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About the Council

ATEC was founded in 1961. Its mission is to promote and support

aviation maintenance technical education.

The council actively engages with regulatory and legislative bodies

to advocate on behalf of the community, and provides resources,
continuing education, and networking opportunities for our
members.

Our membership is made up of employers, vendors, and educational

institutions with aviation technical programs. The vast majority of
member schools are certificated by the FAA to provide aviation
mechanic programs.

* Membership supports the following activities and initiatives—

¢ Advocating for sound regulatory policy, the development of
clear and concise guidance, and consistent enforcement and
application

¢ Participating on industry and agency committees to further avia-

tion technical education and workforce development

¢ Fostering and supporting career pipeline partnerships between

industry and educational institutions

About the Journal

The ATEC Journal (ISSN 1068-5901) is a peer-reviewed, biannual
electronic publication. The publication provides an opportunity for
educators, administrators, students and industry personnel to share
teaching techniques and research. Authors are encouraged tosub-
mit their articles for publication consideration, whether scholarly,
research, application, or opinion, by using the submission form
below. Papers supporting the council’s regulatory and legislative
agenda may be considered for presentation via online webinar and
at the annual conference. Suggested topics include:

¢ Technical and soft-skills curriculum integration

* A history of legislative actions affecting aviation maintenance
workforce development

¢ A study on implementing employer-education partnerships

¢ Funding implications stemming from Bureau of Labor Statistics
occupational outlooks

¢ Highlighted innovations in the aviation maintenance industry

* Alook at successful online teaching methods and subject matter
in other technical fields

Facilitating networking opportunities through the annual confer-
ence, Washington fly-in, regional outreach meetings, and virtual
webinars

Enhancing aviation technical career awareness through support
of ATEC's sister organization, Choose Aerospace

Surveying currently used computer-based teaching across
aviation maintenance training schools
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from the EDITOR

n this fall issue, we are pleased to present to you a very diverse

collection of articles that we hope you find to be relevant to you

and your classrooms. It seems that our community has much to talk
about as the aviation maintenance training environment continues to

adapt to the advancements in our field.

Tracy Yother or Purdue University, Stephen Ley of Utah Valley
University and Zack Nicklin of St. Cloud Technical and Community
College explore the timely topic of how technician training will need to
change to meet the needs of the many advanced technologies present in

the growing advanced air mobility sector.

Don Morris of Southern Illinois University shares his experiences and
insights on replacing diagrams with models for use in the classroom

providing a more tactile approach to teaching mechanical concepts.

Denis Manson, AME (Australia), Anne Lomperise of University of
Ilinois, and Stewart Todhunter of Bond University, Australia outline an
approach to English language training for the AMT based on English for

Occupational Purposes principles.

Finally, John Gamble with Snap-on Industrial, highlights ways that his
organization can work with FAA Part 147 programs to develop more
effective pipelines to boost their enrollment to address the increased

workforce need.

‘Thank you for your continued interest in our academic community and the
innovative ways our members rise to meet the training challenges in this
ever-changing world of aviation. And of course, thank you to the Editorial

Board for the amazing efforts that keep the Journal alive.
Best,

Karen Jo Johnson, Ph.D.
Journal Editor,

Aviation Technician Education Council

Associate Professor & Program Director,

Southern Illinois University Carbondale

karen.johnson@siu.edu
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Committee Updaz‘es

Committee membership is open to all individuals employed
at ATEC member organizations. Explore initiatives below and

Click here

to view full

committee
rosters

get involved! Email atec@atec-amt.org to join a committee.

CHOOSE AEROSPACE REGULATORY COMMITTEE

ATEC's flagship initiative, Choose Aerospace, continues its
mission to strengthen talent pipelines into aviation and part
147 programs. Since its inception in 2021, the Choose Aero-
space general aviation maintenance curriculum has reached
a total of 1,513 unique learners. For the 2024-2025 academic
year, enrollment is projected at nearly 800 students across 41
programs in 15 states.

Choose Aerospace will host its annual teacher training from
June 3-5, 2025 at TulsaTech, preparing both new and re-
turning educators. We extend our sincere gratitude to the
master A&P instructors who lead this “train the trainer” event,
imparting essential knowledge for secondary and communi-
ty-based aviation programs. Learn more about the training,
which is free for Choose Aerospace teachers, at https://
www.chooseaerospace.org/teacher-training.html.

For more information or to request a discovery meeting, please
visit https://www.chooseaerospace.org/curriculum.html.

KELLY FILGO

CHOOSE AEROSPACE
DIRECTOR OF OPERATIONS

kelly@chooseaerospace.org
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ATEC is actively advocating for practical regulatory improve-
ments with the FAA and Department of Education. Key prior-
ities are updating Mechanic Airman Certification Standards
to better align with industry needs, increasing access to FAA
airman testing, and streamlining the certification processes
by transitioning to online platforms and enhancing examiner
discretion.

The regulatory committee is also seeking input from com-
munity members for the upcoming revisions to the FAA's
Aviation Maintenance Handbooks (General 8083-308B,
Airframe 8083-31B, and Powerplant 8083-32B). Thisis a
unique opportunity to contribute your expertise to materials
that set the training and standards for aviation maintenance
students and professionals nationwide. The feedback
deadline is December 2, and volunteers can select specific
chapters to review, allowing you to focus on areas where
you have specialized knowledge.

For more information about committee priorities, visit
https://www.atec-amt.org/regulatory-priorities.

SEAN GALLAGAN
REGULATORY COMMITTEE CHAIR

CEO/Founder,
Aviation Workforce Solutions

sean@aviationworkforcesolutions.com
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LEGISLATIVE COMMITTEE

Earlier this year, Congress finalized comprehensive legislation
reauthorizing the Federal Aviation Administration, addressing
ATEC's top priorities: expanding the FAA workforce development
grant, enhancing airman certification standards, and streamlining
pathways for transitioning military personnel. The committee is
now working to implement these initiatives in collaboration with
the regulatory committee.

In September, ATEC members, industry partners, and federal
officials gathered in Washington, DC, for the 2024 ATEC Fly-in to
discuss FAA reauthorization and more. After policy discussions
with the FAA and legislative briefings, ATEC representatives con-
ducted over 75 congressional meetings across twenty-five states.

Thank you to everyone who participated. For more on commit-
tee initiatives, review the ATEC Legislative Priorities and stay
tuned for 2025 Fly-in dates!

JARED BRITT
LEGISLATIVE COMMITTEE CHAIR
President, Aviation Education Academy

jaredbritt@
aviationeducationacademy.com

ANNUAL CONFERENCE COMMITTEE

Registration is open for next year’s annual conference taking
place March 16-19 in Norfolk, Virginia! Aviation Institute of
Maintenance will welcome attendees to its headquarters’ city,
alongside presenting sponsor Piedmont Airlines.

Next year’s conference promises engaging sessions, delicious
food, scenic waterfront views, and impactful tours.

The agenda is in development, look for it to publish in the next
few months. Exhibitor and sponsorship opportunities are still
available. Visit https://www.atec-amt.org/events/2025-annu-
al-conference to learn more. We look forward to seeing you there!

NICOLE GLEATON
MEETING PLANNING CHAIR

Director of Communications,
Aviation Institute of Maintenance

ngleaton@centura.edu

ATEC ACADEMY

The ATEC Academy, a board-led initiative, is
committed to tackling the challenges of recruit-
ing and retaining skilled aviation instructors in
response to the increasing demand for technical
expertise. Under the guidance of an experienced
educator and supported by master A&P instruc-
tors, the Academy is currently running its second
cohort of students and will launch a third cohort
in conjunction with the annual conference in
March.

This comprehensive program includes two days
of in-person training supplemented by virtual
modules over three months. Participants engage
with key topics such as active teaching strate-
gies, student behavior management, assessment
methods, lesson planning, and current trends in
technical training. While initially designed for new
secondary and post-secondary instructors, the
program has proven invaluable for both industry
trainers and seasoned educators.

Facilitators have incorporated feedback and
lessons learned from the initial course to en-
hance the curriculum, including a new section
dedicated to teaching hands-on labs. To ensure a
personalized learning experience, enrollment is
limited to just 20 seats.

We are now accepting registrations for our third
cohort, which will kick off on March 15-16, just
before the ATEC Annual Conference in Nor-
folk. Reserve your spot today at https://www.
atec-amt.org/events/atec-academy---spring-
2025#overview.

MIKE SASSO
ATEC ACADEMY CHAIR

Airframe & Powerplant Chief,
Aims Community College

michael.sasso@aims.edu
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ACS Textbook Series Available!

Avotek’s Aviation Mechanic ACS textbooks directly support
the new Airman Certification Standards (ACS)

\irframe

Volume 2

CAVOTE

Aviation Mecharic - Gener :

Aevnaticat Rnawledge, Fus Managerer, i
4

powerplant

L S ——

anch kil Seandass for the AMT

Aviation Mechanic-

MLICMI 1w ag ey s o e sl v iy

|

. Risk Marmgement. ~
Apronautical Knawiesge AVOTEN
‘Sl Starlards fox the AT (AIEA

e

rame
Volume 1

NI oo

Aviation Mechanic - Airfl

sgrcnaticnl Koowitdgr. Puu:twasr-ef:. L
andl Sail Standands for the AN (\‘:{l'i’j{ o
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Plywood Engines:
Bridging the Gap Between Paper

Diagrams and Cutaway Models

By DonN MORRIS

Don Morris earned his MAS in Aviation Education and Management from Embry Riddle
Acronautical University and his BS in Physics from Illinois State University. He has over 25
years of classroom experience and is an Associate Professor of Aviation at Southern Illinois
University, Carbondale. Don has invested nearly $80,000 in the research, development, and
equipment to make the models discussed in this paper. This has been largely funded through
sales of model kits to the larger aviation community through Kickstarter, a booth at EAA Air-
Venture OshKosh, and his own web site. He laughingly refers to himself as the world’s leading
authority on plywood engines.
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ABSTRACT

Diagrams and cutaway models can both
be used to explain the inner workings
of complex machines. Cutaway models
show the actual parts as they are

inside the machine, but these parts

are arranged in the best way for the
machine to function and not for the
process to be understood. Diagrams
allow for the parts to be rearranged and
shown for maximum comprehension,
but lack the real world-tactile feedback
that a cutaway provides. This article
discusses a series of models the author
designed to bridge the gap between

cutaways and diagrams.

Over the past 6 years, the author
developed increasingly detailed
functional models of many types of
engines. Designed in Autodesk Inventor,
most of the parts were cut from Baltic
Birch on a CNC laser cutter. Parts that
did not lend themselves to being made
by laser were fabricated from hardwood
dowel rods. For the past 5 years, the
author’s Aviation Physics students at
Southern lllinois University have each
received a single-cylinder model kit to
complete and to keep. They then used
the completed models for lab projects
involving gears and levers. The students
also calculated pressure, force, work,

and horsepower based on the models.

This paper presents the author’s 6

years of experience with the designing,
producing, and using these models in
the classroom. It shares some of what
the author learned as he progressed

through three generations of models. It

also includes selected student feedback.

I vividly remember trying to understand how the valves
worked on a four-stroke engine. It was a different time, and I
turned to the World Book Encyclopedia for guidance. I found
a diagram not unlike Figure 1: a diagram of the intake stroke
included in the FAA’s 8083-32B (2023). The World Book said
that the intake valve opened so air and fuel could enter the
cylinder. I could observe the open valve on the diagram, but
I could not see what made the valve open or figure out how
it knew when to open.

