TIGER Line Shapefiles
manufacturing, health care and aerospace.
These individuals represented organizations that varied in size, with some employing hundreds of employees and
others being small startups. Individuals from educational institutions, research centers and regional industry partner
organizations were also interviewed.

Industrial Data Methodology
Data on business location, employment and sales were gathered from the National Establishment Time-Series
(NETS) database.34 The goal was to identify AM-involved establishments and compare them to establishments not
involved in AM. Classifying businesses as AM is difficult because many companies utilize AM in some capacity, but
do not specialize in it. AM-involved establishments are a piece of many sectors, such as the health care industry,
manufacturing industry, the professional, scientific and technical services industry, and wholesale trade industry. As
a result, attempts to define the industry by a combination of NAICS codes failed.
Fortunately, given the nascence of the field, we believe the entire population of AM-using businesses is mostly
knowable in the region, so we worked to assemble a comprehensive list. The development of the list of AM-involved
establishments was a collaboration with Tri-C, local organizations involved in AM, TeamNEO and internet searches.
AM manufacturing businesses were compared to traditional manufacturing businesses, since a majority of AM
businesses consist of businesses classified as manufacturing.
The businesses identified are involved with the AM industry in a variety of different capacities such as materials
production, research and development, and sales. It should be noted that the businesses identified may vary in
how much or how frequently AM is used. For example, one business stated that they are interested in utilizing AM,
but have done little research or application of the technology. Another business focuses completely on AM as their
primary work. Due to the restrictions in the dataset, it is impossible to quantify the dose for each establishment.
34

NETS establishment data has been compiled through a collaboration between Walls & Associates and Dun and Bradstreet.
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Educational Data Methodology
To estimate the number of students pursuing AM certificates and degrees in the region, data were collected on
community colleges and four-year institutions in Northeast Ohio from 2014-2015. While many programs do not
strictly specialize in AM, these schools have incorporated AM research and coursework into their degree programs.
For a full list of AM-related programs, see Appendix Table 1. Data were collected through the National Center for
Education Statistics (NCES) for the graduation year of 2014-2015.
There are a handful of caveats regarding the NCES data. Due to limitations of the dataset, data on specific
programs, such as Tri-C’s 3D Digital Design & Manufacturing Technology degree, are unavailable. Data from broader
categories such as engineering technologies and engineering-related fields are used instead. Programs selected may
vary in the dose of AM that a student receives. For example, one program has the option of an AM course within the
set of possible electives, while another program focuses entirely on AM.
Data obtained from NCES were organized into two tiers: community colleges and four-year institutions. Analysis of
program completions within community colleges is broken down into short-term certificates (one year or less), longterm certificates (over one year), and associate degrees. Program completions at four-year institutions are broken
down into bachelor's degrees, master's degrees and doctorate degrees.

The Northeast Ohio AM industry is growing in jobs, revenue and spread of technology
The AM industry is growing across the globe, and Northeast Ohio is no exception. Over 350 businesses in the region
are participating in the AM industry in some capacity (Figure 3). And while these businesses may vary in the amount
of work they do related to AM, they all share a vision for either learning about or using AM technologies.

AM-related manufacturing businesses are succeeding relative to other manufacturing businesses
Results from this section demonstrate how AM-involved establishments are faring compared to traditional
manufacturing companies in terms of employment and sales.35 Sales are either reported at the firm level or
estimated based on industry sales per employee. Employment is also reported by firms.
35
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The Census Bureau defines an establishment as a business at a single location that is classified on the basis of its major activity.
A company or enterprise can be made up of multiple establishments or one establishment. For more information, please visit
https://ask.census.gov/faq.php?id=5000&faqId=487.
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Figure 3: Additive Manufacturing-Involved Businesses in Northeast Ohio, 2013

Source: US Census Bureau TIGER Line Shapefiles;
National Establishment Time Series (NETS), 2013

In total, 385 AM-related businesses within the 18-county target region were identified in the NETS data. Due to the
unavailability of data on certain establishments, this is not a comprehensive list of AM-involved companies in the
region. In addition, companies that utilize AM in a small capacity may have been overlooked. Businesses identified
as traditional manufacturing are those that reside within the 18-county region, have a NAICS code of 31-33 and exist
in the NETS database. In total, there are 129,669 manufacturing businesses and branches within Northeast Ohio.36
36

