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“Mastercam allows my students to go farther and learn faster. The intuitive
nature of the software gives students the confidence to succeed and the
tools to prosper. Most of my students do more with Mastercam than the
curriculum dictates. One student went as far as to take a CT scan mesh of
their own skull and turn it into an actual machined part. Intuitive software,
an easy to learn interface, and amazing customer service make Mastercam
my software of choice.”
– Instructor Brian Nelsen, Dunwoody College of Technology, Minneapolis, Minnesota
After trying a number of different CAD/CAM packages, Mastercam is
Brian’s favorite because he knows that it’s what his students need to
succeed in the classroom and in the job market. With just the right
combination of power and ease of use, Mastercam is easy to learn and
teach. Combine great software with our unparalleled customer support
and it’s clear why Mastercam is the most widely-used CAM software
in both industry and education the world over. Watch Brian and his
students in action at: http://tinyurl.com/dunwoodymastercam

www.mastercam.com • info@mastercam.com • (800) ASK-MCAM

credit: Matt Pasant

Be a Part of Engaging and Empowering Decision Makers
Through Integrative STEM Education!
ITEEA’s 79th Annual Conference in Dallas, TX - March 16-18, 2017
ITEEA is building on the success of the DC conference as we continue the planning for Dallas 2017
in earnest! The Dallas Conference theme is “Engaging and Empowering Decision Makers Through
Integrative STEM Education.” Decision makers include all those with a stake in the education of our
students as well as those with the power to influence its future. Decision makers are students, parents, our communities, and political decision makers. The 2017 DC Conference theme and strands
were chosen to provide a vehicle for educators to learn more about and share their experiences.
With over 100 learning sessions, preconference workshops, the STEM Showcase, the latest products
and services, student competitions, and MUCH MORE, the 2017 Dallas conference offers an unparalleled integrative STEM professional development opportunity.
It’s not too late to be a STEM Showcase presenter—capitalize on the opportunity to share your
knowledge with your colleagues while creating some great PR for your program! The STEM Showcase provides a forum to feature your best examplar of technology and engineering instruction.
Apply by October 1at www.iteea.org/ITEEA_Conference_2017.aspx.
Want to apply for—or nominate someone for—an ITEEA award or scholarship? The deadline for
most is December 1—and awards and scholarships will be presented in Dallas. Apply today at
www.iteea.org/AwardsScholarships.aspx.
Watch the ITEEA website for information about preregistration, which is opening SOON! Preregistration provides numerous benefits including saving TIME and MONE Y as well as eligibility for a
$100 Visa gift card.

Preregistration is opening soon!
For the latest conference information, go to
www.iteea.org/ITEEA_Conference_2017.aspx
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It's a New School Year!

Top 10 Ways to Network, Network, Network!
ITEEA’s 79th Annual Conference will be in Dallas, Texas on March 16-18, 2017. The theme is
“Engaging and Empowering STEM Educators Through Integrative STEM Education.”
www.iteea.org/ITEEA_Conference_2017.aspx
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Technology and Engineering Teacher, Children’s Technology and Engineering, and the Journal of
Technology Education will keep you up to date on the latest developments in the field.
www.iteea.org/Journals.aspx

TEACHER

STEM Connections is a FREE, cutting-edge electronic newsletter packed with information pertaining to
STEM education. www.iteea.org/STEM_Connections.aspx
ITEEA’s Headliner provides a brief update of some of the current projects, membership activities, and
other events with which ITEEA is involved. www.iteea.org/Headliner.aspx
The ITEEA Peer Mentoring Taskforce seeks individuals to serve as mentors to new ITEEA Members
as well as those whom feel they would benefit as mentees—ITEEA Members growing professionally.
www.iteea.org/Mentoring_Program.aspx
ITEEA's STEM Showcase provides a forum to feature your best exemplar of technology and engineering instruction! Come and share your STEM idea, technique, or best practice.
www.iteea.org/Application_to_Present_2017.aspx
The forum that generates real-time dialogues about all things STEM. IdeaGarden is a “Members Only”
forum. If you’re a member, you’re part of the conversation. www.iteea.org/Ideagarden.aspx
ITEEA “tweets” about STEM education headlines, resources, opportunities, and special offers exclusively for followers. Follow ITEEA at https://twitter.com/iteea.
Facebook—your STEM community! ITEEA members find one another and stay current with ITEEA
events and resources. “Like” ITEEA today at www.facebook.com/iteeastem.
Subscribe to ITEEA’s YouTube channel for the latest videos that pertain to the field of technology and
engineering education. www.youtube.com/user/ITEEASTEM?feature=watch
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stem education calendar

