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Executive Summary

The New England Regional Defense Industry
Collaboration (NERDIC) is a network of
multiple agencies that aims to create a
modern and resilient defense
manufacturing ecosystem. One of its
objectives is to identify and address the
needs of small and medium-sized
manufacturers (SMMs) in the New England
region that are part of the defense supply
chain and help them adopt Industry 4.0
technologies without widening the skills gap
for middle-skilled technicians'.

Specifically, the MIT research tfteam
conducted forty-seven interviews with SMMs
across the New England region to explore
the Industry 4.0 skills they deemed essential
or relevant for technicians, training methods
they used to upskill their existing workforce,
actions taken to build their workforce, and
identify which technical skills are the most
important to defense manufactures for the
types of technicians they hire.

Forty percent of the companies were from
Massachusetts, followed by Vermont (17%),
Rhode Island (15%), Connecticut (13%),
Maine (10%), and New Hampshire (5%). Of
this group, 84% of the participants have
been part of the defense supply chain for
over ten vyears. Twenty-five percent
reported that greater than 75% of their
revenue is directly related to work for the
Department of Defense, including supplying

Highlights

e Over the next five years, CNC
operators/machinists, additive,
and mechanical engineering
tfechnicians are expected to
experience the greatest demand.

e Training can be streamlined by
organizing teaching around five
occupational clusters.

e Adhering to digital security
protocols, working with digital
collaboration tools, and Internet of
Things should be incorporated into
all manufacturing curricula.

e Other Industry 4.0 skills can be
prioritized according to the type of
occupation.

e OEMSs believe the labor and skills
shortage in the region limits the
number of available suppliers. As
aresult, lead times are increased,
innovation is reduced, and it is
difficult to tfrack inventory across
the supply chain.

I Middle-skilled technicians are those with a high school diploma but not a bachelor’s
degree, and who may have a certificate, an associate degree, or two years of work

experience in the related field.



products to OEMs. These factors indicate that the companies interviewed are well-
established within the regional defense supply chain.

The following sections provide an overview of critical results and targeted
recommendations that support NERDIC's mission.

Hiring and Training Difficulties Persist for Defense Manufactures

Results from this study validate results from other assessments performed in the region.
SMMs cannot reliably hire a sufficient number of technicians. Figure ES 1 illustrates this
point. Manufacturers were asked about the average time it takes to fill positions for the
types of technicians they hire. As shown, aerospace engineering technicians and CNC
machine operators take the greatest effort to find, meaning it takes more than sixty days
to fill these roles. In these cases, 92% and 77% of respondents said these positions were
difficult to fill, respectively. These results align with the reality of the New England training
ecosystem. Furthermore, few technical colleges within the New England region offer
programs related to aerospace engineering at an associate’s level, creating a
bottleneck due to limited supply.

Aerospace Engineering Technician [N
CNC Machine Operator I
Electrical Engineering Technician I
Additive Technician I
Industrial Engineering Technician I
Mechanical Engineering Technician I
Chemical/Materials Technician  IIE——
Calibration Technician NG
Mechatronics Technician NG
Information Security Technician I
CAD Drafter/Designer IS
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H Hard (>60 days) Average (30-60 days) B Easy (<30 days)

Figure ES 1 The percentage of responses from Small and Medium-sized
Manufacturers (SMMSs) indicating the average duration in days required to hire
fechnicians.

According to the interviews, the most in-demand and hard-to-fill positions are CNC
machine operators, as they are also experiencing the highest growth rate in the region
(see Figure ES 2). This frend may be related to the increasing adoption of additive
manufacturing capabilities, which 32% of the respondents expect to grow significantly in



the near future. On the other hand, the least in-demand position is information security
technician, as many small manufacturers outsource this role to external providers.

CNC Machine Operator [ INNININIGINGINGNGNGNEGEGEEE - PNEEm Tot 27
Additive Technician I Tot 9
Mechanical Engineering Technician | N | Tot 27
Mechatronics Technician I I e Tot 14
Aerospace Engineering Technician | I AT Tot 12
Industrial Engineering Technician |G . N Tot 15
Caiibration Technician I I T Tot 19
CAD Drafter/Designer I - EnEsEE Tot 16
Electrical Engineering Technician | A Tot 11
Chemical/Materials Technician I I Tot 10
Information Security Technician | I eees— Tot 21
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Figure ES 2 The percentage of responses from SMMs citing the expected demand for
onboarding new technicians in the next five years. Fraction of ‘Not Applicable’ responses
at the right of the bar.

Recommendation:

Target marketing towards those occupations that face the greatest demand and hardest
to fill include the following:

CNC Machine Operator

Additive Technician

Mechanical Engineering Technician

Aerospace Engineering Technician

Electrical Engineering Technician

Industrial Engineering Technician

Chemical Technician
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High Valued Skills Across Occupations

The interviews asked about skills that are listed in the O*Net dataset, which is a collection
of data about different jobs from the Bureau of Labor Statistics. This made it easier to
group the skills that the interviewees mentioned into broader categories (called General
Task/Skill, or GTS for short). The chart in Figure ES 3 shows how these categories were
distributed among all the answers for all the occupations.

According to defense manufactures in the New England region, and looking across all
middle-skilled positions, the top five General Tasks/Skills that are expected to be the most
important are:

e Preparing specimens, equipment, and tools

e Getting information

¢ Interacting with computers

e Monitoring processes, materials, or surroundings
¢ Conftrolling machines and processes



General Work Task/Skills Ranked Importance
| 1.5 2 2.5 3

Freparing Specimens, Equipment,and Tools T —

- Install commercial or production equipment
- Clean tools. equipment, and finished products

Getting Information r

- Read documents to inform work processes

Interacting With Computers

-Program computer systems or production equipment _
Monitor Processes, Materials, or Surroundings

“Nororeqpmentcpercton e —

- Monitor operations to ensure adequate perfoormance
Controlling Machines and Processes

- Assemble and dissemble equipment |

- Fabricating devices

Repairing and Maintaining Mechanical Equipment

- Repair and maintain fools or equipment _
Inspecting Equipment, Structures, or Material

Tos chaacloics of mafersor prockels |1

- Test performance of equipment or systems
Test and Evaluate for Quality

-Evaluate producton input o outpurs S

- Evaluate performance of products and technologies
Documenting/Recording Infermation

- Document and maintain procediures or activifes [ RMMMM—

- Present research or technical information

D e oo .
- Advise others on operational matters

Thinking Creatively

+Creale veul dsplays ey
- Develop research plans or methodologies

Analyzing Data or Information

- Evaluate designs or specifications |

- Analyze performance of system

Organizing, Planning, and Prioritizing Work

- Plan work acfivates |

- Determine operational method

Estimating the Quantifiable Characteristics _

- Estimate project or develop operational costs

Figure ES 3 General Task/Skill Importance are classes produced by O*NET that include many
related skills. The GTS are ranked by weighted average importance across all of the
occupations and labeled as common.

Recommendation:
Emphasize the more critical skills in curricula.

Different Technicians Share Important Skills

Community colleges are infended to offer an affordable alternative for education. As
they typically maintain lower ftuition rates, their budgets are often more modest
compared to larger universities with higher fees. Furthermore, courses in the field of
manufacturing have faced challenges due to low enrollment and the constant risk of
cancellation, largely due to their substantial capital requirements. In light of these
circumstances, the concept of risk-sharing among educational institutions that offer
similar programs presents an elegant solution to these issues.

The concept of occupational clustering identifies occupations that share common and
vital skills. Table ES 1 summarizes the occupational clustering analysis by listing the
different technicians organized into their occupational clusters.



Table ES 1 List of technicians organized into occupational clusters according to their ranked
biased overlap measuresin .

Occupational

Occupational

Occupational

Occupational

Cluster 1 Cluster 2 Cluster 3 Cluster 4
Mechanical  Eng. | Industrial Eng. Tech | CAD Designer Additive Tech
Tech
Mechatronic Tech | Information Security | Electrical Eng. Tech | CNC Machine
Tech. Operator
Calibration Tech Chemical
Technician

The results, as displayed in Table ES 2, showcase the general tasks/skills or competencies.
Each competency is further delineated into two levels of skills: intfermediate tasks and
specific tasks. Using Occupational Cluster 1 as an example (see Table ES 1), the first group
conisists of mechanical engineering, mechatronics, and calibration technicians, who are
responsible for ensuring the quality and performance of various machines and systems.
They need to be skilled in collecting and analyzing information, as well as judging the
quality of products and processes.

Table ES 2 The top three shared important General tasks/skills (GWAs) across occupational

clusters.
Occupational Occupational Occupational Occupational
Cluster 1 Cluster 2 Cluster 3 Cluster 4
Judging the Monitoring Communicating Preparing
Qualities of Processes, with Supervisors, Specimens, Tools,
Objects, Services, Materials, or Peers, or and Equipment
or People Surroundings Subordinates
Getting Information | Providing Analyzing Data or Monitoring
Consultation and Information Processes,
Advice to Others Materials, or
Surroundings
Analyzing Data or Controlling Inspecting Repairing and
Information Machines and Equipment, Maintaining
Processes Structures, or Equipment
Materials
Recommendation:

Maximize resources by utilizing occupational clusters when developing manufacturing

curricula.



Industry 4.0 Skills Mapped to Specific Middle-Skilled Technicians

Manufacturers were presented with a list of twelve Industry 4.0 skills and were tasked with
categorizing them as "universal" (indicating a belief that all technicians should possess
this skill), "specific" (suggesting that only certain technicians require it), or "none at all." If
"specific" was selected, they were further prompted to specify which technician should
be equipped with the skill.

When grouping "“all technicians” and “specific technicians” as one, Figure ES 4 shows
that 90% or more of companies reported there are five Industry 4.0 skills that are more
applicable to today’'s middle-skilled technicians. They are:

e Adhering to digital security protocols

e Working with digital collaboration tools

e Connecting devices to the Internet, allowing them to exchange data
e Fabricating physical parts using 3D CAD

e Programming and troubleshooting automated and robotic processes



Using the same process as above in terms of grouping “all technicians™ and “specific
technicians”, a second set of Industry 4.0 skills is presented (Figure ES 4), which focus on
data analysis and interpretation. They include:

e Using analytic software to identify patterns in data
e Optimizes production flow using analytics
e Assessing results of statistical process control processes

Adheres to digital security protocols
Work with digital collaberation tools
Connect devices to Infernet, allowing them fo exchange data

Fabricates physical parts using 3D CAD

Program and froubleshoot automated and robotic processes
Uses analylic software to identify patterns in dafa

Opftimizes production flow using analytics

Assesses resulfs of stalistical process confrol analyses

Uses manufacturing simulation to virtudlly test Mfg. procedures

Technicians map business needs o digital sclutions

Uses interactive systems with Alinterfaces

Uses augmented redlity to perform daily tasks
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Figure ES 4 Industry 4.0 skills classified by New England defense manufacturers are being
applicable to all, relevant to some, or not applicable to any technicians.

Of all the Industry 4.0 skills, 38% reported “comfortable with using augmented reality to
perform daily tasks” as applicable to no technicians. Augmented reality was generally
perceived as a technology that remains relatively distant from full integration, making it
challenging to ascertain the corresponding skill sets.

If the company indicated that the skill was relevant for certain technicians, they had to
answer a subsequent question that required them to assign the skill to a group of
technicians who needed it more than others. In all there were fourteen technicians
presented, but those with a small sample size (n < 3 ) were omitted, leaving eleven types
presented in Figure ES 5.

Figure ES 5 shows the four most essential skills for each technician group. The three digital
skills mentioned earlier (digital security, collaboration tools, and Internet of Things) were
excluded, as they were applicable to all technicians according to 90% or more of the
respondents. The team observed that programming and troubleshooting automated
equipment and fabricating physical parts using 3D CAD also belonged to this category,
but given that Figure ES 4 indicated that 68 to 70% of the companies considered them
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relevant for specific technicians, it was worthwhile to examine how companies assigned
these skills to different technician groups.

Figure ES 5 shows that using manufacturing simulation to virtually test manufacturing
procedures and programming and troubleshooting automated and robotic equipment
were mapped fto 80% of the technician groups according to regional defense
manufacturers. While this reinforces the fact that programming automated equipment
is a universal skill, it emerged that the ufilization of manufacturing simulation is equally
important. Furthermore, there are two distinct clusters of fechnicians: one group of seven
(CNC machine operator, mechanical engineering, additive, mechatronics, aerospace
engineering, electrical engineering technicians, and CAD drafters/designers) are
expected to create physical parts using 3D CAD, while another group of four (industrial
engineering, calibration, chemical, and information security technicians) must have
strong analytical skills to improve production efficiency.

Add.Tech. Aerospace Mech. Eng. Elec.Eng. CNC Op. Mechatron. CAD Drafter |Cal. Tech. Chem. Ind. Eng. Info.
Eng.Tech. Tech. Tech Tech. Tech. Tech. Security
Tech.

Uses manufacturing simulation to
virtually test manufacturing
procedures

Programming and
troubleshooting automated and
robotic process equipment

Utilizes techniques to quickly
fabricate a physical part using
3D CAD

Assesses the results of statistical
process control analyses or
design of experiments

Utilizes appropriate analytic
software to identify patterns in
data

Optimizing production flow
based on the use of qualitative
observations and quantitative
analytics

Uses interactive systems with
Artificial Intelligent interfaces

Technicians can identify business
needs and map them onto
digital

solutions.

Figure ES 5 The top four Industry 4.0 skills mapped fo specific technicians by New England
defense manufactures.
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Recommendation:
To better prepare technicians for Industry 4.0, all manufacturing curricula should include:
e Adhering to digital security protocols
e Working with digital collaboration tools
e Connecting devices to the Internet allowing them to exchange data
e Use manufacturing simulation to virtually test manufacturing procedures
e Programming and troubleshooting automated or robotic equipment

Prioritize other Indusiry 4.0 skills according to occupational groups in Table ES 3 and Table
ES 4.

Table ES 3 Industry 4.0 skills mapped to this group of technicians by New England defense
manufacturers.

Aerospace Mechatron. Mech. Eng.
Add. Tech. Eng. Tech. CAD Drafter CNC Op. Elec. Eng. Tech Tech. Tech.

Utilizes techniques to quickly fabricate a physical part using 3D CAD

Table ES 4 Industry 4.0 skills mapped to this
group of technicians by New England defense
manufacturers.
Cal. Tech. Chem. Ind. Eng. Info.

Tech. Tech. Security

Assesses the results of statistical process
control analyses or design of experiments

Utilizes appropriate analytic soffware to
identify patterns in data

Optimizing production flow based on the
use of qualitative observations and
quantitative analytics

Community Colleges and Online Training Modules Remain Popular Options for Upskilling
Incumbent Technicians

This study aimed to assess the skills gap of technicians in defense manufacturing firms, but
also asked about their training platforms. The study only explored the types of platforms,
not their effectiveness or content. The results of this inquiry are shown in Figure ES 6.
Collaboration with community colleges (27%) and third-party resources, either in-person
(22%) or online (20%), are the most used.
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Figure ES 6 The various platforms that defense manufacturers are accessing to train
incumbent technicians.

Recommendation:
Invest in local training ecosystems. This can include:
o Supporting marketing efforts for local manufacturing programs
e Serving on advisory boards
e Working as adjunct faculty members
¢ Providing applied classroom projects that align with manufacturing curriculum

Future Needs

Given the conditions of the labor market, the company may have prolonged vacancies,
or alternatively, the company may hire an individual with the 'right attitude" who is
subsequently trained from the ground up. In these cases, the skills gap occurs not as a
result of misalignment between industry needs and manufacturing curricula.

