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Welcome back to another school year, readers! Our 
3D printing issue once again sent me on a research ad-
venture. A lot has changed over the last year is this field. 
Some of it amazes me with the potential to help people, 
and another change made me take pause. 

According to sculpteo’s “State of 3D printing 2018” 
(https://www.sculpteo.com/en/get/report/state_of_3D_
printing_2018/), prototyping (55%), production (43%), 
and Proof of Concept models (41%) are the three most 
popular 3D printing applications in 2018. One amazing 
example of prototyping in the medical field has me very 
excited. University of Toronto researchers have created 
a handheld 3D printer, which looks kind of like a white-
out tape dispenser, that prints layers of skin tissue. The 
printer deposits the tissue, and sets it in place, in 2 min-
utes or less. The printer prints strips of “bio ink” which 
consists of protein-based biomaterials including collagen 
and fibrin which aides in wound healing. This amazing 
improvement on pre-existing technology would be able 
to be tailor tissue to specific patients and wounds. To see 
the device in action, and to read more, visit: https://www.
utoronto.ca/news/u-t-researchers-develop-portable-3d-
skin-printer-repair-deep-wounds.

Another fun search took me to Vermont to read about 
a 3D printing competition for middle and high school stu-
dents. Each team had to create a 3D model of a historic 
building. The challenge was to “Identify a local building 
of historical interest, then model it.  Buildings included 
libraries, post offices, hotels, prisons, churches, schools, 
and homes.  Students had to research the site, which 
meant digging into primary source materials (period 
blueprints, journals, newspapers, letters), reading into 

secondary sources (books, 
articles, web documents), 
interviewing people (build-
ing owners, historians, ar-
chitects), and exploring the 
site directly (an interesting 
number of students never got inside their objects).” From 
there they had to build digital models, and eventually 3D 
printed models of the buildings. To see photos and read 
more about this competition visit: https://bryanalexander.
org/education-and-technology/middle-and-high-school-
students-doing-history-with-3d-printing/

A final side of 3D printing took center stage this sum-
mer in the form of plans for a 3D printed gun. This cre-
ated a lot of fear that a largely plastic weapon would 
be undetectable, and that anyone with access to a 3D 
printer could make one which would derail safety mea-
sures put in place like background checks. If you want 
more information about what is currently going on with 
this case in Texas, visit https://kristv.com/news/state-
news/2018/08/14/texas-man-in-3d-printed-firearms-case-
welcomes-legal-battle/. I am not going to take on this 
debate in our magazine, because I don’t believe it is the 
place for it, but I do hope that this conversation makes 
people pause and think about our responsibility with the 
technology we possess, and how we are going to use it in 
the future.
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the news report
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to include other sectors and K-12 
schools. 

Ed Garcia, an IT faculty member 
at Moorpark College, began using 
virtual labs in his courses this sum-
mer and has already been able to 
increase his class capacity from 25 
students to 40 without adding any 
additional lab space, hardware, or 
work to his already full plate. He 
estimates that his workload will be 
reduced by half, which will allow 
him more time to focus on training 
adjunct instructors and developing 
the curriculum for a new associate 
degree in cybersecurity. 

"I really believe this is a new digi-
tal divide because the training is at 
a whole new level of sophistication 
and student confidence and experi-
ence will be off the charts," Garcia 
said. 

Utilizing a virtual lab service has 
the potential to bring equality of 
access to students across the re-
gion. Smaller colleges and those in 
economically-disadvantaged areas 
can offer their students first-rate 
opportunities without incurring any 
additional overhead costs. Since 
access to labs is browser-based and 
requires relatively low-cost comput-
ers, colleges may also be able to 
shift funds from maintaining physical 
computer labs into purchasing in-
expensive laptops, tablets, or other 
devices that students can use to 
access virtual labs—something that 
will benefit students who are not 
able to purchase these devices on 
their own. 

Mark Peterschick, an IT instructor 
at Allan Hancock College, said virtual 
labs provide a critical missing piece 
necessary for students to complete 
A+ certification. Students can work 
at their own pace and gain the skills 
necessary to complement what they 
learn in the classroom and ultimately 
become workplace-ready technicians. 

If the proof of concept in the 
South Central Coast Region is suc-
cessful, the project team will begin 
the RFP process for a long-term pro-
duction contract for all eight of the 
region's colleges. 

virtual Campus Brings  
real-World Scenarios  
to More Students

A proof of concept is underway 
in the South Central Coast Region to 
embrace and actuate the California 
Community College Chancellor's 
Strong Workforce Program objec-
tives to increase enrollment and 
facilitate more student completions. 
Stakeholders throughout the region 
are working together to bring cloud-
based labs to eight community col-
leges. The region spans Northern 
Los Angeles, Ventura, Santa Barbara, 
and San Luis Obispo counties. See 
the full case study at https://ict-dm.
net.

This effort allows students to ac-
cess labs for a variety of Information 
Technology (IT) and cybersecurity 
classes at any time and from any-
where. It also significantly reduces 
faculty workload thus allowing them 
to serve more students and increase 
the number of trained professionals 
in the workforce to fill the thousands 
of open IT positions in California and 
across the United States. 

Traditionally, students have 
practiced computer networking 
and security skills at a centralized 
physical lab (and equipment) or a 
limited virtual lab appliance at their 
educational institution. Physical labs 
and college-based data centers have 
high costs associated with the main-
tenance and repair of the hardware 
and software. 

An external service providing a 
turn-key virtualized environment 
that is identical to the corresponding 
physical environment will decrease 
the need for high-cost physical labs 
yet provide open virtualized environ-
ments that let students experience 
the real-life scenarios that are critical 
in educating for technical careers. 
Virtual lab platforms must serve 
students with on-demand, 24×7×365, 
access to a virtual lab environment 

from anywhere there is an internet 
connection. Virtual labs must also 
represent the full functionality of a 
real-world setting.  

The project is being coordinated 
by SynED, a non-profit organization 
dedicated to promoting innovation 
in education, at all levels, through 
research and providing higher educa-
tion professional services to facili-
tate the development of new models 
of curriculum, industry alliance, 
service, and delivery. 

Jerry Buckley, Chief Instructional 
Officer at College of the Canyons, 
one of the region's colleges, sees the 
conversations happening around this 
project as reminiscent of the discus-
sions that took place as the first 
computer labs were being built in the 
1990s.  

"Virtual labs provide a great op-
portunity to completely reimagine 
how students engage with technol-
ogy on and off campus. This opens 
up educational resources to students 
and to faculty, who now have access 
24×7. You couldn't say that five years 
ago," Buckley said. "There will still be 
computer labs, but they will become 
more specialized and represent a 
different set resource to a different 
group of students." 

Focusing on the finished solution 
allowed the team to delve into the 
heart of the problem they were try-
ing to solve by selecting appropriate 
technology, rather than choosing a 
technology first then finding a prob-
lem for it to solve. Free from bureau-
cratic constraints, the team was able 
to create a vision for better serving 
students, enabling faculty while still 
being institutionally and financially 
sound.  

Early results from the virtual labs 
proof of concept are positive. The pi-
lot project will continue throughout 
the upcoming academic year. If this 
proof of concept is successful, the 
virtual lab service can be expanded 
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umns and teacher resources.
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technology   today

Currently, wireless charging 
requires the placement of your 
smartphone or other electronic 
device on a special charging pad. 
The pads used to charge your de-
vices transfer electricity using an 
MIT breakthrough called magnetic 
resonant coupling. This technology 
demands physical contact between 
the transmitter and the receiver in 
your device. What we are going to 
explore today is a new technology 
that will allow your devices to charge 
just by being in the same room as the 
transmitter.  

The WattUp charging-at-a-distance 
transmitter fills the area where it is 
installed with low power radio fre-
quency (RF) waves. These RF waves 
are converted by a proprietary 
chipset into a low-voltage DC charg-

ing current. For this new technology 
to take off, the chipset, or one with 
a similar design, must be installed 
inside the device it is going to charge 
(Photo 1).

A WattUp transmitter can charge 
many devices at the same time but 
this is a slow charging system (Pho-
tos 2 & 3). The concept is that your 
devices will always be topping off 
their charge when they are in range 
of a transmitter; these transmitters 
could eventually find their way into 
every location where you now find 
free WiFi. 

Just like the resonant magnetic 
coupling technology mentioned 

WattUp®—Charging from 15' without Wires or Pads
above, for this technology to take 
off it needs to meet stringent safety 
standards.  Because it is transmitting 
a frequency that is a part of the elec-
tromagnetic spectrum, it also needed 
Federal Communications Commis-
sion (FCC) approval for it to be used 
in the United States. 

In December 2017 the FCC granted 
Energous, the company that created 
WattUp, approval for their near field 
transmitters to transmit at 900 MHz 
for wireless charging at a distance 
of up to 3'. In April 2018 the distance 
between the transmitter and the em-
bedded receivers that would need to 
go into phones, tablets, earphones, 
hearing aids, and other electronic 
devices was raised to 15'. You can 
explore the FCC 2017 approval 
online at: https://fccid.io/2ADNG-

MS300, and the 2018 ruling to raise 
the charging distance at https://bit.
ly/2LuGB6Z. 

The FCC was one of many road-
blocks that this technology needed 
to pass before it even stood a chance 
of becoming a ubiquitous charging-
at-a-distance reality. It has now 
also passed stringent Underwriters 
Laboratory testing so it now meets 
all U.S. requirements for commercial 
use. Before manufacturers adopt this 

Photo 1—this extremely tiny 
chipset can convert rF waves 
into electricity to charge your 
electronic devices.

photos courtesy energous WattUp®
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technology and build the receiver 
directly into their products, the chip-
set could be built into an accessory 
charging case. This would be similar 
in design, but much flatter, than 
backup battery cases 
now sold for smart-
phones.  This kind of 
introduction into the 
marketplace would be 
taking a page from the 
roll out of magnetic 
resonant charging.