This includes any manufacturing establishments identified as AM-involved.
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Figure 4 shows the indexed change in employment for the nearly 400 businesses involved in AM compared to
traditional manufacturing businesses from 2004-2013. In 2004, 42,018 people were employed by AM-involved
businesses. Over the next 10 years, the number of people employed by AM-involved companies increased by 15
percent to 48,318. Traditional manufacturing employment decreased by 6 percent over the same 10-year period
from 566,146 to 534,240. Overall, employment has increased by 6,300 at companies involved with AM, while
traditional manufacturing employment has decreased by 31,906 employees.
Figure 4: Indexed Employment of Manufacturing and AM-Related Businesses, 2004-2013

Source: National Establishment Time-Series (NETS) Database

Figure 5 shows the indexed change in sales for establishments involved in AM and traditional manufacturing
businesses from 2004-2013. In 2004, sales of the 385 AM businesses in the 18-county region totaled $4.8 billion.
By 2013, sales had increased by 13 percent to $5.4 billion. For traditional manufacturing establishments, sales had
decreased 8 percent over the 10-year period, from $71.7 billion in 2004 to $65.8 billion in 2013.
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Figure 5: Indexed Sales of Manufacturing and AM-Related Businesses, 2004-2013

Source: National Establishment Time-Series (NETS) Database

For companies involved with AM, there has been an increase in sales and employment, compared to a steady
decrease for manufacturing companies as a whole. The time scale covers the recent recession and shows that
manufacturing companies overall did not do well in the recession, nor did they recover in the period after the
recession. Conversely, companies involved in AM weathered the recession well. This growth should not be
attributed to AM; we interpret it as evidence that firms involved in the adoption of an emerging technology, in this
case AM, are a more successful subset within the overall manufacturing industry.
The data also indicate an increase in the number of businesses involved with AM regionally, though the amount of
business involvement may vary. Of the AM-involved establishments that reported a start year for their company, 29
were established since the year 2000. MakerGear, a firm that designs, engineers and manufactures 3D printers,
was established in Beachwood, Ohio in 2009.37 In 2010, Rapid Prototyping + Manufacturing was established as a
firm that specializes in AM.
Although a small set of businesses exists in the region with a primary focus on AM products and services, the
majority of businesses utilize AM for the specific purposes of prototyping, customization or systems production.
As AM works to expand from customized usage to mainstream production, education of the workforce will be critical.
But AM will only become widespread when it becomes cost effective, or finds an application with inelastic demand.
For example, as one interviewer stated: “If it improves quality of life, or reduces or eliminates a health issue…price
won't matter.”38 Until the cost of AM decreases (or more key applications are established), the growth in businesses
involved in AM will continue to reside in low-run production and prototyping.
Regional business growth in AM may be enhanced by initiatives to establish Northeast Ohio as an AM leader,
especially those focused on startups and small businesses. For example, Youngstown Business Incubator (YBI) has
been a catalyst for growth within the regional AM field.39 YBI helped establish two initiatives focused on reducing cost
37

Makergear. Retrieved October 10, 2016, from http://www.makergear.com/.

38

Michael Hripko, Associate Vice President for Research, Youngstown State University.

39

Youngstown Business Incubator. Retrieved October 10, 2016, from http://ybi.org/.
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and risk for AM technology users: The American Foundry Initiative and the Precision Printed Parts Network (P3N).
The American Foundry Initiative’s goal is to promote AM within the casting industry. The technology would allow for
low-volume production and more complicated geometries.40 The P3N initiative focuses on the printing and postprocessing of metals. YBI was named the top university-associated business incubator in North America.41
Although there are numerous opportunities for small businesses and startups, a majority of businesses on our list
are larger businesses. Companies of 500 employees or more tend to appear more often than smaller companies,
perhaps due to higher amounts of resources to dedicate to research and development.42 These larger firms tend to
be older (founded earlier according to NETS) and are finding innovative ways to incorporate AM into their work. For
example, American Greetings, a greeting card company founded in 1906 in Cleveland, Ohio, announced in 2016 that
it was beginning to explore 3D printing.43
Regardless of company size, data suggest that firms that utilize AM techniques are expected to fare better than
those that do not. As Terry Wohlers of Wohlers Associates said, “If you are not running in this space, you are
already falling behind.”44

Schools should meet the demand where it is
Additive manufacturing has created a technological buzz, and educational institutions have been rapidly
developing curriculum. Elementary schools through post-doctorate programs have been developing programs
and projects that include AM.