The absence of an all-encompassing analysis that delves into their fraining backgrounds,
the first-year challenges new hires confront during their initial year, and the elements that
contribute to both their satisfaction and dissatisfaction, represents an area worth analysis.
A gap in our understanding limits improvements in recruitment practices, retention
strategies, and overall workforce productivity.



Recommendation:

Perform comprehensive analysis designed to gain direct insights from middle-skilled
technicians themselves has the potential to bolster recruitment, retention, and
productivity strategies.

Conclusion

This study aimed to pinpoint the largest skills gaps among various types of middle-skilled
technicians and to determine the most pertinent Industry 4.0 skills for each technician
group without exacerbating the gap. The findings reveal that defense manufacturers
face challenges in filling these roles and invest considerable time and resources in training
new hires. Findings related to the skills gap for different technicians can help users identify
and address the discrepancies between industry demands and classroom instruction.
Furthermore, this report can guide trainers to focus on the specific Industry 4.0 skills that
each technician group requires according to direct industry feedback.
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The Evolution of Training in Advanced Manufacturing

Manufacturing is of key strategic importance to the United States. Nevertheless, the
manufacturing sector faces many challenges. One such challenge is securing sufficient
numbers of workers with the right skill set. In fact, US manufacturing employment has
been declining since 2001 (Pierce and Schott). For a myriad of reasons, the appeal of
manufacturing as a career choice has decreased and this trend persist. Giffi et al. (2018)
predicts that 4.6 manufacturing jobs must be filled from 2018 to 2028 due to retirement
and natural growth, but only 50% will likely be filled due to the skills shortage in the U.S.
manufacturing industry. Ensuring the U.S.'s competitiveness, economy, and security has
compelled the U.S. to rethink its reliaonce on overseas manufacturing and to revitalize its
domestic production capacity.

Simultaneously, advanced manufacturing (AM) has been cited as an industry sector that
is the fastest growing, dynamic, and economically instrumental in the world (Pahuja et
al., 2019). Pahuja et al. (2019) express that as stakeholders rush to couple market demand
and training needs, a clear definition of AM does not exist, and as a consequence there
becomes a misalignment between competencies and professional occupations. In their
systematic review of AM definitions amongst stakeholder groups, Pahuja et al.
(2019)discover that policymakers define advanced manufacturers based on
combination of three factors to help them remain competitive: “advanced knowledge,”
“advanced processes,” and “advanced business models.”

Accepting this definition as true, rapid changes within the advanced manufacturing
industry may have negative consequences for non-tech savvy workers. Manufacturing
today is not the same as what our grandparents might have known. Zhao (2021)
highlights that a person may experience "technostress,” which is the fear of new
technologies. In this sophisticated environment, repetitive tasks are being handled by
machines, leaving workers in evolving situations that will require them to apply basic
computer programming, critical thinking, and dynamic problem-solving skills.  This point
is illustrated by Combemale et al. (2022) in their analysis of labor-demand effects as a
result of technological changes in automation of production processes and
consolidation of parts within semiconductor firms.  According to the authors, middle-
skilled operators would become less needed as production processes become more
automated. On the other hand, product integration would create more demand for
middle-skilled workers. These technical changes would not reduce the total number of
jobs, but they would change the skill sets for different occupational roles.

U.S. federal agencies recognize that the infroduction of new technologies underscores
the importance of education and training programs that can create skillful workers
capable of working in an advanced manufacturing environment, but little is known
about the geographic distribution of the training programs and even less is known about
the characteristics and content of these programs (Liu et al., 2019).



The Massachusetts Institute of Technology (MIT) Office of Open Learning Research Team
and the MIT Materials Research Laboratory have been collaborating to address the
challenges in the advanced manufacturing education system and identify the relevant
skills for the industry (Kirchain et al., 2021a:e: Westerman et al. 2021). Westerman et al.
(2021) identified several barriers that prevent the development of an advanced
manufacturing curriculum for middle-skilled workers in the Commonwealth. One of the
main barriers is the lack of adoption of advanced manufacturing technologies by SMMs,
which limits the demand for workers with such skills. However, there is also a need for more
programs to upskill incumbent workers.

To identify the most important and labor-intensive training skills for manufacturers’ middle-
skilled technicians, Kirchain et al. (2021a:e) conducted interviews with 174 manufacturing
companies operating in the Commonwealth of Massachusetts. They used the O*NET
database of work activities from the U.S. Bureau of Labor Statistics to select the skills for
different middle-skilled technicians. The companies answered questions related to the
specific types of technicians they hire. Figure 1 shows the results for a mechanical
engineering technician. The green line shows the average competency level of new hires
reported by the companies. The red line shows the average competency level of current
technicians with two years of experience. The blue line with dots shows how much the
importance of each skill will change in five years. The magenta diamond shows the
average competency level of graduates from a mechanical engineering associate’s
degree program reported by faculty. Based on their analyses, they prioritized the skills
and competencies that are unique to each position. The skills highlighted in pink are high-
priority skills, while the ones highlighted in light orange are moderate-priority skills.
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Record test procedures and results, numerical and graphical data, and

Document technical designs, A & recommendations for changes in product or test methods.

procedures, or activities.
Fabricate and assemble new or modified mechanical components for
preducts such as industrial machinery or equipment, and measuring
instruments.

Operate drill press, grinders, engine lathe, or other machines to modify or to

Fabricate devices or components. | !
fabricate compenents.

Draft detail drawing or sketch for drafting rocom completion or fo request
| parts fabrication by machine, sheet or wood shops.

Review project instructions and blueprints to ascertain test specifications,
| procedures, and objectives

Skill

Test equipment, using test devices attached to generator, voltage
regulator, or other electrical parts, such as generators or spark plugs.

Analyze test results in relation to design or rated specifications and test

Analyze parformance of systems or § objectives, and modify or adjust equipment to meet specifications.

equipment.

Calculate required capacities for equipment to obtain specified
performance

Estimate cost factors including labor and material for purchased and
fabricated parts and costs for assembly. testing, or installing.

Figure 1 Skills drawn from O*NET databases of work activities for mechanical engineering
technician. The green line is the average competency level stated for new hires by
companies that employ mechanical engineering technicians. The red line is the average
competency level for current mechanical engineering technicians with two years of
experience in the position. The blue line with dots shows the proportional change in
importance in five years for that skill. The Magenta diamond is the average competency
stated from faculty for students graduating from a mechanical engineering associate’s
degree program.

Kirchain's et al. (2021a:e) findings were used by community colleges by mapping
learning outcomes from their manufacturing courses to intfermediate tasks (see Figure 1)
derived from the U.S. Bureau of Labor Statistics O*NET Database to identify where there
were gaps between existing manufacturing curricula and industry skills.  From there,
faculty could build roadmaps indicating where to augment curricula to bridge the
training gap.

The Roadmapping work by Kirchain et al. (2021a:e) produced a large dataset that is likely
to be consistent across the New England states. However, their work did not focus on the
relationship between specific middle-skilled technicians and Industry 4.0 skills. Maisiri et
al. (2019) define Industry 4.0 as the outcome of the fourth industrial revolution, which
requires a specialized skilled workforce that can work in an automated, virtual, and
flexible environment. NERDIC's goal is to create a modernized and resilient
manufacturing ecosystem that emphasizes Industry 4.0 skills. Therefore, the purpose of this
project was to directly learn from manufacturers how they expect the skillset of different
technicians to change in the context of the fourth industrial revolution and what are the
skills gap that they have observed for the types of technicians they hire.



In addition to studying the effect of Industry 4.0 skills on different occupational middle-
skilled roles, this study applies an occupational clustering technique developed by Moore
et al. (2023) using a clustering method that groups different technicians into
occupational clusters based on their shared skills. By clustering these technician roles into
occupational clusters, it enables community colleges or other training bodies the
opportunity to streamline courses and programs, creating economics benefits for the
organizations.

While already in a state of decline, the pandemic caused problems for courses that
require extensive and specialized equipment and practical learning, especially those
that taught how to assemble, repair, and maintain (ARM) (Whitmore Schanzenbach and
Turner 2022). Community colleges that had more students in ARM fields, such as
manufacturing, before the pandemic lost more students during the pandemic (Whitmore
Schanzenbach and Turner 2022). And compared to other programs, manufacturing
programs have more intensive on-site capital requirements, so the cost to teach is higher
per student. The consequence of low enrollment in these more expensive programs
results in them being canceled at a time when there is a significant demand for people
with these manufacturing skills.

Community colleges provide specific work-related training for students who pursue
certificates or associate’s degrees. Thus, a community college may offer several related
programs, such as industrial, mechanical, and electrical engineering and mechatronics
programs. However, these programs may share some common skills, but the students are
enrolled in each program separately, diluting the candidate pool and increasing the risk
of low enrollment cancellation for some programs. Furthermore, courses offered once a
year, may be cancelled, delaying those who seek to earn a two-year degree.

Research Questions

To support NERDIC's mission, the team formulated four research questions that guided
the structure of the investigation.

They are the following:

1. From an OEMs perspective, what capabilities are missing within their supply chain?2

2. What are the most in-demand and difficult-to-fill middle-skilled positions in the New
England defense supply chain?2

3. For these positions, what are the most significant and important skills gaps that
need to be addressed?

4. How will the skill set for middle-skilled technicians change in the fourth industrial
revolution according to New England defense manufactures?



Novelty of Research

The fourth industrial revolution is one that brings big data analytics, arfificial intelligence,
digitization, automation to the manufacturing floor (BeneSovda and Tupa 2017). With
these changes, we will need a specialized workforce that can appropriately and
effectively interact in this digitized and robotic environment (Richert et al. 2016).
However, not everyone can be all things. Reported by Janis and Alias (2018), they
identified a report by Klynveld Peat Marwick Goerdeler (KPMG) that emphasized this
point by stating that it isn't essential to master all previously known skills but to identify
specific human related skills and competencies that support the fourth industrial
revolution (Klynveld Peat Marwick Goerdeler 2016).

We acknowledge that the skills of Industry 4.0 may become ubiquitous in the future, but
many of these technologies are still emerging and require a thorough understanding
before we design skill sets used by all workers. Therefore, as the world shifts to the fourth
industrial revolution, we propose a systematic process that determines the specific
Industry 4.0 skills that technicians in various roles need to acquire today to move closer to
advanced manufacturing.

We achieve this objective by surveying 47 companies across New England to identify
skills gaps for middle-skilled technicians and by incorporating feedback from defense
manufacturers on their mapping of Industry 4.0 skills to specific technicians. The
combination of the occupational clustering and the mapping of specific Industry 4.0 skills
to different technicians is information that enables trainers to prioritize the most relevant
skills for their curriculum.

Methodology

The team designed a survey to collect the company’'s demographic data, such as the
duration of their involvement in the supply chain, and their hiring difficulties for different
types of technicians. The interviewee chose the technicians they currently hire and the
challenges they face for each one from a given list. Then, they assessed the skills gap by
comparing the competency levels of new hires and experienced workers (two years of
work) and the future importance of each skill (five years from now). The survey randomly
picked two technicians from the list for this part. Next, the interviewee discussed the
Industry 4.0 skills and identified which ones were relevant for all, some, or none of the
technicians. If they selected some, they matched the skills with the specific technicians
from the same list. The following sections explain this methodology in more detail.



Identify Relevant Occupations

The U.S. Department of Labor and Employment and Training Administration (2023a) is
responsible for maintaining the Occupational InNformation Network (O*NET). The value of
O*NET is that it is a regularly updated database of 1000 occupational characteristics and
worker requirements across 100 industries (U.S. Department of Labor 2023b).

The database uses a hierarchical taxonomic approach to organize tasks and skills and
was originally developed through survey methods and helps create a common
language for job descriptors. Occupations listed on O*NET are presented in terms of
knowledge, skills, and abilities, in addition to information about the range of education
for workers. Using the same range used by Kirchain et al. (2021a:e), we define the middle-
skilled occupations to be those which are both greater than 30% of the workforce is
middle-skilled and less than 50% of the workforce is either lower-skilled or upper-skilled.

Fifteen relevant middle-skilled positions from O*NET were selected as candidates to
present to industry and are shown in Table 1. In some cases, occupational skills were
combined to reduce the number of technicians to ensure that the survey instrument did
not become too large to cover in one hour. The Electro-Mechanical and Robotics
Technician were merged, along with Machinists and Computer Numerically Controlled
(CNC) Tool Operator. The employers of machinists or electro-mechanical technicians
were also knowledgeable about the related fields of CNC tool operators or robotics
technicians, respectively, and were considered “qualified” to share their experience on
the relevant trends.



Table 1 Focal occupations that were evaluated in this study. Bold titles represent
representative occupations that were served as proxy for the subsequent specific
occupations.

Standard Occupation

Middle-Skilled Occupation Classification Code
Additive Technician 17-3029
Aerospace Engineering and Operations Technician 17-3021
CAD Drafter or Designer 17-3013
Cdlibration Technician 17-3028
Chemical Technician 19-4031
Computer Numerically Controlled Machine Operator 51-9161
Communication Systems Technician 49-2021
Electrical Engineering Technician 17-3023
Electrical and Electronic Assembler 51-2022
Electro-Mechanical Technician 17-3024
Industrial Engineering Technician 17-3026
Information Security Technician 15-1299
Mechanical Engineering Technician 17-3027
Photonics Technician 17-3029
Semiconductor Processing Technicians 51-9141

Identifying Relevant Occupational Skills

For each identified occupation, an associated set of competencies (skills) was created.
To do this, the research team selected six to ten technical skills for each occupation
based on the O*NET task descriptions to characterize their importance and any existing
skills gap for these skills within the defense industry. The specific skills explored are listed in
the results plots and tables in the results section of the report.

Table 2 shows the skills required for the CNC Machine Operator role. We asked the
operation managers to evaluate the specific skills (Orange text) to measure the skills gap.
Each specific skill is linked to an Intermediate Skill (Blue text), and each Intermediate Skill
is linked to a general task/skill. Note, that some specific skills are mapped to more than
one intermediate skill, which is why they are repeated in the table. This does not mean
that we asked the same questions twice to the companies.



Table 2 ONET's General tasks/skills, Intermediate Work Activities, and Specific Skills for a
CNC Machine Operator.
Getting Information
Read documents or materials to inform work processes.

Review program specifications or blueprints to determine and set machine
operations and sequencing, finished workpiece dimensions, or numerical control
sequences.

Handling and Moving Objects
Disassemble equipment.

Maintain machines and remove and replace broken or worn machine tools,
using hand tools.

Position workpieces or materials on equipment.

Mount, install, align, and secure tools, attachments, fixtures, and workpieces on
machines, using hand tools and precision measuring instruments.

Set up equipment.

Mount, install, align, and secure tools, attachments, fixtures, and workpieces on
machines, using hand tools and precision measuring instruments.
Interacting With Computers

Program computer systems or production equipment.

Input machine control programs

Modify cutting programs to account for problems encountered during operation

Set up and operate computer-controlled machines or robots to perform one or
more machine functions on metal or plastic workpieces.

Making Decisions and Solving Problems
Determine resource needs of projects or operations.

Calculate machine speed and feed ratios and the size and position of cuts.

Monitor Processes, Materials, or Surroundings
Monitor equipment operation.

Check to ensure that workpieces are properly lubricated and cooled during
machine operation.

Monitor machine operation and control panel displays, and compare readings to
specifications to detect malfunctions.

Performing General Physical Activities
Clean tools, equipment, facilities, or work areas.

Clean machines, tooling, or parts, using solvents or solutions and rags.

Repairing and Maintaining Mechanical Equipment
Maintain tools or equipment.

Maintain machines and remove and replace broken or worn machine tools,
using hand tools.

Repair tools or equipment.