Since we live in a 
connected world En-
ergous has also filed 
for international ap-

proval with all the necessary regula-
tory organizations throughout the 
world.  The last hurdle will be to 
get the different manufacturers 
to include the necessary chipset 

in their products. This Energous 
video can further your under-
standing of this new technology: 
www.youtube.com/watch?time_
continue=53&v=6INH8o6GLec. 

taking it a Step Further
1. What is the electromagnetic 

spectrum and is it safe for us to be 
bathed in its waves of energy?

2. At this point in time it ap-
pears that Energous is the leader in 
charging-at-a-distance technology. 
Research the other companies that 
are exploring other parts of the 
electromagnetic spectrum to bring 
energy to our smart devices. 

Photo 3—your devices 
will constantly refill their 
battery slowly even when 
you are wearing or using 
them. the chipset will au-
tomatically stop charging 
when your device is fully 
charged. 

Photo 2—these devices 
could be charged at a 

distance when this 
 technology is  

adopted by  
their product’s  

manufacturers.
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technology’s past

Architects often specialize in 
certain areas of construction. They 
might work on private 
houses, government 
buildings, hospitals, 
or airport terminals. 
One person from the 
mid-20th century 
designed over 2,500 
of those structures 
but is best known 
for his residential 
architecture. Several 
Hollywood film stars 
of the past employed 
the services of Paul R. 
Williams.

Williams was born 
in Los Angeles, CA, in 1894. His father 
owned a small fruit market; his par-
ents died of tuberculosis before he 
was four years old. Both he and an 
older brother were raised by foster 
parents. 

Williams demonstrated an artistic 
talent in elementary school. His high 
school offered architecture classes 
and he took all he could. He entered 
a 1914 design con-
test for a neighbor-
hood civic center 
and won first 
prize. 

Williams and 
seven others stud-
ied architectural 
engineering at 
the University of 
Southern Califor-
nia for two years. 
He used a telephone directory to 
identify architectural firms as poten-
tial employers. He visited several in 
1919 and accepted a job at one that 
offered him $3 per week. He married 

Paul revere Williams—Architect to Hollywood Stars
Della Givens in 1917 and they had 
two daughters. 

Williams worked 
at various companies 
until winding up at 
one that specialized 
in designing upper-
middle-class homes. 
A high school friend 
introduced him to a 
developer who was 
building houses near 
Pasadena in 1921. 
The architectural 
contracts Williams 
received earned him 
enough money to 
open his own office 

the next year. Even at that early point 
in his career, his work showed the 
grace and elegant proportion often 
associated with America's best archi-
tects.

One important client was E. L. 
Cord, manufacturer of the 1930s 
classic Cord automobile. Cord 
was uncertain about Williams 
and asked when he might com-

plete a set of preliminary plans for a 
huge 15-bedroom residence. Williams 
calmly said, "Would tomorrow at four 
o'clock be soon enough?" Cord was 
amazed because other architects had 
required three weeks. By working 
nonstop for 22 hours, Williams met 
the deadline and received the assign-
ment. The Cord house was complet-
ed in 1933 but taken down in 1963 for 
a newer development.

Williams went on to design homes 
for movie stars of his era including 
Lon Chaney (1930), Bill "Bojangles" 
Robinson (1939), Lucille Ball (1954), 
and Frank Sinatra (1957; torn down in 
2006). All his clients appreciated Wil-
liams's ability to sensitively integrate 
his structures with the surrounding 
landscape. 

Williams participated in other 
architectural projects, like the 
space-age design style of the Los 
Angeles International Airport Theme 
Building (1961). His work also in-
cluded the Los Angeles County 
Courthouse (1958) and extensive 
modifications to the Beverly Hills Ho-
tel (1951). He designed the St. Jude 
Children's Research Hospital (1962) 
in Memphis, TN, at no charge. Wil-
liams had earlier designed Langston 
Terrace (1936) in Washington, DC. It 

Dennis Karwatka is professor emer-
itus, Department of Applied Engineer-
ing and Technology, Morehead (KY) 
State University.

Paul r. Williams

Above, house designed for E. l. Cord

left, house designed for lon Chaney

House 
designed 
for Frank 

Sinatra
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was the first federally funded public 
housing project in the U.S. Eight of 
his buildings are listed on the Nation-
al Register of Historic Places.

Williams had a large staff with 
offices in Los Angeles and Wash-

ington, DC. In 1923, he was named 
the first African-American member 
of the American Institute of Archi-
tects (AIA). Along with legendary 
house designer Frank Lloyd Wright 
(1867-1959) and others, Williams was 

the first African American to receive 
the AIA Gold Medal in 2017 (post-
humously), one of the profession's 
highest honors. 

Williams was an impeccably 
dressed, pleasant, and approach-
able man who always kept the needs 
of his clients in mind. He once said 
that he had a lot of fun spending 
other people's money. Many of 
his early papers and photographs 
burned in a building fire during the 
1992 Los Angeles riots. Williams 
died in 1980.

Modern Hollywood stars Denzel 
Washington, Ellen DeGeneres, and 
Andy Garcia have lived in his homes. 
Williams-designed houses occasion-
ally come up for sale and command 
high prices. One 2018 listing was re-
cently offered for over $16 million. 

References
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six steps to Building roi 
into your curriculum 

How to Partner Your School
 with Local Businesses

By Stratasys

T
HE first time Mike Bruggeman understood the 
power of business partnerships for his engi-
neering students was when he had them work 
on a project for Klean Kanteen, a Northern 
California company that makes reusable water 

bottles and food containers. The owners were attending 
a community college class Bruggeman was teaching to 
learn how to use AutoCAD so they could develop sippy 
cup lids for a “kid canteen” line. 

Bruggeman suggested they let his students at Chico High 
School in Northern California tackle the project. With a day 
of effort, the high schoolers had come up with potential 
designs, and a day after that, they had created prototypes 
on their 3D printer. The Klean Kanteen team brought their 
bottles into the school, tested out the lids and, impressed, 
agreed to sponsor the high school’s conversion from its 
education license for SolidWorks into a commercial version 
that would let them legally share their CAD files.

“That launched us,” says Bruggeman. From that mo-
ment on, the high schoolers could go to other businesses 
and offer similar services, giving students real-life experi-

ence in 3D design and prototyping, interaction with cli-
ents, and other skills that have proven valuable in college 
and careers.

The Chico Unified School District program is unique, 
a model program that many school systems would like to 
emulate for their students. Here are six rules of practice 
to set up a business partnering operation in your school 
district in order to create a career-focused learning envi-
ronment for your students.

1. Pursue Partnerships only after you Have 
Ample Experience.

You can’t expect your first- or second-year students to 
be able to tackle professional design jobs. Save those for 
the older students.

In fact, advises Bruggeman, if you don’t have at least 
several years of teaching on the design software and 
working with 3D printing, it may be premature for you 
to go hunting for business partnerships. Why? Because 
“you can’t fail on these people, or they’ll get impatient 
with you and they won’t call you back,” he says.

Chico Unified School District has two high schools, 
Chico High and Pleasant Valley High,which have a com-
bined attendance of about 3,700 students. Bruggeman and 
fellow instructor Tom Phelan teach nearly 500 students 
a year in their industrial technology courses—the big-
gest elective program in the district—and run regional 
occupational programs (ROP) in CAD drafting and archi-
tecture for juniors and seniors. Unless they’re part of an 
internship out in the field, ROP students meet for class 
two hours a day, and that’s when the commercial work is 
done.

TIP: Follow a zero-failure policy. That applies 
to the internships Bruggeman’s students have 
as well as the design and prototyping jobs they 
tackle. “When a project comes in the door, we 
won’t take on another one unless we’ve complete-
ly satisfied that customer.”

2. Work your Contacts.
Selling student 3D printing services in your local com-

munity requires a huge effort by you and your students. 
Expect to hit up your own network, ask your students to 
talk with their family contacts, and go to your school’s 

Student Dillon Silverman and instructor Mike 
Bruggeman set up the Stratasys 3D Printer.
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supporter network to make inroads into the offices of 
decision-makers. 

Bruggeman says he “put a lot of miles” on his truck, 
visiting local companies, knocking on doors and talking to 
business owners. Although they’d say, “‘We’ll get back to 
you on that,’ we would never hear from them again,” he 
recalls. 

Bruggeman struggled to parlay the success with 
Klean Kanteen into additional projects—until a local 
salesman and installer who worked for MJB Welding 
Supply, a company that serves the Chico region, offered 
to take him around to meet clients. “He had seen what 
we’d been doing. He saw the skill sets and the type of 
software and equipment we had. He felt comfortable 
enough to do that for us,” explains Bruggeman.

Armed with that salesman’s recommendations and 
introductions, Bruggeman and Phelan finally found the 
traction they needed to gain more work from the business 
community.

TIP: Local companies look good when they sup-
port local schools. Be prepared to allow them to 
publicize the work they’re doing with your stu-
dents and make sure to give them upbeat press in 
your own school communications to amplify the 
news about the kinds of projects your students 
are doing with them.

3. Provide in-Person Service.
The advantage of working with local businesses is that 

they can visit the school in person to present the objects 
they want accessorized or modified with new compo-
nents. This is important because it lets the students get 
involved at the beginning of the project. They become 
a part of the initial planning phase and can begin to do 
whatever reverse-engineering they require and study the 
setting where their parts will have to fit.

As an example, recently a new client came into Chico 
High with his Can-Am Spyder, a three-wheeled motorcy-
cle. He had designed a prototype for a wheelchair carrier 
that would fit on the motorcycle. What he wanted was a 
SolidWorks design file. The students set to work taking 
photographs and measurements from which to start their 
work.

“Most of the time people who walk through the door 
don’t have much in the way of drawings or sketches. 
That’s why they’re coming to us. Our students are very 
talented with computers,” notes Bruggeman. During the 
design process, if there’s a part that just doesn’t seem to 
be working, they’ll redesign it and print it on the 3D print-
er to give the client a better idea of what’s needed.