Little demand exists for AM-specific employees
Figure 6 estimates the AM jobs that exist in Northeast Ohio. Jobs are divided into three categories: direct
involvement, secondary involvement, and AM-relevant involvement. Direct involvement jobs include jobs that, as
a primary function, design or produce items with AM processes. Secondary involvement includes jobs involving
teaching, incubating or housing AM equipment, such as science teachers, librarians and economic development
staff. AM-relevant occupations are occupations that use design, engineering and production technologies that are
relevant in AM, even if the individual's place of work is not an AM-using organization. This third category represents
the population most immediately prepared to support the diffusion of the technology in the economy. It is estimated
that only 500 jobs in the region utilize AM on a daily basis (category 1). However, once the definition is expanded to
include AM-relevant jobs (category 3), there are over 20,000 jobs, equivalent to 1 percent of the total job market in
Northeast Ohio.45 The estimate of 500 jobs in category 1 is based on estimates derived from direct counting and
sharpened through conversations with industry experts.
40

Youngstown Business Incubator. Programs & Initiatives. Retrieved October 10, 2016,
from http://ybi.org/programs_initiatives/.

41

Scott, C. (2016, April 27). From Rust Belt to Tech Belt: How 3D Printing is Revitalizing One City’s Economy. 3Dprint.com. Retrieved
October 10, 2016, from https://3dprint.com/131461/cleveland-3d-printing/.

42

PricewaterhouseCoopers and Manufacturing Institute. (2014, June).

43

Scott, C. (2016, April 27).

44

Scott, C. (2016, April 27).

45

Economic Modeling Specialists, Inc.
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Figure 6: AM Job Market by Involvement Level, Northeast Ohio

Source: NETS; EMSI; Stakeholder Interviews

Higher demand exists for AM-relevant occupations
The 20,661 jobs that utilize skills relevant in AM were identified through interviews and data analysis. The general
occupations described by businesses in stakeholder interviews were used as the starting point to identify additiverelated jobs. Next, frequently mentioned skillsets were considered. Combining stakeholder interviews, existing
college training program information and CIP Code/SOC Code cross-referencing, ten occupations were identified
as most likely to involve additive skills or training in the region. These ten occupations are summarized in four
occupational groups, which correspond with SOC Codes:
• Engineering, Bachelor's Level
o Industrial Engineers
o Mechanical Engineers
o Aerospace Engineers
o Engineers, All Other
• Engineering, Associate Level
o Industrial Engineering Technicians
o Mechanical Engineering Technicians
o Engineering Technicians, Except Drafters, All Other
• Mechanical Drafters
• Designers
o Commercial and Industrial Designers
o Graphic Designers
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Figure 7 aggregated the above employment fields to clearly detail the number of AM-related jobs over time, including
five-year projections through 2021. Identified jobs include engineers at both bachelor's and associate levels, graphic
designers and mechanical drafters. When summing all AM-related jobs, we estimate that over 20,000 jobs exist in
Northeast Ohio that involve AM-related skills. Of the four AM-related job types that exist, bachelor's-level engineers
and designers have the highest employment numbers. Furthermore, engineering (at both the bachelor's and
associate level) has seen the least amount of job loss – a 6 percent decrease from 2007 to 2016 (and this rate has
held steady since 2010). When comparing these numbers to traditional manufacturing jobs, AM-relevant occupations
fare better. For example, Production and Maintenance Repair occupations have declined over 10 percent in the last
10 years.46 While manufacturing jobs as a whole continue to decrease, the number of higher technology, innovationdriven jobs remains steady.
Figure 7: AM-Related Jobs in Northeast Ohio, 2007-2021

Source: EMSI

Education is a major player in AM
Educational institutions are addressing the need for a workforce with AM-relevant skills. Figure 8 displays the
number of job openings compared to regional completions for Northeast Ohio in 2013 (the most recent data
available). Projections estimate 564 annual job openings for AM-related jobs in the 18-county region. Three
occupations (Aerospace Engineers, Industrial Engineers, and Mechanical Drafters) had more job openings (206)
than educational completions (190) in 2013, indicating job demand. All other occupations had higher completions
than openings. This indicates high interest in AM-related jobs from an educational perspective. However, at the time,
there were not enough jobs in most fields to account for completions. It is possible that the lower level (or even
higher level) educational completers may have intentions to pursue further education, and are not attempting to find
a job immediately. It is also possible that students are finding employment in different, but similar, fields that do not
align precisely with their CIP Code, which aligns to the SOC Codes for job openings analysis.
46
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Economic Modeling Specialists, Inc.
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Figure 8: Job Openings and Regional Completions in Northeast Ohio, 2013