Maintain machines and remove and replace broken or worn machine tools,
using hand tools.
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Identifying Industry 4.0 Skills

Even though the O*NET database is updated regularly, it does not comprehensively
cover Industry 4.0 skills.  In focusing on the concept of Industry 4.0, Erol et al. (2016)
conclude that Internet of things, cloud based manufacturing and smart manufacturing
are three drivers of Industry 4.0. These drivers are those which transform the
manufacturing process into one that is fully digitized and intelligent. Vaidya et al. (2018)
identify nine pillars and are the following:

Big Data and Analytics
Autonomous Robots
Simulation

System Integration

The Industrial Internet of Things
Cyber Security

The Cloud

Additive Manufacturing
Augmented Reality

Using the nine pillars as a framework, the team formed a list of twelve Industry 4.0 skills for
advanced manufacturing technicians, which are listed below.

Programming and froubleshooting automated process equipment (CNC,
programmable production equipment, etc.)

Utilizes techniques to quickly fabricate a physical part using 3D CAD
Comfortable using augmented reality to perform daily tasks

Working with digital collaboration tools

Connect devices to the Internet so they can communicate with each other and
exchange data

Utilizes appropriate analytic software to identify patterns in data

Assesses the results of statistical process control analyses or design of experiments
Uses manufacturing simulation  (computer modeling) to virtually test
manufacturing procedures

Optimizing production flow based on the use of qualitative observations and
quantitative analytics

Technicians can identify business needs and map them onto digital solutions
Adheres to digital and communication security protocols

Uses interactive systems with Artificial Intelligent interfaces

Identifying Important, Common Skills

Manufacturing technology can lower the costs for companies in the conventional sense,
but it can also increase the costs for classrooms that need to acquire new technology,
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despite the benefits for learning outcomes (Archibald and Feldman 2010; Romano 2012).
One way to optimize resources is to identify, important common skills across occupations.
Moore et al. (2023) utilize a rank-biased overlap (RBO) (Webber et al. 2010) to determine
similarities and differences among industry preferences for job skills using data collected
by Kirchain et al. (2021a:e).

The skills gap and common skills results were used to construct lists of the common general
task/skills, ranked according to importance to the interview subjects, categorized by job
type and respondent industrial sector. To develop a metric of rank list similarity between
these lists and to then compare these lists across industries and technician positions, we
use the rank-biased overlap (RBO) method (Webber et al. 2010) an indefinite rank
similarity measure.

We applied the complete hierarchical clustering method (Hubert 1974) to the interview
responses for each occupation, in order to group them into four distinct clusters. To
enhance the reliability of the clustering, we integrated the responses from both NERDIC
and 32 MassBridge defense manufactures for the occupations that were evaluated by
both programs. We also excluded the occupations that had insufficient responses (less
than ten) from the clustering analysis.

The goal of each method is to create clusters that meet two conditions: (1) the items in
each cluster are similar to each other and (2) each cluster is different from the rest of the
clusters. Because real data will have variation within each cluster (i.e., the items do not
have the same values for all atfributes), different ways to measure similarity and
difference have been developed, which affect the “shape” of each cluster in attribute
space. As a type of unsupervised learning, clustering methods only need the user to
provide the attributes of the items to be grouped (or their distance from each other in
attribute space), the number of clusters to be formed, and the method to be used to
calculate distances within and between clusters.

Interviews

As part of this study, two groups were interviewed. First, original equipment
manufacturers were contacted in an effort to uncover other missing capabilities within
the defense supply chain that were beyond skills gaps. After closing interviews with the
OEMs, with the help of several state agencies, small the medium defense manufactures
were interviewed to specifically gain a comprehensive overview at the skills gap for
different types of technicians.

Original Equipment Manufacturers Interviews

Prior to interviewing SMMs, the team contacted OEMs operating in New England and
spoke to high-level managers who could provide an overview of supply chain
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vulnerabilities that exist in the New England region. The purpose was to identify other
concerns beyond those associated with the skills gap for technicians.

In this context, the questions asked were the following:

¢ What kind of vulnerabilities do you see in your supply chain and would regional
supplies mitigate the issues?e

e Do you see other advantages to having suppliers in the regione What are they?
Are there certain products you would like to have manufactured in New England
but cannot?

e Ifyes, why? Isit due to capital/equipment, skills gap, visibility, raw materials, or lack
of digitization?

e Since January 2020, describe the level of effort your company has put into
reorganizing suppliers into smaller regional clusters.

Responses that went beyond the topic of relevant skills for workers was meant to provide
insight

Small to Medium-Sized Manufacturing Semi-Structured Interviews

The data was collected using face-to-face interviews where the interviewer presented
questions and captured the responses, using the Qualtrics online platform(Qualtrics XM
2021). Interviews were conducted with small o medium manufacturers located in the
New England area that were part of the defense supply chain.

The interview is structured into five sections:

1) firm characterization,
2) hiring challenges,

3) training,

4) skills gap, and

5) Industry 4.0 skills

In the first section, respondents were asked to indicate their primary role at the company,
in addition to indicating how often they interact with the technicians. They were also
asked how long the company had been part of the defense supply chain and the
percentage of annual revenue that stems from work with the DoD.

In the second section, respondents were asked to identify which of the focal occupations
were relevant for their firm. Then for each relevant occupation they were asked whether

¢ Demand for that position would (Hold, Grow Somewhat, or Grow Significantly) 2
e Filing an open position was (Easy, Average, or Hard) 2
¢ In house training for new hires tends to be (Basic, Moderate, or Extensive training) 2
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Subsequently, participants were assigned two occupations through a random process.
In regard to each of these occupations, they were tasked with assessing the projected
skill proficiency required for their existing technicians, the skill proficiency expected from
new hires in these roles, and assigning priority rankings to the significance of these skills in
comparison to the current time for the upcoming five years. The skill proficiency
categories encompassed the subsequent options:

¢ Not applicable
e Aware of

e Familiar with

e Competent at
e Proficient with
e Mastery of

The expected importance ranks from much less important than now to much more
important than now.

For each of these positions, respondents were asked to evaluate the importance of the
skills when evaluating a new hire in five years. The importance categories included the
following:

e Extremely important

e Very important

e Moderately important
e Slightly important

¢ Noft at allimportant

After the technicians' skills gap assessment, participants were infroduced to a list of
Industry 4.0 skills. They were asked to distinguish among those skills deemed "universal,"
"specific," or "inapplicable." In the event an individual designated a skill as "specific," they
were then asked to map those technicians they believed necessitated proficiency in the
said skill.

Results

The following section describes the key findings from the interviews conducted for this
study. Specifically, this section reports on: the demand and challenges of hiring, the
specific skills gaps for technicians, the training platforms used by the companies to upskill
their existing workers, and the evolution of technician roles in relation to industry 4.0 skills.

Forty-seven firms participated in and completed the interview for this project. The
distribution of respondents across New England are presented in Figure 2a. Forty percent
of the participating companies were from Massachusetts, followed by Vermont (17%).
Rhode Island (15%), Connecticut (13%), Maine (10%), and New Hampshire (5%). Of this
group, 84% of the participants have been part of the defense supply chain greater than

14



ten years (Figure 2b). Twenty-five percent reported that greater than 75% of theirrevenue
is directly related to work for the Department of Defense, including supply products to
OEMs (Figure 2c). All of this indicates that the companies are well established within the

U.S. defense supply chain.

State Participation

<

= Massachusetts

= Vermont

= Rhode Island
Connectficut

= Maine

= New Hampshire

Average Revenue from
Defense-Related Work

Duration of Participationin
Defense Supply Chain

years

= Prefer not to say

= Negligible(<1%)

= Some (1%-25%)

Moderate (25% -
50%)

m Significant (51% -
75%)

m Majority (Greater
than 75%)

=510 10 years

m | ess than 5 years

= Greater than 10

Figure 2 (a) The distribution of defense manufactures interviewed across New England. (b)
The duratfion the company has been part of the defense supply chain. (c) The average
percentage of annual revenue related to the defense sector, including work performed for

OEMs.

Hiring Difficulties for New England Defense Manufacturers

The U.S. is striving to strengthen its manufacturing sector, which requires a skilled
workforce. To understand the challenges faced by defense manufacturers in the New
England region in finding qualified technicians, the survey asked the companies how
much time they typically spent to fill their open positions.

The survey revealed that hiring technicians is a
major challenge for many companies, and some
vacancies last for several months. According to
Figure 3, the difficulty of hiring technicians varies
by role and can be divided into three categories.
Information Security Technicians and CAD

“We have guys sleeping in
campers, because they can’t
afford housing.” VT
Manufacturer

15



Drafters/Designers are the easiest to hire, with only half or less of the companies reporting
them as hard. The rest of the technician roles in Figure 3 are hard to hire for more than
half of the companies. The hardest roles to fill are aerospace, electrical engineering,
chemical technicians and CNC machine operators, which was reported as hard by 70%
or more of the companies. The respondents blamed the shortage of technicians on the
low enrollment in training programs and the high cost of living, especially for housing and
child care.

To cope with this challenge, one company resorted to hiring a third-party firm to recruit
and screen applicants, even though it was costly for a small manufacturer. They paid
$5,000 for a month's worth of service, but it was “worth it" as four out of the five employees
they hired stayed with them, making it a better option than using an online employer
hiring platform.

Some companies acknowledged the need to offer flexible hours when possible, allowing
employees to balance their work and personal lives. Managers also increased wages
and enhanced their benefit packages to attract and retain workers.

Aerospace Engineering Technician

CNC Machine Operator

Electrical Engineering Technician
Additive Technician

Industrial Engineering Technician
Mechanical Engineering Technician
Chemical/Materials Technician
Calibration Technician
Mechatronics Technician
Information Security Technician

CAD Drafter/Designer

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Hard (>60 days) Average (30-60 days) B Easy (<30 days)

Figure 3 Expected hiring difficulties for New England defense manufacturers categorized by
the type of middle-skilled technician and the average number of days it takes to fill the
vacancy.
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Expected Hiring Need for Middle-Skilled Technicians

Our findings show that finding mid-level technicians is a common challenge for many
companies, and this is worsened by the rapid and constant changes in modern
manufacturing. As new technologies and methods emerge, the skills and roles of the
workers also change.

To identify which middle-skilled technician roles would see the most growth within the
New England defense supply, managers were presented with a list of technicians and
asked to predict the hiring needs at the firm for the types of technicians that they
currently hire or expect to hire in the future. Sixty percent of companies expect the need
for CNC operators to grow significantly (Figure 4). Of those who hire additive technicians,
almost 90% reported that they expect the need for this position to grow significantly
(Figure 4). Several of the managers interviewed claimed that they hired an outside third
party to handle IT security, explaining why only 10% reported that they expected the
demand for this role to increase significantly. However, due to expected changes in
security protocols, they saw this as a position that they would have to fulfill internally
down-the-road.

CNC Machine Operator |G NA3 | Tot 27
Tot 9
Tot 27
Tot 14
Tot 12
Tot 15

Tot 19

Tot 11
Tot 10

Tot 21

0% 10% 20% 30% 50 60% 70% 80% 90% 100%

mGrow Significantly swhat Hold Steady

Figure 4 Survey results on future change in demand for the technical occupations evaluated
in this study. Fraction of ‘Not Applicable’ responses at the right of the bar.

Candidate Pools Targeted By Companies to Build Pipeline

Given the pervasive and persistent challenges surrounding hiring, many companies are
engaging with a variety of candidate pools to increase their pipeline of potential workers.
Figure 5 presents the relative prevalence of candidate pools targeted by the defense
manufactures.
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Secondary schools are the main partners for most companies. Twenty-one companies
reported that they collaborated with community colleges in various ways, such as hiring
interns, sharing practical knowledge, joining the advisory board, or teaching as part-time
faculty. For the 21 companies that worked with four-year universities, their main activity
was hiring interns. The companies that provided internships or apprenticeships were
happy with the outcomes, but they also feared that the young workers would leave for
bigger cities. Twelve respondents said that they were targeting veterans for recruitment.
Other strategies used by companies included hiring refugees and engaging with other
marginalized groups, creating a referral system, and hosting summer school visits to their
facilities.

Four-year university
Community colleges
Vocational schools
k-12 STEM

Veterans

Other

Does not apply

o
.

8 12 16 20 24
Count

Figure 5 Candidate pools targeted by defense companies to build workforce pipeline.

Training Platforms Utilized to Upskill Incumbent Workers

When new technicians join a company, they typically need to undergo training before
they can work independently. Training is required because many of the products and
machines a technician will deal with are specialized and complex. It would be too risky
to let an inexperienced technician work on the manufacturing floor without proper
guidance.

Companies were asked to select the level of training required for each type of technician
they hire. Shown in Figure éis the reported level of training required for each occupation.
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The dark orange represents that the new hire requires extensive training, while medium
orange indicates some training, and light orange indicates basic training.

Interestingly, the level of on-the-job training required for different technician occupations
varies considerably. According to the respondents who hire chemical technicians, a
majority of them (76%) stated that chemical tfechnicians need extensive training. The
reason for this is that these occupations involve building parts for the defense industry or
working with complicated formulas, demanding extreme precision and accuracy. They
must also have some degree of analytical skills. For those who hire CNC machine
operators, additive, aerospace engineering, mechanical engineering, and calibration
technicians, roughly 50% reported that these technicians require extensive training.
Other occupations require less fraining, such as information security, mechatronics,
electrical engineering technicians, and CAD drafters/designers. Across this group,
roughly one-third of companies or fewer indicated a need for extensive fraining and for
electrical engineering technicians less than 10% of respondents indicated that extensive
on-the-job training was required.

Chemical/Materials Technician
CNC Machine Operator

Additive Technician

Aerospace Engineering Technician
Mechanical Engineering Technician
Calibration Technician

Industrial Engineering Technician
Information Security Technician
Mechatronics Technician

CAD Drafter/Designer

Flectrical Engineering Technician

@]
q

% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Extensive fraining Some fraining Basic orientation only

Figure 6 The training requirements for new hires as reported by New England defense
manufacturers.

Manufacturers were asked to identify what types of training programs were used to
provide on-the-job training for newly hired technicians. Respondents chose from a list of
seven types of tfraining platforms (Figure 7). More than one training platform could be
selected by each respondent.
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Some of the methods they used were:

Hire a third-party (22%), usually the equipment manufacturers, to come and frain
their technicians on site. Some manufacturers preferred this option because they
felt that off-site training centers (e.g., community colleges) provided training that
was too general and covered many skills that were not relevant to their operation.
They also did not want to send their technicians away from the shop for a few
days, as they were a small business with few employees.

Sending their technicians to community colleges (27%) to take courses that were
related to their roles. Some manufacturers found this option effective, as it gave
their technicians more formal education and credentials. A drawback to this
option is the time away from the shop floor.

Conducting informal internal training programs (7%) within their own company.
Many managers expressed concern over the age gap between their technicians,
and they feared that they would lose institutional knowledge when the older
workers retired. They tried to transfer the skills and experience from the senior
technicians to the junior ones through mentoring and coaching.

Using online modules (20%) from various sources to supplement their tfraining. Some
manufacturers used NIMS, a platform that was developed by a partnership of over
6,000 companies and five major industry trade associations. NIMS offered
standards and credentials for different technician roles. Other training modules
listed were Textron, Linkedin Learning, BAE Greenbelt training, and YouTube.
However, some manufacturers were frustrated by the lack of a unified online
source for technician training, and they wished there was more coordination and
collaboration among the industry stakeholders.
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Figure 7 Training platforms used by defense manufacturers to upskill incumbent technicians
within the last five years.

Including results from other studies in the region, Grinold (2020) surveyed manufacturers
in Vermont. Results from their analysis underscore that little is known about what offsite
education and training programs are utilized to upskill workers. Eighty-two percent
selected no response when asked about additional training.