In another example, Woodzee, a wooden sunglass 
company based in Chico, was going to get its own3D 
printer until the cofounder’s high school-age son con-
vinced him to use the services of the ROP students. 
Now he brings his staff in to try on the sunglasses the 
students have prototyped, mark them up and tweak the 
drawings. “We keep going at it until they’re happy,” says 
Bruggeman.

TIP: The interactions between students and de-
sign clients are as important as the computer and 
3D printing work, because these meetings teach 
students what kinds of questions to ask, how to 
record the information, and how to approach a 
new design problem.

4. Be Conservative about timing.
Use your industry experience when estimating how 

much time a project will take for students to finish. What 
you don’t want to do is give business partners less than 
they’re expecting.

When a job comes in, Bruggeman is upfront about 
finding out just how fast turnaround needs to be. 
“Things do go slowly at a school. We only meet for two 
hours a day,” he says. “I don’t want to be the one to hold 
them up. If I don’t think we can meet their deadline, we 
don’t take it.”

If a project runs longer than the estimate, he won’t 
take on any additional projects until it’s finished. “Some-
times I have a waiting list. People will say, ‘Hey, no prob-
lem! If you guys can get to us, we would love to have you 
do it. Just let us know.’” Involving students in the timeline 
creation and holding them to it is one way to make sure 
projects are completed on schedule. By enforcing dead-

lines students learn the importance of delivering on a 
business agreement in a reasonable amount of time. 

TIP: The use of professional-grade 3D printers 
pays off for Chico unified by producing higher 
quality parts than hobby-grade 3D printers—par-
ticularly important when the project involves busi-
ness partners, says Bruggeman. Currently, he 
runs Stratasys® 3D Printers for client work. “The 
Dimension® 3D Printer has offered legitimacy to 
my programs,” he says. “and the way i see it, it 
was well worth the money as far as motivation 
for the students. it encourages them to do higher 
quality work from the start, and has been the 
catalyst for teaching them how to communicate 
technology with our industry partners.” 

Silverman reverse engineered Briggs & Stratton 
small engine parts and printed physical models 

on Chico Unified’s Dimension 3D Printer.

F
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5. Create a Bartering System.
Don’t expect monetary payment from your business 

partners. There’s something much more valuable than 
money that they can provide for your program: class 
mentoring and supplies.

Bruggeman estimates that the work his students are 
doing saves their clients “thousands” by producing 3D 
printed prototypes and parts. In return, “All we ever re-
ally ask is to keep supporting the students, give them the 
chance to learn and materials to do it with.”

For example, the students have worked extensively 
with Tim Dexter, whose company, Westside Research 
in nearby Orland, CA., creates designs for automotive 
cargo gear. When they’re developing projects for Dexter 
(such as fasteners or collapsible mud flaps), he comes 
into the classroom weekly. His focus is twofold: to help 
the students improve their engineering skills by learning 
how to do research and rework 3D parts to work better 
together; and to help them improve the product’s func-
tionality, look, and safety to better satisfy the ultimate 
consumer. 

The personal mentoring time is invaluable to students 
who can interface with a professional who is running a 
successful business—a kind of learning that students are 
not always able to get in a classroom setting.

Besides mentoring, Dexter also supplies material—fila-
ment—to keep the 3D printers running. That extra mate-
rial lets Bruggeman’s younger students—the ones not yet 
in ROP— practice their design and prototyping skills as 
well. 

TIP: internships are the ultimate payoff as far as 
Bruggeman is concerned. “My approach is, if we 
can do something for you, will you do something 
for the students—give them a chance?” Prob-
ably the RoP’s number one supporter is Thomas 
Manufacturing in Chico, which keeps two interns 
working in their engineering department “around 
the clock, all year long.” There’s always one se-
nior and one junior, the older student training the 
younger one, and both are paid for their hours. 
The welding company, which fabricates agricul-
tural equipment, has already hired Chico unified 
students as interns for five years. “We’ve pretty 
much become an integral part of their engineer-
ing department,” Bruggeman says.

6. Prime your Students to Work  
with Businesses.

The results of engineering classes cry out to be con-
tained in a student portfolio, preferably online in digital 
form and maintained in a way that it can grow as a stu-
dent moves through high school.

One of the first assignments freshmen at Chico Unified 
must complete is to write a resume. That starts their port-
folio, which grows as they complete work samples.

Bruggeman has turned to website builder WIX, a ser-
vice that lets people create sites for free. There, he main-
tains his own website (chsitech.wix.com/chsitech) and 

his students create their websites. Now, when students 
go to an interview related to their ROP work, they take a 
laptop computer and share their digital portfolios. “Busi-
ness owners see that, they go ‘that’s impressive.’ They 
like that a lot,” he says.

He also has them document the processes they follow 
in their design and prototyping work, serving two pur-
poses: That “tutorial” is used as curriculum by the next 
student to come along and tackle the same assignment; 
and it provides more portfolio fodder.

“We have turned the writing over to the students so 
they learn how to do technical writing,” explains Brugge-
man. One recent project required a team of students to 
create a “functional hinge” in SolidWorks and then print 
it out “with the proper tolerances to accept the pin and 
perform correctly.” Once they’ve created a working pro-

totype, they have to write up the process to help other 
students “achieve a successful outcome.”

Every one of the students in ROP for industrial tech-
nology at Chico Unified for the last three years has gone 
to college. Before they head out the high school door, 
they’ve already earned up to nine college credits. On top 
of the technical skills students have gained, adds Brug-
geman, they’ve learned how to be dependable, communi-
cate with adults, and “get the job done.”

Even as schools are putting a bigger emphasis on 
project and competency-based learning in their aca-
demic programs, Bruggeman believes partnering with 
local businesses can give students the extra boost they 
need to succeed. “The students who only have academ-
ics—they’re a dime a dozen. They really don’t have 
anything tangible to apply to their learning. They don’t 
know why they’re doing it,” he says. “The best students 
are the ones who combine their academics and a career 
pathway.”

TIP: Be prepared to modify your curriculum as 
you get feedback from your business partners. 
Bruggeman maintains an informal advisory board 
to stay on top of new skills companies want stu-
dents to have. and then make sure those skills 
are reflected in the projects profiled in student 
portfolios.

A prototype for a local manufacturer designed by 
Silverman
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other Educational Uses  
for a 3D Printer

The process of working with 
business clients to develop designs, 
prototypes, and products will pro-
vide your students with real-world 
skills that will serve them their entire 
college and professional careers. 
But there are other invaluable edu-
cational uses for 3D printing in the 
classroom as well:

• Drive student engagement with 
3D printed objects that would typi-
cally only be seen in photos. Picture 
passing 3D-printed bones, organs, 
molecules in science, or historical 
artifacts in social studies.

• When something breaks in 
the classroom, put your students’ 
problem-solving skills to the test by 
printing replacement parts.

• The use of 3D printing in art 
and multimedia classes allows your 
students’ imaginations to soar. Art-
ists create their own masterpieces in 
three dimensions.

the Hunt  
for Good Curriculum

Chico Unified School District’s 
Mike Bruggeman maintains a website 
(chsitech.wix.com/chsitech) where 
he posts the entire curriculum that 
he and colleague Tom Phelan have 
developed for classes in their indus-
trial technology program. To find 
them, choose the “Resources” link 
in the main menu and pick either 
“Teacher Curriculum” or “Tutorials.”

Bruggeman says he makes the 

content freely available to help other 
teachers “build a sequential set of 
classes that provide the skills neces-
sary to be able to approach business-
es.” Working through those tutorials 
will give the teacher “evidence” that 
the students “are capable of doing 
this kind of work.”

How to Acquire a 3D Printer 
for your School

Wondering how to obtain the 
kind of professional grade 3D print-
ing gear that will impress potential 
partners? Chico Unified’s Bruggeman 
cobbled together money from mul-
tiple sources: grants from the federal 
Perkins Career and Technical Educa-
tion Improvement Act and the state’s 
Regional Occupational Centers and 
Programs, as well as “a little district 
funding.” Besides pursuing grant 
funding, you can supplement those 
options with other sources:

• Partner with your local com-
munity college or state university for 
access to their printing equipment. 
Let them know also that you’re in-
terested in acquiring their high-end 
quality equipment when they choose 
to upgrade.

• Team up with other school 
districts in a consortium sharing 
arrangement. That’s how Campbell-
Tintah Public School in Minnesota 
does it. For $3,000 a year, the high 
school gains access to 3D printers 
and other maker-gear for a sched-
uled period, then it goes off to the 
next district. 

6 rules for an Excellent Business Partnership

1. Do persist. it’s going to be tough to get your program off the 
ground.

2. Don’t go into a business partnership before you and your students 
are really ready for it.

3. Do take advantage of face-to-face contact with clients to help your 
students learn how to work with customers.

4. Don’t take on more projects than your students can complete with 
absolute success and total customer satisfaction.

5. Do help your students build up their professional portfolios by 
documenting the projects they work on.

6. Don’t think you’re going to get rich; business partnerships are 
about adding real-life experience to your curriculum.

New Edition!

machinists’  
ready reference
Enhanced readability and expanded 
content! Durable book provides essen-
tial procedures, charts, tables, and for-
mulas used by machinists, toolmakers, 
mechanical engineers, and designers. 
Handy 4-1/4" × 6" book is spiral bound 
to lie flat when open. $39.95

School discounts available  
on phone orders.

to order: www.techdirections.
com/booksmach.html 

Fax: 734-975-2787 
Call: 800-530-9673 x300
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W
HEN it comes to 3D 
printing, the filament 
you use can have a 
big impact on your 
final product. Each 

material has different properties that 
you can choose to suit your specific 
needs. Here’s a handy guide to help 
you figure out which is which.

things to Consider When 
Choosing your Material

Deciding on a material requires a 
bit of thought. What are you design-
ing? Will it be used indoors or outside? 
Would you like it to be flexible or extra 
durable? Is it a complex shape that 
needs additional support to print? 
These are all questions that can ulti-
mately influence your decision.