Figure 1:
Diagram of Intake
Stroke (FAA 2023)

The times have definitely changed, but beginning students
still need the same answers. Like other teachers, I used to
resort to diagrams and cutaway models to provide answers.
That is how I know that diagrams are relatively useless
unless students are provided with detailed explanations.
Cutaway models require a lot of guidance as well, especially
for students who have little experience with real mechani-
cal systems. The engines that cutaways are made from have
been laid out in the best interest of real-world function and
not for basic student comprehension. Additionally, most cut-
aways are too expensive to give to students for home study.
he aviation industry is best described as having a turbulent
history with periods of advance and growth followed by set-
backs and disruption. The Covid-19 pandemic illustrates
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that point. Commercial flight was experiencing steady growth,
finally recovering from the negative effects of September 11th,
2001, and the great recession of 2008 (ICAO, 2022). Progress that
took years was undone overnight as travel bans went into effect
in early 2020. Airline revenue dropped from 248 billion dollars in
2019 to just over 130 billion in 2020 (Flynn, 2023). They had lost
nearly half of their revenue in less than a year.

Diagrams (Figure 1) and computer simulations (Figure 2) are
significantly less expensive and more versatile, but they lack the
tactile experience of the real world. Though often highly experi-
enced in digital worlds like Minecraft, many of today’s students
have relatively little experience in the tactile actual world they
will need to master in order to safely repair aircraft.

Figure 2: Frame from a computer animation (Morris,
2014)

My Answer

In 2014, a Ukrainian startup called UGears began producing puz-
zle-type kits to build mechanical models (Ukrainian Gears, n.d.).
Many of their models are complex and impressive. I pondered
their models, and was fascinated by the possibility of creating
similar but more technically accurate products. I had recently
written an article for the ATech Journal about Autodesk Inventor
and its usefulness in a Part 147 setting (Morris, 2018b), so it was
natural that this was the software package I would use. I decided
that a seven-cylinder radial engine would make a good test sub-
ject to assess the practicality of my idea.

Like the UGears models that inspired me, I made my designs to
be cut from 1/8” Baltic Birch plywood. In the pre-covid era, it
was relatively low cost and was easily available. It also is easily
and accurately cut by laser. Better yet, I had several sheets in my
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garage. Borrowing from the alignment holes used in industrial
manufacturing processes, I determined that the successive layers
of my models would share small holes that would help align
them with each other as they were assembled. This allowed fairly
accurate alignment without a great deal of effort.

Creating my models was not very different from drawing a
diagram. I made a two-dimensional sketch of the outlines of the
crankshaft, pistons, and cylinders in relative position to each oth-
er. I thickened the cylinder walls around the pistons and added
a crankcase around the crankshaft. I added cooling fins, taking
inspiration from classic aero engines such as the Wright Whirl-
wind. I extruded the details of the walls and fins into a three-di-
mensional 1/8” thick layer, and its shape largely determined the
remainder of the
model. I added
space for a cyl-
inder head and
added alignment
holes wherever

I felt that space
allowed. Part

of this layer is
shown on top in
Figure 3. No-
tice the “Birch
Plywood” texture
already mapped
to the digital
model.

Once I finished
the first lay-

er, I copied it.
Working with the
copied layer, I cut
an opening for
the valves to fit
into and defined
shoulders for

Figure 3: Cylinder layers described in  the valves to seat

text. Author. against. This cut
the layer into
many pieces, but the computer did not care. I did not care, either.
I had glue. I saved this as the second layer. Part of this layer is
shown on the bottom left of Figure 3. Returning to the first layer,
I copied it again. I added a rear cylinder wall to this new copy and
filled in the appropriate areas of the cylinder head. Since this was
intended as a teaching tool, I cut large numbers out of the cyl-

inder walls to number each cylinder. Part of this layer is shown



on the bottom right of Figure 3. Since all the layers are copies of

each other, the alignment holes are in identical locations.

Following this same basic process, the other parts of the model
were made up layer by layer. Anywhere a rotating shaft was used,
I drew a small piece of hardwood dowel. To make these dowel
shafts look more realistic, I cut holes through them. Figure 4
shows the master and connecting rods pinned together with

1/2” diameter drilled pins. I textured the pins as “walnut” in the
computer to make it easier to distinguish it from a plywood part.
The entire piston and rod assembly shown is about 3/8” thick. I
created all the gears the model would need using Inventor’s built
in gear generation features. I manually created the cam plate,
and designed a trailing arm valve lifter system to ensure that the
parts would remain aligned as the wood cam plate made contact.
Later experimentation showed that my trailing link system was
not necessary and regular types of plywood lifters could be made
to function. The whole assembly was designed, rigged, tested,
and animated digitally before cutting the first model (Morris,
2018a). (Note that I got the cylinder numbers backwards on the
digital prototype.) A local Experimental Aircraft Association con-
tact provided access to a laser cutter, and in just a few days, the
first model moved from a digital prototype to a physical reality. It
was a rousing success and was admired by everyone who saw it.

Figure 4: Pistons and rods. Author.

Development and Classroom Use

Once the first model was completed, I knew I was onto some-
thing special. I also knew I would need my own equipment to
get anywhere near the full potential out of my idea. I decided to
make another model to widen general appeal and drew a Harley
Davidson(R) inspired V-Twin. This time, I even created the in-
struction manual before building the first model (Morris, 2019b).
I posted the models on Kickstarter and sold enough pre-produc-
tion kits to buy an industrial laser cutter (Morris, 2019a). Those
kits were literally shipped all over the world, but they were far
too complex for student assembly. For that I needed a single
cylinder model. Because my models are flat (and because I have
a sense of humor), I decided my single cylinder model needed to
be a “Flat Flathead.”

The traditional flathead engine usually has two valves on the
same side of the cylinder. I rearranged the engine so that one
valve and cam were on each side of the cylinder mimicking a dia-
gram. Using a similar process to the one outlined above, I created
the model shown in Figure 5. This was the first model that I had
students put together. The students essentially assembled their
own tactile moving diagrams for how an engine worked. I had

my students assemble this model both that year and then next.

The feedback I received from the students was generally positive.
That first year, one of my students was flight instructing for the
university. She reported to me that her model went straight to her
office, where she used it to teach flight students how their aircraft
engines worked. The model seemed to be even better than a cut-

away of a real engine for explaining how the Otto cycle worked.

Building on what I regarded as a rousing success, I continued
creating more models. I modified my single-cylinder flathead
into an overhead valve design with pushrods on each side.

Then I made an overhead cam version with a gear train in the
rear. I also made a WW1I-era rotary engine and a Wankel rotary
engine, and for the first time, I felt like I really understood the
Wankel. I launched these additional models on Kickstarter as
well. Experience with my students and with builders all over the
world showed me where builders had trouble with my models.
The most common problem was too much glue, which then got
into places that engines should move. Builders also reported
difficulties gluing the plywood parts to the dowel shafts, which
created frustrating failures. I learned to design my construction
manuals to push the glue away from important surfaces and to
engineer joints where multiple plywood layers attached to shafts

to increase longevity.
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Figure 5: Flathead engine, cutaway of engine, my rearranged “Flat Flathead” model, and a 1955 diagram from my per-
sonal collection showing similar rearrangement. Image credit Author, Welch, 1955.

Designing for Repairability

As any experienced designer can attest, one of the hardest
aspects of design is maintainability. This is especially true when
it comes to permanently glued plywood models. My “premium”
models became increasingly complex. My nine-cylinder radial
model had over 1000 separate parts (Morris, 2022). It also had
real roller lifters and a 35 page construction manual. This model
was quite complex, and I had users glue it together into sections.
These sections were then combined with AN hardware, allowing
them to be disassembled and repaired if necessary. This feature
was exciting, and allowed me to develop even more complex
models. I added a skeletonized four cylinder Lycoming-styled
engine and the five cylinder Kinner-styled radial shown in Figure
6. I called these engines my “series 2” models.

Figure 6: Kinner Style Face Cylinder Model: Author.
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In the classroom, I redesigned my single cylinder engine to in-
clude more details and to get more kits from a piece of plywood,
which was skyrocketing in price during the Pandemic. Figure 7
shows the resulting model on the left. It fit delightfully in a hu-
man hand. It also included enough detail to launch conversations
about throttling, float bowls, and fuel metering. I had my stu-
dents build this model for the next two years. The new model was
cheaper and more detailed, but I still was not content. Too many
students glued in parts of the engine incorrectly and were unable
to make their models “run.” I wanted the students to be able to
take their models apart, repair them, and reassemble them. This
past summer as I was preparing for a new school year, the an-
swer hit me. I added hexagonal blanks to the appropriate layers
and embedded nylon nuts in the model. The final layers changed
from glue-on to screw-on and now can be easily removed if nec-
essary. My third generation models were born, and the prototype
“student” model can be seen in Figure 7 on the right.

Figure 7: Single Cylinder Models for Classroom Use -
2022 - 2024. Author.
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Classroom Feedback

Having the ability to disassemble and reassemble the engine
made a huge difference in the classroom. Almost half of the
beginning level students were able to assemble the engine during
my three hour lab period with just the assembly manual. This
was significantly more than before. Better yet, those who took
the models home to complete them had a much higher rate of
success than before. Students that assembled the engine without
paying attention to timing marks were able to disassemble the
engine and make it right, giving them an opportunity to learn
from their mistakes. Figure 8 shows the grin of accomplishment
as the assembly process is successfully completed and the model
functions as it should. Figure 9 shows two students carefully
calculating pressures, work generated, and power based on mea-
surements from their completed models.

_;.,-

Figure 8: A grin of Triumph. Used with Permission.

At this point, I have watched hundreds of students build my mod-
els. I have seen more student social media posts about models
than about any other activity I do with them. I have even seen my
students engaging with my “premium” model builders online. A
returning graduate recently shared that he used his model from
my introductory class to verify what he learned as he moved on
to the reciprocating engines classes near the conclusion of our
A&P curriculum. Several of my students have enthusiastically
regaled me with tales of members of their home aviation com-
munities with my models, and how the people with these models
are impressed that the students know the man who designed the
models. Enthusiasm is a delightful lubricant for the tough daily
grind of education.
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I believe that the natural conversations that flow as students
build and answer detailed questions about my kits have helped
me establish rapport and a trusting student-teacher relationship.
It is good to see students interested and engaged. For many of my
students, this is their first exposure to a detailed instruction man-
ual, and it has been mostly positive. Better yet, my models create
teachable moments. This year alone, I can recall discussions
about how the float bowl works, the importance of timing marks,
how a venturi allows the carburetor to meter fuel, why engines
are designed with valve overlap, why there are baffle plates in a
muffler, why ignition is measured before top dead center, and
even the differences between a “class one” and “class three” lever
(note the differences in the valve train between the left and right
models in Figure 7). I do not know of any other tool that can natu-
rally start so many conversations.

Figure 9: Lab Work. Used with Permission.

Future Development

I'm not sure where the technical limits of my laser cut plywood
medium lie, but I feel that I am approaching them. My current
designs require tight enough tolerances that the inconsistent
laser kerf due to slight plywood warpage is a limiting factor. My
construction technique limits me to straight gears and short
shafts. This means I am limited to short and flat models (which
happen to display nicely on a wall). Radial engines are ideal. I
have experimented with laser-cut nylon parts for greater dura-
bility, but feel that these parts introduce too much expense and
complexity. I am guessing that most of my future development
will be more about aesthetic improvements and leveraging my
designs rather than technical improvements to technique.
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Iintend to incorporate my models into the Drawing portion of
the Part 147 curriculum by challenging my students to improve
on the drawings I provided in the manual. This could even allow
them the chance to have their work featured in one of the manu-
als I distribute with my Kkits.

At this point, I welcome suggestions for additional models that
may be made with this technique. I am also happy to discuss the
technical aspects of my process with anyone who would like to
create similar models of their own design.
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ABSTRACT

Worldwide regulations are inconsistent for
language proficiency requirements in aviation.