What offsite education, training, and other programs and
institutions do you rely on to prepare or up-skill your workforce?

Greenfield Community College 0
Franklin Tech 0
Vermont Tech 0
Community College of Vermont 0
Windham Regional Career Center ™ 1
River Valley CTE = 1
Vermont Manufacturing Extension Center (VMEC) wm 2
High School co-op 2
Mo Response

27

Figure 8 Vermont Hiring Needs Assessment. Source: Grinold (2020)
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One interesting approach used by a manufacturer was a competency-based training
program that aligned with the industry standards and expectations. The program had
clear learning outcomes and assessments for each technician role, and it rewarded the
technicians based on their proficiency rather than their seniority. This gave the
technicians more motivation and control over their career advancement.

Skills Required for In-Demand Positions

The semi-structured interviews revealed the need for middle-skilled workers, the difficulties
in hiring them, and the gaps in their training for all the positions studied. The research
team examined the training gaps for each occupation by asking the respondents to rate
8-10 specific skills on the skill level of existing workers, new hires, and the future importance
of the skill compared to today. The research team classified the skills as high priority or
moderate priority based on the ratings. High priority skills are those that have a big
difference between the skill level of existing workers and new hires, and are also
expected to be very important in the future. Moderate priority skills are those that have
either a big difference or a high future importance, or those that have average ratings
for both categories. The research team suggests that the skills that are not high or
moderate priority should be reviewed for their relevance to the curricula for that
occupation. The research team received enough responses (n>=5) to analyze eight
positions, namely additive technician, aerospace engineering technician, information
security technician, mechatronics technician, mechanical engineering technician,
mechanical drafter, and CNC tool operator. Since these workers have significant training
gaps, the research team identifies opportunities to improve the training programs for
them.
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Table 3 O*NET occupation descriptions for the seven positions with a sufficient number of

responses.

Occupation Title

Description

Additive Technician

Maintain and repair additive manufacturing
and 3-D printing equipment. Maintain the
additive manufacturing machinery and
equipment at the highest possible level and
ensure the productivity and safety of the
entire production team.

Aerospace Engineering Technician
(SOC Code 17-3021.00)

Operate, install, adjust, and maintain
integrated computer/communications
systems, consoles, simulators, and other data
acquisition,  test, and  measurement
instruments and equipment, which are used
to launch, track, position, and evaluate air
and space vehicles. May record and
interpret test data.

Mechanical Drafter (SOC Code
17.3013.00)

Prepare detailed working diagrams of
machinery and mechanical devices,
including dimensions, fastening methods,
and other engineering information.

Calibration Technician (SOC Code 17-
3028.00)

Execute or adapt procedures and
techniques for calibrating measurement
devices. Determine measurement for
calibrating measurement devices. May
perform preventive maintenance on
equipment and perform corrective actions
to address identified calibration problem:s.
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Occupation Title Description

CNC Tool Operators (SOC Code | Operate computer-controlled tools,
9161.00) machines, or robots to machine or process
parts, tools, or other work pieces made of
metal, plastic, wood, stone, or other
materials. May also set up and maintain

equipment.
Information Security Technician (SOC | Maintain security technology, such as
15-1299.05) firewalls, for the safe use of computer

networks and the fransmission and retrieval
of information. Implement appropriate
security conftrols to identify vulnerabilities and
protect  digital files and electronic
infrastructures. Monitor and respond to
computer security breaches, viruses, and
intrusions, and perform forensic investigation.
Mechatronics Technician (SOC Code | Operate, test, maintain, automated,
17-3024.00) servomechanical, or electromechanical
equipment. May assist engineers in testing
and designing robotics equipment.

Mechanical Engineering Technicians | Apply theory and principles of mechanical
(SOC Code 17-3027.00) engineering to modify, develop, test, or
calibrate machinery and equipment

By understanding the types of training that regional manufacturers use, the team can
determine which skills are most in demand and most lacking among the companies. The
results below show the skills that have the largest gaps for each occupation.

Figure 9 through Figure 16 show the skills gaps and importance to the list of technicians in
Table 3, respectively. As areminder, the gap was determined by presenting a list of skills
selected from the O*NET datable for a technician that the company hires. The person
was asked to rate the average competency level for a person with two years of work
experience in that role and the average competency level for a new hire. There were
six options for both types of hires. They include: not applicable; aware of; familiar with;
competent; proficient; or master. Additionally, the person was asked to rate the
importance of that skill five years from now. In other words, was it a skill that would be
less important over time or more important.

In the cases where there is a wide gap between the new hires’ proficiency level (green
line) and the two-year hires’ proficiency level (red line) and a long blue line, this indicates
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that companies view this skill as growing in importance over the next five years and this
is a task that requires considerable on-the-job-tfraining resources.

Table 4 — Table 11 summarize the skills that require different levels of training, based on
the recommendations from the analysis. The table categorizes the skills into three groups:
those that need more emphasis, those that need improvement, and those that need
maintenance.

Additive Technician

Skill

Skills Importance: Additive Technician

== High priority

Green: New hire Proficiency,

Mdgrate proity Red: Current employee proficiency,
Blue Shift: Expected 5 year importance change

Documents additive manufacturing equipment protocols, test |
procedures, and results

N

Recognizes, interacts with, or operates protective and lockout |
devices

Proper handling and storage of additive materials (i.e., powders) 4

Builds, assembles, sets up, and commissions a 3D printer and |
supporting equipment

Schedules time to run machine 4

Choose materials based on differing properties and |
characteristics for additive manufacturing models

[Fonducts discussions with line managers, colleagues, and within |
the engineer team

Engages, as part of the engineer team, in the design, evaluation,
configuration, or application of additive manufacturing equipment+
systems

Uses proper standards and techniques to troubleshoot <

5

Assess and troubleshoot issues and plan repair work <

Inspects or tests machinery or equipment to diagnose machine |
malfunction

o
Lo

ff
(2

FNS|
o~

Rank

Figure 9 The gaps and expected future importance of skills for additive technicians are
shown with high priority skills highlighted in red and moderate priority skills highlighted in
orange.
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Table 4 Recommended changes in the training of additive fechnicians. The red skills are
those that are high priority and the orange skills are those that are ranked as moderate
riority and therefore have a skill gap and are also important in the future.

Recommendation

Skill

Full Skill Description

Emphasize training on...

Preparing specimens
and communication
and advising

Proper handling and storage of
additive materials (i.e., powders)

Builds, assembles, sets up, and
commissions a 3D printer and
supporting equipment

Choose materials based on differing
properties and

characteristics for additive
manufacturing models

Conducts discussions with line
managers, colleagues, and within
the engineer team

Documents additive manufacturing
equipment protocols, test
procedures, and results

Improve Training on...

Troubleshooting and
assessment

Assess and troubleshoot issues and
plan repair work

Maintain fraining/evaluate
tfraining on...

Quality control

Engages, as part of the engineer feam,
in the design, evaluation,
configuration, or application of
additive manufacturing equipment
systems

Uses proper standards and techniques
to troubleshoot

Inspects or fests machinery or
equipment to diagnose machine
malfunction
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Aerospace Engineering Technician

Skills Importance: Aerospace Engineering Technician

Green: New hire Proficiency,
Red: Current employee proficiency,
Blue Shift: Expected 5 year importance change

mmm High priority
Moderate priority

Identify required data, data acquisition plans, and test

parameters, setting up equipment to conform to these 4
specifications.
Qperate and calibrate computer systems and devices to comply with | @ )
test requirements and to perform data acquisition and analysis.

Record and interpret test data on parts, assemblies, and |
mechanisms.

Confer with engineering personnel regarding details and |
implications of test procedures and results.

Adjust, repair, or replace faulty components of test setups and |
equipment.

Skill

Fabricate and install parts and systems to be tested in test |
equipment.

Inspect, diagnose, maintain, and operate test setups and |
equipment to detect malfunctions.

Construct and maintain test facilities for aircraft parts and |
systems, according to specifications.
Test aircraft systems under simulated operational conditions to |

establish design or fabrication parameters

2 4 6
Rank

Figure 10 The gaps and expected future importance of skills for aerospace
engineering technicians are shown with high priority skills highlighted in red and
moderate priority skills highlighted in orange.



Table 5 Recommended changes in the fraining of aerospace engineering
fechnicians. The red skills are those that are high priority and the orange skills are those
that are ranked as moderate priority and therefore have a skill gap and are also

important in the future.

Recommendation

Skill

Full Skill Description

Emphasize training on...

Data analysis and
communication and
advising

Identify required data, data acquisition
plans, and test parameters, setting up
equipment to conform to these
specifications.

Record and interpret test data on parts,
assemblies, and mechanisms.

Confer with engineering personnel
regarding details and implications of test
procedures and results.

Improve Training on...

Troubleshooting and
fabricating parts

Adjust, repair, or replace faulty
components of test setups and equipment.

Fabricate and install parts and systems to
be tested in test equipment.

Inspect, diagnose, maintain, and operate
test setups and equipment to detect
malfunctions.

M aintain
training/evaluate fraining
on...

Quality and process
control

Construct and maintain test facilities for
aircraft parts and systems, according to
specifications.

Test aircraft systems under simulated
operational conditions to establish design or

fabrication parameters.
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CAD Drafter/Designer

Skills Importance: CAD Drafting Technician

mm High priority Green: New hire Proficiency,
Moderate priority Red: Current employee proficiency,
Blue Shift: Expected 5 year importance change

Modify and revise designs to correct operating deficiencies or to |
reduce production problems.

Confer with customer representatives to review schematics and |
answer questions pertaining to installation of systems

Develop 2D and 3D design drawings and specifications for |
mechanical equipment, dies, tools, and controls

Review and analyze specifications, sketches, drawings, ideas, and |
related data to assess factors affecting component designs
% Lay out and draw schematic, orthographic, or angle views to
depict functional relationships of components, assemblies, 4
systems, and machines.

Compute mathematical formulas to develop and design detailed |
specifications for components or machinery

Coordinate with and consult other workers to design, lay out,
or detail components and systems and to resolve design or other -
problems.

Lay out, draw, and reproduce illustrations for reference manuals J é
and technical publications to describe operation and maintenance 4
of mechanical systems.

Rank

Figure 11 The gaps and expected future importance of skills for aerospace CAD
Drafters/Designers are shown with high priority skills highlighted in red and moderate
priority skills highlighted in orange.



Table 6 Recommended changes in the training of CAD drafter/designer. The red skills
are those that are high priority and the orange skills are those that are ranked as

moderate priority and therefore have a skill ga

p and are also important in the future.

Recommendation

Skill

Full Skill Description

Emphasize training on...

Communication
and
troubleshooting

M odify and revise designs to
correct operating deficiencies or to
reduce production problems.

Coordinate with and consult other
workers to design, lay out, or detail
components and systems and to
resolve design or other problems.

Confer with customer
representatives to review
schematics and answer questions
pertaining to installation of systems.

Improve Training on...

Data analytics,
fabrication, and
thinking creatively

Develop 2D and 3D design
drawings and specifications for
mechanical equipment, dies, tools,
and controls.

Review and analyze specifications,
sketches, drawings, ideas, and
related data to assess factors
affecting component designs

Compute mathematical formulas
to develop and design detailed
specifications for components or
machinery.

Lay out, draw, and reproduce
illustrations for reference manuals
and technical publications to
describe operation and
maintenance

of mechanical systems.

Maintain
training/evaluate
training on...

Quality and
process control

Lay out and draw schematic,
orthographic, or angle views to
depict functional relationships of
components, assemblies,

systems, and machines.
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Calibration Technician

Skills Importance: Calibration Technicial

wsm  High priority Green: New hire Proficiency,
Moderate priority Red: Current employee proficiency,
Blue Shift: Expected 5 year importance change

Verify part dimensions or clearances using precision measuring |
instruments to ensure conformance to specifications.

Analyze test data to identify defects or determine calibration |
requirements.

Write and submit reports about the results of calibration tests.

Read blueprints, schematics, diagrams, or technical orders. 4

Calibrate devices by comparing measurements of pressure,
temperature, humidity, or other environmental conditions to known

standards.

Skill

Maintain or repair measurement devices or equipment used for |
calibration testing.

Test equipment for performance or reliability.

Draw plans for developing jigs, fixtures, instruments, or other |
devices.

Plan sequences of calibration tests according to equipment |
specifications and scientific principles.

Operate metalworking machines to fabricate housings, jigs, |
fittings, or fixtures.

Rank

Figure 12 The gaps and expected future importance of skills for calibration
technicians are shown with high priority skills highlighted in red and moderate priority
skills highlighted in orange.



Table 7 Recommended changes in the training of calibration technicians. The red
skills are those that are high priority and the orange skills are those that are ranked as
moderate priority and therefore have a skill gap and are also important in the future.

Recommendation

Skill

Full Skill Description

Emphasize training
on...

Preparing equipment,
data analysis, and
communication

Verify part dimensions or clearances using
precision measuring insfruments fo ensure
conformance to specifications.

Analyze test data to identify defects or
determine calibration
requirements.

Write and submit reports about the results
of calibration tests.

Calibrate devices by comparing
measurements of pressure,
temperature, humidity, or other
environmental conditions to known
standards.

Improve Training
on...

M aintenance and
testing

Read blueprints, schematics, diagrams, or
technical orders.

M aintain or repair measurement devices or
equipment used for
calibration testing.

Test equipment for performance or
reliability.

Maintain
fraining/evaluate
fraining on...

Thinking creatively,
planning, organizing,
and prioritizing, and
operating equipment

Draw plans for developing jigs, fixtures,
instruments, or other
devices.

Plan sequences of calibration tests
according to equipment
specifications and scientific principles.

Operate metalworking machines to
fabricate housings, jigs,
fittings, or fixtures.
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CNC Machine Operator

Skills Importance: CNC Operator
m=m  High priority Green: New hire Proficiency,
Moderate priority Red: Current employee proficiency,
Blue Shift: Expected S year importance change

Clean machines, tooling, or parts, using solvents or solutions |
and rags.

Check to ensure that workpieces are properly lubricated and |
cooled during machine operation.

Input machine control programs <

Monitor machine operation and control panel displays, and compare |
dings to specifications to detect malfuncti

Mount, install, align, and secure tools, attachments, fixtures,

and workpieces on machines, using hand tools and precision 4
measuring instruments.

Review program specifications or blueprints to determine and set
machine operations and sequencing, finished workpiece di i -
or numerical control sequences.

Set up and operate computer—controlled machines or robots

to perform one or more machine functions on metal or plastic 4
workpieces.

Modify cutting programs to account for problems encountered |
during operation.

Skill

Calculate machine speed and feed ratios and the size and position |
of cuts

Maintain machines and remove and replace broken or worn machine |
tools, using hand tools.

Modify cutting programs to account for problems encountered |
during operation

N
ad
o

Rank

Figure 13 The gaps and expected future importance of skills for CNC Machine

Operators are shown with high priority skills highlighted in red and moderate priority
skills highlighted in orange.
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Table 8 Recommended changes in the training of CNC machine operator. The red
skills are those that are high priority and the orange skills are those that are ranked as
moderate priority and therefore have a skill gap and are also important in the

future.

Recommendation

Skill

Full Skill Description

Emphasize training
on...

Preparing
equipment,
monitoring
processes, and
programming

Input machine control programs

Clean machines, tooling, or parts,
using solvents or solutions and rags.

Check to ensure that workpieces are
properly lubricated and cooled
during machine operation.

Monitor machine operation and
control panel displays, and compare
readings to specifications to detect
malfunctions.

Mount, install, align, and secure tools,
aftachments, fixtures, and workpieces
on machines, using hand tools and
precision measuring instruments.

Modify cutting programs to account
for problems encountered during
operation.