For example, printing something 
to showcase a concept probably 
won’t require a filament that can take 
a lot of wear and tear, while a func-
tioning prototype like a tool or spare 
part might. If your design contains 
large bridges or overhangs, you’ll 
need a material than can support 
this. Looking for something to dem-
onstrate a concept like new pack-
aging? A material that comes in a 
variety of colors can help your team 
visualize it better and distinguish 
prototype versions.

For Easy Printing
If you’re just getting started or 

need something that prints quickly 
and consistently every time, you 
should start with a filament like PLA 
(polylactic acid) or Tough PLA. For 

larger prints, PLA is the most reliable 
and serves a wide range of applica-
tions, such as concept models and 
functional prototypes. They also 
print quickly, which is useful if you 
need a fast turnaround or require 
multiple iterations. 

tough and Durable
Because of its good mechanical 

properties, ABS (acrylonitrile butadi-
ene styrene) is one of the most popu-
lar filaments for prints that require 

toughness. More durable than PLA, 
ABS offers other qualities, such as 
heat resistance up to 85°C, which 
can be useful if the print is going to 
be used in day-to-day operations. 
When heat resistance is not impor-
tant, Tough PLA is a good alternative. 
ABS can also handle a bit of post-
print processing, so you can sand 
and paint it if necessary. Another 
material that should be explored for 
its durability is Nylon. With a high 
strength-weight ratio, anti-corrosion 
properties and low friction rates, it’s 
ideal for applications like tooling and 
end-use parts. 

Heat resistant
Being able to withstand high tem-

peratures is a property required by 
many different applications, such as 
manufacturing aids, and there are 
a number of filaments that present 
this. Although ABS has good heat 
resistance, it is limited and can be 
prone to UV sensitivity. If a print is 
going to be exposed to sunlight and 
temperatures higher than 85°C, you 
might want to consider something 
like PC (polycarbonate), which is 
heat resistant up to 110°C. The CPE 
(co-polyester) family is another 

group of filaments with a good heat 
resistance (up to 70°C for CPE and 
100°C for CPE+), and has the added 
benefit of chemical resistance.

visual Appeal 
For 3D prints that hold high visual 

appeal, something with an extensive 
range of colors gives you plenty of 
choice. PLA has a broad spectrum 
of colors and can print the intricate 
details needed in functional proto-
types. Another useful material for this 
is CPE, which offers translucency as a 
property—this is especially relevant 
for items that will be used in lighting 
applications. It also has the capabil-
ity to print detailed surfaces with a 
high-quality finish. PP (polypropyl-

which 3d Printing material 
should i Use?

By Nicola Popplewell

Nicola Popplewell is Content Mar-
keting Specialist, Ultimaker. Article 
courtesy of Ultimaker.

Ultimaker 
materials 
cover a wide 
range of 
applications 
and ensure 
the highest 
print quality.
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ene) is also translucent and, as one of 
the most widely used plastics in the 
world, is the go-to material for many 
product development applications.

Strong, but Flexible
PP is also a semi-flexible material 

and, with a high fatigue resistance, 
is exceptionally useful in creating 
things like living hinges, especially 
those on bottles. Over time, continu-
ous use can weaken a material, but 
PP retains its structural quality. How-
ever, if you require something that 
has the same strength and flexibility 
as rubber, an alternative is TPU 95A. 
With a Shore-A hardness of 95 and 
up to 580° elongation at break, it’s 
versatile enough to suit most short-
run manufacturing needs, as well as 
creating tools and guides to help you 
in your business.

Complex Prints
3D printing is beneficial in that it 

allows you to push the boundaries 
of design and come up with alterna-
tive solutions. Intricate geometries 
may be easily created using CAD 

software, but the reality is that print-
ing can be limited. This is where 
support materials can play a huge 
role. PVA is a water-soluble material 
to support large overhangs and deep 
cavities. Printed using dual extru-
sion, it dissolves easily in water, 
leaving you with a finished print that 
is smooth and precise. It works best 

for delicate prints that cannot with-
stand a lot of post-print processing. 
For a print that’s more durable, an-
other option is Breakaway. It prints 
faster than PVA and can be easily 
removed using a set of pliers. It is 
specifically designed give you more 
freedom and a high-quality finish on 
your print. 

Materials like 
polypropylene 

and tPU 95A are 
versatile when 
manufacturing 

tools and guides.

volkswagen 
Autoeuropa 3D prints 
manufacturing aids 
that are used daily on 
the assembly line.
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T
HE fields of aviation and 
aeronautics encompass 
a significant body of 
knowledge, all deriving 
from science, technology, 

engineering, and mathematics fields. 
Thus, aviation and aeronautics are 
perfect fields to get students interest-
ed in STEM and STEM-based careers. 

One way to wholly introduce 
students to aviation and aeronautics 
is through the formation of an after-
school aviation group. Such a group 
will attract students interested in 
becoming civilian and military pilots, 
engineers, mathematicians, mechan-

introducing students to stem 
through an after-school 

aviation club

ics, and those interested in working 
in aerospace. It can also help to 
ignite an interest in careers in such 
fields in students who are just gener-
ally interested in STEM.  An aviation 
club allows for endless opportunities 
and potential to get students at all 
levels into aviation and STEM.  

For the past four years I have 
conducted an after-school aviation 
club at the middle school where 
I am a special education math 
teacher. In addition to teaching, I am 
a licensed commercial pilot and fly 
sightseeing rides for Bay Aviation in 
Topping, VA, as well as fly a private 
business airplane for a company. 
I am also a licensed advanced and 
instrument ground instructor and 
teach the classroom portion of flight 
training at the flight school at Bay 
Aviation. 

With my background and experi-
ence in aviation, I felt I could offer 

students a lot of insight into the field, 
as well as give them an advantage by 
providing them with ground school 
early on. My aviation group meets 
once a week during the school year 
for two hours each session; each 
session, on average, is divided into 
two hour-long portions. The first 
hour is comprised of formal ground 
school instruction; the second hour 
is comprised of students working on 
projects and taking turns on a flight 
simulator I have pieced together 
over the years. 

Ground school is like the class-
room portion of flight instruction, 
where students are instructed on 
topics they must be familiar with in 
order to obtain different levels of 
pilot licenses. Topics taught include 
aerodynamics; airports, air traffic 
control, and airspace; aircraft en-
gines and instruments; aircraft de-
sign; aircraft navigation, map reading, 

By thomas Hendrickson
Thomas.Hendrickson@wjccschools.org

Aviation Club students with a Coast Guard helicopter pilot who came in as a guest speaker and presenter.

Thomas Hendrickson is a special 
education math teacher at Toana Mid-
dle School, where he also runs their 
after-school aviation club. In addition, 
he instructs at the Bay Aviation flight 
school, and has flown and instructed 
there since April 2015.
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and flight planning; aviation weather; 
aircraft performance characteristics 
and calculations; weight & balance 
and center of gravity calculations. 

All of the concepts taught align 
with concepts tested on the private 
and commercial pilot FAA written 
exams, although some concepts 
may not be taught as intensively due 
to the level of students with which 
I work. However, for high school 
students, it would be appropriate 
to teach material as in depth as 
what students will be tested on. In 
addition to aligning with FAA test 
standards, many of the concepts 
taught align with state public school 
learning standards established in 
science, history, geography, and 
mathematics. 

After each lesson that covers con-
cepts tested on the FAA written ex-
ams, students take a test comprised 
of sample questions from such tests 
to measure their comprehension of 
concepts, as well as to better prepare 
them for taking actual written exams. 

Beyond teaching concepts tested 
on the FAA private pilot and commer-
cial pilot exams, one can branch out 
into other areas of STEM during the 
ground school lessons. I conducted 
a series of lessons this year under a 
grant from the Virginia Department 
of Aviation that focused solely on the 
mathematics of aviation. Students 
were taught the mathematics of 
aerial navigation, which introduced 
various aviation applications of alge-
bra and trigonometry, all at a level 
appropriate for middle schoolers. 

NASA has an array of free re-
sources available online which are 
designed for teachers to introduce 
various scientific and mathematical 
applications in aviation and aero-
space, most of which align with dif-
ferent state learning standards and 
are designed for various academic 
levels. Other areas we have delved 
into during our ground school les-
sons include emerging trends of solar 
and green energy in aviation; aircraft 
maneuvers; aeronautical decision 
making and scenario-based ques-
tions; the aerodynamics of birds; jet 
and rocket propulsion; and space-
craft design and aerodynamics. 

The second hour of my aviation 

club is comprised of students work-
ing on projects and taking turns on 
a flight simulator. Over the years, we 
have done the following during our 
project time: 

l Made balsa wood airplane mod-
els; 

l Assembled plastic airplane 
models; 

l Disassembled a push-lawnmow-
er so students could see and learn 
about the inner workings of an en-
gine in a hands-on fashion; 

l Made complex paper gliders and 
flown them; 

l Written reports on aircraft and 
pilots (in agreement with students’ 
English teachers, reports counted as 
extra credit); 

l Researched careers in the avia-
tion industry; and 

l Worked on planning cross-
country flights. In the future, I plan 
on building a functioning wind tun-
nel, building rockets, and introducing 
aeronautical/aerospace modeling 
software such as Kerbel Space Pro-
gram to students. 

While students work on projects, 
they take turns flying our flight simu-
lator. Our flight simulator is equipped 
with X-Plane 10 software, a throttle 
quadrant, yoke controls, and rudder 
pedals. Equipping an aviation club 

with a simulator may seem cost pro-
hibitive, but some schools may be 
willing to pay for a simulator, or one 
may be purchased with grant funds. 