March 16-18, 2017 79th Annual ITEEA Conference
Preregistration
			Dallas, Texas
Opening Soon!
			www.iteea.org/40503.aspx

September 4, 2016
World Robot Olympiad USA National
Championship
DeKalb, IL
www.wro-usa.org
September 24, 2016
STEM in the Park
Bowling Green State University
Bowling Green, OH
www.bgsu.edu/nwo/programs/
stem-in-the-park.html
September 26-28, 2016
The 2016 Next Steps Institute
The Next Steps for STEM Learning and
Leadership In and Out of School
Charleston Convention Center
North Charleston, SC
www.thenextstepsinstitute.org/

October 4-10, 2016
World Space Week 2016
www.worldspaceweek.org/
October 11, 2017
TENZ / ICTE Conference 2017
Technology: An Holistic Approach to
Education
St Margaret's College
Christchurch, New Zealand
http://tenzcon.org/
October 19-22, 2016
3rd International Science,
Mathematics, and Technology
Education Conference (ISMTEC)
Bangkok, Thailand
http://ismtec2016.ipst.ac.th/
www.iteea.org

October 1, 2016
Deadline for Application to Participate
in ITEEA's 2017 STEM Showcase
Dallas, TX, March 16, 2017
www.iteea.org/Application_to_
Present_2017.aspx

S
TE
M
Showcase

October 21, 2016
7:30am – 3:00pm
Massachusetts Technology Education/
Engineering Conference
Fitchburg State University
communicationsmasstec@gmail.com
November 30-December 3, 2016
9th Biennial International Conference
on Technology Education Research
Creating Contexts for Learning in Technology Education
University of South Australia
terconf2016@gmail.com
February 15, 2017
Preregistration deadline for ITEEA's
79th Annual Conference
March 16-18, 2017
Dallas, TX
https://www.iteea.org/Activities/
Conference/ITEEA_Conference_2017/
Registration_2017.aspx

See Technology and Engineering Bring STEM to Life!
Thursday, March 16, 2017 in Dallas, TX
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ITEEA Election Candidates
President-Elect

Don Fischer

Steve Parrott

Yvonne Spicer

Technology and Engineering
Education State Supervisor
ND Department of Career and
Technical Education
Bismarck, ND

Technology and Engineering
Education Principal Consultant
Illinois State Board of Education
Springfield, IL

Vice President of Advocacy and
Educational Partnerships
National Center for Technological
Literacy
Boston, MA

Region I Director

Region III Director

Leanna Carstetter

Scott Farmer

Knut Peder Gjovik

Technology and Engineering
Education Teacher
Marley Middle School
Annapolis, MD

Technology and Engineering
Teacher
Palmyra High School
Palmyra, PA

Chair, Department of Technology/
Assistant Professor
Valley City State University
Valley City, ND

Deborah Shapiro

Bob Tufte

Kurt Helgeson

Technology and Engineering
Educator
Forest Glen Middle School
Suffolk, VA

Technology and Engineering
Teacher
Cheektowaga Central School
District
Cheektowaga, NY

Professor/Department Chair
St. Cloud State University
St. Cloud, MN

The 2016-2017
ITEEA Board of
Directors election
ballot, including
candidate biographies, will be
emailed to Professional and active
Life Members
in late September. The highly
experienced field
of candidates is
pictured here.
Exercise your right
to vote by completing your ballot
promptly! Ballots
must be completed on or before
October 30, 2016.
Be sure that ITEEA
has your correct
email address—to
review or update
it, log on to your
member profile on
the ITEEA website
at www.iteea.org.
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editorial

maximizing membership
I recently read a blog post by a company called 4C Technologies that really hit the mark in terms of describing the “Top
10 Reasons to Join a Professional Organization.” Below, I take those top 10 reasons to join and have tailored them to how
ITEEA achieves and exceeds in terms of what members value. And while I hope each of you is familiar with all of the
benefits of ITEEA membership detailed below, I suspect you might find a few that you weren’t even aware of.

1.

2.

3.

4.