Yet Aviation Maintenance Technicians (AMT),
when working in international aviation job roles,
need proficiency in English to read, understand,
and act upon work instructions. They must interact
with co-workers, crewmembers, and passengers

in English.

While the Aviation Maintenance Technician (AMT)

cohort has specific language training needs, when
teaching English to AMT, the principles of English

for Occupational Purposes (EOP) should apply.

This paper discusses a proposed new
methodology for English language training for
AMT, while championing EOP principles. The
focus must be firmly on realistic job tasks that
hold the ‘nuggets’ of aviation terminology and
grammar that are required for a new trainee to be

successful in their new language.

Introduction

AMT organizations have done great work in the
past developing resources, such as illustrated
dictionaries or glossaries that achieve so much

in the overall teaching of aviation-related English
language.

Now, to build on this work, newer digital media
such as virtual environments can improve
facilitation and student satisfaction as they exploit
those natural tendencies for the new generations

to explore and find out for themselves.

In reflection of the EOP principles, the time is ripe

for us to:

¢ Define the need,
e Collaborate, and

* Customize, for the benefit of our industry.

Despite guidance from the International Civil Aviation Organization (ICAO), worldwide regulations

for language proficiency requirements in aviation are inconsistent. Yet, Aviation Maintenance

Technicians (AMT), when working in international aviation job roles, need proficiency in English

to read, understand, and act upon work instructions. They must interact with co-workers, crew-

members, and passengers in English. Some members of the AMT community must be proficient in

English for radiotelephony purposes, for safe maneuvering on the airport, just in the same way that

pilots and air traffic controllers must be proficient for radiotelephony.

While the Aviation Maintenance Technician (AMT) cohort has specific language training needs,

when teaching English to AMT, the principles of English for Occupational Purposes (EOP) should

apply. The principles of EOP provide a robust structure for any English language training activity

within any occupation.

This paper discusses a proposed new methodology for English language training for AMT, while

championing EOP principles. Although it is outside the scope of this paper, the same methodology

may be used for other aviation job roles and for any other industry sector.
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Improved English Language Training
May Assist the AMT Employee Shortage

There is a great deal of current literature, from aviation Original
Equipment Manufacturers, known collectively as OEM, (Boe-

ing Commercial Airplane Company, 2024) through to academic
papers, about the current and looming shortage of aviation front-
line and technical roles.

The common theme is that a considerable number of new
employees will be required in aviation technical roles over the
next 10-20 years. The reason for this lies in several facts. Firstly,
commercial aviation continues to recover rapidly from world-
wide repercussions of the Covid-19 pandemic. A further factor is
the progressive retirement of the baby boomer generation, the
generation of workers who facilitated the growth of the aviation
industry in the 1970s, 80s, and 90s. Concurrently, the world is
experiencing population and economic growth in developing
countries and a corresponding elevation of people from poverty
into middle class (Wietzke and Sumner, 2018).

As Narayan, Sen, and Hull (2009) note, as people join the mid-
dle class, they move from a largely subsistence lifestyle into
one where there are more economic choices. These economic
choices influence peoples’ propensity to demand and consume
things like better infrastructure; better schools; better health
care; better workplace health and safety standards; and faster,
safer, and more comfortable means of travel. This includes safe
and affordable air travel.

The OEM market forecasts highlight the large potential growth
in emerging economies, such as China, India, and elsewhere in
Asia. A higher demand for airline travel within, and flying out of,
Asia will drive growth of the aviation industry in these regions,
and, therefore, the purchase of new aircraft.

As the worldwide fleet expands, additional pilots, cabin crew, and
technicians will be required.

Since English remains the lingua franca of international aviation
(Estival et al., 2016), more people will need to learn English as

a second language. Currently, 80% of aircraft mechanics world-
wide are non-native speakers of English, and, in some jurisdic-
tions, there is no formal requirement for aircraft mechanics to
have a certain level of English proficiency (Korba et al., 2023).
This means there are many technicians working in non-English
speaking Maintenance Repair Overhaul (MRO) facilities and air-
lines who will remain isolated from international interaction and

the use of English language in their day-to-day work.
But, as people wish to advance their careers in aviation, they

tend to migrate from smaller, domestic carriers to larger orga-
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nizations, where they are more likely to engage in international
operations. This is especially true for pilots (Weigel, 2022), but in
a market that is becoming more interconnected and globalized,
candidates from all job roles can portray themselves as valuable
assets who can contribute successfully by highlighting their En-
glish ability during a job interview (Ne’'matullah et al., 2023).

Managers and staff in larger aviation organizations will common-
ly interface with English language speakers. English language
skills then become necessary for maintenance staff to commu-
nicate with foreign pilots and cabin crew, to liaise with suppliers
in other countries, and interrogate aircraft manuals and other
documentation. In some cases, English language skills are need-
ed for radiotelephony if AMT has the responsibility to tow or taxi
aircraft on airfields where English is used for air traffic control

and ground movements.

In some countries, English proficiency skills for aircraft techni-
cians is seen as critical. For example, the Malaysian Civil Aviation
Authority has adopted the ICAO language proficiency require-
ments, which are the same radiotelephony standard for inter-
national pilots and air traffic controllers, for Malaysian licensed
maintenance technicians (Department of Civil Aviation Malaysia,
2014).

The adoption of English language standards for AMT within each
non-English speaking country is one side of the coin. As organi-
zations within English-speaking countries themselves struggle
with the challenge of recruiting more employees, their outreach
will inevitably include more and more non-native English speak-
ers, as well. That is, aviation professionals will be tempted to pur-
sue or further a career in aviation by migrating to English-speak-
ing countries, or they will be employed by larger organizations in
their own countries with the requirement that they communicate

in English.

These global dynamics ensure that English language training
will assume a more important role in aviation in the future, with
the need for training effectiveness and efficiency also becoming
more important.matching the learning styles of students and the
integration of technology. Generational and learning style gaps
makeup but a small portion of this growing disparity between
current and future-state education and curriculum. Implement-
ing cutting-edge technology within the classroom aimed toward
the dominant learning styles of AMT students will pay huge

dividends toward the success of the students.

A change in teaching styles to an application level and a shift
toward CBT meet the AMT students where they operate most ef-
fectively. Furthermore, this change in traditional approaches also
aims to submerse the students in realistic environments. This



scenario-based training has proven to be highly successful in the
pilot realm of operation, and logic that follows the same would
apply to the AMT realm as well. Additional research is needed to
assess the gender and minority talent pools while focusing on the

dominant learning styles of each talent pool.

The Next Generation of Avia-
tion Professionals (NGAP)

The International Civil Aviation Organization (ICAO) has coined
the term NGAP, meaning the “Next Generation of Aviation Profes-
sionals” (ICAQ, 2024). The ICAO NGAP ‘Mission’ is to implement
strategies that assist the global aviation community in attracting,
educating, and retaining the next generation of aviation profes-
sionals (ICAO, op. cit.). Thus, it is a forward-thinking approach to
attract the additional labor force required to grow the industry.
However, it also recognizes that new generations have different
learning styles and prefer different training methodologies to
previous generations (Symbiotics, 2024).

ICAO also emphasizes that there needs to be increased outreach
from industry to this generation. ICAO, regulators, and compa-
nies are recognizing that there is also strong competition for
labor outside the aviation industry. Anecdotal evidence suggests
that, in many instances, young AMT graduates are being poached
with greater offers of remuneration by other industries, such as
mining, oil and gas, and wind turbine manufacturing and main-

tenance.

This paper briefly discusses the learning characteristics of the so-
called Generation Z. However, these characteristics are, by now,
well known (Johnson and Manson, 2020, and others). Aviation
training organizations that aren’t modifying their ‘traditional’
courseware to cater to these different learning styles are, or soon

will be, in danger of losing market share.

It could be argued that the increase in training activity for
aviation technical roles will ensure future profitability for most
training organizations. Yet, the new generation is more discern-
ing and less likely to put up with sub-standard situations, and
their communication networks ensure that information spreads
rapidly. Poorly performing training providers may be affected by
a fast-spreading bad reputation via eWOM, or electronic Word-
Of-Mouth (Salmiah et al., 2023).

Advances in Language Training and
Training Delivery Methods

This paper advocates for these two advances:

 Applying principles of English for Occupational Purposes
(EOP) in language training

» Aligning training delivery methods with the learning pref-
erences of the Next Generation of Aviation Professionals
(NGAP)

In terms of EOP, there is a need going forward for an increased,
worldwide extent of English language instruction that is cus-
tomized to AMT. Even if this need for customization in English
for AMT is not widely recognized yet, it can serve as a model for
adopting a better way more broadly over time. EOP for AMT is
discussed specifically and in more detail in the next section.

In terms of training delivery methods, we must consider the best
methodology to use when teaching the next generation of AMT
staff who will need training in technical English language. The
new generation has different needs and preferences; it is coun-
terproductive to ignore these and make them ‘it in’ otherwise.

A Proposed System of Language Training Delivery

As will be seen in this paper, the principles of EOP rely on job
tasks. We need to engage trainees in representative job tasks so
that they may progressively and effectively learn the new lan-
guage they require for their employment.

A solution could be to take over part of an aviation workplace,

so that dummy tasks could be devised, incorporating language
elements, while being conscious of safety for the new trainees.
This is impractical, though, as most aviation workplaces, even
aviation training workplaces, are busy and potentially dangerous

environments.

A newer way of replicating job tasks is proposed in this paper. It
uses a digital aircraft maintenance environment, accessed via
computer, or tablet device, in which trainees can self-navigate,
explore, interact with objects, and gather information. At stra-
tegic points along the way, the trainee will be asked to perform
realistic job tasks, ranging from BASIC through INTERMEDIATE
and ADVANCED. During the pre-task instruction, during the con-
duct of the tasks, or at the completion of these tasks, the trainee
will be exposed to language elements they will need to hear or
read, decipher, and act upon, just like in the real world.

Being a ‘digital twin’ of an aircraft maintenance environment

, the replica world will also be a place where real-world safety
standards will apply. Therefore, each trainee will be expected to
work safely and in accordance with accepted practices. Likewise,
real, or ‘near-real, aircraft reference documents will provide
guidance for carrying out the various tasks that are allocated.
There will be verbal instructions, but trainees will always be
encouraged to consult the correct Instructions for Continuing
Airworthiness (ICA).
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The Importance (and Difference) of
English for Occupational Purposes (EOP)

EOP in the Context of General English
and English for Specific Purposes

To elaborate on EOP for AMT, it is helpful to place it in a larg-

er context. Language training overall, and English language
training, in this instance, is best understood by the purposes for
which a trainee wants to learn a language. Typically, there are
two broad reasons trainees learn a language—for general pur-
poses and for specific purposes. This is represented in Figure 1
as the first-level major delineation between General English and
English for Specific Purposes (ESP).

on a qualifying English test for study in a chosen discipline.
These pre-academic, preparatory English courses are offered
through university Intensive English Programs (IEPs).

English for Specific Purposes (ESP), as the other main branch of
English language training, is also divided into two sub-branches:
English for Academic Purposes (EAP) and English for Occupa-
tional Purposes (EOP).