The simulator allows students to 
apply and experience flying concepts 
they’ve learned during the ground 
school portion of the club. On the 
simulator, students can practice in-
terpreting aircraft instruments, flying 
various maneuvers, flying under vari-
ous weather conditions, flying with 
various aircraft performance charac-
teristics programmed, and applying 
navigational procedures such as 
flying a compass heading and using 
geographical features for navigation 
in different types of aircraft ranging 
from a basic Cessna-172 all the way 
to a Boeing-747. 

Beyond the ground school and 
project/flight simulator portions 
of the aviation club, we have had 
various guest speakers who work in 
aviation come in to talk to students 
and have even had a weekend trip 
to an airport where students toured 
the airport and viewed historic and 

modern aircraft. In all, the 
club lends itself to end-
less enriching possibilities 
for students to get into 
aviation and other STEM 
careers. 

Being as I am a special 
education math teacher, 
I strive to get students 
receiving special educa-
tion services at my school 
interested in the group 
each year. Some of these 
students may not have an 
interest in attending col-
lege after high school, and 
through the exploration of 
aviation and related STEM 
careers that do not require 
a college education, they 
gain valuable insight into 
emerging careers they may 
be interested in pursuing 
such as automotive and 
aviation maintenance, 

machining/mill work, computer-aided 
drafting, welding/metal fabrication, 
and green technology. Some special 
education students who otherwise 
would not have wanted to attend 
college may find through this group 

An Aviation Club student practices interpreting 
aircraft instruments on the club flight simulator. 
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that they do want to pursue a post-
secondary education in an aviation 
or STEM field. 

This group offers many applied 
learning opportunities in math and 
science to students receiving special 
education services, as well, which 

can enhance their interest and per-
formance in general education math 
and science classes, and also allows 
for further application of concepts 
they are learning in their general 
education classes. 

Beyond the career insight and 
the learning benefits, there is the 
social aspect of the club that I find 
most valuable to students receiv-
ing special education services. This 
group allows students to learn, work, 
and collaborate on projects with 
other students who share a common 
interest in aviation and STEM, and 
further teaches collaborative and 
team building skills, skills which will 
benefit them in future careers and in 
life, in general.  

To make the after-school group 
that much more beneficial and en-
riching to students, you may con-
sider becoming a licensed basic or 
advanced aviation ground instructor. 
This is a Federal Aviation Administra-
tion issued license which allows the 
holder to teach the ground school 
or classroom material required for 
an individual to obtain a light sport, 
private pilot, commercial pilot, and/
or airline transport pilot license. 

Obtaining your ground instructor 
license is a relatively easy process 
and it doesn’t require you be a pilot 
or have any flight experience. In fact, 
many pilots will attest that some 
of the best ground instructors they 
have ever had were not even pilots. 

All that is required is an understand-
ing of the material taught in aviation 
ground school and a passing score 
of 70% or higher on two FAA exams: 
the Fundamentals of Instructing 
exam and the basic or advanced 
Ground Instructor exam. If you pos-
sess a teaching license that allows 
you to teach at the 7th grade level or 
higher, or if you are employed as a 
teacher at a college or university, the 
requirement for the Fundamentals of 
Instructing exam is waived. 

The basic and advanced ground 
instructor exams test you on areas 
such as aerodynamics, weather, aer-
ial navigation, aircraft performance 
calculations, and aviation law and 
regulations; all areas that you will 
be teaching to students to become 
licensed pilots. You can purchase a 
self-study book to familiarize your-
self with the concepts tested, but I 
advise you to get with an instructor 
at a local flight school for instruction 
on some of the more complicated 
concepts tested. By obtaining this 
certification, you can sign off the les-
sons you teach in the aviation group 
as formal ground instruction for 
students, which counts towards their 

pilot training. You can also be certi-
fied to teach ground school at a local 
flight school, which is not a bad way 
to pick up some extra money.     

A club like this can be the first 
stepping stone for students into a 
career in aviation or a STEM field. 
Not only can it provide students with 
enriching learning opportunities, it 
can provide them with valuable in-
sight as to how to best pursue ca-
reers in aviation and STEM, and what 
careers may be available to them in 
the coming years. 

To maximize learning benefits, I 
recommend aligning concepts taught 
in the group with concepts being 
taught in students’ math and science 
classes. For example: when 6th grade 
science classes are learning about 
weather, I introduce and teach avia-
tion weather and weather services 
in my group; when 8th grade math 
is learning to work with equations, I 
introduce time/speed/distance and 
correlating fuel calculations. Even 
if some students are in a different 
grade level and learning material 
that differs, the math and science 
concepts taught in the aviation group 
will serve as a primer for future math 
and science concepts, or as a review 
for students. 

Consider starting a group like this 
and explore available resources to 
help get it going. Your school may 
have available funds to help, or there 
may be grants available from your 
state’s Department of Aviation. Also, 
contact your local airport and make 
them aware of your club and see 
how they can help in ways of offering 
tours and guest speakers. A club like 
this should be well received by your 
school and students, and the STEM 
learning opportunities for students 
are limitless. Make it fun, enriching, 
and valuable for students and remem-
ber, the sky is no longer the limit. 

Aviation Club students visit a local airport  
and tour vintage aircraft on display.

NASA resources
https://www.grc.nasa.gov/

www/k-12/airplane/    

https://spacemath.gsfc.nasa.
gov/books.html



cte 21www.techdirections.com

C
AREER and technical 
education (CTE), an 
important component 
of U.S. education for 
more than a century, 

has undergone both a renaissance 
and a resurgence over the past 10 
years. According to research by the 
Brookings Institute, “In 2015 alone, 39 
states instituted 125 new laws, poli-
cies, or regulations relating to CTE, 
many of which increased state fund-
ing for such programs.”

The impact of designing suc-
cessful CTE programs cannot be 
overestimated. The U.S. Chamber of 
Commerce’s Institute for a Competi-
tive Workforce notes that, “In well-
designed models of CTE, students 
have lower dropout rates, higher 
test scores, higher graduation rates, 
higher postsecondary enrollment 
rates, and higher earnings than stu-
dents who do not enroll in CTE.” 

While both students and society 
benefit from CTE programs that are 
well designed and implemented, 
each successful program has its own 
unique features. When, where, and 
how CTE programs are implemented, 
who they reach, and where students 
go after graduation are all impor-
tant factors in measuring success. 
We spoke with several educators in 
standout programs to find out what 
makes their CTE program successful. 

reaching Higher  
in High School CtE

Colorado has invested heavily in 
CTE education, and its investment 

is paying dividends. One example of 
its many successful high school CTE 
programs is the STEM Academy at 
Castle View (CO) High School. Rob 
Hazlehurst is a former aerospace 
engineer who has been a technology 
teacher at Castle View since 2009. 

Aligned for Success
Hazlehurst credits a large part of 

the success Castle View’s program 
has achieved to its intentional align-
ment with higher education and 
industry. Castle 
View’s STEM pro-
gram has an ad-
visory board that 
includes members 
from local col-
leges and industry 
to help ensure 
that students are 
developing skills 
relevant to con-
tinuing education 
programs and 
employers. 

Industry part-
ners on Castle 
View’s advisory 
board have helped 
Hazlehurst’s stu-
dents get plugged 
into the local SolidWorks User Group, 
while also arranging field trips to cor-
porations and in-class presentations 
by industry experts. 

In addition, like many successful 
programs, Castle View offers intern-
ship opportunities to students in 
their senior year. They have placed 
many of their students at local engi-
neering firms, architecture firms, and 
related businesses.

Castle View’s curriculum is also 
carefully aligned with its community 
college courses. For example, Castle 
View’s Engineering III course not only 
provides college credit, it also aligns 
with local community colleges’ Com-
puter Aided Design (CAD) courses.

Career-oriented technology 
Choices

In addition to incorporating 
curricular alignment, Castle View 
also focuses on using tools that 

students will find in the workplace. 
For instance, Hazlehurst teaches 
electronics, programming, and con-
trol systems using robots based on 
Arduino microcontrollers—the same 
microcontrollers that are used by 
many colleges and in the "maker" 
community.

They also use SolidWorks for 
engineering CAD, and Revit for ar-
chitectural CAD, both of which have 

cte success stories: 
How the Best Programs 
Move Students Forward

StEM Academy students from Castle view High 
School (Co) design and produce projects  

like this colorful stock car that are entered  
in statewide tSA competitions.

Ginny Mumm is a freelance writer 
working with Roland DGA.

By Ginny Mumm
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a large market share in the fields of 
engineering and architecture. Hazle-
hurst plans to introduce students to 
MatLab, software that is commonly 
used by college engineering program-
ming courses, and by industry for 
testing and simulation.

To improve the skills and market-
ability of its students, Castle View of-
fers SolidWorks Certifications at both 
the CSWA (Associate) and CSWP 
(Professional) level.

Educators at Castle View are en-
couraged to keep their skills current 
by taking classes in robotics and 
software classes offered through the 
school’s resellers. They have also at-
tended SolidWorks World for the past 
three years.

Maintaining Strong Student 
interest

“Our students are most pas-
sionate about robotics and rapid 
prototyping of CAD designs,” said 
Hazlehurst. “We make STEM relevant 
by encouraging our students to ap-
ply math and science to solve real 
engineering problems.” Castle View 
coursework teaches students how to 
fabricate projects such as mousetrap 
dragsters, CO2 dragsters, and cata-
pults, among others. 

Upper-level students also work 
collaboratively on a capstone proj-
ect. After agreeing on a single proj-
ect to pursue, the class breaks the 
project down into subsystems. From 
there, smaller groups use their skills 
to develop, test, and integrate their 
subsystem with the other subsys-
tems to form the final solution. Past 
years’ projects have included a sen-
sor package on a quadcopter drone 
that sent real-time telemetry data to 
a laptop where it was displayed on 
a "cockpit" display, and a flying RC 
model of a P-47 Thunderbolt built 
from scratch.

Providing a Platform 
Another component of Castle 

View’s program’s success is the op-
portunity for students to use their 
skills to develop projects for the 
statewide Technology Students As-
sociation (TSA) competition events. 
“We’ve historically done well as a 
school at these competitions,” said 

Hazlehurst. “Our students really en-
joy the opportunity to compete.”