Source: EMSI

As mentioned previously, numerous regional programs train in AM-related skills. Nine postsecondary educational
institutions have created new or altered coursework to adapt to the new technology (Figure 9). Cuyahoga
Community College (Tri-C®) received funds from the US Department of Labor to start a 3D Digital Design and
Manufacturing Technology certificate program, which can also be broken into two short-term 3D/AM certificates.
This was the first for-credit AM program at a college or university in Northeast Ohio. The program teaches CAD,
reverse engineering and rapid prototyping, in addition to subtractive manufacturing principles, and also includes
product design and development coursework. This broad educational scope ensures that students who receive
the certification are also able to find employment in industries beyond AM. In addition to being the first in higher
education to develop a program in AM, Tri-C has started annual conferences focusing specifically on 3D Printing
and Additive Manufacturing within the region. Other institutions are making investments in AM as well. Cleveland
State University received nearly $300,000 to support the Workforce Development Equipment and Facility Program
in Additive Manufacturing.47 Youngstown State University also received $300,000 for Additive Manufacturing
workforce development.48 Case Western Reserve University, Lorain County Community College, Youngstown State
University and many other regional institutions were part of a consortium of public and private investment to
establish America Makes, a prominent initiative described in further detail on the next page.49
47

Cleveland State University. (2014, June 13). Grant to Expand Additive Manufacturing Research at Cleveland State. Retrieved October
10, 2016, from http://www.manufacturing.net/news/2014/06/grant-expand-additive-manufacturing-research-cleveland-state.

48

Farkas, K. (2014, May 7). Colleges receive grants for workforce development programs: Higher Education Roundup. Cleveland.com.
Retrieved October 10, 2016, from http://www.cleveland.com/metro/index.ssf/2014/05/colleges_receive_grants_for_wo.html.

49

Lorain County Community College. (2012, August 16). Additive Manufacturing National Pilot: LCCC and Rapid Prototyping +
Manufacturing Part of National Pilot for Additive Manufacturing. Retrieved October 10, 2016, from http://www.lorainccc.edu/
About+Us/Press+Releases+2012/Additive+Manufacturing+National+Pilot.htm.
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Figure 9: Institutions With Certification Programs Involving Additive Manufacturing

Source: US Census TIGER Line Shapefiles; Individual college webpages

Note: Many schools listed have multiple locations. This map only lists the “main campuses” of each college.
In addition to Tri-C, Lakeland Community College, Stark State College and Lorain County Community College
offer AM-related programs and/or courses. This includes Stark State College’s Mechanical Engineering program,
Lakeland Community College's Mechanical Engineering Technologies degree and Lorain County Community College’s
Manufacturing Engineering Technologies degree. Courses that span across programs include Computer-Aided Design
(CAD) classes and manufacturing processes courses.
Case Western Reserve University, Cleveland State University, Kent State University, Youngstown State University
and the University of Akron were identified as four-year colleges within Northeast Ohio that incorporate AM ideology
into their courses and programs. While there is not yet a specific AM program within these colleges, the University
of Akron, Case Western Reserve University and Cleveland State University offer AM courses within their mechanical
engineering departments. Kent State and Youngstown State incorporate AM into their industrial engineering programs.
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Figure 10 shows the number of program completers in AM-related programs at the noted community colleges.
Overall, 23 students graduated with a short-term program degree in an AM-related field of study, 55 students
graduated with a long-term program degree, and 73 graduated with an associate degree. Tri-C had the most program
completers in 2014-2015 (66 completers), with the majority receiving a long-term program degree (61%).
Figure 10: AM-Related Program Completions by Credential Length: Community Colleges, 2014-2015

Source: National Center for Education Statistics (NCES)

Program completers graduate with both subtractive manufacturing skills (such as Computer Numerical Control (CNC)
machining) and AM skills. Graduates are equipped to enter the advanced manufacturing world in a variety of ways. Tri-C
says their AM program is “intended for students who wish to gain employment in modern manufacturing enterprises,
involving but not limited to additive manufacturing.”50 Upon completion of their program, Tri-C cites career opportunities
including 3D designer, CAD technician or drafter, additive technician and manufacturing technician.
Figure 11 shows the number of program completers at four-year colleges within AM-related degrees for the
school year 2014-2015. In total, 456 students completed an AM-related degree at the noted schools. Of the
456 completers, 385 completed a bachelor’s degree, 87 completed a master’s degree, and 13 completed their
doctorate. Akron produced the most program completers, with the majority receiving a bachelor’s degree in
Mechanical Engineering. While these 456 completers are equipped with the skills necessary to pursue a career in
AM, they have the knowledge and skillsets to pursue other design or engineering professions as well.
50