Studying for academic purposes is markedly different from
studying for occupational purposes. These different kinds of
study may be taken in sequence. First, students may study

their chosen academic disciplines, ‘focusing on the language of
academic performance. Then, upon completion of the required

English Lang_uage Teaching

English for Speciﬁl:_._Purpnses (ESP)

Ge neraféu?glish

=

— ~— e e
Coping Skills Pre-Academic English for Academic English for Qccupational
For everyday, For those in Purposes (EAP) Purposes (EQP)
consumer Intensive English For those studying to For those already
functioning Programs (IEPs) enter the professions, employed in industry,
focusing on the language focusing on the language
1. Shopping 1. Listening of academic performance of job performance
2. Housing Comprehension
3. Travel, 2. Pronunciation 1. Business 1. Primary Sector
Transportation 3. Reading 2. Engineering 2. Manufacturing Sector
4. Health Care 4. Composition 3. Medicine 3. Service Seclor
5. Schooling 5. Grammar 4. Information 4. Govt - Civilian
6. Consumer 6. Test Preparation Technology 5. Govt- Military
Services 7. Study Skills 5. Law 6. Development/Aid Sector
7. Recreation, 6. Geology (UN Agencies, Nan-
Leisure 7. Agriculture Governmental Organiza-

8. Personal Safety tions [NGOs])

A F L E B 3
It can be needed for those who are 1) pre-literate, 2) semi-literate, or
3} literate in native language, but not in target language (with a different character system).

Figure 1: Broad Types of English Language Teaching
©Anne E. Lomperis: 10-98, 5-17-99, 9-27-02, 6-1-19, 6-7-22, 3-15-23

General English refers to teaching those such as immigrants and studies, graduates take qualifying exams to become certified or

refugees to become proficient in coping skills for integration otherwise ‘authorized’ to go on to practice their disciplines as

into society as well-informed, functioning consumers. General professional occupations. If occupational English is needed in

English may also serve the purposes of an international student these employment contexts, the professional focuses] on the

who needs Pre-Academic English to increase an entrance score language of job performance’ or the tasks of the occupation.
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Sometimes, the line between the two gets a bit blurred. If ac-
ademic study includes practical internships, lab work, or real
live job tasks in a workshop setting, then the trainee is crossing
over into ‘job performance.’ It is helpful to distinguish the two by
context and by language tasks and functions.

While studying under academic conditions, the contexts and
associated language tasks and functions include understanding
content, participating in discussions, taking notes in class (in
person or online), carrying out short-term homework tasks,
writing assignments that involve research and long-term manu-

scripts, and sitting for tests and exams.

For job performance, the contexts and the language tasks and
functions of occupations are markedly different, as shown in
Figure 2.

During their initial study, AMT trainees would fall into academic
contexts and academic language tasks and functions. Then, when
AMT trainees engage in activities in the workshop, hangar, or tar-
mac, they would fall into occupational contexts and occupational
language tasks and functions.

Thus, the AMT trainee begins in EAP and progresses to EOP.
Later, as an employee, the AMT continues in EOP and gains

much more experience in EOP contexts and more complex EOP

language tasks and functions.

In Figure 1, there is an important notation about literacy. Liter-
acy is the concept that squiggles or symbols placed on a writing
surface represent sounds and meaning. This can be quite a cog-
nitive leap in the pre-literate mind. However, this basic literacy
concept is a required foundation for learning General English

or ESP. Further, literacy training may be needed at any stage:
pre-literate, semi-literate, or literate in a native language but not
in a target language with a different character system. This latter
need may be the case with some EOP trainees.

Prerequisites for EOP - And for
EOP Resources Within AMT

Just as literacy is a prerequisite for General English and ESP, a
certain level of General English or Pre-Academic English is re-
quired before entering into English for Academic or Occupation-
al Purposes. For example, if an enrollee begins studying EOP for
AMT, it won’t work if the trainee has zero or very low proficiency

in English. Some level of prerequisite English is needed.

There are various international tests that may be used to estab-
lish this prerequisite level of English proficiency for EOP. Howev-
er, some are less appropriate than others.

Context

Language Tasks and Functions

I. Administration

3. Preparing a deparimental budget
4. Submitting an expense report

1. Writing documentation for IS0 certification
2. Developing a proposal for project funding

Il. Operations 1. Making a marketing presentation

2. Negotiating a client contract

3. Closing a sale

4. Writing correspondence and reports

5. Keeping records

7. Ordering supplies and equipment

6. Answering the telephone; taking a message

6. Reading manuals to maintain or repair equipment

9. Interacting with coworkers and superiors related to a specific issue or process
10. Participating in and/or leading meetings

11. Attending international conferences: presenting, handling Q&A, socializing

3. Participating in training

lll. Social 1. Warning others about a safety hazard

Responsibility | 2. Documenting compliance with an environmental protection standard
IV. Human 1. Interacting in a hiring or exit interview

Resources 2. Interacting in a performance appraisal

Figure 2: EOP Language Tasks and Functions
©Anne E. Lomperis: 12-1-03, 1-5-12, 3-26-18
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As many in AMT are aware, there is no dedicated AMT English
test in the package of requirements for AMT certification at the
end of the trainee’s study. There are some partial exceptions,
such as in Malaysia where, as noted above, ICAO language
proficiency requirements, the same radiotelephony standard for
international pilots and air traffic controllers (ATCs), are in place
for Malaysian licensed maintenance technicians (Department of
Civil Aviation Malaysia, 2014).

Note, however, that this test for pilots and ATCs only addresses
these professionals’ use of radio telephony (RT) for take-offs and
landings. The focus is on listening and speaking skills between
pilots in the cockpit and air traffic controllers in the tower. This
lack of EOP testing for AMT job tasks, in particular, is, of course,
a serious concern for the aviation industry, particularly as
increasing populations of non-native English speakers enter this
labor force.

AMTs may indeed need RT English for communicating with
pilots (about mechanical issues, in flight and on the ground) and
air traffic controllers (about movement on the airport). But they
critically need an additional focus—and test— on speaking and
listening for communication among themselves, such as during
shift handover or to clarify instructions from a supervisor. They
further need more dedicated AMT English testing for reading the
ICA (Instructions for Continuing Airworthiness) and manuals
and for writing about defect rectification in maintenance logs.

In order to develop such a more fully rounded AMT English test,
a foundational AMT English curriculum is needed upon which
to base such a test. The development of a professionally sound,
comprehensive AMT English curriculum that is widely recog-
nized around the world is therefore a high priority—and an a
priori— goal for AMT EOP test development. Both curriculum
and test are goals for AMT and the aviation sector overall.

Essential Principles of EOP

A professional AMT English curricula and testing regime will

assist with conformance to the essential principles of EOP.

To put these EOP principles in context, comparison is helpful.
General English is characterized by established content. Over
time, the topics listed under the sub-branches of Coping Skills
and Pre-Academic have become widely accepted and effective

for achieving these two trainee purposes in learning General
English. By contrast, the defining characteristic of English for
Specific Purposes is that it is based on learner need. The profile
of each EAP and EOP learner is going to vary, as are their exact
needs for training in EAP and EOP. There is no ‘established con-
tent’ that can be ‘universally’ taught for each ESP learner, as there

is in General English purposes and their associated topics.

Hence, in ESP, needs assessments must be conducted, and they
must be conducted systematically in collaboration with academic
or occupational (industry) experts. The goal of this collaboration
between language trainer (i.e., qualified EAP or EOP expert)

and academic or industry expert is to accurately customize the
planned training to the academic performance or job perfor-
mance needs of the learner.

EOP, with its service to industry sectors, is squarely placed in the
larger context of the economy and economic development pri-
orities and policies of any given country around the world. EOP
therefore must align itself with, and support, economic develop-
ment needs worldwide.

Already discussed in this paper is the priority of addressing

the global economic issue of the labor shortage in the aviation
sector—and in AMT, in particular. But there may also be other
priorities and policies in economic development that should be
taken into consideration. These include the need for employment
of target populations, such as women, the rural underemployed,
and the urban poor. This need is closely tied to the need for
increased training—and access to training—for these target pop-
ulations. Economic priorities and policies also include fair labor
practices and adequate EOP AMT training at outsourced facilities
that provide services to developed countries and their multina-
tional corporations. In the AMT context, this must be addressed
at MRO facilities. For a fuller discussion of aligning EOP with
economic development priorities and policies, see Lomperis,
2020:182-184.

The next level of need at which EOP must concern itself within
the national economy is the individual corporation. Companies
are not always aware that they are sustaining costs because of
insufficient English proficiency of some of its labor force. These
costs typically relate to time and materials, but they could also
involve damage to or loss of equipment, or lives, or reputation, or
market share. In AMT, deficiencies in language and communica-
tion can contribute to costly Human Factors issues.

These costs, however, can typically be addressed by well-custom-
ized EOP training. The more EOP training is customized to desired
improvements in job performance, the lower the costs will be to
the company. EOP, well done, usually yields compelling return on
investment (ROI), as high as 531% (Martin & Lomperis, 2002).

To summarize the essential principles of EOP:

+ They involve needs assessment of economic development
priorities and policies at the worldwide and nationwide

economic level.
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» They involve needs assessment of costs to be addressed at
the individual corporate level.

+ They involve needs assessment of job task language and
other work and workplace factors at the level of curriculum
development for target learners in the corporation.

* At this curriculum level, these principles also include:

+ Collaboration between language trainer and industry
expert, and

 Customization of the curriculum to produce desired
results and potential for high ROI.

EOP for AMT Curriculum
and Lesson Framework

When designing the curriculum level, it must be remembered
that a professional quality AMT EOP curriculum is needed not

only in its own right, but also as the basis for developing dedicat-
ed AMT EOP testing resources.

What, then, would a lesson framework for such a curriculum be
based upon? Refer to Figure 3.

From conducting needs assessments at the corporate level, the

following Key Business Issues have been identified as broad

KEY BUSINESS ISSUES
(By Context)

Administration = ISO Documentation

Operations — Sales Productivity Quality Delivery
Customer Relations  Meetings Presentations

Social Responsibility — Health Safety Security Worker Rights
Regulatory Agency Reqguirements  Environmental Protection

Human Resources — Personnel Policies/Benefits Training Advancement

JOB TASKS (Requiring Language)

Write documentation, reports, correspondence
Answer customer questions

Give a warning
Follow oral or written instructions

COMMUNICATION (Applications of Analysis)

Discourse
Analysis

Genre
Analysis

Notions and
Functions

Strategic
Competence

Situations / Context
(work — worker — workplace)

Sociolinguistics
(types of talk)

Corpus Linguistics

Pragmatics

L w
\ 5 R /
P Vv G C

SKILLS SYSTEMS
L - Listening Language P - Pronunciation
5 — Speaking (Elements) V - Vocabulary
R = Reading G - Grammar
W - Writing C - Culture

Figure 2: EOP Curriculum Concepts and Lesson Framework
©Anne E. Lomperis: 10-98, 5-17-99, 9-27-02, 6-1-19, 6-7-22, 3-15-23
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domains that encompass need. These are
listed at the top of the ‘balloon’ in Figure 3:

* Administration
* Operations
* Social Responsibility

¢ Human Resources

In the balloon, some examples are pro-
vided under each domain. Note that these
domains are where we start our needs
assessment. This is the largest context with
which we should start in understanding the

overall concept for a curriculum.

Within each of these domains, we are
looking for the all-important job tasks and
the language use they require. The job task
is the dominant consideration in all EOP
curricula and in the EOP lesson framework.
The job task determines the selection and
treatment of all other categories of commu-
nication analysis, as well as language skills
and language systems. Not the other way
around! We start at the top of the balloon
and work down. We don't start—and stay—at
the bottom—only in language skills and
language systems.

So again, moving down from the top of the
balloon, once the job task is identified, the
EOP specialist analyses it for communica-
tion applications, as listed below. Not all

of these applications will be relevant for a
given job task, but it is important to analyze
which of them are, in fact, relevant:



» Notions and Functions
» The purposes for communication
* Genre Analysis
o Written formats (e.g., email, reports, manuals, bulletins)
+ Discourse Analysis
« Oral formats (e.g., in person, telephone, radio / RT)
» Pragmatics

« Factors that govern choice of language based on relation-
ship of parties; power-distance is especially relevant in
social and workplace hierarchies

* Sociolinguistics

* Closely related to pragmatics, the study of the interaction
between language and structure and the functioning of

society
» Situations / Context
» For example, work-worker-workplace
» Corpus Linguistics

« Language patterns - research and identification of highly
productive language patterns by industry sector

* Strategic Competence
» Terms, phrases we use to manage language learning (e.g.,

repeat, say slowly, sorry to interrupt, what does X mean?)