To support students in their jour-
ney to the TSA podium, Castle View 
also established a TSA club where 
industry partners mentor students 
on their projects.

Setting the Stage  
in Community College

Glen Stevenson, manufacturing 
department head at Saddleback Col-
lege (CA) sees a bright future for his 
students. “Our students are building 
skills from hands-on, real world expe-
riences and industry collaborations,” 
he said.

leveraging innovation
Integral to the success of the CTE 

program at Saddleback are innova-
tive collaborations and outreach, 
such as the “Enable Hands” pro-
gram, where students create upper 
limb assistive devices from CAD 
files of pre-designed hands and arms 
for those in need. Under the 
guidance of industry mentors, 
students in math, science, and 
manufacturing courses are 
also creating their own robotic 
hands. They are integrating 
Arduino Uno technology with 
a sensor that detects electrical 
activity of muscles to control 
robotic hand movements, and 
are developing a silicon mold 
around the device to improve 
its aesthetics and gripping 
function.

Partnerships with industry, 
said Stevenson, have resulted 
in increased enrollment, intern-
ship opportunities, and job 
placement. Saddleback invites 
industry participation on its 
Program Advisory Committees 
and in its workforce training. 
They also partner with local 
industry to provide a variety of 
internships.

In one of many cross-
curricular collaborations, the 
Saddleback College departments of 
Biology, Advanced Manufacturing, 
and Art are currently working on a 
public art project commissioned by 
the city of Mission Viejo. The wall 
mural will showcase two prehistoric 

dolphins’ skulls that were found in 
the city. Stevenson’s students, who 
are 3D scanning and 3D printing the 
13-million-year-old fossils, will test 
out artistic effects in CAD modeling 
for the art project and print true rep-
licas for future biology research. 

Educator Education
At Saddleback College, funding 

is available to support CTE faculty 
professional development activities, 
such as attendance at leadership 
and subject-matter content confer-
ences and workshops.  The college 
also organizes biannual professional 
development weeks filled with activi-
ties and workshops to address the 
professional, personal, and orga-
nizational needs of faculty.  Educa-
tors are encouraged to share what 
they’ve learned with other educators 
in “train the trainer” sessions held on 
the Saddleback campus.

Professional development funds 
can also support various school 

projects, including the develop-
ment of innovations in instructional 
and administrative techniques and 
program effectiveness, teaching 
improvements, or online course 
development.  

Students at Saddleback College work 
closely with industry mentors to develop 
components for use in the production of 

robotic hands. 
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Measuring outcomes
Saddleback measures its success 

based on total enrollment, continu-
ation in the program, completion of 
the program, transfer to four-year 
institutions, and job 
placement. To ensure 
it continues to provide 
a standards-aligned 
education that is fo-
cused on high-demand 
careers, Saddleback 
has an annual Program 
Advisory meeting and 
a biannual program 
review. 

Saddleback College 
also offers its students 
the opportunity com-
plete industry–relevant 
certifications with 
companies such as 
SolidWorks and Micro-
soft, along with certifi-
cations relevant to the 
real estate, culinary, 
and nursing fields. 

Saddleback bolsters the effective-
ness of its STEM teaching with cross-
disciplinary curriculum and activi-
ties, and by specifically designing 
transfer programs that align curricu-
lum with STEM and CTE programs at 
four-year colleges.

Passion-fueled learning
Like students everywhere, Steven-

son notes that Saddleback students 
are most passionate about hands-on 
applications. “It’s been great to see 
the growth that a rapid prototyping 
curriculum can foster both in the 
students and in our program over-
all,” he said.

Maximizing CtE opportunity 
for lower income Areas

While well-funded districts can 
provide CTE program enhancers 
such as cutting- edge technology 
to their students, other districts 
may need to get creative to provide 
the same opportunities. Blue Ridge 
High School (AZ) has developed a 
unique partnership between its dis-
trict and the University of Arizona 
Cooperative Extension 4-H program 
to provide a Fab Lab/Makerspace for 
students.

Blue Ridge physics teacher Kevin 
Wooldridge, who is also a volunteer 
4-H leader, proposed the collabora-
tion as a way to provide math, sci-
ence, physics, and computer learning 

in one place. The facility is available 
to K-12 students in the district, and 
to 4-H members in Navajo County 
and across the state. 

Fabrication inspiration
Woolridge, the director of the new 

facility, notes, “Students in poor ur-
ban and rural areas don't lack ability 
or initiative, they lack opportunity.  
And teachers don't lack the desire to 
teach 21st century skills, they lack 
the 21st century tools to teach.” 

The Fab Lab’s equipment includes 
vinyl printers, UV flatbed printers, 
and a high-precision benchtop CNC 
machine that engraves printed cir-
cuit boards and soft materials—all of 
which were donated by companies 
such as Roland, Ultimaker, and Epi-
log. Teachers use Roland’s project-
based learning (PBL) tutorials to 
help train students on the equipment 
as they fabricate projects such as a 
wooden yoyo. “The learning modules 
were really important to us,” said 
Woolridge. These ready-to-teach 
tutorials make it so we don’t have to 
reinvent the wheel on projects, and 
they help ensure that we’re providing 
our students with the best possible 
instruction on how to use Roland’s 
digital devices.”

Roland product manager Adam 
Sebran is enthusiastic about the po-
tential for sites like the Blue Ridge–
University of Arizona 4-H facility. 
“With passionate educators, ad-

vanced technology, 
and a series of proj-
ects that teach the 
rudiments of digital 
fabrication, students 
can incorporate pro-
totyping techniques 
into a wide variety 
of coursework,” he 
said.

Measuring 
achievement

The facility’s 
grand-opening cer-
emony was held in 
January 2018. In its 
first month, the Fab 
Lab welcomed 344 
students. CTE class-
es in additive and 

subtractive manufacturing are set to 
begin this fall. The facility will help 
the school meet the Next Generation 
Science Standards’ heavy focus on 
engineering/engineering design.

Eventually, facility organizers hope 
to spread the influence of the Fab Lab 
to all of Navajo County, integrating it 
with a network of 4-H clubs and mini 
labs. Woolridge explains, “Our goal 
is to have a mini lab in every county 
cooperative extension office within 
the next two years and in every 4-H 
community in the next five years.” 

Blue Ridge is also arranging col-
laborative programs so that, for 
instance, Agro Science students can 
have STEM students fabricate, as-
semble, and test projects in the 4-H 
Fab Lab. “Extending the reach of 
our facility simulates the work en-
vironment, where companies often 
outsource production and testing 
of prototypes,” said Woolridge. “We 
hope to do the same with our mini-
labs in the future.” 

Keeping current
In addition to “train the trainer” 

courses offered by the Fab Lab staff, 
Blue Ridge plans to enroll its educa-
tors in the Fab Foundation’s online 

Continued on page 26.

Students, faculty, and industry partners celebrate the grand open-
ing of the Blue ridge 4-H University of Arizona Fab lab.
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W
ITH vertical mills, 
lathes, and flat 
screen monitors at 
their disposal, mem-
bers of Vermont 

Technical College’s Fabrication Club 
are hard at work in Morrill Hall.

Jacob Walker is stationed at a Dell 
computer working on a 3D design for 
what will be a decorative stainless-
steel maple leaf. To get from design 
to actual product involves using 
advanced computer software plus a 
waterjet, a traditional manufacturing 
machine.

Walker, 19, is in the school’s 
two-year mechanical engineering 
program, a first step on the road to 
study manufacturing in the college’s 
new bachelor’s degree program. “You 
can learn to build something, but the 
manufacturing behind it to be able to 
produce it, I think that’s very impor-
tant to have an understanding of how 
it works,” he says.

The students at Vermont Tech 

aren’t preparing to build products 
through physically demanding fac-
tory work as much as they are study-

ing to up their technical skills. Manu-
facturing undergrads take classes in 
calculus, 3D printing, and a slew of 
other specialized subjects.

Manufacturing, which shed 
nearly a third of its workforce be-
tween 2000 and 2010, is rebounding 
as a solid path to the middle class. 
The industry has taken a more tech-

intensive twist, making skills like 
practice in 3D design—like the work 
Walker is doing—critical for future 
employment. Schools are taking 
notice.

Despite President Donald Trump’s 
campaign vow to revive manufactur-
ing, the industry isn’t expected to 
rebound to its heyday. At its peak in 
the late 1970s, it employed 19 million 
people. Today, the sector employs 
roughly 12.4 million; the Bureau of 
Labor Statistics predicts that number 
will fall slowly over the next decade 
to 11.6 million.

But the strong economy, and 

the return of manufacturing opera-
tions to the United States as labor 
costs rise abroad, have led some 
companies to add jobs. There were 
about 360,000 hires in January 2018, 

colleges are adding Programs 
in a once-decimated industry— 
manufacturing

But Few Young People Are Seeking 
Out the Skills to Fill These Jobs

By Delece Smith-Barrow

Delece Smith-Barrow is a senior 
editor for higher education at The 
Hechinger Report. This article was 
originally published on The Hechinger 
Report website, www.hechinger 
report.org. The Hechinger Report is a 
nonprofit, independent news website 
focused on inequality and innovation 
in education.

3.5 million 
manufacturing jobs will 

need to be filled  
by 2025.

Wes McEntee uses 
one of several 

manufacturing 
machines at vermont 

technical College. 
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an increase of 52,000 over the year 
before, according to the Bureau of 
Labor Statistics.

Businesses are seeking workers 
whose profile is different from that 

of decades past, when a high school 
diploma was more than enough. As 
robots take over much of the manual 
labor in factories, the new jobs being 
created tend to require computer 
and engineering skills and advanced 
training.

That’s helped to fuel a boomlet of 
college investment in manufacturing 
programs. In November 2017, Wash-
ington state’s Shoreline Community 
College announced a new two-year 
degree in mechatronics—which pre-
pares students to work with manu-
facturing systems. 