Cuyahoga Community College. (2016). Digital Design and Production Innovation – Short Term Certificate. Retrieved October
10, 2016, from http://www.tri-c.edu/programs/engineering-technology/manufacturing-engineering/digital-design-and-productinnovation-short-term-certificate.html.
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Figure 11: AM-Related Program Completions by Credential Length: Four-Year Colleges, 2014-2015

Source: National Center for Education Statistics (NCES)

The five colleges listed in Figure 11 each have a center or lab dedicated to 3D printing and AM research. In 2014,
Youngstown State opened its Center of Innovation in Additive Manufacturing, saying that it “was created to advance
research, education, workforce development and industry partnerships in this emerging field.”51 In 2014, Case
Western Reserve signed a memorandum of understanding with Rapid Prototyping + Manufacturing (rp+m) to install
the Additive Manufacturing Studio at Think[box]. Rp+m plans to move its research and development division to the
university in order to work with professors and give students research opportunities.52 In addition to the five colleges
listed above, other regional schools have also invested in additive technology, including the College of Wooster and
Oberlin College & Conservatory, both of which house 3D printers on their respective campuses.53,54
It should be noted that many other colleges are starting to get involved with AM, even if they do not have coursework
dedicated to the technology. The College of Wooster has added 3D printing to its center for Advising, Planning, and
Experiential Learning (APEX).55 Oberlin College & Conservatory received a new 3D printer that is available for use
at OC3D, a new makerspace at the college.56 Hiram College offers a 3D printing service for staff and students to
use, as well.57 These colleges have been left out of the analysis due to the lack of designated coursework in AM at
51

Youngstown State University, Center for Innovation in Additive Manufacturing. (2016). Retrieved October 10, 2016, from http://
ciam.ysustem.com.

52

Case Western Reserve University, Case School of Engineering. (2016). New additive manufacturing center in Cleveland. Retrieved
October 10, 2016, from http://engineering.case.edu/rpm-thinkbox.
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The College of Wooster. (2016). Retrieved October 10, 2016, from https://www.wooster.edu/academics/apex/entrepreneur/3d/.

54

Oberlin College & Conservatory. (2016). Retrieved October 10, 2016, from https://new.oberlin.edu/office/clear/for-students/.
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The College of Wooster. (2016).
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Oberlin College & Conservatory. (2016).

57

Hiram College, Hiram College Library. (2016). Retrieved October 10, 2016, from http://library.hiram.edu/index.php/media-center.
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the time of this report. Furthermore, many primary and secondary schools are enhancing existing curriculum with
additive technologies. The Cleveland Metropolitan School District's MC2STEM High School utilizes the Great Lakes
Science Center's Maker Spaces, which have 3D printing capabilities.58 The Cleveland Public Library's TechCentral
Maker Space has a 3D printer available for any person 12 years or older with a library card.59 Kirkmere Elementary
School is the first elementary school in Youngstown to have a lab with 3D printing technology, which allows students
as young as 3rd grade to design and print.60 Chesterland schools, Mansfield schools, and many other private and
public schools in the region are introducing young students to the design and processing of 3D objects. This early
introduction will aid in enrollment for AM-related higher education programs in the future.
Schools that incorporate AM into their curriculum must be careful to not oversaturate the market. Currently there is
little demand for AM technicians and other AM-specific occupations. However, there is demand for AM designers and
engineers. New, cutting-edge technology is being developed that will require more AM employees in the future, but
the field is not at that point yet.

National Education Initiatives
Since the field is emerging, terminology, technology and best practices have not been standardized in the
educational community. Notwithstanding, many organizations are involved in efforts to develop and deliver
educational programming in the field.
The National Science Foundation partnered with the National Center for Materials Technology Education and the
National Center for Rapid Technologies to create a Global Additive Manufacturing Standards education protocol.61
The project, known as Technician Education in Additive Manufacturing & Materials (TEAMM), aims to standardize test
methods, processes, materials, terminology and design to create core competencies that meet industry standards
and needs at a technician skill level. TEAMM develops AM “modules” intended to be shared with other educational
institutions.62 This initiative is sponsored by Edmonds Community College in Lynnwood, Washington.
Tooling U-SME, a provider of competency-based manufacturing training products and services to both companies
and educational institutions, currently has online AM curricula targeted at engineers.63 In addition, SME (formerly
the Society of Manufacturing Engineers), a nonprofit student and professional organization, has been involved in AM
separately from its collaboration with Tooling U-SME. It established a certificate program in 2013 to help engineers
upgrade AM knowledge and stay current with industry standards.64 SME, America Makes and the Milwaukee School
of Engineering (MSOE) collaborated to create the certificate. The program was updated in 2016 by the Additive
Manufacturing Leadership Initiative (AMLI), a consortium of key AM stakeholders, to “build coherence and shared
58