Review program specifications or
blueprints to determine and set
machine operations and sequencing,
finished workpiece dimensions, or
numerical control sequences.

Improve Training
on...

Maintenance

Maintain machines and remove and
replace broken or worn machine
tools, using hand tools.
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Information Security Technician

Skills Importance: Information Security Technician

= High priority Green: New hire Proficiency,
Moderate priority  Raq: Gurrent employee proficiency,
Blue Shift: Expected 5 year importance change

Troubleshoot security and network problems. 4

Assess the quality of security controls, using performance |
indicators.

Review security assessments for computing environments or check |
for compliance with cybersecurity standards and regulations.

Provide technical support to computer users for installation and |
use of security products.

Implement software tools to assist in the detection, prevention, |
and analysis of security threats.

Skill

Identify or implement solutions to information security problems. 4

Conduct investigations of information security breaches to |
identify vulnerabilities and evaluate the damage.

Identify security system weaknesses, using penetration tests. -

Write reports regarding investigations of information security |
breaches or network evaluations.

o

C

Develop response and recovery strategies for security breaches. o

o
N
[

Rank

Figure 14 The gaps and expected future importance of skills for information security
technicians are shown with high priority skills highlighted in red and moderate priority
skills highlighted in orange.



Table 9 Recommended changes in the fraining of information security technician.
The red skills are those that are high priority and the orange skills are those that are

ranked as moderate priority and therefore have a skill gap and are also important in

the future.

Recommendation

Skill

Full Skill Description

Emphasize training
on...

Troubleshooting,
testing, securely
installing
software

Review security assessments for
computing environments or check for
compliance with cybersecurity
standards and regulations.

Assess the quality of security controls,
using performance indicators.

Conduct investigations of information
security breaches o identify
vulnerabilities and evaluate the
damage.

Identify security system weaknesses,
using penetration tests.

Troubleshoot security and network
problems.

Provide technical support to
computer users for installation and use
of security products.

Develop response and recovery
strategies for security breaches.

Implement software tools to assist in
the detection, prevention, and
analysis of security threats.

Improve Training
on...

Communication

Write reports regarding investigations
of information security breaches or
network evaluations.
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Mechatronics Technician

Skills Importance: Mechatronics Technicial

e High priority Green: New hire Proficiency,
Moderate priority  Red: Current employee proficiency,
Blue Shift: Expected 5 year importance change

Verify part dimensions or clearances to ensure conformance to |
specifications, using precision measuring instruments. r

Align, fit, or assemble component parts, using hand or power |
tools, fixtures, templates, or microscopes.

Repair, rework, or calibrate hydraulic or pneumatic assemblies or |
systems to meet operational specifications

Read blueprints, diagrams, or technical orders to determine |
methods of assembly

Install or program computer hardware or machine or |
instrumentation software in microprocessor—based systems

Skill

Prepare written documentation of electromechanical test results. 4

[Test performance of electromechanical assemblies and/or robotic
systems using test instruments such as oscilloscopes, electronic o
voltmeters, or bridges.

Operate metalworking machines to fabricate housings, jigs, | x
fittings, or fixtures.

2 4 )
Rank

Figure 15 The gaps and expected future importance of skills for CNC mechatronics
fechnicians are shown with high priority skills highlighted in red and moderate priority
skills highlighted in orange.



Table 10 Recommended changes in the training of mechatronics technician. The red
skills are those that are high priority and the orange skills are those that are ranked as
moderate priority and therefore have a skill gap and are also important in the future.
Recommendation Skill Full Skill Description

Install or program computer
hardware or machine or

Preporing ; instrumentation software in
. . eguipment, microprocessor-based systems
Emphasize training assemble parts, - X
" Align, fit, or assemble component
on... writing !
; parts, using hand or power tools,
technical X .
fixtures, templates, or microscopes.
reports

Prepare written documentation of
electromechanical test results.
Test performance of
electromechanical assemblies
and/or robotic systems using test
instruments such as oscilloscopes,
electronic voltmeters, or bridges.
Read blueprints, diagrams, or
technical orders to determine
Troubleshooting | methods of assembly.

and assessment | Verify part dimensions or
clearances to ensure conformance
to specifications, using precision
measuring instruments.

Repair, rework, or calibrate
hydraulic or pneumatic assemblies
or systems to meet operational
specifications

Improve Training on...




Mechanical Engineering Technician

Skills Importance: Mechanical Engineering Technician
Green: New hire Proficiency;,

Red: Current employee proficiency,

Blue Shift: Expected 5 year importance change

mmm High priority
Moderate priority

Record test procedures and results, numerical and graphical data, |

and recommendations for changes in product or test methods.
Review project instructions and blueprints to ascertain test |
specifications, procedures, and objectives

Operate drill press, grinders, engine lathe, or other machines to |
modify or to fabricate components.

Fabricate and assemble new or modified mechanical components for |
products

Skill

specifications and test objectives, and modify or adjust
equipment to meet specifications.

Draft detail drawing or sketch for drafting room completion or to |
request parts fabrication by machine, sheet or wood shops.

Calculate required capacities for equipment to obtain specified |
performance
Analyze test results in relation to design or rated

Estimate cost factors including labor and material for purchased
and fabricated parts and costs for assembly, testing, or 4

installing. }
Test equipment, using test devices attached to generator, voltage J ‘
regulator, or other electrical parts, such as generators or spark 4
plugs.

Rank

Figure 16 The gaps and expected future importance of skills for mechanical
engineering technician are shown with high priority skills highlighted in red and
moderate priority skills highlighted in orange.



Table 11 Recommended changes in the fraining of mechanical engineering technician.

The red skills are those that are high priority and the orange skills are those that are ranked

as moderate priority and therefore have a skill gap and are also important in the future.

Recommendation

Skill

Full Skill Description

Emphasize
training on...

Process control,
data
management,
and data
analysis

Record test procedures and results,
numerical and graphical data, and
recommendations for changes in product
or test methods.

Review project instructions and blueprints
to ascertain test specifications,
procedures, and objectives

Calculate required capacities for
equipment to obtain specified
performance

Analyze test results in relation to design or
rated specifications and test objectives,
and modify or adjust equipment to meet
specifications.

Draft detail drawing or sketch for drafting
room completion or to request parts
fabrication by machine, sheet or wood
shops.

Improve Training
on...

Troubleshooting
and

Test equipment, using test devices
attached to generator, voltage regulator,
or other electrical parts, such as

factors

assessment
generators or spark plugs.
Operate drill press, grinders, engine lathe,
or other machines to modify or to
Fabricatin fabricate components.
Maintain arts and 9 Fabricate and assemble new or modified
fraining/evaluate par . mechanical components for products
. estimating cost : . :
training on... Estimate cost factors including labor and

material for purchased and fabricated
parts and costs for assembly, testing, or
installing.
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High-Value, Shared Skills

The interviews asked about skills that are listed in the O*Net dataset, which is a collection
of data about different jobs from the Bureau of Labor Statistics. This made it easier to
group the skills that the interviewees mentioned into broader categories (called General
Task/Skill, or GTS for short).

Figure 17 presents the ranked general work tasks/skills that are most important to defense
manufactures in New England. Across all roles, technicians must have a strong grasp on
being able to set-up and prepare specimens, equipment, and tools for manufacturing
processes whether that is mechanical equipment or powders used for additive
manufacturing. In addition, they must be able to read and interpret documents that
inform work-flow processes. Quality and process control are also important, so they must
be able to test and interpret results, along with communicating and advising to relevant
parties.

While these are general tasks are ranked, it's important to note that they are allimportant
and may vary across occupations. The ranked lists for each occupation are in Appendix
C: Ranked General Tasks/Skills for Each Technician
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General Work Task/Skills Ranked Importance
| 1.5 2 2.5 3

Freparing Specimens, Equipment.and Tools -

- Install commercial or production equipment
- Clean tools. equipment, and finished products

Getting Information 1

- Read documents to inform work processes

Interacting With Computers

-Program computer systems or production equipment _
Monitor Processes, Materials, or Surroundings

“Morioreqpmentopercton I —

- Monitor operations to ensure adequate performance
Controlling Machines and Processes

- Assemble and dissemble equipment 0000000001

- Fabricating devices

Repairing and Maintaining Mechanical Equipment

- Repair and maintain fools or equipment _
Inspecting Equipment, Structures, or Material

Tos chaaclois of maferdor prockels |1

- Test performance of equipment or systems
Test and Evaluate for Quality

-Evaluate produclon input o outpurs I —

- Evaluate performance of products and technologies
Documenting/Recording Infermation

- Document and maintain procediures or activifies [ RMMM—

- Present research or technical information

D ey oo .
- Advise others on operational matters

Thinking Creatively

Crecte viudl dsploys ]

- Develop research plans or methodologies
Analyzing Data or Information

- Evaluate designs or specifications -1
- Analyze performance of system

Organizing, Planning, and Prioritizing Work

- Plan work activates _

- Determine operational method

Estimating the Quantifiable Characteristics _

- Estimate project or develop operational costs

Figure 17 Overall ranked General Work Tasks/Skills by Importance according to regional
defense manufactures for all types of technicians.

To identify similarities in needs among occupations, skills were grouped using a method
called hierarchical clustering to identify occupations that share common in-demand skill
needs. In general, the objective to generate clusters that satisfy two criteria: (1) the
members of each cluster are “close” to one another and (2) each cluster is “far away”
from all other clusters.

Occupation clusters are groups of occupations that have related skills, knowledge, and
training levels. Interview responses were used to identify the most important skills, and
results highlight advanced manufacturing technician clusters and the in-demand skills for
each cluster.

Figure 18 presents the clustering results that used data for ten technicians. The values on
the x-axis are a proportion of the points when the samples are exactly as similar to one
another as they are dissimilar. Therefore, a 1 indicates that each list of skills is ranked the
same for each occupation. If we “cut the tree” and look at the occupational clusters
below 0.75, then within each cluster, the occupational samples have more than 75%
similarity. If the point is 0.5, and we look at the occupational clusters below 0.5, then
within each cluster, the occupational samples have more than 50% similarity.
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For this analysis, we selected 0.80. In doing this, there are four occupational clusters that
are categorized by different color schemes and summarized in Table 12.

Elec. Eng. Tech
CAD Drafter/Designer
Info. Security Tech

Industrial Eng. Tech
CNC Tool Operator
Chemical/Material Tech
Additive Tech
Mechatronics Tech
Mech. Eng. Tech
Calibration Tech

0.25 0.50 0.75 1.00

Figure 18 Complete hierarchical occupational cluster analysis resulfs.

Table 12 Occupational clusters organized according to their ranked biased scores
presentedin .

Occupational Occupational Occupational Occupational

Cluster 1 Cluster 2 Cluster 3 Cluster 4

Mechanical Eng. | Industrial Eng. Tech CAD Designer Additive Tech

Tech

Mechatronic Tech Information Security | Electrical Eng. | CNC Machine
Tech. Tech Operator

Calibration Tech Chemical

Technician

The clustering analysis enables the team to identify which skills or competencies are
shared the most across groups which are shown in Table 13. Table 13 lists the top three
for each group.

The occupational cluster analysis revealed four groups of technicians who have common
general tasks/skills or competencies. The first group consists of mechanical engineering,
mechatronics, and calibration technicians, who are responsible for ensuring the quality
and performance of various machines and systems. They need to be skilled in collecting
and analyzing information, as well as judging the quality of products and processes.
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The second group comprises industrial engineering and information security fechnicians,
who use cutting-edge methods and tools to design, improve, and optimize products and
processes. They need to be proficient in monitoring and controlling processes,
communicating and advising others, and operating and maintaining machines but also
have a strong sense of the business operations.

The third group includes CAD designers and electrical engineering technicians, who
collaborate to create and implement electrical systems and components. They need to
have strong communication skills, as well as the ability to analyze data and information,
and inspect equipment and materials.

The fourth and final group is composed of CNC machine operators, chemical and
additive technicians. They need to be able to prepare specimens, tools, or equipment,
monitor processes, and repair and maintain equipment.

Table 13 Shared general skills/competencies across occupational clusters.

Occupational Occupational Occupational Occupational
Cluster 1 Cluster 2 Cluster 3 Cluster 4
Judging the Monitoring Communicating Preparing
Qualities of Processes, with Supervisors, specimens, tools,
Objects, Services, Materials, or Peers, or and equipment
or People Surroundings Subordinates

Getting Information | Providing Analyzing Data or Monitoring
Consultation and Information Processes,
Advice to Others Materials, or

Surroundings

Analyzing Data or Controlling Inspecting Repairing and

Information Machines and Equipment, Maintaining
Processes Structures, or Equipment

Materials

The Addition of Industry 4.0 Skills to Middle-Skilled Positions

Manufacturers were presented with a list of twelve Industry 4.0 skills and were tasked with
categorizing them as "universal" (indicating a belief that all technicians should possess
this skill), "specific" (suggesting that only certain technicians require it), or "none at all." If
"specific" was selected, they were further prompted to specify which technician should
be equipped with the skill.
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When grouping “all technicians” and “specific technicians” as one, Figure 19 shows that
90% or more of companies reported there are five Industry 4.0 skills that are more
applicable to today’s middle-skilled technicians. They are:

e Adhering to digital security protocols

e Working with digital collaboration tools

¢ Connecting devices to the Internet, allowing them to exchange data (Internet of
Things)

e Fabricating physical parts using 3D CAD

e Programming and troubleshooting automated and robotic processes

Using the same process as above in terms of grouping “all fechnicians” and “specific
technicians”, a second set of Industry 4.0 skills is presented (Figure 19), which focus on
data analysis and interpretation. They include:

e Using analytic software to identify patterns in data
¢ Optimizes production flow using analytics
e Assessing results of statistical process control processes

Of all the Industry 4.0 skills, 38% reported “comfortable with using augmented reality to
perform daily tasks” as applicable to no technicians. Augmented reality was generally
perceived as a technology that remains relatively distant from full integration, making it
challenging to ascertain the corresponding skill sets.

If the company indicated that the skill was relevant for certain technicians, they had to
answer a subsequent question that required them to assign the skill to a group of
technicians who needed it more than others. In all, there were fourteen technicians
presented, but those with a small sample size (n < 3 ) were omitted, leaving eleven
technicians presented in Figure 20.

Figure 20 shows the four most essential skills for each technician group. The three digital
skills mentioned earlier (digital security, collaboration tools, and Internet of Things) were
excluded, as they were applicable to all technicians according to 0% or more of the
respondents. The team observed that programming and troubleshooting automated
equipment and fabricating physical parts using 3D CAD also belonged to this category,
but given that Figure 19 indicated that 68 to 70% of the companies considered them
relevant for specific technicians, it was worthwhile to examine how companies assigned
these skills to different technician groups.

Figure 20 shows that using manufacturing simulation to virtually test manufacturing
procedures and programming and troubleshooting automated and robotic equipment
were mapped to 80% of the technicians, according to regional defense manufacturers.
While this reinforces the fact that programming automated equipment is a universal skill,
it emerged that the utilization of manufacturing simulation is equally important.
Furthermore, there are two distinct clusters of technicians: one group of seven (CNC
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machine operator, mechanical engineering, additive, mechatronics,

aerospace

engineering, electrical engineering technicians, and CAD drafters/designers) that are
expected to create physical parts using 3D CAD, while another group of four (industrial
engineering, calibration, chemical, and information security technicians) must have

strong analytical skills to improve produc

Adheres to digital security protocols

Work with digital collaberation tools

Connect devices to Infernet, allowing them fo exchange data
Fabricates physical parts using 3D CAD

Program and froubleshoot automated and robofic processes
Uses analylic software to identify patterns in dafa

Opftimizes production flow using analytics

Assesses resulfs of stalistical process confrol analyses

Uses manufacturing simulation to virtudlly test Mfg. procedures
Technicians map business needs fo digital solufions

Uses interactive systems with Alinterfaces

Uses augmented redlity fo perform daily tasks
0

m No Technicians All

59

tion efficiency.