In Illinois, Chicago’s College to 
Careers initiative is prepping local 
students for careers in manufactur-
ing. The city will spend $75 million 
on a new manufacturing training 
facility, to open in fall of 2018, one 
of many initiatives planned through 
College to Careers. This year Ala-
bama became the first state to offer 
certification from the Manufacturing 
Skill Standards Council at all its pub-
lic colleges.

Vermont Technical College, a rural 
college with about 1,600 students 
that specializes in hands-on learning, 
recently started a bachelor’s degree 
program in manufacturing engineer-
ing technology. Its first class—of nine 
students—graduated in June 2017. 
The 2018 graduating class had 11 
students, and the school is planning 
for larger classes in the future, says 
Christopher Gray, assistant professor 

for manufacturing and mechanical 
engineering technology at the school. 
But getting teens and young adults 
to study manufacturing, an industry 
that may seem more gritty than glam-

orous, isn’t always easy, say industry 
experts.

During Manufacturing Processes 
1, Gray guides about a dozen stu-
dents as they work on fine-tuning 
basic manufacturing skills. Half the 
group is learning to turn items on a 
lathe and the other half is learning to 
use vertical milling machines.

There’s buzzing and whizzing and 
safety goggles and white boards.

Gray is on one side of the class 
with the lathe-turning students. “In 
an emergency how would you stop 
it right now?” he asks one as a lathe 
runs. Within seconds the student 
calmly powers off the machine, and 
Gray continues his rounds.

Most of these students are in their 
second year of school and studying 
automotive or diesel technology, 
Gray says, but the class is also for 
manufacturing majors.

Gray spends the nearly three-hour 
lab going from student to student, 
helping them with tasks like creating 
a piston and showing them how to 
safely and effectively use the manu-
facturing machines.

Every student is learning skills 
that can set them on a path to a 
manufacturing career. Students with 
the right training can work in a vari-
ety of areas, such as product design, 
operations management, welding, 
machining, or engineering.

Vermont is looking to increase 
employment and production at man-

ufacturing companies throughout 
the state. One such company, Logic 
Supply, a Vermont-based internation-
al business that builds computers, 
recently signed an agreement with 
the state to open a new manufactur-
ing and warehouse facility, creating 
83 new jobs by the end of 2020. In 
February 2017, the Vermont Econom-
ic Development Authority approved 
$7.1 million in economic develop-
ment financing for manufacturing, 
agricultural, energy, and small busi-
ness projects. Through this program, 
Vermont’s Rhino Foods, for example, 
was approved for $294,176 in financ-
ing to purchase new machinery and 
equipment and other manufacturing 
needs.

“Right now, in the state of Ver-
mont, I’d estimate there’s probably 
upwards of a thousand open posi-
tions in manufacturing that we can’t 
fill ’cause we just don’t have the 
people,” says Gray. “Anywhere you 
go, you can walk into a manufactur-
ing company and they’re looking to 
hire.”

Manufacturing jobs can pay 
between $26,000 to more than 
$100,000, with those who earn a col-

lege degree more likely to command 
a competitive salary. “Most of my 
students will leave my courses and 
make more money than I make now,” 
says Gray.

Many of the fastest growing jobs 
in the state are in manufacturing, 
according to a 2016 report from Ver-
mont’s department of labor. Nation-
wide, about 3.5 million manufactur-
ing jobs will need to be filled by 2025, 
according to a study by the consult-
ing firm Deloitte and the Manufactur-
ing Institute, a trade group. F

70% of manufacturing 
executives say their 
current employees 
don’t have the right 
technology and 
computer skills for 
modern manufacturing 
work.

Professor 
Christopher 
Gray teaches 
students at 
vermont tech-
nical College 
in one of the 
school’s manu-
facturing lab 
spaces.
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A wave of baby boomer retire-
ments in the industry—expected to 
total 2.7 million by 2025—is contrib-
uting to that gap.

But these manufacturing jobs are 
nothing like those depicted on black-

and-white television shows from 
the 1950s and 60s. Some may still 
think manufacturing is like “the old 
Lucille Ball comedy when she’s [in] 
the chocolate factory and she starts 
to lose her place in the factory and 
her chocolates start getting all mixed 
up,” says Neil Reddy, executive direc-
tor of the nonprofit Manufacturing 
Skills Standards Council. Or, he says, 
they may think of low-tech labor jobs 
where manufacturing workers repeti-
tively do a single task all day, such 
as sewing the same pattern for the 
sole of a shoe. But those visions bear 
little relationship to manufacturing 
now.

Today, that work is largely done 
by machines. Humans are needed 
to program the computers that run 
those machines, Reddy says—and 
those skills are in short supply.

In the Deloitte-Manufacturing 
Institute study, 70% of manufacturing 
executives said their current employ-
ees didn’t have the right technology 
and computer skills. The executives 
also said their workers lacked prob-
lem solving skills (69%), basic tech-
nical training (67%) and math skills 
(60%).

While some economists predict 
that automation will continue to wipe 
out manufacturing jobs, Reddy and 
others in the industry suggest that 
these technologies could actually 
generate employment. As robots help 
improve the efficiency and quality of 
products, Reddy says, demand will 
increase, leading to the opening of 
more plants.

But in Vermont, and around the 
country, getting more students to 
take manufacturing courses and 
work in this industry is a challenge.

“There’s not enough kids interest-
ed,” says Jeannine Kunz, vice presi-
dent of Tooling U-SME, a branch of 
what was once called the Society of 
Manufacturing Engineers. “We need 
to grow the pipeline.”

About 27% of manufacturing work-
ers are 55 or older.

Schools with top-of-the-line 
technology, like 3D printers, can be 
a draw for millennials, Kunz says. 
But if a school doesn’t have these 
resources, manufacturing can be a 
tough sell.

Plus, getting Mom and Dad to 
forget what they think they know 
about the industry can also be diffi-
cult. “One of the barriers is helping 
parents understand what manufac-
turing is,” says Patricia L. Moulton, 
president of Vermont Tech. Some-
times, Moulton says, a young adult 
may want to study manufacturing 
but parents disapprove because 
they think manufacturing requires 
little-to-no skills and can quickly 
lead to unemployment. Her mes-
sage to those parents: “It’s not your 
father’s manufacturing anymore … 
It’s innovative, it’s new, it’s differ-
ent.”

It’s also more academically rigor-
ous than parents might think. At 
Vermont Tech, students learn about 
physics in addition to metrology 
inspection and computer-driven 
manufacturing.

Deema AL Namee came to Ver-
mont Tech to study in the two-year 
mechanical engineering technology 
program, she says, but “when they 
started the manufacturing program, 
it was a clear choice for me to go into 
that.” AL Namee expects to graduate 
in May and is the only woman in her 
graduating class.

“I love all of the hands-on work 
that we do,” says the 21-year-old. 
“Overseeing a process from a start 
of a design until a full end product. 
That’s really exciting to me.”

AL Namee doesn’t see a shrinking 
industry; she sees growth and oppor-
tunity. “I’m quite excited to get out 
there in the workforce.” 

At its peak in the late 
1970s, manufacturing 
employed 19 million 
people. today, the 
sector employs roughly 
12.4 million.

CtE Success, continued from pg. 23.
learning course “How to Make Al-
most Anything.” The Blue Ridge 
facility is also working with the 
Fab Foundation under its What Is 
SCOPES-DF program (Scaling a Com-
munity of Practice for Education 
in STEM through Digital Fabrica-
tion). Through this program, Blue 
Ridge educators have access to the 
knowledge and resources of the Fab 
Foundation.

Passion for prototyping
“Students enjoy learning func-

tional, real-world skills that they can 
put to work today and that give them 
post-graduation skills,” said Wool-
ridge. His curriculum emphasizes the 
engineering design process, teaching 
digital prototype design, production 
and testing, and allowing time for 
several iterations. 

Within the Fab Lab, students have 
access to tools for making everything 
from wooden yoyos to printed circuit 
boards. Before their official course-
work even begins, high school and 
junior high students are using the 
facility to create engineering and art 
projects such as customized phone 
covers. 

Woolridge is also encouraging 
emerging cross-disciplinary collabo-
rations, including one between the 
school’s Spanish language students 
and students in Mexico, to digitally 
design an art project that will be 
produced in the Fab Lab. 

Showcasing success
To provide an opportunity for 

students to share their projects and 
prototypes with other students and 
the community at large, Woolridge 
is pushing to have a STEM category 
included in the County Fair. “Our goal 
would be to spread beyond Navajo 
County to the State Fair,” he said. 

Blue Ridge School District is the 
first public school in Arizona to have 
a digital fabrication facility like this. 
“We are trying to create a STEM 
model that allows access regard-
less of which school you go to,” said 
Woolridge. “We want our facility to 
be open door, open source. Our goal 
is to help as many students as pos-
sible learn these skills.” 
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product spotlight the newest and best  
for CtE and StEM classes

Groundbreaking revision  
Provides an improved  
User Experience

For two decades, 
Blueprint Reading 
Basics gave students 
opportunities to 
practice what they 
learned. With this 
historic revision, 
new author Charles 
Gillis has updated 
the entire package, 
replacing figures 
with CAD-generated 
artwork, adding 

new illustrations, representing metric drawing 
practices alongside English, and including content 
from modern drawing standards. An Instructor’s 
Resource Kit (sold separately) contains over 600 
presentation slides, with review and worksheet 
problems/solutions for classroom use.

industrial Press, inc.
888.528.7852 

industrialpress.com • info@industrialpress.com

lucifer red Devil  
Box Furnaces

Lucifer Furnaces’ Red Devil furnaces 
for rugged, dependable, energy-efficient 
heat treating.  Harden, draw, and anneal 
to 2200°F. Prewired, easy to install, and 
shipped ready for connection to main 
power supply. Many custom options avail-
able. Safe, simple, dependable operation. 
Excellent, economical introduction to 
metallurgy. 

lucifer Furnaces, inc.
www.luciferfurnaces.com 

800-378-0095

industrial Skills training Solutions
Techno CNC Systems Educational Sector offers high-

speed, affordable, industrial-quality CNC routers, plas-
mas, and laser machines with work areas available from 
12" × 12" to 5' × 10'. All Techno machines are perfect 
for classrooms, offer 
endless STEM op-
portunities, 
and make 
it easy 
and excit-
ing for 
educators 
to prepare 
students 
for technical 
manufacturing jobs. Every machine is installed and sup-
ported by local Techno CNC Systems representatives to 
ensure a successful startup.