Makered. (2016). Maker Corps 2015 at Great Lakes Science Center [Web log post]. Retrieved October 10, 2016, from http://
makered.org/maker-corps-2015-at-great-lakes-science-center/.
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Urban Libraries Council. (2016). TechCentral Makerspace. Retrieved October 10, 2016, from http://www.urbanlibraries.org/
techcentral-makerspace-pages-330.php.
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WFMJ.com. (2013, October 2). Students use 3D printing lab at Youngstown elementary school. Retrieved October 10, 2016, from
http://www.wfmj.com/story/23520528/students-use-3-d-printing-lab-at-kirkmere-elementary.
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National Science Foundation. (2016). T.E.A.M.: Technician Education in Additive Manufacturing. Retrieved October 10, 2016, from
http://www.nsf.gov/awardsearch/showAward?AWD_ID=1003530.
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TEAMM. (2016). Modules. Retrieved October 10, 2016, from http://4teamm.org/modules.
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Tooling U-SME. (2016). Additive Manufacturing. Retrieved October 10, 2016, from http://www.toolingu.com/classes/
department/510/Additive-Manufacturing.

64

SME. (2016). Additive Manufacturing Certificate Program. Retrieved October 10, 2016, from http://www.sme.org/additivemanufacturing-certificate-program/#why.
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understanding of the ever-changing additive manufacturing and 3D-printing space.”65,66 The certification updates were
constructed based on a survey of over 500 AM professionals and distilled by AMLI.
A key AM resource for the nation is America Makes, a public-private partnership based in Youngstown, Ohio. Started
in 2012 by the National Center for Defense Manufacturing and Machining (NCDMM), America Makes was the flagship
institute within the National Network for Manufacturing Innovation (NNMI).67 One of the focuses of America Makes is
growing the AM workforce by collecting any and all existing educational resources for AM, from existing curriculum to
upcoming professional development events.68 America Makes also facilitates the advancement of AM technologies,
connects AM stakeholders and encourages collaboration among its members.

AM is a skillset adopted within many occupations
Although many educational institutions are training a workforce with AM skills, demand for employees primarily
focused on AM is low. Jobs with titles such as additive manufacturing technician or 3D printing specialist are
extremely rare. Nonetheless, it was commonly expressed in interviews that people with additive skills are valuable
in the right context, as long as they have other key skillsets. Since many businesses are in the early stages of
implementing AM, employers are looking to hire people with a wider breadth of knowledge. As a result, AM is best
characterized as a skillset adopted within a broader occupation, such as a designer or engineer.

Skillsets needed by occupation: engineers, designers and drafters
Using the occupations listed previously, job posting data was synthesized using the software Economic Modeling
Specialists, Inc. (EMSI). The resulting Table 1 details the most common hard and soft skills needed for each
occupation, grouped by similar field. The following skills were found in all occupation groups, and therefore are not
included in the table: scheduling (project management), leadership, coordinating and manufacturing knowledge.
It should be noted that not all skills listed in the job posting data were included in the table – only the skills that
appeared most frequently. Furthermore, if a skill could be inferred by the occupation group name, it was not included.
65

Tooling U-SME. (2016). Body of Knowledge for Additive Manufacturing Gets a Significant Boost from SME, America Makes, Industry
and Academia. Retrieved October 10, 2016, from http://www.sme.org/uploadedFiles/Membership/Technical_Communities/
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Table 1: Skills Needed by Job Description

Job Description

Hard Skills Needed

Engineering Occupations,
Bachelor’s Level
• Aerospace Engineers
• Industrial Engineers
• Mechanical Engineers
• Engineers, All Other

•
•
•
•
•
•
•

Testing
Research
Analysis
Mechanical Engineering
Communications
Materials
Computer-Aided Design

•
•
•
•
•
•

AutoCAD
SolidWorks
Automation
Tooling
Operations
New Product Development

•
•
•
•
•
•
•

Critical Thinking
Fine Motor Skills
Reliability
Creativity
Learning
Career Development
Cooperation

Engineering Occupations,
Associate Level
• Industrial Engineering
Technicians
• Mechanical Engineering
Technicians
• Engineering Technicians,
Except Drafters, All Other

•
•
•
•
•
•
•
•

Manufacturing
Testing
Data Collection
Operations
Materials
Maintenance
Management
Training

•
•
•
•
•
•
•

Repairing
Machining
Post-Production
Welding
Mechanical Aptitude
Engineering
Mathematics
(Trig/Geometry)