Technicians  mSpecific Technicians

Figure 19 The number of Industry 4.0 skills classified by defense manufacturers as being
applicable to all technicians, relevant to some, or not applicable to any.

5 10%  20% 30% 40% 50% 0% /0% 80% 90% 100%
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Add.Tech. Aerospace Mech. Eng. Elec. Eng. CNC Op. Mechatron. CAD Drafter |Cal. Tech. Chem. Ind. Eng. Info.
Eng.Tech. Tech. Tech Tech. Tech. Tech. Security
Tech.

Uses manufacturing simulation to
virtually test manufacturing
procedures

Programming and
troubleshooting automated and
robotic process equipment

Utilizes techniques to quickly
fabricate a physical part using
3D CAD

Assesses the results of statistical
process control analyses or
design of experiments

Utilizes appropriate analytic
software to identify patterns in
data

Optimizing production flow
based on the use of qualitative
observations and quantitative
analytics

Uses interactive systems with
Artificial Intelligent interfaces

Technicians can identify business
needs and map them onto
digital

solutions.

Figure 20 The top four Industry 4.0 skills mapped to specific technicians by New England
defense manufactures.

Recommendations

Drawing from the outcomes highlighted in the preceding section, the team has devised
a series of recommendations geared towards furthering NERDIC's mission of fostering a
workforce that is both modernized and resilient.

Target Marketing Toward Occupations That Face the Greatest
Demand and Hardest to Fill

Results from this study validate results from other assessments like the Vermont 2021 Hiring
Needs Assessment Summary (Sheahan 2021). In Sheahan's (2021) assessment, 30% of
manufactures claimed to have turned away business due an insufficient number of
technical employees.

The top seven occupations that are expected to grow the most in demand and are the
hardest to fill are listed in Table 14. Between the two lists, there are five occupations that
fallinto both. These include: additive, aerospace engineering, mechanical engineering,
industrial engineering technicians, and CNC machine operators. According to that list,
marketing efforts should be tailored specifically to the occupations versus a broad
manufacturing campaign.
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Table 14 The top seven middle-skilled occupations that expected to grow the most in
demand over the next five years and those that are the hardest to fill.

Greatest Expected Growth (Figure 4) Greatest Hiring Difficulties (Figure 3)

CNC Machine Operator Aerospace Engineering Technician
Additive Technician CNC Machine Operator
Mechanical Engineering Technician Electrical Engineering Technician
Mechatronics Technician Additive Technician

Aerospace Engineering Technician Industrial Engineering Technician
Industrial Engineering Technician Mechanical Engineering Technician
Calibration Technician Chemical Technician

Include Digital Cybersecurity, Internet of Things, and Digital
Collaboration Skills in All Manufacturing Curricula

Community colleges may have limited resources, and as we transition in the fourth
industrial revolution, there is a shift in fechnologies and skills requirements. Knowing which
skills are most important to industry is vital information for trainers, because it enables them
to focus on skills that are going to bring the most value to companies today.

Out of twelve Industry 4.0 skills, defense manufactures in New England identified five that
are universal to all technicians. They include:

e Adhering to digital and communication security protocols

e Working with digital collaboration tools

e Connecting devices to the Internet so they can communicate and exchange
data

¢ Programming and troubleshooting automated or robotic equipment

e Using manufacturing simulation to virtually test manufacturing processes

As tfrainers update manufacturing curricula, all should augment material by heavily
weaving those five Industry 4.0 skills listed above into their courses and content.

Prioritize Industry 4.0 Skills According to Types of Technicians

In periods of rapid technological change, incumbent workers’ skills become misaligned
with industry needs (Janssen and Mohrenweiser 2018). As a consequence, those who
have Industry 4.0 skills compared to those who do not, experience higher wage growth
and promotions (Janssen and Mohrenweiser 2018).

To prepare their students for this reality, training programs must incorporate Industry 4.0
skills into the curricula for middle-skilled workers. Unfortunately, as was noted earlier, such
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programs are generally not well resourced. As such, resource efficient solutions are key
to making this a reality.

Seventy percent reported that specific technicians must be able to fabricate physical
parts using 3D CAD. When examining how companies mapped these skills to
technicians, a few trends emerged. Besides the digital skills discussed in the previous
section, defense manufacturers mapped fabricating parts using 3D to a group of
technicians that include: additive, mechatronics, aerospace engineering, electrical
engineering, and mechanical engineering technicians CAD drafters, and CNC operators
(Table 15).

Table 15 Industry 4.0 skills deliberately mapped to this group of technicians.

Aerospace Mechatron. Mech. Eng.
Add. Tech. Eng. Tech. CAD Drafter CNC Op. Elec. Eng. Tech Tech. Tech.

Utilizes techniques to quickly fabricate a physical part using 3D CAD

For the second group of technicians, which is listed in Table 16, from the defense
manufacturers perspective, it's important for industrial engineering, calibration,
chemical, and information security technicians to have a strong analytical foundation.
They must be able to use software to identify patterns in data, while also having the ability
to interpret the results in order to inform relevant parties.

Based on these findings, we recommend frainers prioritize these skills for the groups,
respectively.

Table 16 Industry 4.0 skills mapped to this
group of technicians.

Cal. Tech. Chem. Ind. Eng. Info.
Tech. Tech. Security

Assesses the results of statistical process
control analyses or design of experiments

Utilizes appropriate analytic software to
identify patterns in data

Optimizing production flow based on the
use of qualitative observations and
quantitative analytics
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Maximize Resources by Utilizing Occupational Clusters When Building
Manufacturing Curricula

Community colleges are intended to offer an affordable alternative for education. To
maintain lower tuition rates, they typically operate on a modest budget. In light of these
circumstances, the concept of risk-sharing both within and among educational
institutions that offer similar programs presents an elegant solution to these issues.

Occupational clustering identifies occupations that share common and vital skills.
Collaboratively developing curricula based on these findings allows for the optimal
utilization of limited resources. The results, as displayed in Table 13, showcase
competencies, also known as general tasks/skills, within four distinct groups.

By identifying the high-value skills that different programs have in common, local fraining
ecosystems can use this information to create more cohesive and effective learning
pathways. This can also reduce the risks of low retention rates and program cancellations.

Establish Industry-Academia Hybrid Learning Degrees

Our study revealed that community colleges are a vital training platform for middle-skilled
technicians in the defense manufacturing sector (see Figure 7). However, one challenge,
especially for small manufacturers, was the time commitment required from the workers
on the floor.

Earn-and-learn models are able to integrate work and learning. Typically, partners from
an industry and a school collaborate to offer students a flexible learning and working
opportunity. The specific arrangements may vary, but generally, the company agrees to
employ the student for a certain duration while the student pursues a degree in that field.
The school, in turn, adapts the students’ schedule to enable them to work and study
simultaneously, while also securing a potential job after graduation.

Carmichael et al. (2018) proposed an interesting model that builds upon the earn-and-
learn model by identifying courses and material that could be delivered by the company
and count as credit. The school would be responsible for all assessments.

Carmichael’s et al. (2018) model enhances the concept of lean learning (Glaveski 2019),
which includes:

Learn core material

Immediately apply the material to real-world situations

Receive immediate feedback and refine your understanding of the material
Repeating the cycle

roODN -
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While acknowledging this approach is significantly different than fraditional models, it
strongly supports and builds the alignment between classroom learning and applied
industry skills.

Conclusion

The US manufacturing sector is facing a shortage of both workers and skills. To enhance
its domestic production, it must conduct thorough analyses of the factors that contribute
to these challenges. The information gained enables stakeholders to devise strategies to
overcome them.

The purpose of this research was to identify the most critical skill gaps for middle-skilled
technicians. The methodology and the data collection of the analysis were designed to
allow trainers to align their curriculum with industry needs. The second part of the study
explored how manufacturers categorized Industry 4.0 skills and assigned them to
technicians. Knowing how companies classify these skills help trainers prioritize which skills
to emphasize for which technicians, and optimize their resources.

In this research we identified the following:

1. Marketing efforts should be targeted towards five occupations that include:
a. CNC machine operator
b. Additive technicians
Cc. Aerospace engineering technicians
d. Industrial engineering technicians
e. Mechanical engineering technicians
2. The greatest skills gaps for eight different types of middle-skilled skilled technicians
that include:
a. Additive technicians
Aerospace engineering technicians
CAD drafter/designers
Calibration technicians
CNC machine operators
Information security technicians
Mechatronics technicians
Mechanical engineering technicians
3. The most important skills and competencies across all occupations, occupational
clusters, and specific occupations
4. lIdentified a core set of Industry 4.0 skills that should be integrated into all
manufacturing curricula, which include:
a. Adhering to digital security protocols
b. Working with digital collaboration tools

SQ@ ™0 Q000
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c. Connecting devices to the Internet to allow them to communicate and
exchange data
d. Programming and troubleshooting automated or robotic equipment
e. Using manufacturing simulation to virtually test manufacturing procedures
5. ldentified two occupational groups that should focus on different Industry 4.0 skills.
a. The first group (additive, aerospace engineering, electrical engineering,
mechatronics, mechanical engineering, CNC machine operators and
CAD drafters) should be able to:
i. Utilize technigques to quickly fabricate a physical part using 3D CAD
b. The second group of technicians (industrial engineering, calibration,
chemical, and information security technicians should be able to:
i. Utilize software to identify patterns in data
ii. Assess the results of statistical processes control
ii. Optimize production flow using qualitative and quantitative
analytics

Given these accomplishments, the team also identified other potential areas for future
research, which are describe below.

Future Research

This study shows that defense manufacturers struggle to recruit and retain competent
middle-skilled technical workers. Solving these challenges demands thorough analyses
that include the views of all key stakeholders, especially the middle-skilled technicians.
Moreover, it is essential to align the industry skills with the classroom learning outcomes.
The next section outlines these potential research areas and their significance for building
a modern, resilient manufacturing ecosystem.

Perform Comprehensive Analysis Designed to Gain Direct Insights
from Middle-Skilled Technicians

This analysis examined the skills gap that pertains to middle-skilled technicians. We gained
this insight by engaging operating managers in a dialogue, aiming to discern their
perceptions regarding the difference in competencies between a technician with two
years of tenure and a new hire. Given the conditions of the labor market, the company
may have prolonged vacancies, or alternatively, the company may hire an individual
with the "right attitude" who is subsequently trained from the ground up. In the latter
cases, the skills gap occurs not as a result of misalignment between industry needs and
manufacturing curricula but rather from hiring a person who does not have any fraining
in that field.
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Eleven external reports, listed below, were reviewed to compare findings from this study
to others.

External Reports Provided to MIT Research Team

The Economic Impact of the Defense Cluster in New England (SENEDIA,
2023)

The Economic Impact of the Rhode Island Defense Cluster (SENEDIA,
2017))

The Governor's Workforce Council Workforce Strategic Plan
(Connecticut Governor's Workforce Council, 2020)

Hiring Need Assessment: Production and Manufacturing (Vermont
Brattleboro Development Credit Corporation, 2020)

A Guide to Digital Transformation (Connecticut Department of
Economic and Community Development, 2022)

2021 Manufacturing Collaborative: Hiring Needs Assessment Summary
(Vermont Talent Pipeline Management, 2021)

New England Regional Defense Industry Collaboration Final Report
(FutureiQ, 2021)

Draft: Workforce and Skills Gap - Background Scan on Previous
Research (FutureiQ, 2019)

The Hiring Gide: Cybersecurity in Manufacturing (MXD, 2021)

Partners in Connection: The Digital Workforce Succession in
Manufacturing (manpower Group and Digital Manufacturing and
Design Innovation Institute, 2017)

Job Roles Taxonomy (ManpowerGroup/Right Management and the
Digital Manufacturing and Design Innovation Institute, 2017)

In that review of reports, it was discovered that a large-scale, regional study that
incorporates direct input from middle-skilled technicians operating in the New England
region remains absent. The absence of an all-encompassing analysis that delves into
worker training backgrounds, the first-year challenges they confront, and the elements
that contribute to both their satisfaction and dissatisfaction, represents an area that
could significantly enhance recruitment practices, retention strategies, and overall
workforce productivity.

By actively gaining their perspectives, there is the potential to bridge the existing gap
and gain a comprehensive understanding of their needs and experiences, thereby
fostering a more harmonious and productive workforce.
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Characterize Training Platforms Utilized by Manufacturers to Upskill
Technicians

The objective of this study was to evaluate the skills gap among technicians employed
by manufacturing companies within the defense supply chain, with a specific focus on
how Industry 4.0 is fransforming their roles and skill requirements. In the context of training,
the study primarily inquired about the platforms utilized by these companies, without
exploring aspects such as their efficacy or the specific areas of study. This information
serves to uncover employer preferences regarding the type of training and the most
effective modalities for delivering the content.

Map Learning Outcomes from Middle-Skilled Manufacturing Programs
Courses to Ranked Skills

A strong alignment between academia and industry is essential because it enables the
curriculum to have practical relevance. The results from this study can also be a tool
used to bring greater alignment between industry needs and manufacturing curricula by
knowing which skills for different technicians are important to regional defense
manufacturers.

Under the MassBridge initiative, the MIT Roadmapping Team engaged in interviews with
174 Massachusetts manufacturers, aiming to pinpoint the most prominent skills gaps
among technicians and ascertain the significance of various skills. The outcomes of these
interviews were then disseminated to seven community colleges in Massachusetts.

Within these seven instfitutions, a total of 92 manufacturing courses were selected for
comprehensive revision. The learning outcomes from these courses were meticulously
aligned with O*NET’s intermediate-level skills. This process unveiled gaps in skill coverage,
as the absence of specific learning outcomes indicated areas where students were not
being assessed for particular competencies.

Figure 21 presents the percentage of learning outcomes from a CNC Machine Operator
Certificate program that aligned with O*NET Intermediate Skills. In this case, 32% of the
learning outcomes from that program relate to preparing specimens, tools, and
equipment. However, these percentages drop significantly for the other general
tasks/skills activities (competencies). For example, students in this program are studying
quality control only 13% of the time, while we learned from this study, this is an area that
requires emphasis in fraining.

Table 17 enables the comparison between the ranked general tasks/skills for a CNC
Machine Operator according to importance, reported by companies and the
prevalence of learning outcomes aligned with O*NETs skills. Essentially, the table shows
the discrepancies between industry skills and the curriculum for the CNC program.
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1
3

= Quality Control m Interacting with Computers

= Troubleshooting & Maintenance = Prepare Specimens, Equipment, or Systems
= Thinking & Making Creatively = Process Control

» Communication & Advise m Organize, Plan, & Prioritize

m [nformation Management = Data Analysis & Synthesis

Figure 21 The percentage of learning outcomes from a CNC Machine Operator Certificate
Program aligned with O*NET Industry Skills for CNC Machine Operator.
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Table 17 Ranked General Tasks/Skills (GWAs) for a CNC Machine Operator according to regional defense manufactures
compared to ranked competencies (GWAs) for a CNC Machine Operator Certificate Program.