Techno CNC Systems, LLC • Educational Sector 
631-648-7481 • www.techedcnc.com 

technosales@technocnc.com

Welding training Curriculum
HIWT offers 

world-class cur-
riculum materi-
als on all major 
processes based 
on AWS® Entry 
Level SENSE crite-
ria (QC10 and EG 
2.0). Our complete 
training programs 
include DVDs, 
instructor guides, 
and student workbooks. Designed with input from instructors, video 
modules present core information and model proper technique so 

students can work independently 
with the aid of their workbooks and 
coaching from their instructor. Visit 
our website to see a complete line of 
offerings.

Hobart institute  
of Welding technology

937-332-9500
www.welding.org

Continued on page 28 F



28 techdirections ◆ september 2018

Expert training  
by AutoCAD Masters

For those new to the world of 
AutoCAD®, as well as those honing 
longtime skills, there is simply no 
better resource on the market than 
the Beginning AutoCAD® 2019 Exercise 
Workbook. Expert authors introduce 
two novel features in AutoCAD 2019, 
including “Drawing Compare” and 
“Shared Views,” both of which facili-
tate a greater capacity for colleagues 
and clients to share and comment on 

changes and additions to drawings in real time.  
industrial Press, inc.

203.956.5593 
 industrialpress.com • info@industrialpress.com

Quick and Easy Access  
to Everyday information  
Students Need

The 8th edi-
tion of the Pocket 
Reference has 
been improved 
by featuring both 
inch and metric 
measurements 
throughout to 
appeal to a more 
global audience, 
as well as updated 
screenshots of 
all the AutoCAD 
2018 and 2019 
commands read-
ers need. And with the inclusion of special 
"CAD Tips" scattered throughout, this is the 
perfect "cheat sheet" reference to make the 
most of AutoCAD’s features and strengths.

industrial Press, inc.
203.956.5593 • industrialpress.com  

 info@industrialpress.com

Electronics/Electricity  
training Activities

Interactive soft-
ware makes learn-
ing exciting. Topics 
from Ohm’s law to 
Op Amps and digital 
troubleshooting are 
covered. Programs 
are available for 
teaching digital 
meter use. Use your 
current textbooks and curriculum. Activities provide imme-
diate feedback and grading. Scores can be printed or stored 
on disks. Learning activities are constructed using random 
variables to assure varied experiences. Download “no obli-
gation” trial software programs from our website.

EtCAi Products
800-308-0154 • Fax 901-861-0233  
info@etcai.com • www.etcai.com

reasonably Priced
industry-recognized  
technical Certifications

Add value to 
your electron-
ics program and 
prove that time 
spent in learning 
electronics will 
pay off with good 
careers after grad-
uation. ETA® Inter-
national provides 
over 80 industry-recognized, accredited, and 
vendor-neutral technical certifications for 
many electronics occupations in communica-
tions, fiber optics, information technology, 
smart home, renewable energy, and more. 
Developed by industry experts, ETA certifica-
tions validate both technical knowledge and 
hands-on skills. ETA certifications exams are 
reasonably priced, come with one free retake 
to ease test jitters, and are endorsed by the 
U.S. Department of Labor. 

EtA® international
www.eta-i.org • 800-288-3824

eta@eta-i.org

3DPrintClean 3D Printer Safety Enclosure
If your 3D printers are operating in enclosed spaces, like schools 

and libraries, you need 3DPrintClean Filtration! 3DPrintClean filters 
ultrafine particles (UFPs) and volatile organic compounds (VOCs)—

particles that go right through HEPA 
filters. In addition to health benefits, 
the safety enclosure has locking 
doors, optional fire suppression, and 
thermal runaway protection. The en-
closed environment results in better 
prints by reducing warping, curling, 
and cracking! Two sizes available, fits 
most FFF 3D printers. 

technology Education Concepts
800-338-2238 • Fax 603-225-7766

www.tECedu.com
moreinfo@TECedu.com
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More than Fun Answers
A Closer look at the Deathly Hallows

The area of the circle 
is approximately 
7.07 square inches.

Triangle AED is isosceles with EA = AD.
From geometry, we know that BD = DF = EF = 3".
We also know that triangle ABC is a right triangle, as 
is triangle AFD.
In triangle AFD, FD = 3 and AF = 4.
Using the Pythagorean Theorem, AD = 5.
Since BD = 3, then AB = 2.
Let x = length of the radius of the circle.
Then AC = 4 - x.
Using the Pythagorean Theorem in triangle ABC,
(4 - x)2 = 22 + x2

16 - 8x + x2 = 4 + x2

So, 8x = 12 and the radius x = 3/2".
Therefore the area of the circle is 7.07 square inches.

Around the World
1.59' off the ground!
Let x = the new height of the 
string
and r = the radius of the 
Earth
C = 2πr
C + 10 = 2π (r + x)
C + 10 = 2πr + 2πx
C + 10 = C + 2πx
10 = 2πx

x = 10 or 1.59 feet
      2π

Where Did Napoleon Keep 
His Armies?
In his sleevies

How Far Will you Go?
The Prius gets 56.4 mpg and 
the Accord gets 31.2 mpg.
Let x = mpg of the Accord 
and let y = mpg of the Prius.
Then the Accord can go 
17.12x miles and the Prius 
can travel 11.9y miles.
Set up two equations:
11.9y + 17.12x = 1205
11.9y - 17.12x = 137
Solving, we get 23.8y = 1,342
so y = 56.4 mpg and x = 31.2 
mpg.

Make 
Small 

Machines 
Safer

We know that making school 
shops safe is not easy. Our 

SENSiNG-SAF-StArt®  
helps by making small machines 
(like table saws and band saws) 
safer by preventing them from  

restarting after a power  
interruption. You can go to our 
web site jdsproducts.com and 

order from one of our  
distributors like Midwest  

Technology Products.

Electronics Software
For Windows 7/Windows 8/Windows 10

F Topics from Ohm’s law to Op Amps
F Works with any textbook  

or curriculum
F Teaches digital meter use

F Scores are printed or stored

Free Trials at Website!
ETCAI Products

800-308-0154
www.etcai.com info@etcai.com

Safety Supplies  
for industrial Arts

Are your students prepared for 
the new school year? You will find all 
the safety products needed to keep 
them protected in your industrial 
arts classroom. Take care of all your 
needs including glasses, goggles, ear-
plugs, faceshields, welding helmets, 
gloves, denim aprons and more. 
Order online, request a mail piece or 
download a pdf at www.school-safety.
net.

olsen Safety Equipment Corp.
800-343-6461

www.school-safety.net

Classroom Posters
Bring scientists and inventors to 

life for your students with these ex-

citing posters. Each poster includes a 
brief biography as well as a timeline 
highlighting major accomplishments. 
Only $12.95 each! Inventors covered: 
Michael Faraday, George Washington 
Carver, Thomas Edison, Henry Ford, 
Grace Hopper, Charles Goodyear, and 
20 others.

tech Directions Books
and Media

800-530-9673 x300
www.techdirections.com/

posters.html
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more than fun

See answers on page 29.

K

We pay $25 for brainteasers and puzzles and $20 for cartoons used on 
this page. Preferable theme for all submissions is career-technical and 
STEM education. Send contributions to vanessa@techdirections.com or 
mail to “More than Fun,” Po Box 8623, Ann Arbor, Mi 48107-8623.

Where Did Napoleon Keep His Armies?
To solve this math spiral puzzle, write down the 

first letter at the starting point. Beginning with the 
first number, multiply it times the number to the 
right of it. Always moving counterclockwise, go 
to its product and write down its letter. Then di-
vide by the number to the right of the product. 
Go to the quotient and write down that letter. 
Then, look to the right and multiply times 
that number. Continue alternating between 
division and multiplication to solve the 
riddle and figure out where Napo-
leon kept his armies.

A Closer Look at the Deathly Hallows
In the book Harry Potter and the Deathly Hal-

lows, by J.K. Rowling, Harry learns about the 
sign of the Deathly Hallows. The sign is an 

isosceles triangle with a circle inscribed in 
it and an altitude drawn from the vertex 

angle.
If the base of the triangle is 6" long 

and the altitude is 4" long, what is the 
area of the circle?

How Far WIll You Go?
Mr. P's 1998 Honda Accord has 

a capacity of 17.12 gallons and 
Mrs. P's 2010 Toyota Prius has a 
capacity of 11.9 gallons. If the Pri-
us has a range of 137 miles more 
than the Accord, and the sum of 
the ranges of the two cars is 1,205 
miles, determine the average miles 
per gallon for each car.

puzzle devised by David pleacher, 
www.pleacher.com/mp/mpframe.html

puzzle devised by David pleacher, 
www.pleacher.com/mp/mpframe.html

puzzle devised by David pleacher, 
www.pleacher.com/mp/mpframe.html

Around the WOrld
A string is tied tightly 

around the Earth’s equator. An 
additional 10' is spliced in. If 
the slack is evenly distributed, 
how high off the Earth’s sur-
face will the string be?



Fun hands-on activities  
instantly available  

for download,  
formatted  

for classroom use!

only $4.95!

www.techdirections.com/ 
projects.html

if you have questions,  
email vanessa@techdirections.com

Want help jump-starting  
your curriculum this year?

check out  
on-demand  
classroom
Projects!