Broaden your knowledge. ITEEA is working to create several new avenues for member education in
the 2016-17 school year. We’re introducing a webinar
series that kicks off in August, which is FREE to ITEEA
members. The first in the series, which took place
recently, was hosted by Jorge Valenzuela of Richmond
Public Schools on the topic “Authentic Project-Based
Learning in Technology and Engineering Education."
In addition to the free webinar series is a complete series of PLCs (Professional Learning Communities) on
a broad range of topics including “Nature of and Definition of I-STEM Education, Maximizing Your STEM
Lab: Best Practices, and Whole School Engagement:
Funding Your Integrative STEM Education Initiatives.”
PLCs are scheduled for each month from now until
June (ITEEA members receive a registration discount).
Take charge of your career. Did you know that ITEEA
has a website area called “Career Connection”? This
is a resource dedicated to matching those who are
seeking employment with those who are seeking
qualified employees. The webpage allows employers
to post job opportunities as well as ITEEA members to
post resumes.
Build a better resume. In addition to being able to
list your membership in an international professional
association on your resume, ITEEA and its Foundation for Technology and Engineering Educators (FTEE)
give awards and scholarships to support the advancement of technology and engineering education.
Scholarship opportunities exist for members who are
current graduate or undergraduate students, teachers, and/or veterans. Literally thousands of dollars
are awarded to ITEEA members each year. Members
can also apply for—or nominate someone for—awards
such as Program and Teacher Excellence, Emerging
Leader, and Distinguished Technology and Engineering Educator.
Enhance your network. I encourage you to flip back
to page 5 of this journal, where you will find a terrific list of no fewer than TEN ways you can “up” your
networking via ITEEA. Whether you choose to follow
ITEEA on Facebook (where you will find resources
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5.

and news on an almost daily basis), participate on
ITEEA’s IdeaGarden forum (a unique resource where
educators can ask—and answer—questions on a variety of topics), or attend an ITEEA conference (which
includes the extra networking bonus of taking part in
the STEM Showcase), the networking opportunities
are numerous and effective!
Be a leader. Membership in ITEEA offers countless
opportunities to develop or enhance leadership skills.
ITEEA could not function without the dedication of
countless volunteers. The association is regularly
looking to add individuals to its standing Committees
(e.g., Awards, Conference Programming, Membership),
and its Review/Management Boards (e.g., Emerging
Leader, Distinguished Technology and Engineering
Professional, Technology and Engineering Teacher). As
a committee member, you have a stronger voice in the
future of ITEEA and its membership, awards, publications, and more. You can also hone leadership skills
by applying to present as either a session leader or a
STEM Showcase participant.
by
Both provide the opportunity
to raise your professional
Kathleen B.
profile within the organization.
de la Paz
Finally, experienced members

maximizing membership

6.

7.

8.

9.

should consider helping to lead the association as a Board
of Directors member.
Become a mentor. ITEEA has been working to build its Peer
Mentoring Taskforce and seeks individuals who are willing
to serve as mentors to new members—as well as those who
feel they could benefit as mentees. The mentoring program
allows current and future ITEEA members to grow and learn
through the mentoring process and helps them become key
professionals working to make a difference. Mentors and
mentees assist one another and the larger profession by
becoming involved with the larger picture of education.
Make a new friend. There are a number of ways to make
personal contacts within ITEEA. One great way, albeit electronically, is via the IdeaGarden forum. This tight-knit group
of educators get to “know” one another by regularly offering
one another information, insights, and support. Each year at
the ITEEA conference, the “Gardeners” come together for a
special session where they always enjoy putting names to
faces. And speaking of the conference, each year we build
in plenty of activities geared towards helping people get to
know one another, including a networking reception, tours,
and food functions.
Give back to the community. The ITEEA community can
always use your talents and experiences. As was stated
earlier, we couldn’t function without our army of volunteers.
These volunteers are the backbone of the association and
give freely of their time and talents to assist in numerous
ways. Those great articles you read in Technology and Engineering Teacher and Children’s Technology and Engineering? Each one was volunteered. Remember checking in at
the ITEEA conference? The vast majority of the folks behind
the counters were volunteers. Almost all of the conference
presenters are volunteers. Eleven out of twelve members of
the Board of Directors are volunteers.
Strength in numbers. As an ITEEA member, you have access to like-minded individuals with whom you can more
easily achieve your shared goals for the profession. ITEEA
works tirelessly on your behalf to create partnerships that
are intended to benefit both members and the field. Here is
a short list of just a few of the partnerships created by ITEEA
within the past few years:
a. National Science Teachers Association. ITEEA has partnered with NSTA on several key initiatives, including the
July 2016 STEM Forum and as part of a project to establish top “STEM trade books.” Also, ITEEA’s Safety Expert
has been named to the NSTA Safety Board, thereby
ensuring the appropriate representation of technology
and engineering classroom and lab safety.
b. Technology Student Association. ITEEA has visibly
increased its presence at the annual TSA conference,
and in July of this year, led the TSA National Problem
Solving Event. ITEEA and TSA regularly collaborate on a