Only after all the above analysis, do we then know what language
skills will be relevant to address for this job task, under the broad
and well-known categories:

 Listening

» Speaking

* Reading

» Writing

Likewise, only after all the above analysis, do we know what lan-
guage systems will be relevant to address for this job task:

* Pronunciation Everylanguage has a system of sounds.

» Vocabulary Every language has a system of meaning.

e Grammar Every language has a system of structure

and word order.

 Culture Every language has a system of cultural

usage.

Vocabulary and Grammar

The role of vocabulary and grammar warrant a little more dis-
cussion. General English lessons often revolve around vocab-
ulary and grammar. Hence, people who are only familiar with
General English may think all language lessons should revolve
around vocabulary and grammar. This may seem reasonable
and logical because vocabulary is the easiest and most obvious
element of language learning to present and grasp. Vocabulary
is often equated with a noun (a person, place, or thing), and, as
such, is the easiest to point to and associate with a new word in a
new language (e.g., table, apple, tree - or, in AMT, wing, engine,
fuselage).

However, we soon run out of things we can do in language if we
only have learned vocabulary. We need to be able accomplish
things, which is when we begin to need grammar. We need to
be able to ask questions, direct action about the relationship
between vocabulary items (for example, clean the windscreen
with soap and a rag), or manage conversation (interrupt, clari-
fy, redirect the topic, apologize, offer help, express thanks). So,

grammar becomes important.

Yes, vocabulary and grammar are certainly important in an over-
all way. AMT organizations have done great work in the past de-
veloping resources, such as illustrated dictionaries or glossaries
which achieve so much in the overall teaching of aviation-related
English language. These resources will be invaluable also in the
future, when matched up with a new way of replicating job tasks.

But ‘overall’ is not efficient for teaching EOP. We don’t need a gen-
eralized grasp of vocabulary and grammar from which to try to
find what we specifically need to carry out a particular job task.
Such generalized vocabulary and grammar are fine for General
English. And for achieving the prerequisite level of English profi-
ciency to qualify to start learning AMT English.

But in EOP for AMT itself, we must identify, within the language
systems of vocabulary and grammar - and pronunciation and
culture, as well as within the language skills of Listening, Speak-
ing, Reading, and Writing, what more precise content we exactly
need in order to succeed in carrying out a specific job task. So, as
above, the job task is the most important consideration for what
we need to teach. And also as above, after identifying the job
task, we must next analyze and identify all the areas of communi-
cative competence that are needed to carry out that given job task
(Friedenberg et al., 2003).

Then only do we select those elements of the language systems
(pronunciation, vocabulary, grammar, culture) and the language
skills (Listening, Speaking, Reading, Writing) that are particu-
larly needed to carry out that specific job task. As above, EOP
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is based on specific need. The lesson for the given job task is

efficient to that task. Over time, we will gather more and more
proficiency as we learn to carry out job task after job task after
job task. Yes, accomplishing job tasks is what EOP is all about.

Job tasks, well done, improve overall job performance. That
serves the needs of the learner / trainee and the overall organiza-

tion.

Example Case Study

These principles may be illustrated with a brief case study for an
AMT trainee.

Note, while the example given below assumes the trainee has a
certain level of familiarity with the tasks and the environment,
we could just as easily assume that the trainee has zero previous
knowledge or experience; i.e., it is the trainee’s first day on the
job. In this case, we would have to allow for this by explaining ev-
ery task and sub-task in more detail in anticipation of questions

and confusion.

In the example given below, we provide the Job Task Breakdown.

It is a BASIC task that includes instructions and a short interac-
tion between the trainee and the supervisor.

Note also that, in the complete training solution that this paper
advocates, the role of the supervisor may be played by an arti-
ficial intelligence entity. In that instance, the entity would be
trained to answer all possible questions.

Thinking now of transferring this lesson into the technology
format— to create the job task, the user experience, and the user
interaction for the digital platform—it is necessary to closely
identify the job task and a likely key exchange between the AMT
trainee and supervisor. (See third row from bottom of table.)

When creating the job task for the digital platform, to make the
action as realistic as possible, additional methods of task anal-
ysis, or clarification may be used. These may include the PEAR
Model, commonly used in aviation Human Factors training to
analyze the People, Environment, Actions, and Resources that
will interface with the trainee when conducting the task.

Another analysis could be a simple Who?, Why?, What?, Where?,
When?, and How? These analyses are just to gather as much

Task
Categorisation

Johb Task Furthar

Infarmation

Instructions from Supandsor

Clarification
Questions from
Trainsae

Rasponse from Supanisoer

Clepn the Captain (L/'H)
aircraft sida

windscrggn 16-02-100-801)

Chack the ICA, [For example, B737-
300 Alrcraft Mabntenance Manual 12-

from the Tool Store.

Gat tha appropriate soap and rags

stand.

Find an apgeopriate size [(haight]

Be caraful bringing the stand across
the hnnﬁgr. Ask for help if needed.

aircraft,

Position and secure the stand near
the aircraft, Ensurg it doasnt touch
(o scratch) the adrcraft skin, Allow for
moverment of the stand and the

reguined,

Put on glowes and safety harmess, if

Climb stand with scap and rags.
Amach safety harness to stand.

i SCnian.,

Az par AMM instructions, when
claaning the windscreen, don't press
teo hard on the surlace of the

Some of the dirt and
bugs won't corme off,

Just use your fingermail. The
windscreen outer surface is
Theny are stuck on glass, so itwon't scratch easily.
hanrd . What should | Or place a rag ower the tough
do? spots, soak the rag in water
and leave it for 10 minutes

Whan fintshed, return stand to its
Iocation and throw away used rags.

Raeport to supervisor when task
completed, and supenisor will
axplain log entry or task card.

Figure 4: Example of Job Task Breakdown Template

©Lomperis and Manson, 9-29-2024
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information as possible about the job role and what the trainee needs to consider.

The next step is to list the full framework for a lesson plan for this job task below.

a

Lesson Objectives
Key Business |ssues: Oparations: Fead manual to maintain aircraft - clean windscraan
Administrative, Operations, Social | Soclal Responsibliity: Follow safety protocol - wear safety hamess, starting at 2-metre haight
Raesponsibility. Human Resources
| Job Task: Clean windscreen
Communication analysis: = Motion: Retaticonal meaning
a  Agent (AMT), ebject (windscrean), instrumeants (scap, rags) (Van Ek, p. 38, 41; Wilkens, p. 34—
35)
= Funétion: Gefting things done (suasion)

o Instructing others to do someathing
o Regquesting assistance (Van Ek, p. 38)

o Discourse analysis: In-person omal communication
o Genre analysis:  Reading manual; writing task complation card
o CGorpus Unguisties: Preductive language patterns
o Descnbe crcumstances of problem - Some of the dirt and bugs won't come off
o ldentfy cause — Thay ank S1UCk on Rand,
= Askfor guidance = What should | do?
Language Skills: +» Spaeaking and Listening: Between superdsor and AMT
= Reading: ICA [Instructions for Continued Alrsorthiness)
*  Writing: Log book or task completion card
Language Systems: * Pronunciation:  Will depand on L, of AMT - for languages without initisl consonant

cluster, tao syllables will be created fstucks + fis-tuck!
Vocabulary: ‘Windscreen (windshield), skin (of sircratt);
Position and secune (the stand)
Technical tarma in ICA or on task completion card
Grammar: Irmgeratneg (command) Santences (Subject is undarsiood)
a  Werb =+ object; Verb + adjective, adverb, prepositional phrase
o Past participle: (when} finished; (task) complatad

o Information quastion: ‘What + should do (modal = doj;
Modal and subject are inverted [should | do: not - | should do)
Culture: Work safely; avoid damage to aircraft skin; problem solve by being quick, simple,

praciacal, Mexable

Figure 5: Example of Lesson Objectives Template
©Lomperis and Manson, 9-29-2024

Important content to identify among these lesson objectives is the Corpus Linguistics of the

highly productive language patterns and their sequence, as listed below.

(This is just one example from this lesson based on AMT communication. Another example

would be language patterns based on exchanges between the AMT and supervisor.)

Key Language Patterns

« Describe circumstances of problem
 Identify cause....cccccevervmmumuuuaeennnnn.

 Ask for guidance .....c.eeeeuuuuuciennnnnn.

Trainee Sample Language for BASIC Task

.............. Some of the dirt and bugs won’t come off.
.............. They are stuck on hard.

.............. What should I do?

It is highly likely that these language patterns and sequence will be useful and effective for the
AMT trainee in a great many exchanges with supervisors and co-workers alike. Learning them
here in a beginning lesson makes them a productive set of language patterns to master because
they can be applied (used) again and again throughout AMT training—and in AMT employment.

Now see also how this pattern sequence, as used in the exchange with the supervisor above,
may be inserted into the technology platform for deliver of training.
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Lessan Plan

Praliminary safety and othar regulations to comply with

Rensienw from Last Lesson

Intraduce Mew Job Task

Practicea the New lob Task

Apply New Job Task to Additional Circumstances:

Function/operation of windscreen wipers, Functionfoperation of windscraen
heat, Cleaning & helicopter windscreen

Review, Surmmary Quiz

Figure 6: Example of Lesson Plan Template
©Lomperis and Manson, 9-29-2024

An important thing to remember is that one size does not fit all.
AMT language differs from other aviation job roles. That is why

the needs assessment is such an important underlying principle
of EOP. It identifies individual need that is not one-size-fits-all.

Proposed English Language Train-
ing Delivery Methodology

As speculated, a replica digital workplace shows great potential
for being able to recreate meaningful job tasks and, therefore,
meaningful and progressive language learning.

One characteristic of the digital twin, as further explained below,
is that it encourages repeatability and practice until the right
standard is achieved, if this is an appropriate learning strate-

gy. In the solution proposed, there will be free navigation and
self-exploration to a certain extent, so trainees may back-track
at any time and revisit the language from earlier lessons. When a

trainee successfully completes a series of job tasks and language
acquisition at a certain level, then there will be an opportunity to
‘level up’.

Within each job task are the ‘nuggets’ of aviation terminology and
grammar that are required for that level.

The Power of the Digital Twin
- A Replica Workplace

A potent solution for recreating job tasks in a controlled setting
has emerged in the form of digital twins—virtual simulations
of physical subjects used in training and familiarization. Remi-
niscent, but not merely imitative, of three-dimensional displays
seen in science fiction media, these digital twins can take many
forms, from individual parts to complete workplaces, including
the people that comprise them. The unprecedented flexibility
in simulating work scenarios promises to alleviate the need for
training in physical circumstances that might otherwise be im-

Five Types of Digital Twins

PRODUCT

Digital Thread

PERSON
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Digital Thread

Figure 7: Five Types
of Digital Twins
(Source: Adapted from
IoT Analytics, 2023)

PROCESS




practical, cost prohibitive, or even hazardous (Madni et al., 2019;
Alomar & Yatskiv, 2023). The subsequent benefits to trainees and
training providers are both obvious and intricate.

One of the primary benefits of digital twins is their propensity for
attracting and engaging the new generation of learners in tech-
nical fields. With Generation Z, we are now long past the emer-
gence of so-called digital natives, having now entered an era of
digital immersion where platforms are more than mere tools or
communication channels that are nonetheless novel or separate
from real life. Rather, these platforms are now seamlessly inte-
grated into the lived experience of the young adult workforce.
Strong preferences for remote work among the Gen Z work-
force, lingering since the COVID19 pandemic, provide emerging
evidence for this trend (Binczycki et al., 2023). The demand for
interactive, immersive, and self-directed learning experiences is
only further indicative of this preference (Hendrastomo & Janu-
arti, 2023). Enter the digital twin: training artefacts that facilitate
exploration of virtual work environments and learning through
hands-on experience within a safe, consequence-free setting
(Vasco, 2023; Hagedorn et al., 2023).