% of
Ranked Learning
GWAs Outcomes
Preparing Specimens, Equipment, or
1 Preparing Specimens, Equipment, or Tools 32 Tools
2 Monitoring Processes, Materials, or Surroundings
3 Working with Computers
4 Controlling Machines and Processes 13 Quality Control
5 Getting Information 11 Troubleshooting & Maintenance
6 Repairing and Maintaining Mechanical Equipment 9 Process Control
7 Making Decisions and Solving Problems

Interacting with Computers
Information Management
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Access to this information, enables trainers to build strategic augmentation strategies
that bring greater alignment between manufacturing curriculum and industry needs.
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Appendix A: O*NET Skills Assessed for Middle-Skilled
Technicians

Appendix A: Table T O*NET General Tasks/Skills, Inftermediate Skills, and Specific Skills for
Additive Technician. Note: Companies assessed Specific Skills (Orange text).
Communicating with Supervisors, Peers, or Subordinates
Communicate with others about operational plans or activities.
Conducts discussions with line managers, colleagues, and within the engineer
team
Communicate with others about specifications or project details.
Engages, as part of the engineer team, in the design, evaluation, configuration,
or application of additive manufacturing equipment systems
Schedules time to run machine
Documenting/Recording Information
Document technical designs, procedures, or activities.
Documents additive manufacturing equipment protocols, test procedures, and
results
Maintain operational records.
Documents additive manufacturing equipment protocols, test procedures, and
results
Preparing Specimens, Equipment, or Tools
Adjust equipment to ensure adequate performance.
Builds, assembles, sets up, and commissions a 3D printer and supporting
equipment
Assemble equipment or components.
Builds, assembles, sets up, and commissions a 3D printer and supporting
equipment
Inspecting Equipment, Structures, or Material
Inspect commercial, industrial, or production systems or equipment.
Inspects or tests machinery or equipment to diagnose machine malfunction
Recognizes, interacts with, or operates protective and lockout devices
Test performance of equipment or systems.
Builds, assembles, sets up, and commissions a 3D printer and supporting
equipment
Making Decisions and Solving Problems
Determine operational methods or procedures.
Choose materials based on differing properties and characteristics for additive
manufacturing models
Diagnose system or equipment problems.
Assess and troubleshoot issues and plan repair work
Uses proper standards and techniques to troubleshoot
Select materials or equipment for operations or projects.
Choose materials based on differing properties and characteristics for additive
manufacturing models
Monitor Processes, Materials, or Surroundings
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Monitor equipment operation.
Inspects or tests machinery or equipment to diagnose machine malfunction
Monitor operations to ensure adequate performance.
Proper handling and storage of additive materials (i.e., powders)
Monitor safety or security of work areas, facilities, or properties.
Recognizes, interacts with, or operates protective and lockout devices
Organizing, Planning, and Prioritizing Work
Plan work activities.
Assess and froubleshoot issues and plan repair work
Schedules time to run machine
Repairing and Maintaining Mechanical Equipment
Maintain tools or equipment.
Engages, as part of the engineer team, in the design, evaluation, configuration,
or application of additive manufacturing equipment systems
Repair tools or equipment.
Assess and froubleshoot issues and plan repair work
Scheduling Work and Activities
Schedule operational activities.
Schedules time to run machine
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Appendix A: Table 2 O*NET General Tasks/Skills, Intermediate Skills, and Specific Skills for
CAD Drafter/Designer. Note: Companies assessed Specific Skills (Orange text).
Analyzing Data or Information

Evaluate designs, specifications, or other technical data.

Compute mathematical formulas to develop and design detailed specifications
for components or machinery, using computer-assisted equipment.

Compute mathematical formulas to develop and design detailed specifications
for components or machinery.

Review and analyze specifications, sketches, drawings, ideas, and related data
to assess factors affecting component designs
Communicating with Supervisors, Peers, or Subordinates

Communicate with others about specifications or project details.
Coordinate with and consult other workers to design, lay out, or detail
components and systems and to resolve design or other problems.
Confer with clients to determine needs or order specifications.
Confer with customer representatives to review schematics and answer questions
pertaining to installation of systems.
Thinking Creatively

Create visual designs or displays.

Develop 2D and 3D design drawings and specifications for mechanical
equipment, dies, tools, and controls, using computer-assisted drafting (CAD)
equipment.

Lay out and draw schematic, orthographic, or angle views to depict functional
relationships of components, assemblies, systems, and machines.

Lay out, draw, and reproduce illustrations for reference manuals and technical
publications to describe operation and maintenance of mechanical systems.

Design electrical or electronic systems or equipment.

Modify and revise designs to correct operating deficiencies or to reduce

production problem:s.
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Appendix A: Table 3 O*NET General Tasks/Skills, Intermediate Skills, and Specific Skills for
Calibration Tech. Note: Companies assessed Specific Skills (Orange text).
Analyzing Data or Information
Evaluate designs, specifications, or other technical data.
Analyze test data to identify defects or determine calibration requirements.
Documenting/Recording Information
Present research or technical information.
Write and submit reports about the results of calibration tests.
Getting Information
Read documents or materials to inform work processes.
Read blueprints, schematics, diagrams, or fechnical orders.
Prepare Specimens, Tools, and Equipment
Adjust equipment to ensure adequate performance.
Calibrate devices by comparing measurements of pressure, temperature,
humidity, or other environmental conditions to known standards.
Fabricate devices or components.
Operate metalworking machines to fabricate housings, jigs, fittings, or fixtures.
Inspecting Equipment, Structures, or Material
Inspect completed work or finished products.
Verify part dimensions or clearances using precision measuring instruments to
ensure conformance to specifications.
Test performance of equipment or systems.
Test equipment for performance or reliability.
Judging the Qualities of Things, Services, or People
Evaluate the characteristics, usefulness, or performance of products or
technologies.
Analyze test data to identify defects or determine calibration requirements.
Organizing, Planning, and Prioritizing Work
Plan work activities.
Plan sequences of calibration tests according to equipment specifications and
scientific principles.
Repairing and Maintaining Mechanical Equipment
Maintain electronic, computer, or other technical equipment.
Maintain or repair measurement devices or equipment used for calibration
testing.
Repair workpieces or products.
Maintain or repair measurement devices or equipment used for calibration
testing.
Thinking Creatively
Create visual designs or displays.

Draw plans for developing jigs, fixtures, instruments, or other devices.



Appendix A: Table 4 O*NET General Tasks/Skills, Intermediate Skills, and Specific Skills for
Chemical Technician. Note: Companies assessed Specific Skills (Orange text).
Analyzing Data or Information

Analyze biological or chemical substances or related data.

Conduct chemical or physical laboratory tests to assist scientists in making
qualitative or quantitative analyses of solids, liquids, or gaseous materials.

Set up and conduct chemical experiments, tests, and analyses, using techniques
such as chromatography, spectroscopy, physical or chemical separation techniques,
or microscopy.

Set up and conduct physical and chemical experiments, tests, and analyses,
using techniques such as microscopy, spectroscopy, or other compositional and
microstructural assays.

Test material samples to determine conformance to specifications of mechanical
strength, ductlity, magnetic and electrical properties, corrosion resistance, etc.

Analyze performance of systems or equipment.

Analyze product failure data and laboratory test results to determine causes of
problems and develop solutions.
Documenting/Recording Information

Present research or technical information.
Write technical reports or prepare graphs or charts to document experimental
results.
Evaluating Information to Determine Compliance with Standards

Assess compliance with environmental standards or regulations.
Make recommendation for materials selection based on design objectives, such
as strength, weight, heat resistance, electrical conductivity, and cost.
Handling and Moving Objects

Prepare specimens or materials for testing.

Prepare alloys, solutions or other test specimens for products or processes,
following standardized formulas.

Prepare chemical solutions for products or processes, following standardized
formulas, or create experimental formulas.

Set up equipment.

Set up and conduct chemical experiments, tests, and analyses, using techniques
such as chromatography, spectroscopy, physical or chemical separation techniques,
or Microscopy.

Set up and conduct physical and chemical experiments, tests, and analyses,
using techniques such as microscopy, spectroscopy, or other compositional and
microstructural assays.

Judging the Qualities of Things, Services, or People

Evaluate production inputs or outputs.
Monitor product quality to ensure compliance with standards and specifications.
Test individual parts and products to ensure that manufacturer and government
quality and safety standards are met.
Making Decisions and Solving Problems

Determine operational methods or procedures.
Determine appropriate methods for fabricating and joining materials.
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Prepare Specimens, Tools, and Equipment
Clean workpieces, finished products, or other objects.
Maintain, clean, or sterilize laboratory instruments or equipment.
Provide Consultation and Advice to Others
Advise others on business or operational matters.
Make recommendation for materials selection based on design objectives, such
as strength, weight, heat resistance, electrical conductivity, and cost.
Repairing and Maintaining Mechanical Equipment
Maintain electronic, computer, or other technical equipment.
Maintain, clean, or sterilize laboratory instruments or equipment.
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Appendix A: Table 5 O*NET General Tasks/Skills, Intermediate Skills, and Specific Skills for
CNC Machine Operator. Note: Companies assessed Specific Skills (Orange text).
Getting Information
Read documents or materials to inform work processes.

Review program specifications or blueprints to determine and set machine
operations and sequencing, finished workpiece dimensions, or numerical control
sequences.

Prepare Specimens, Tools, and Equipment
Disassemble equipment.

Maintain machines and remove and replace broken or worn machine tools,
using hand tools.

Position workpieces or materials on equipment.

Mount, install, align, and secure tools, attachments, fixtures, and workpieces on
machines, using hand tools and precision measuring instruments.

Set up equipment.

Mount, install, align, and secure tools, attachments, fixtures, and workpieces on
machines, using hand tools and precision measuring instruments.
Interacting With Computers

Program computer systems or production equipment.

Input machine control programs

Modify cutting programs to account for problems encountered during operation

Set up and operate computer-controlled machines or robots to perform one or
more machine functions on metal or plastic workpieces.

Making Decisions and Solving Problems
Determine resource needs of projects or operations.

Calculate machine speed and feed ratios and the size and position of cuts.

Monitor Processes, Materials, or Surroundings
Monitor equipment operation.

Check to ensure that workpieces are properly lubricated and cooled during
machine operation.

Monitor machine operation and control panel displays, and compare readings to
specifications to detect malfunctions.

Performing General Physical Activities
Clean tools, equipment, facilities, or work areas.

Clean machines, tooling, or parts, using solvents or solutions and rags.

Repairing and Maintaining Mechanical Equipment
Maintain tools or equipment.

Maintain machines and remove and replace broken or worn machine tools,
using hand tools.

Repair tools or equipment.

Maintain machines and remove and replace broken or worn machine tools,
using hand tools.
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Appendix A: Table 6 General Tasks/Skills, Intermediate Skills, and Specific Skills for Electrical
Engineering Tech. Note: Companies assessed Specific Skills (Orange text).
Analyzing Data or Information

Analyze performance of systems or equipment.
Interpret test information to resolve design-related problems.
Communicating with Supervisors, Peers, or Subordinates

Coordinate with others to resolve problems.
Collaborate with electrical engineers or other personnel to identify, define, or
solve developmental problems.
Developing Objectives and Strategies

Develop operational or technical procedures or standards.
Develop or upgrade preventative maintenance procedures for components,
equipment, parts, or systems.
Documenting/Recording Information

Document technical designs, procedures, or activities.
Write procedures for the commissioning of electrical installations.
Write reports or record data on testing techniques, laboratory equipment, or
specifications to assist engineers.
Prepare documentation for contracts, applications, or permits.
Prepare, review, or coordinate ongoing modifications to electrical system
specifications or plans.
Estimating the Quantifiable Characteristics of Products, Events, or Information

Estimate project development or operational costs.
Prepare electrical project cost or work-time estimates.
Getting Information

Read documents or materials to inform work processes.

Read blueprints, wiring diagrams, schematic drawings, or engineering instructions
for assembling electronics units, applying knowledge of electronic theory and
components.

Prepare Specimens, Tools, and Equipment

Adjust equipment to ensure adequate performance.
Build, calibrate, maintain, froubleshoot, or repair electrical instruments or testing
equipment.
Perform preventative maintenance or calibration of electronic equipment or
systems.
Assemble equipment or components.
Build, calibrate, maintain, froubleshoot, or repair electrical instruments or testing
equipment.
Inspecting Equipment, Structures, or Material

Inspect completed work or finished products.
Inspect electrical project work for quality control and assurance.
Test performance of equipment or systems.
Set up or operate test equipment to evaluate performance of developmental
parts, assemblies, or systems under simulated operating conditions.
Test electronics units, using standard test equipment, and analyze results to
evaluate performance and determine need for adjustment.
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Making Decisions and Solving Problems

Determine operational methods or procedures.
Plan method or sequence of operations for developing or testing experimental
electronic or electrical equipment.
Determine resource needs of projects or operations.
Prepare electrical project cost or work-time estimates.
Provide Consultation and Advice to Others

Adyvise others on products or services.
Provide user applications or engineering support or recommendations for new or
existing equipment with regard to installation, upgrades, or enhancements.
Adyvise others on the design or use of technologies.
Provide technical assistance in resolving electrical engineering problems
encountered before, during, or after construction.
Repairing and Maintaining Mechanical Equipment

Maintain electronic, computer, or other technical equipment.

Adjust or replace defective or improperly functioning circuitry or electronics
components, using hand tools or soldering iron.

Build, calibrate, maintain, troubleshoot, or repair electrical instruments or testing
equipment.

Perform preventative maintenance or calibration of electronic equipment or
systems.
Thinking Creatively

Create visual designs or displays.
Design basic circuitry and design documentation under engineers' direction,
using drafting instruments or computer-aided design (CAD) equipment.
Design electrical or electronic systems or equipment.
Modify electrical prototypes, parts, assemblies, or systems to correct functional
deviations.
Develop models of systems, processes, or products.
Build prototypes from rough sketches or plans.
Develop research plans or methodologies.
Plan method or sequence of operations for developing or testing experimental
electronic or electrical equipment.
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Appendix A: Table 7 General Tasks/Skills, Infermediate Skills, and Specific Skills for Industrial
Engineering Technician. Note: Companies assessed Specific Skills (Orange text).
Analyzing Data or Information
Analyze performance of systems or equipment.
Compile and evaluate data using statistical process control procedures
Inspecting Equipment, Structures, or Material
Test characteristics of materials or products.
Test products for performance characteristics or adherence to specifications.
Interpreting the Meaning of Information for Others
Explain technical details of products or services.
Interpret engineering drawings, schematic diagrams, or formulas for
management or engineering staff.
Monitor Processes, Materials, or Surroundings
Monitor operations to ensure adequate performance.
Verify that equipment is being operated and maintained according to quality
assurance standards .
Monitor operations to ensure compliance with regulations or standards.
Read worker logs, product processing sheets, or specification sheets to verify
quality assurance specifications.
Organizing, Planning, and Prioritizing Work
Plan work activities.
Aid in planning work assignments in accordance with worker performance,
machine capacity, production schedules, or anficipated delays.
Provide Consultation and Advice to Others
Advise others on business or operational matters.

Recommend modifications to existing quality or production standards to achieve

optimum quality
Thinking Creatively
Create visual designs or displays.
Prepare charts or diagrams to illustrate workflow, routing, floor layouts, material
handling, or machine utilization.
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Appendix A: Table 8 General Tasks/Skills, Infermediate Skills, and Specific Skills for
Mechatronics Technician. Note: Companies assessed Specific Skills (Orange text).
Documenting/Recording Information

Document technical designs, procedures, or activities.
Prepare written documentation of electromechanical test results.
Getting Information

Read documents or materials to inform work processes.
Read blueprints, diagrams, or technical orders to determine methods of
assembply.
Prepare Specimens, Tools, and Equipment

Adjust equipment to ensure adequate performance.
Evaluate the efficiency and reliability of industrial robotic systems, reprogramming
or calibrating to achieve maximum quantity and quality.
Repair, rework, or calibrate hydraulic or pneumatic assemblies or systems to meet
operational specifications
Assemble equipment or components.
Align, fit, or assemble component parts, using hand or power tools, fixtures,
templates, or microscopes.
Fabricate devices or components.
Operate metalworking machines to fabricate housings, jigs, fittings, or fixtures.
Install commercial or production equipment.
Install electrical or electronic parts and hardware in housings or assemblies, using
soldering equipment and hand tools.
Inspecting Equipment, Structures, or Material

Inspect completed work or finished products.
Verify part dimensions or clearances to ensure conformance to specifications,
using precision measuring instruments.
Test performance of equipment or systems.
Develop, test, or program automated production equipment or other robotic
systems.
Test performance of electromechanical assemblies and/or robotic systems using
test instruments such as oscilloscopes, electronic voltmeters, or bridges.
Test performance of electromechanical assemblies, using test instruments such as
oscilloscopes, electronic voltmeters, or bridges.
Interacting With Computers

Program computer systems or production equipment.