•
•
•
•
•
•
•
•

Reliability
Communication
Listening
Learning
Literacy
Ethics
Fine Motor Skills
Imagination

Mechanical Drafters

•
•
•
•
•

AutoCAD
Computer-Aided Design
Product Drafting
Product Development
Engineering

•
•
•
•
•

SolidWorks
Materials
Microsoft Office
Tooling
Mathematics
(Trig/Geometry)

•
•
•
•

Learning
Literacy
Creativity
Visualization

Designers
• Commercial and
Industrial Designers
• Graphic Designers

•
•
•
•

•
•
•
•
•
•
•
•

Creativity
Scheduling
Persuasive Communication
Team Management
Learning
Listening
Ethics
Brainstorming

Engineering
Computer-Aided Design
Innovation
New Product
Development
• Research
• Management
• Product Design

Soft Skills Needed

• SolidWorks
• Mathematics
(Calculus/Trig/Geometry)
• Sales
• Marketing/CostEffectiveness
• Adobe Illustrator
• Adobe Photoshop

Source: EMSI; O*NET; stakeholder interviews

Graduates of community college programs are expected to be able to program, set up, operate and troubleshoot
3D printers, laser scanners, coordinate measuring machines and CNC machines.69 Business skills in portfolio
management, customer service and supply chain management are also needed. Many skills overlap with other
manufacturing professions. For example, skills for the post-processing of metal AM are similar to those for postprocessing metal as a tool and die maker. Technicians at the associate level require a broad skillset, ranging from
welding to data collection to post-processing. Mathematics, such as trigonometry, calculus and geometry, are also a
high priority. Job postings for associate level positions often require maintenance, machining and repairing.
69

Cuyahoga Community College, 3D Digital Design & Manufacturing Technology.
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At the bachelor’s level and higher, more universal engineering principles (such a research methodology, chemistry
and material principles, and production methods) are required. Mechanical engineers are an important part of
many types of industries including aeronautics, aerospace, energy conversion and conservation, transportation,
manufacturing, product design and others. Specific software, such as AutoCAD and SolidWorks, are commonly found
on job postings for bachelor's level occupations. Due to the depth of engineering programs, graduates are expected
to be able to adapt to the newest technologies as they emerge.70
Designers tend to have a distinct role compared to the other occupation groups, with creativity, persuasion and
marketing being commonly sought soft skills. Much of the research and product development occurs within these
occupations, although it was stressed in interviews that all four occupation groups assist in the design, development
and production of 3D products.
Much of the skills that businesses look for are currently being taught at regional institutions; however, there is
always room for ongoing adjustment. Businesses and regional stakeholders have expressed a need for more formal
training with different machines and processes for completers to be most successful after graduation. For example,
experience with metal printers may be an emerging need, since metal printing is becoming increasingly viable.
However, metal printers are extremely expensive, and therefore it is hard for educational institutions to have them on
site. Finding opportunities, such as internships, for students to work with many different types of AM processes is
one option for schools that do not have the budget for expensive printers.

Paths to employment are not always traditional in AM
Persons looking to attain the previously mentioned skills may not always follow a traditional educational path.
Throughout interviews, it was observed that many community college students enrolled in AM courses already have
a bachelor's degree in an AM-relevant field. As relayed by instructors, in the course of their bachelor's attainment,
students had learned key engineering or design concepts but did not have a deep understanding of AM-specific
skills. Associate level programs and courses with specializations in AM may be useful for people looking to add the
technology to their resumes. Additionally, businesses have benefited by having incumbent workers upskill in AM
technologies in order to apply them in their companies.

Jobs with AM skills pay well
Although AM is considered a tool in the toolbox, it does not mean that AM-related jobs should not be pursued.
Once a student finds a job in an AM-related field, that person is likely to be employed in a job that pays well. Table
2 lists the average hourly earnings for each AM-related occupation in the region. All occupations are well over the
livable wage for 1 adult in the Cleveland area, which is $9.78 per hour.71 Furthermore, all occupations except Graphic
Designers make above the living wage for 1 adult living with 1 child, which is $21.08 per hour. The highest paid
bachelor's level occupation is Aerospace Engineer, at $50.19 per hour. The highest paid associate level occupation
is Engineering Technician, Except Drafters, All Other, at $29.33 per hour. It seems that once a person is trained and
finds a job in an AM-related field, he or she is likely to be financially stable.
70

Case Western Reserve University, Department of Mechanical & Aerospace Engineering. (2016). Retrieved October 10, 2016, from
http://engineering.case.edu/emae/.