Digital twins are versatile tools that have seen use in a variety

of education and educational settings. As illustrated in Figure

7, digital twins can be categorized under five main types: Part,
Product, Plant, Person, and Process. Each of these serves a
specific purpose, which may range from representing individual
components to simulation of entire facilities and complex human
interactions within a broader system. This comprehensive ap-
proach allows for a holistic representation of complex systems,
lending themselves particularly valuable to aviation maintenance
training, a domain where understanding interplay between
parts, products, processes, and people is crucial. Realizing their
potential is a matter of leveraging digital interactive technology
in such a way that creates engaging, optimal experiences for
learners.

The control over the training environment afforded by digital
technologies presents key opportunities to counteract any en-
gagement loss in the transition from physical to virtual settings.
Namely, the loss of physical sensation—critical for precise hand-
eye coordination— can be compensated with effective audio
feedback from interaction. Responsive audio cues contribute to a
sense of presence in the virtual environment, while also playing
a crucial role in task comprehension and simulating workplace
communication scenarios (Loureiro et al., 2020). Language
training, where understanding and responding to verbal cues is
a fundamental skill, is just one example of this, representative of
the broader potential for digital twins to engage multiple senses

and learning modalities. Philippe et al. (2020) reviewed how such

multimodal teaching in VR can enhance learning outcomes. In
AMT training this could relate to visual inspections, auditory
cues for equipment status, and haptic feedback for tool usage.
The combination of these sensory inputs contributes to a more

comprehensive learning experience.

Other engagement tactics afforded by digital twins include the
incorporation of adaptive learning techniques and ‘gamification’
elements that have matured in other digital training domains.
For instance, challenge difficulty can be automatically adjusted
to sustain an appropriate level of challenge (or flow) for trainees,
ensuring continuous engagement (Koivisto & Hamari, 2019).
Such personalization ensures that learners can be challenged

to improve their competencies without becoming either over-
whelmed or bored (Csikszentmihalyi, 2014). The integration of
such features can significantly enhance motivation and learning
outcomes. According to Koivisto and Hamari (2019), overtly gam-
ified elements like point scoring, badges and leaderboards can be

particularly effective at this.

The benefits are compounded by a key advantage afforded by the
control over the training environment made possible by digital
twins: unlimited repeatability. These systems allow learners to
practice tasks as many times as necessary without the inherent
friction of finite physical resources or the risk of equipment
damage. Repetition, being fundamental to skill acquisition and
mastery, is facilitated in these systems, allowing trainees to build
confidence and competence before their skills are applied in

real world scenarios (Checa and Bustillo, 2020). Additionally, the
safety of digital environments encourages experimentation and
learning from mistakes—vital characteristics of effective learning
that are seldom feasible in actual workplace settings where genu-
ine mistakes may be too risky or costly to be tolerated (Hagedorn
et al., 2023).

In the specific context of English Language Training for AMTs,

a detailed digital twin of an aviation workplace can facilitate
unparalleled opportunity for self-exploration, discovery, and
practical application of language skills. The technology rep-
resents an approach to language training that bridges the gap
between theoretical knowledge and practical application in such
a way that traditional training methods struggle to match (Lan,
2020). By providing an environment for trainees to safely and
cost effectively interact with virtual aircraft, tools, and personnel
in simulated environments, these digital twins can develop both
technical vocabulary and communication skills in context. Fur-
thermore, as a realm where clear and consistent communication
is particularly essential, mastery through repetition would be
another instance in which digital twins can provide a significant

advantage over traditional methods for language training. Lan

THE ATEC JOURNAL o FALL 2024 | 29



(2020) demonstrated how immersive VR environments are one
such effective tool for enhancing language acquisition in tech-
nical contexts. For AMTs, this might mean practicing aviation
specific English terminology within the context of virtual scenar-
ios—such as routine maintenance checks to emergency situa-
tions—potentially addressing both language skills and procedural

knowledge simultaneously.

With these benefits in mind, the development of digital twin
technologies presents as a promising solution for training the
next generational of aviation professionals, not the least of which
pertain to English language training. Not only does this approach
align with the learning preferences of the emerging technical
workforce, and but holds promise as a more comprehensive,
practical and engaging training experience. In addition to poten-
tial increased cost effectiveness, these technologies can lead to
better prepared, safer, empowered, and more confident AMTs in
the global aviation industry (Legaki et al., 2020; L6pez-Jiménez et
al., 2022).

A Progressive Learning of Technical Language
(Similar to How Apprentices Learn Their Trade)

Anecdotal evidence suggests that a large component of current
technical English language training programs involves the pro-
vision of a vocabulary list in the early stages of the training or, in

some extreme cases, as the sum total of the training.

As previously mentioned, while vocabulary is an obviously
important part of learning any language, it is important for
vocabulary items and grammar conventions to be presented in
a contextualized manner. The ideal way to do this is as part of a
realistic job task that a trainee needs to achieve. To achieve the
task, the trainee needs to interpret instructions, carry out the
task, and report back.

The ‘digital twin’ work environment is an ideal resource to use for
this challenge. This realistic but benign environment will allow
replication of job tasks with recognizable equipment, consum-
ables, and processes, but also ensures trainee safety.

For AMT, the details of job tasks may be communicated verbally,
but are also found via written reference, perhaps with pictorial
supplement. Often there is cooperation between multiple people,
or between multiple teams, for example, shift handover. Commu-
nication and language proficiency in this context has a different
profile, and assumes a greater importance, as miscommunica-

tion can have a dangerous consequence.

An ideal training environment for AMT technical language
training is proposed where there is progressive complexity in job
tasks and, therefore, progressive complexity in language re-
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quirements. This is not dissimilar to real life where, for example,
an apprentice will be allocated simple tasks until the supervi-

sor gains confidence in the trainee’s skills and ability to follow
instructions. Gradually, the trainee is allocated more challenging
tasks until, near the end of the apprenticeship, the trainee hope-
fully has the knowledge, skills, and attributes of an accredited
tradesperson. And, most importantly, because of that knowledge,
those skills, and that attitude, the trainee has the trust of supervi-
sors and peers.

A typical apprenticeship, or traineeship, in AMT is a duration of
three or four years. Therefore, it is proposed that the replica AMT
environment will have three broad levels, which each represent
a stage of apprenticeship. Trainees must complete each level be-
fore moving on to the next. The program will be self-paced, but it
is expected that a typical trainee will complete each level in two-

four weeks, with the ability to backtrack and revise at any time.

To fit in with this progressive structure, job tasks designed for
each level will be classified as BASIC, INTERMEDIATE, and AD-
VANCED. Correspondingly, the language used in each level also

increases in complexity.

In the first year, only simple, BASIC tasks are given. The trainee
learns the layout of the workplace, they learn the scope of tasks
undertaken in the workplace, and they achieve familiarity with
tools and resources at their disposal. As in real life, there are
simple tasks, and there is a focus on workplace health and safety
in the early days, encouraging the trainee to identify and report
workplace hazards.

To graduate further in the apprentice levels, the trainee needs to
successfully complete all the tasks and demonstrate competence

in the level of language used.

In the second / third ‘year’, the tasks become increasingly de-
tailed, up to an INTERMEDIATE level. It will become obvious that
the trainees are developing more confidence and that they are
working safely and learning language on the job.

In the fourth year, the trainees need to graduate as bona fide
tradespersons at the end of this year. So they are involved in
much more ADVANCED tasks, collaboration, teamwork, and

decision-making.

To allow and manage the progress of trainees from one level to
another, there will be gameplay techniques whereby a trainee
scores points by earning the trust of the ‘supervisor’. They do this
by completing tasks, by following health and safety instructions,
observing housekeeping standards, collaborating and reporting
hazards. Importantly, the trainees must demonstrate proficiency

in the language tasks at all levels prior to moving on.



Supervision and Mentoring Within the
Digital Training Environment

To compensate for the support that would otherwise be pro-
vided by a human supervisor in a physical environment, a key
characteristic of the proposed digital training environment is
an Al driven digital mentor. As an ever-resent resource within
the simulated workplace, this AI agent is designed to be capable
of providing meaningful supervision and guidance to trainees,
summarizing the knowledge and experience of a mentor figure

or experienced colleague.

By leveraging contemporary advances in natural language pro-
cessing and machine learning, the digital mentor is designed to
enhance the learning experience through providing immediate,
contextual assistance to trainees. Like a human mentor, this
technology is capable of understanding and responding to train-
ee queries in real time, offer explanations, clarifications, and
suggestions based on the associated tasks and scenarios (Kobis &
Mehner, 2021). By drawing on information from a comprehensive
knowledge base, the digital mentor may answer questions on a
wide variety of topics — such as task procedures, safety protocols,
or technical language. This constant access to expert guidance is
effective for facilitating self-directed learning and problem-solv-
ing skills (Chine et al., 2022). Furthermore, the digital mentor can
proactively refer trainees to additional resources where appropri-
ate. These references may include aircraft maintenance manuals,
safety guidelines, or supplementary learning materials — ensur-
ing that trainees continue to develop the research and informa-
tion seeking skills essential in the field of aviation maintenance
(Homitz & Berge, 2008).

It’s important for ensuring consistent engagement that the AI
mentor can adapt its support based on a trainee’s progress and
performance. As they progress through BASIC, INTERMEDIATE,
and ADVANCED levels of the program, the digital mentor’s guid-
ance can become more sophisticated. As a result, trainees are
challenged to think critically and apply their growing knowledge
and skills to increasingly complex scenarios (Seyed Alitabar &
Zadhasn, 2023). Combined with data collected from assessment
and progress tracking, the digital mentor can provide valuable
insights into areas of weakness for trainees where additional
practice or instruction will be beneficial. The result is a data
driven approach for a more personalized and supportive learning
experience for each trainee (Bagai & Mane, 2023).

Regardless, despite the evident value of a digital mentor, it is not
intended to entirely replace human instruction and supervision.
Its intention instead is to serve as a complementary tool, and a
means to provide additional support through augmenting the
traditional mentoring process. The resulting blended approach

combines the consistency and availability of AI powered mentors
with the nuanced guidance and experience of a likewise suitable
human mentor (Amano et al., 2023). The proposed system that
this approach represents can deliver a mentoring solution that is
scalable, consistent, and personalized, with the goal of signifi-
cantly enhancing the effectiveness of AMT language training in
view of the complex communication demands that these roles

will require in the future.

Developing a Rigorous and Immersive
English Language Training Environment

It is a complex exercise to develop a digital environment such as
the one proposed. At the level of complexity demanded by AMT
training, the best training resources will be developed by mul-
tiple contributors with a deep understanding of their respective
fields of expertise.

This is no different to how rigorous EOP can only be done well
with collaboration between language experts and SMEs. To
develop a replica AMT work environment with the proposed level
of functionality and utility to a particular industry, there will be

a collaboration of three experts, an industry SME (for example a
current and qualified AMT), a language expert, particular skilled
in EOP, and a digital media expert to build the user experience
and the meaningful user interaction.

The authors represent such a trio, and the collaboration is
proving productive. But further collaborations with industry
organizations are sought. Investment will be welcome to acceler-
ate the development, and to conduct more research to verify the
efficiency of using such a system.

The Potential Outreach

Prototyping, consultation, and further analysis have convinced
the authors that this new system for English language training
has many likely benefits in providing a new way for trainees

to better learn workplace language conventions progressively.
While the author’s focus is firmly on the worldwide AMT com-
munity, and strategies to increase the outreach for employment,
and to make training more efficient, it is apparent that the system
may be modified to be use in any front-line aviation job role and

any industry.