Develop, test, or program automated production equipment or other robotic
systems.

Evaluate the efficiency and reliability of industrial robotic systems, reprogramming
or calibrating to achieve maximum quantity and quality.

Install, program, or repair programmable controllers, robot controllers, end-of-arm
tools, or conveyors.
Judging the Quadlities of Things, Services, or People

Evaluate the characteristics, usefulness, or performance of products or
technologies.
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Evaluate the efficiency and reliability of industrial robotic systems, reprogramming
or calibrating to achieve maximum quantity and quality.
Making Decisions and Solving Problems

Diagnose system or equipment problems.

Troubleshoot robotic systems, using knowledge of microprocessors,
programmable controllers, electronics, circuit analysis, mechanics, sensor or
feedback systems, hydraulics, or pneumatics.

Repairing and Maintaining Mechanical Equipment

Maintain tools or equipment.
Install, program, or repair programmable controllers, robot controllers, end-of-arm
tools, or conveyors.
Repair, rework, or calibrate hydraulic or pneumatic assembilies or systems to meet
operational specifications
Thinking Creatively

Design computer or information systems or applications.
Install or program computer hardware or machine or instrumentation software in
microprocessor-based systems
Design electrical or electronic systems or equipment.
Develop, test, or program automated production equipment or other robotic
systems.
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Appendix A: Table 9 General Tasks/Skills, Infermediate Skills, and Specific Skills for
Mechanical Engineering Technician. Note: Companies assessed Specific Skills (Orange
fext).

Analyzing Data or Information

Analyze performance of systems or equipment.

Analyze test results in relation to design or rated specifications and test objectives,

and modify or adjust equipment to meet specifications.
Documenting/Recording Information

Document technical designs, procedures, or activities.
Record test procedures and results, numerical and graphical data, and
recommendations for changes in product or test methods.
Estimating the Quantifiable Characteristics of Products, Events, or Information

Estimate project development or operational costs.
Estimate cost factors including labor and material for purchased and fabricated
parts and costs for assembly, testing, or installing.
Getting Information

Read documents or materials to inform work processes.
Review project instructions and blueprints to ascertain test specifications,
procedures, and objectives
Prepare Specimens, Tools, and Equipment

Assemble equipment or components.
Fabricate and assemble new or modified mechanical components for products
Fabricate devices or components.
Fabricate and assemble new or modified mechanical components for products
such as industrial machinery or equipment, and measuring instruments.
Operate drill press, grinders, engine lathe, or other machines to modify or to
fabricate components.
Inspecting Equipment, Structures, or Material

Test performance of equipment or systems.
Test equipment, using test devices attached to generator, voltage regulator, or
other electrical parts, such as generators or spark plugs.
Making Decisions and Solving Problems

Determine resource needs of projects or operations.
Calculate required capacities for equipment to obtain specified performance
Thinking Creatively

Create visual designs or displays.
Draft detail drawing or sketch for drafting room completion or to request parts
fabrication by machine, sheet or wood shops.
Design industrial systems or equipment.
Fabricate and assemble new or modified mechanical components for products
Fabricate and assemble new or modified mechanical components for products
such as industrial machinery or equipment, and measuring instruments.
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Appendix B :Mapped Industry 4.0 Skills to Specific Middle-

Skilled Technicians

Adheres to digital security protocols

Connect devices to Internet, allowing them to exchange data
Work with digital collaboration tools

Pregram and troubleshoot automated and robotic processes
Fabricates physical parts using 3D CAD

Uses analytic software to identify patternsin data

Assesses results of statistical process control analyses
Optimizes production flow using analytics

Technicians map business needs to digital solutions

Uses manufacturing simulation to virtuadlly test Mfg. procedures
Uses interactive systems with Al interfaces

Uses augmentedreclity to perform daily tasks

Adheres to digital security protocols

Connect devices to Internet, allowing them to exchange data
Work with digital collaberation tools

Program and troubleshoot automated and robatic processes
Fabricates physical parts using 3D CAD

Uses analytic software to identify patternsin data

Assesses results of statistical process control analyses
Optimizes production flow using analytics

Technicians map business needs to digital solutions

Uses manufacturing simulation to virtually test Mfg. procedures
Usesinteractive systems with Al interfaces

Uses augmented reality to perform daily tasks
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Adheres to digital security protocols

Connect devicesto Internet, allowing them to exchange data
Work with digital collaboration tools

Program and troubleshoot automated and robotic processes
Fabricates physical parts using 3D CAD

Uses analytic software to identify patternsin data

Assesses results of statistical process control analyses
Optimizes production flow using analytics

Technicians map business needs to digital solutions

Uses manufacturing simulation to virtually test Mfg. procedures
Usesinteractive systems with Al interfaces

Uses augmented reality to perform daily tasks

o

Adheres to digital security protocols

Connect devices to Internet, allowing them to exchange data
Work with digital collaboration tools

Program and froubleshoot automated and robotic processes
Fabricates physical parts using 3D CAD

Uses analytic software to identify patternsin data

Assesses results of statistical process control analyses
Optimizes production flow using analytics

Technicians map business needs to digital solutions

Uses manufacturing simulation to virtually test Mfg. procedures
Usesinteractive systems with Al interfaces

Uses augmentedreality to perform daily tasks

Adheres to digital security protocols

Connect devices to Infernet, allowing them to exchange data
Work with digital collaboration tools

Program and troubleshoot automated and robotic processes
Fabricates physical parts using 3D CAD

Uses analytic software to identify patternsin data

Assesses results of statistical process control analyses
Optimizes production flow using analytics

Technicians map business needs to digital solutions

Uses manufacturing simulation to virtually test Mfg. procedures
Usesinteractive systems with Al interfaces

Uses augmentedreality to perform daily tasks
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Adheres to digital security protocols |

Connect devices to Intemet, allowing them to exchange data |
Work with digital collaborationtools |

Program and troubleshoot automated and robotic processes |
Fabricates physical parts using 3D CAD |

Uses analytic software to identify pattermnsin data |

Assesses results of statistical process control analyses |
Optimizes production flow using analytics 1

Technicians map business needs to digital solutions

Uses manufacturing simulation to virtually test Mfg. procedures
Usesinteractive systems with Al interfaces

Uses augmented reality to perform daily tasks 1

o

Adheres to digital security protocols

Connect devices to Internet, allowing them to exchange data
Work with digital collaboration tools

Program and troubleshoot automated and robotic processes
Fabricates physical parts using 3D CAD

Uses analytic software to identify patternsin data

Assesses results of statistical process control analyses
Optimizes production flow using analytics

Technicians map business needs to digital solutions

Uses manufacturing simulation to virtually test Mfg. procedures
Usesinteractive systems with Al interfaces

Uses augmented reality to perform daily tasks

0

Adheres to digital security protocols

Connect devices to Internet, allowing them to exchange data
Work with digital collaboration tools

Program and troubleshoot automated and robotic processes
Fabricates physical parts using 3D CAD

Uses analytic software to identify patternsin data

Assesses results of statistical process control analyses
Optimizes production flow using analytics

Technicians map business needs to digital solutions

Uses manufacturing simulation to virtually test Mfg. procedures
Usesinteractive systems with Al interfaces

Uses augmented reality to perform daily tasks
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Adheres to digital security protocols

Connect devices to Internet, allowing them to exchange data
Work with digital collaboration tools

Program and troubleshoot automated and robotic processes
Fabricates physical parts using 3D CAD

Uses analytic software to identify patternsin data

Assesses results of statistical process control analyses
Optimizes production flow using analytics

Technicians map business needs to digital solutions

Uses manufacturing simulation to virtually test Mfg. procedures
Usesinteractive systems with Al interfaces

Uses augmented reality to perform daily tasks

Adheres to digital security protocols

Connect devices to Internet, allowing them to exchange data
Work with digital collaboration tools

Program and troubleshoot automated and robotic processes
Fabricates physical parts using 3D CAD

Uses analytic software to identify pattemnsin data

Assesses results of statistical process control analyses
Optimizes production flow using analytics

Technicians map business needs to digital solutions

Uses manufacturing simulation to virtually test Mfg. procedures
Usesinteractive systems with Al interfaces

Uses augmented reality to perform daily tasks

Adheres to digital security protocols

Connect devices o Internet, allowing them to exchange data
Work with digital collaboration tools

Program and froubleshoof automated and robotic processes
Fabricates physical parts using 3D CAD

Uses analytic software to identify patternsin data

Assesses results of statistical process control analyses
Optimizes production flow using analytics

Technicians map business needs to digital solutions

Uses manufacturing simulation to virtually test Mfg. procedures
Usesinteractive systems with Al interfaces

Uses augmented reality to perform daily tasks
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Appendix C: Ranked General Tasks/Skills for Each Technician

Appendix C: Table 1 Ranked General Tasks/Skills for Additive Technician.

Index

Additive Tech ( n = 20)

Monitoring Processes, Materials, or Surroundings

Controlling Machines and Processes

Documenting/Recording Information

Inspecting Equipment, Structures, or Materials

Organizing, Planning, and Prioritizing Work

Making Decisions and Solving Problems

Repairing and Maintaining Mechanical Equipment

Scheduling Work and Activities

N[O (NN A~ WIN|—

Communicating with Supervisors, Peers, or Subordinates

Appendix C: Table 2 Ranked General Tasks/Skills for Calibration Technician.

Index

Calibration Tech (n = 14)

Judging the Qualities of Objects, Services, or People

Analyzing Data or Information

Getting Information

Inspecting Equipment, Structures, or Materials

Documenting/Recording Information

Repairing and Maintaining Mechanical Equipment

Prepare Specimens, Tools, or Equipment

Thinking Creatively

NV | O(N|ON A WIN|—

Organizing, Planning, and Prioritizing Work

Appendix C: Table 3 Ranked General Tasks/SkKills for CAD Designer.

Index | CAD Designer (n=17)

1 Communicating with Supervisors, Peers, or Subordinates
2 Analyzing Data or Information

3 Thinking Creatively
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Appendix C: Table 4 Ranked General Tasks/Skills for Chemical Technician.

Index

Chemical Tech (n = 30)

Performing General Physical Activities

Repairing and Maintaining Mechanical Equipment

Prepare Specimens, Tools, or EQuipment

Documenting/Recording Information

Controlling Machines and Processes

Analyzing Data or Information

Judging the Qualities of Objects, Services, or People

Making Decisions and Solving Problems

N[O (N|ON[O| A~ WIN|—

Evaluating Information to Determine Compliance with
Standards

(@)

Providing Consultation and Advice to Others

79



Appendix C: Table 5 (a) NERDIC Ranked General Tasks/Skills for CNC Machine Operator. (b) Vermont 2021 Hiring Needs
Assessment Summary for CNC Machinists.

a. b.

Index | CNC Machine Operator (n = 50) CNC Machinist Requirements

1 Prepare Specimens, Tools, or Equipment Competency Py o A

2 Monitoring Processes, Materials, or Surroundings Employer

3 Working with Comprers Maintains safe machine operations and environment 4.77 95%

" - Controls machines and processes 469 94%

4 Controlling Machines and Processes Measures dimensions and conformance to specifications 45 90%

5 Getting Information Develops constructive and cooperative working relationships 435 87%

6 Repairing and Maintaining Mechanical Equipment Inspects equipment, structures and materials 4.15 83%

7 M(Jking Decisions and Solving Problems Analyzes quality control and make adjustments 4.15 83%
Handles, moves and manipulates objects 412 82%
Obtains information from relevant sources 4.08 82%
Identifies, selects and uses appropriate tools and technological solutions 408 82%
Ability to determine part measurement and angles using algebra, geometry and 35 70%
trigonometry
Utilizes manufacturers technical data references 35 70%
Use Computer Technologies - CAD, CAM, Solidworks 3 60%
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Appendix C: Table 6 Ranked General Tasks/Skills for Electrical Engineering Technician.
Index | Electrical Engineering Tech (n = 34)

Communicating with Supervisors, Peers, or Subordinates
Inspecting Equipment, Structures, or Materials
Controlling Machines and Processes

Repairing and Maintaining Mechanical Equipment
Providing Consultation and Advice to Others

Analyzing Data or Information

Developing Objectives and Strategies

Thinking Creatively

9 Getting Information

10 Documenting/Recording Information

11 Making Decisions and Solving Problems

12 Estimating the Quantifiable Characteristics of Products,
Events, or Information

O[N] W|DN|—

Appendix C: Table 7 Ranked General Tasks/SKills for Industrial Engineering Technician.
Index | Industrial Engineering Tech (n = 42)

Providing Consultation and Advice to Others
Monitoring Processes, Materials, or Surroundings
Interpreting the Meaning of Information for Others
Inspecting Equipment, Structures, or Materials
Organizing, Planning, and Prioritizing Work
Analyzing Data or Information

Thinking Creatively

NN KA WIN|—




Appendix C: Table 8 Ranked General Tasks/Skills for Mechanical Engineering Technician.
Index | Mechanical Engineering Tech (n = 55)

Documenting/Recording Information

Prepare Specimens, Tools, or Equipment

Getting Information

Controlling Machines and Processes

Thinking Creatively

Analyzing Data or Information

Inspecting Equipment, Structures, or Materials

Estimating the Quantifiable Characteristics of Products,
Events, or Information

9 Making Decisions and Solving Problems

V(N[N D WIN|—

Appendix C: Table 9 Ranked General Tasks/Skills for Mechatronics Technician.
Index | Mechatronics Tech (n = 34)

Making Decisions and Solving Problems

Prepare Specimens, Tools, or Equipment

Getting Information

Judging the Qualities of Objects, Services, or People
Inspecting Equipment, Structures, or Materials
Thinking Creatively

Working with Computers

Repairing and Maintaining Mechanical Equipment
Documenting/Recording Information

0 Controlling Machines and Processes

= N[O N[N O | D W|IN|—




Appendix D: Ranked Biased Overlap Scores

Results shown in suggested that the nine most prevalent middle-skilled manufacturing
occupations could be grouped into four occupational clusters. A higher RBO score
indicates a closer relationship between the occupations.

Mechatronics Tech ; ] J 0.4
Mech. Eng. Tech . ) ! 0.4
Ind. Eng. Tech : _ : 01

Elec. Eng. Tech ) _ ! 0.4

02
03

CNC Operator ! 0.0 I 05 -
0.5
0.2

=l

Chemical/Mat. Tech _ _ y -

Cadlibration Tech ! , 0.3
CAD Drafter/Designer ! Y 01 0.0
Additive Tech ! ! 03 05

Additive Tech 1

CAD Drafter/Designer -
Cadlibration Tech
Chem/Mat. Tech A
CNC Operator -

Elec. Eng. Tech |

Ind. Eng. Tech |

Mech. Eng. Tech |
Mechatronics Tech |

Appendix D: Figure 1 Ranked biased overlap scores presenting those occupations that share
important skills according interview responses. A higher RBO score indicates more
commonalities between the groups.
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