71

Glasmeier, A.K. (2016). Living Wage Calculator. Massachusetts Institute of Technology. Retrieved on October 10, 2016, from
http://livingwage.mit.edu/counties/39035.
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Table 2: Average Hourly Earnings for AM-Related Occupations in Northeast Ohio, 2016

SOC Code

Description

Avg. Hourly Earnings

17-2001

Aerospace Engineers

$50.19

17-2112

Industrial Engineers

$37.57

17-2141

Mechanical Engineers

$35.03

17-2199

Engineers, All Other

$40.72

17-3013

Mechanical Drafters

$23.64

17-3026

Industrial Engineering Technicians

$22.62

17-3027

Mechanical Engineering Technicians

$24.01

17-3029

Engineering Technicians, Except Drafters, All Other

$29.33

27-1021

Commercial and Industrial Designers

$28.40

27-1024

Graphic Designers

$20.72

Source: EMSI; O*NET; stakeholder interviews

In Northeast Ohio, there are over 20,000 jobs that involve AM-related skills. According to the data, most AM-related
jobs in the region can be found in high-level engineering occupations, with over 11,000 jobs in the region in 2016.
Furthermore, three of the four bachelor's level engineers have more or nearly more job openings compared to regional
completions. Many students are interested and are receiving certificates in technician level jobs, with high numbers
of regional completions indicating a knowledgeable AM workforce supply at an associate level. Once a student, at any
education level, finds employment, that student is likely to receive a livable wage. Economic developers should take
note that this region has a ready-made supply of AM workers, which likely represents a competitive advantage over
nearly any other region in the country.
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Conclusion
Additive manufacturing is growing and diversifying. Wohlers, the leading name in AM, has documented nearly
continuous growth for the industry since the late 1980s. As technology improves, businesses are finding new uses
for AM technologies. Several important AM stakeholders, including America Makes, cutting-edge postsecondary
programs, and business innovators anchored in Northeast Ohio are continuing to push new information out to the
field. This constant innovation will help the region remain a hub for AM manufacturing.
As AM technologies emerge, educational institutions have adapted training programs from elementary school to
postsecondary levels. Students have enrolled in engineering and design programs that have added AM coursework,
and members of the incumbent workforce have gone back to school to earn shorter-term certificates in AM that they
take back to their workplaces. In response, researchers and various industries have been working to apply AM in
new ways. However, as the industry exists today, demand is low for a focused AM production workforce. Therefore, it
is critical that educational programs continue to train new students with skillsets that have broader applications.
Regional investments such as professional development programs for engineers, small business incubators
and maker spaces have helped AM become integrated into supply chains that have previously been dominated
by subtractive manufacturing. For the region to continue its momentum, the workforce has to remain current as
technologies emerge, but also be well-rounded enough to remain grounded in technologies prevalent in the bulk
of job demand. In the future, as AM becomes cheaper and quicker and can find broader uses, demand for a more
specialized workforce in AM may increase. For now, students and workers must remain relevant in the job market
that exists. And regional developers must promote the diffusion of new AM technologies and skillsets if Northeast
Ohio is to remain an AM hub.
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Appendix
Table 1: List of AM-involved programs and degrees
College

Program

Cuyahoga Community College

3D Digital Design & Manufacturing Technology; Associate of
Applied Science Degree in Manufacturing Industrial Engineering
Technology; Digital Design and Product Innovation; Digital
Manufacturing and Product Launch

Lorain County Community College

Manufacturing Engineering Technologies - Computer Aided
Machining Major; Manufacturing Engineering Technologies Computer Aided Machining Operator; Manufacturing Engineering
Technologies - Computer-Aided Machining/ Manufacturing
Processes; Manufacturing Engineering Technologies - Computer
Aided Design Operator; Manufacturing Engineering Technologies Computer Aided Design; Manufacturing Engineering Technologies
- Mechanical Design Major

Lakeland Community College

CNC Set-Up and Programming Technology; Computer Integrated
Manufacturing Technology; Mechanical Engineering Technology

Stark State College

Applied Industrial Technology; Computer Numerical Control

Case Western Reserve University

Aerospace Engineering; Mechanical Engineering

Cleveland State University

Mechanical Engineering

Kent State University

Applied Engineering

University of Akron

Mechanical Engineering

Youngstown State University

Industrial & Systems Engineering
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For more information:

3D Digital Design and Manufacturing Technology
Alethea Ganaway
alethea.ganaway@tri-c.edu or 216-987-4424

www.tri-c.edu/3dmfg

16-3454