Therefore, the proposed system represents a way for the AMT
community to influence the quality of language training in other
aviation sectors, for example, in flight training. This system can
also be applied in other industries where the struggle to recruit
new employees also extends their outreach to people from

non-English-speaking backgrounds.
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Conclusion and Take-
aways for Practitioners

This paper argues for more care and thought to be taken in the
worldwide aviation community for English language training in
AMT. Most speculation and examination of the aviation indus-
try concludes that English language training is set to gain more
importance in the near future, as the industry widens its out-
reach for new staff. The outreach is set to tap demographics that
are currently under-represented in the aviation industry, namely
women, people from lower socio-economic groups, and people

from non-English speaking backgrounds.

Anecdotally, language training is not done well in many parts of
the aviation industry. Firstly, there is a challenge with AMT in
that there are not yet accepted standards for English language
proficiency or for English language testing. But even in the area
of flight training, there are issues with inconsistent testing of
ICAO English language proficiency standards. Plus, a common
problem is that front-line instructional staff are often tasked with
language training responsibilities, without adequate preparation
or qualification. A comment from a flight training organization
concurs that, “Flight instructors are not language teachers.”

AMT organizations have done great work in the past devel-

oping resources, such as illustrated dictionaries or glossaries
that achieve so much in the overall teaching of aviation-related
English language. These resources will be invaluable also in the
future, when matched up with a new way of replicating job tasks.
It is envisaged that the digital world and these physical resources
could possibly become integrated, so that there are hyperlinks
into and out of the virtual workplace, exploiting the good things
in both styles of resource.

Digital media such as virtual environments can improve facil-
itation and student satisfaction as they exploit those natural
tendencies for the new generations to explore and find out for
themselves.

Vocabulary lists are a great start, but the focus must be on the
realistic job tasks. The techniques of EOP dictate that job tasks
hold the ‘nuggets’ of aviation terminology and grammar that are
required for a new trainee to be successful in their new language.

In reflection of the EOP principles, the time is ripe for us to:

Define the need,

Collaborate, and

+ Customize, for the benefit of our industry.
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ABSTRACT
1. Topic - Skills Gap

2. Importance - the skills gap has the potential to weaken the strength of the American manufacturing

and maintenance workforce to a point where it may damage our national security.

Goal - How can we aid Part 147 schools with trying to fill the skills gap.

Answer -

Start career awareness younger (elementary age)

a.
b. Hands on relevant fundamental training
c. Work with underserved candidate pools

d. Short term upskilling training

ATEC authored a report stating that by 2031,
two out of every five current mechanics in the
U.S., more than 90,000 mechanics in total, will
reach retirement age (ATEC, 2022). When you
add declining birthrates, and the fact that, on
average, 13% of students from that already
shrinking pool drop out of high school (Na-
tional Center for Education Statistics, 2024),
we are looking at not just a national workforce
issue, but a national security issue.

There are many constituents who can play a
role in solving this problem, beyond what Part
147 schools can accomplish alone. The key
challenge is to improve the quantity and the
quality of the pool of candidates for training at
those institutions. The focus of this article is
to shed light on programs accomplishing such
goals.
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In my opinion, the gap is due to many factors: technicians aging
out of the workforce, declining birthrates, lack of awareness for
these careers, and a lack of appreciation for the dignity of techni-

cal work .

As we can’t address demographic factors of aging out or declining
birthrates, our best opportunity is to address awareness of these
careers and how they are perceived. One solution is to increase
the size of the pool of candidates by starting their exposure to
these careers when they’re younger. By doing so, we grow the
percentage of people who learn about, and then consider going
into, a technical career. Starting young helps prevent them from
being told false narratives by friends, family , or high school
counselors. Narratives such as “girls don't like jobs like this” or
“these are low wage jobs for someone else.”

Many believe starting younger means middle school, but there is
no reason to stop there. Children may not decide what they want
to be by the end of third grade, but they may decide what they
don’t want to do. Awareness of these careers through intentional
exploration and hands-on activities can make a big difference.

As an Education Partnership Manager for Snap-on Industrial
covering the U.S. I have had the pleasure of meeting and support-
ing top-tier individuals working to solve these critical needs. One
such organization is Flight Works Alabama (FWA), a non-profit
collaboration between the state of Alabama and Airbus. “A
proven partnership between Snap-on, NC3, and Flight Works
Alabama has generated a highly skilled workforce exceeding all
expectations for our community. Beginning in middle school
with our We Build It Better curriculum and moving onward to
our FlightPath9 pre-apprenticeship program, students use indus-
try-grade tools, earn NC3 certifications, and are equipped with
skills for success for any career. This workforce development
model is unique, proven, and ready to be shared throughout the
nation.” (Hurdle, 2024)

Another great example of starting younger would be KTEC, the
Kenosha School of Technology Enhanced Curriculum, where in
kindergarten they begin learning about measurement and soft
skills like collaboration, “Collaboration means you don’t get to
pick who you work with” (Andersson, 2018).

In addition to starting exposure younger, another approach is to
find under-served communities who may be unemployed or un-
der-employed and unaware of aviation career opportunities. For
example, young adults with justice-involved pasts are benefitting
from a program in south Florida. BITTS, or the Barrington Irving
Technical Training School, is a great example of how not just to
grow the pool of candidates, but also to change lives. “We can’t
forget the pipeline of talent made up of those who are seeking an
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opportunity and transitioning back into society. Recruiting is not
a problem because this population is immense, underserved, and
eager. People want intentional experiences and empowerment.”
(Irving, 2024)

Starting with thoughtful recruitment practices and communica-
tion with local aviation companies about their specific workforce
needs, the team at BITTS trains young adults over a twelve-to-six-
teen-week period on competency-based skills like measurement,
torque, electrical termination and sheet metal assembly, among
others. Programs that offer short term training, graduating with
industry recognized credentials produce a base product for em-
ployers who can be trained up once hired. These programs don’t
get a student to the point where they earn their A&P Certificate,
but it can solve some immediate needs facing industry.

I am a strong believer that reaching a younger audience helps
build the pipeline of future technicians. The result is that boys
and girls who learn that technical careers aren't all dark, dirty,
and dangerous may just learn how much fun it is to work with
their hands. Additionally, the young adults who participate in
short term training programs are more likely to land at a Part 147
school already possessing many of the foundational skills allow-
ing the institution to focus on the needs of industry.

The future welders, machinists, metrologists, avionics , and
maintenance techs are currently in elementary school. We need
to take advantage of any opportunities we have to share the ben-
efits of working in technical careers with them, their families,
and guidance counselors. We need to let them know about the
amazing contributions they can one day make to our society as

makers and fixers!
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ABSTRACT

Emerging technologies in the aviation industry are
changing how aircraft are designed, operated,
and maintained. This will require the development
of new technician competency standards with the
associated curriculum and training equipment

to ensure technicians are qualified to service

and repair these new aircraft. New technologies
involve new propulsion systems that include fully
electric, hybrid electric, as well as hydrogen and
hydrogen-electric systems. New powered lift

systems include multi-rotor configurations that

transition from vertical to horizontal flight. These,

and other new technologies, are not included
in current aircraft maintenance technician
certification standards. New standards must
be developed, approved, and implemented
into the public domain and integrated into new

The rapid evolution of technology in the aero-
space industry changes the development, man-
ufacture, and use of modern aircraft. Examples
of technologies affecting aircraft design and air
transportation operations include software and
artificial intelligence, electric and hybrid-pow-
ered flight, and multi-rotor powered lift. Im-
provements in battery technology continue to
reduce the size of our computers and phones,
increase power efficiency, reduce weight, and
reduce environmental impacts. As a result,

the automotive industry has seen exponential
adoption and growth in electric vehicles. This
technology, and the lessons learned from its
development, translate into its adoption and use
in emerging aircraft technologies. The chang-

training curricula. Challenges include an ever-
evolving technology that is not yet stabilized

and access to manufacturer’s technical data that
is considered intellectual property to maintain
competitive advantage. Recommendations to
progress with the development of new technician
standards include collaborating with aircraft
manufacturers, industry standards publishers, the
Federal Aviation Administration, relevant industry
associations, and educational institutions to
identify the new technologies that will be entering
into service. Recommendations include the need
to collaborate and a process that will result in the
development and deployment of new aircraft
technician standards that will ensure compliance
with regulatory requirements and the successful

and safe entry into service of the new aircraft.

es in lithium-ion batteries provide the flight
range and payload capacity to make electrically
powered aircraft a viable solution (ICAO, 2022;
Vanzieleghem, 2022).

By December 2022, unmanned systems or
drones delivered over 10,000 items under 10
pounds in less than 30 minutes (Federal Avia-
tion Administration (FAA), 2023). Multirotor,
powered-lift aircraft are under development and
type certificate testing which will create a new
ecosystem for air transportation. New aircraft
technologies are making these types of aircraft
and modes of transportation viable, and coming
to a neighborhood near you, in the not-too-dis-
tant future.
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As these new technologies revolutionize the aviation industry,
they have associated challenges. One of these is training tech-
nicians on these new technologies in aviation. Historically, as
flight systems evolved, designers and manufacturers worked with
regulators, such as the FAA, to change training requirements

and share technical data. Changes incorporated into a school or
program’s curriculum provide the industry with qualified techni-

cians to support the new aircraft systems.

However, this approach has challenges. These challenges include
the speed of the changes to flight systems, which is difficult to in-
corporate into the regulations and curriculum in advance of the
new technology’s entry into service. Even education and training
program administrators, who wish to incorporate new technolo-
gies into their curriculum in advance of regulatory changes, find
it difficult to obtain the technical data and equipment needed
because companies are often reluctant to share proprietary data.
Proprietary data keeps the original equipment manufacturer
(OEM) competitive in the market of new aircraft deployment
and acquisition. To increase this competitiveness, some man-
ufacturers, such as Joby Aviation, are planning for a vertically
integrated approach to maintenance. Joby Aviation received its
FAA Repair Station certificate complying with the regulations in
Title 14 of the Code of Federal Regulations (CFR) Part 145 (Joby
Aviation, 2024a). Therefore, Joby is less dependent on, but does
not eliminate the need for, FAA airframe and powerplant certif-
icated aviation maintenance technicians to support their fleet.
The challenge goes beyond effectively revising maintenance
training programs to ensure aircraft technicians are qualified to
service and repair these aircraft. Aircraft maintenance, repair,
and overhaul service centers are also searching to find qualified

technician sources to properly support modern fleets.

Purpose Statement

The purpose of this study is to explore requirements and solu-
tions for developing technician qualification standards for new
technologies to support the airworthiness of advanced air mobil-
ity (AAM) aircraft.

The following are the research questions for this study.

RQ1 What are the key, typical airworthiness requirements
based on existing and developing standards for new

technologies in aviation?

RQ2 Recommend a go-forward plan to develop new technician
qualification standards to support new technologies entry
into service and how best to integrate these into training

curricula.
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Background/Review of Literature

AAM is a term for a new sector of the aerospace industry that
integrates automated and electric technologies into both new and
existing platforms for moving people and cargo (BAE Systems,
n.d.; FAA, n.d.; National Business Aviation Association, n.d.).
AAM is not a monolithic technology or design, but it includes
multiple technologies and platforms such as electric vertical
takeoff and landing aircraft (eVTOL). eVTOL aircraft are used in
multiple applications such as air taxis, firefighting, and search
and rescue operations (Federal Aviation Administration, n.d.).
Electric short takeoff and landing (eSTOL) aircraft can land on a
runway the size of a soccer field without a reduction in range and
speed (Electra, n.d.). Electric and hybrid-electric conventional
takeoff and landing (eCTOL) aircraft optimize short-haul and
regional operations while reducing or eliminating emissions and
operating costs while leveraging existing infrastructure (Nehls,
2023; Randall, 2023).

Industry standards from organizations such as SAE and ASTM
International can help both educators and manufacturers with
supporting technical data, but these standards are still in the
early stages of development. However, industry standards are a
necessary early step in the maturation of new technologies in the
industry. In 2023, the National Aeronautics and Space Adminis-
tration (NASA Office of Inspector General, 2023) cited the lack of
design standards for electric propulsion motors as a contributing
factor to the lack of success on the X-57 Project. Limited work has
started on developing student outcomes and curricula based on
released standards (Yother & Johnson, 2023).

The list below is not a comprehensive list of all standards related
to advanced or new technologies in aviation, but simply a start-
ing point (see Table 1). Standards are continually being intro-
duced and canceled. Common electrical standards that would
apply to all aircraft regardless of the type of propulsion are also
not included such as SAE AS50881H Wiring Aerospace Vehicle or
CerTEC’s aircraft electronics installation.

RQ1 What are the key, typical air-

worthiness requirements based on
existing and developing standards
for new technologies in aviation?

Manufacturers are incorporating new propulsion technologies
into their platforms. Some aircraft, such as the Pipistrel Taurus
Electro, are fully electric (Pipistrel, n.d.). The Horizon Cavorite
X7 uses hybrid gas-electric technology (Horizon Aircraft, n.d.).
Joby Aviation is expanding into hydrogen-electric powered
aircraft (Joby Aviation, 2024b). Other OEMs, such as ZeroAvia
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Table 1: Sample of industry standards related to new technologies in aviation

Standard number

Standard title

ASTM F3338 Standard Specification for Design of Electric Propulsion Units for General Aviation Aircraft

ASTM F2840 Standard Practice for Design and Manufacturer of Electric Propulsion Units for Light Sport Aircraft
ASTM F3239 Standard Specification for Aircraft Electric Propulsion Systems

ASTM F3316 Standard Specification for Electrical Systems for Aircraft with Electric or Hybrid-Electric Propulsion

FAA AC 20-184

Guidance on Testing and Installation of Rechargeable Lithium Battery and Battery Systems on Air-
craft

ASTM F2840 Standard Practice for Design and Manufacture of Electric Propulsion Units for Light Sport Aircraft
SAE ARP8676 Nomenclature and Definitions for Electrified Propulsion Aircraft (Recommended Practice)
SAE AIR8678 Architecture Examples for Electrified Propulsion Aircraft (Information Report)

ATAA G-136-2022

Guide to Lithium Battery Safety for Space Applications

ANSI/ATAA G-095A-2017

Guide to Safety of Hydrogen and Hydrogen Systems

ATAA R-103-2004

Recommended practice: Terminology for Unmanned Aerial Vehicles and Remotely Operated Air-
craft

ASTM F3547

Standard Specification for Fuel Cell Power Systems for Use in Small Unmanned Aircraft Systems
(sUAS)

FAA PS-AIR-21.17.01

Safety continuum for Powered-lift (Policy Statement)

FAA-2024-1586 (AC 21.17-4)

Type Certification of Powered-lift (Draft Advisory Circular)

FAA-2023-1275

Integration of Powered-Lift: Pilot Certification and Operations (Notice of Proposed Rulemaking)

EASA SC-22.2014-01

Installation of Electric Propulsion Units in Powered Sailplanes

CerTEC

Unmanned Aircraft System Maintenance (UAS)

CerTEC

Aircraft Electronics Technician

and Stralis, are developing hydrogen-electric aircraft (Stralis,
n.d.; ZeroAvia, n.d.). ZeroAvia is developing the ZA600 600kW
powertrain for 10- to 20-seat regional turboprops for entry into
service by 2025, the ZA2000 modular hydrogen-electric propul-
sion system for 40- to 80-seat regional turboprops for entry into
service by 2027, and the ZA2000 RJ powertrain, a 90-seat regional

2024b), and Advisory Circular, AC 21.17-4, Type Certification -
Powered-lift (FAA, 2024c) was opened for comment. In parallel
with aircraft manufacturers, electric engine, motor, and battery
manufacturers must also receive airworthiness certification.
BETA Technologies and magniX USA received special conditions
from the FAA to certify their electric engines.

jet (fan engine) for entry into service by 2029 (ZeroAvia, n.d.).

The technologies to fly and power these aircraft are beyond the
existing scope of federal regulations but are close enough to
require airworthiness certification. Currently, the FAA is using
industry consensus standards to support the certification effort.
Joby Aviation has completed stage three of the FAA type certifica-
tion process (Joby Aviation, 2023). Archer Aviation also received
its final certification criteria for its Archer vehicle from the FAA

The effort to develop electric propulsion standards is relative-

ly new. While the FAA started with CFR Part 33 Airworthiness
Standards: Aircraft Engines, to establish the level of safety, it also
used technical criteria from the industry standard ASTM F3338-
18 Standard Specification for Design of Electric Propulsion Units
for General Aviation Aircraft to develop the special conditions
required to certify the aircraft under CFR Part 21 Certification
Procedures for Products and Articles.

(Weitering, 2023). The FAA does not have criteria for certifying

eVTOL aircraft, but is establishing special criteria on a case-by-

case basis. For instance, Joby Aviation received its final airwor-
thiness criteria in March 2024 (FAA, 2024a). Later, in June 2024,
the FAA and the European Union Aviation Safety Agency (EASA)
developed common criteria for certifying eVTOL aircraft (FAA,
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The FAA frequently uses industry standards to demonstrate com-
pliance with certification. In 2018, the FAA announced the accep-
tance of 30 published ASTM international standards as the means
of compliance (MOC) for obtaining certification for Part 23 small
aircraft (AVweb, 2019). Multiple organizations are already work-



ing toward or have recently developed standards or certifications.
Civil Aviation Authorities could adopt these standards; examples
include ASTM/CerTEC’s unmanned aircraft system maintenance
technician (F3600-22) and aircraft electronics technician (F3245-
19) certifications. ASTM’s F46 Aerospace Personnel committee
members are working toward instructions for continued airwor-
thiness of AAM systems and a standard for AAM Maintenance
Technician Qualifications. SAE-ITC has gathered a workgroup
focused on a standard for technicians working with electric air-
craft, ensuring that those working in this field have the knowl-
edge and skills to safely maintain the propulsion, distribution,
and storage systems for high-voltage electric aircraft.

Changes are happening far beyond these new aircraft’s pro-
pulsion and fuel systems. Scaled autonomy looks to be a future
pathway. Eventually piloted aircraft may even be phased out com-
pletely in favor of autonomous technologies and remote-control
stations linked to aircraft by robust command and control links.
One example is the E-Hang 216-S, a pilotless, passenger-carrying
aircraft that costs less than some versions of Cirrus’ SR-22. In
addition, Wisk Aero is advertising its new aircraft, Generation 6,
as “self-flying” (Wisk, 2022).

RQ2 Recommend a go-forward plan to
develop new technician qualification
standards to support new technologies
entry into service and how bhest to inte-
grate these into training curricula.

Portions of the knowledge, skills, and abilities needed and dis-
cussed above can be readily injected into the FAA’s Title 14 CFR
Part 147 Airman Certification Standard (ACS) through a sched-
uled revision of the existing standards without too much effect on
the existing required curriculum content, the length of training,
and the training aid equipment needed by the Aircraft Mainte-
nance Technician Schools (AMTS). However, needed changes

to curriculum and content standards go beyond published ACS
requirements. These requirement changes will affect the time
required to teach new content and require additional equipment
and training aids that will be difficult for the AMTS to identify
and acquire. The addition of new and emerging technologies into
AMTS curriculum could cause changes in the time requirements
for training students and increase the financial burden of acquir-
ing new equipment. These problems are further compounded

by the lack of availability of these new technologies to AMTS as
OEMs are focused on meeting the demands of aircraft certifica-
tion and preparation for entry into service. Many AMTS do not
see these technologies operating in their regions of influence,

which is a further deterrent to timely integration. Operators do

not yet see a need to train their workforce and qualify them to
work on aircraft with new technologies that do not yet operate in
their region of influence.

ACS is a minimum requirement and allows AMTS to add to the
curriculum topics and technologies based on their areas of focus
and regional needs. The flexibility to add topics and technologies
allows AMTS with regional operations with modern aircraft to
adapt their curriculum to the needs of their regional workforce.
The inclusion of curriculum changes means AMTS can insert
learning objectives into their curriculum to address concepts
such as electric propulsion and powered-lift or to emphasize top-
ics such as composite structures repair or avionics. The drawback
to each AMTS doing this individually will quickly become evident
as technician skill sets vary widely based on the AMTS they at-
tended. When presented with a potential employee’s mechanic’s
certificate, employers will not have a solid understanding of that
employee’s foundational knowledge of new and emerging tech-
nologies. Also, without the FAA accepting, defining, and publish-
ing new technology standards within the ACS, this will lead to the
continued atrophy of the ACS standard to include only outdated
equipment, technologies, and overall technician qualification
competencies involving the aforementioned knowledge, skills,
and abilities. FAA written knowledge exams and oral and practi-
cal examinations will continue to reflect an outdated knowledge
and skill set. Employers will be recruiting technicians with lim-
ited applicable skills. Employers may need to provide additional
training in basic knowledge and skills in existing operational

systems not included in ACS.

The FAA could address this lack of standardization by adopting
new mechanic ratings specific to the most widely used technol-
ogies. As shown in Table 1, a number of standards are in devel-
opment or already published. Many of these standards can be
used as a certification basis for these new ratings. New ratings
would allow potential employers to better screen mechanics and
ensure they have the needed standard baseline of knowledge.
Powered lift, electric/hybrid-electric/hydrogen-electric propul-
sion, ground-based command and control (C?), autonomous
flight systems, or advanced composite repair, are several possible
mechanic ratings that could be earned either as a standalone rat-
ing or an endorsement on an existing mechanic certificate such
as the airframe and powerplant mechanic certificate that is cur-
rently being used. Mechanic’s certificates could follow the pilot
certificate pathway where the pilot certificate includes multiple

pilot ratings to be earned and printed on the certificate.
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Future Work

Many colleges and universities have educational program accred-
itation requirements beyond those of a local or regional accred-
iting body. It is common for an institution of higher learning to
use an outside organization’s certification standards to elevate
the prestige or competencies of their students to better prepare
them for the aerospace workforce. Examples include industry
accrediting bodies such as Accreditation Board for Engineering
and Technology (ABET) or Aviation Accreditation Board Inter-
national (AABI). Currently, minimal work tying workforce and
technician certification needs to these accrediting bodies is
being done. One example, Yother and Ha (2024), examined the
incorporation of lithium-ion batteries into aviation maintenance
curriculum. However, in the future, there will be an even greater
need to provide resources to schools to add new technologies to

their curriculum.

b

Discussion/Conclusion

The aviation industry historically and frequently adjusts to the
development of new technologies (Bergey, 1979; Cockburn,

1968; Haberland, 1980). The path forward is generally the same.
The aviation industry innovates and identifies the need for new
training requirements, and schools support that need. Electric,
hybrid-electric, hydrogen-electric propulsion, and eVTOL/eCTOL
technologies are rapidly approaching the moment when trained
personnel are needed to support these platforms. Organizations
that sponsor and develop industry consensus standards are vital
to identifying requirements, student outcomes, and curricula for
industry training needs. Simultaneously, regulatory authorities
must adopt new practices in certifying maintenance personnel to
ensure that certificated mechanics have the foundational knowl-
edge necessary to maintain these aircraft and their associated
systems to safely ensure compliance and successful operational

integration into the national airspace.
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