variety of efforts that benefit members of both associations.
c. LinkEngineering. ITEEA has partnered with the National
Academy of Engineering, NSTA, ASEE, and others in
the creation of the LinkEngineering website—an online
community of educators interested in providing meaningful engineering experiences to PreK-12 students of all
abilities.
d. American Society for Engineering Education. A reciprocal arrangement in which ITEEA and ASEE support
one another’s conferences as partners—as exhibitors,
advertisers, and via website presence.
e. Society for American Military Engineers. Through this
partnership, SAME helped to add 25 District of Columbia Elementary Schools with limited resources as ITEEA
Elementary School Members.
10. Stay inspired and stay motivated. It is my hope and goal
that each of you will take just a bit of time to DISCOVER
some new aspect of your ITEEA membership. There are
myriad opportunities and benefits associated with being
part of this organization, and it just makes sense to MAXIMIZE what you are paying for. In case you haven’t heard,
ITEEA launched a completely “re-engineered” website early
this year, and it boasts tools that every member should be
taking advantage of. I see ITEEA members finding inspiration and motivation every single day—but the key is something I tell my kids about school: “You get out of it what you
put into it.” ITEEA has a long and proud history. Just imagine
what it can achieve if EVERY member found ways to both
support his or her career, and also to contribute to his or her
ITEEA colleagues.
It has been an honor and privilege to work on your behalf for
nearly two decades. I’ve said it before but I’ll say it again: ITEEA
members are my heroes! You are the front line in the effort to
make tomorrow’s citizens technologically literate—and therefore
better positioned to make educated decisions about their (and
our) future. If I can ever be of assistance to anyone in any way,
please do not hesitate to contact me at the address below. Have
a wonderful school year!

Reference
4CTechnologies. (2013). Top 10 reasons to join a professional
organization. Retrieved from http://blog.cccctech.com/top10-reasons-to-join-a-professional-organization/

Kathleen (Katie) de la Paz is Editor-in-Chief
and Director of Communications of ITEEA. She
can be reached at kdelapaz@iteea.org.
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feature article

betterforpractices
recruiting T&E teachers
Attention Teachers: Help Needed Recruiting Future T&E Educators!

Introduction
The declining number of Technology and Engineering (T&E)
educators and teacher preparation programs across the
country has been identified as a critical issue plaguing the
field for many years (Daugherty, 1998; Volk, 1993). Unfortunately, this issue continues to progress and has raised
concerns. Why should middle and high school T&E educators be concerned? The answer is simple: teachers have
been identified as the most influential factor in encouraging students to pursue T&E education as a career. Without
current educators helping universities to recruit future T&E
teachers, many programs face the grim reality of closure for
enrollment and budgetary reasons. This article presents 14
strategies supported by research and recent recruitment

efforts that teachers should use to encourage students to
become T&E educators.

Declining Program and Graduation Trends
Numerous researchers have examined issues surrounding
T&E educator shortages. The number of universities offering
degrees in industrial arts (IA), technology education (TE),
or T&E education has plummeted from 203 in 1970 to its
current status of 43 institutions (Rogers, 2015; Volk, 1993;
Warner, Erli, Johnson, & Greiner, 2007) (Figure 1).

Image Caption: Scott Didra of Emmaus High School is pictured with his students’ successful
playhouse project. This project influenced some of his students to major in T&E education.
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by
Tyler S. Love,
Zachary J. Love,
and Kevin S. Love

better practices for recruiting T&E teachers

Previous Recruitment Strategy Studies

Figure 1. Programs offering IA/TE/T&E Education from 1970 to 2015.

As a result of declining programs, the number of IA/TE/T&E
education graduates has decreased significantly, from 6,368 in
1970 to 245 in 2015 (Rogers, 2015; Soboloski, 2003; Volk, 1993)
(Figure 2).

Over the past 50 years various studies have surveyed teachers,
undergraduate students, alumni, department chairs, professors, and state supervisors, examining the factors that influence
students to become T&E educators. Consistent throughout the
literature, many studies have found classroom teachers to have a
strong influence on recruiting students to enroll in undergraduate
T&E education programs. The latest study on T&E education recruitment factors examined traditional methods as well as newer
social media sources. Love’s (2014) study found that even with
technological advances in recruitment resources, undergraduate T&E education students reported their middle or high school
T&E educator as the most influential factor regarding their decision to become a T&E teacher (Table 1). More than 86.2% of the
students in this study expressed that personal interactions with
teachers, recruiters, alumni, and family members significantly
influenced their decision to enroll in a T&E teacher education
program.
Also consistent with previous research findings, Love (2014)
found that high school counselors had very little influence on
persuading students to enter T&E education programs. This may
suggest that T&E education teachers need to work more closely
with counselors at their high school to inform them of what T&E
education is and how critical it is for enhancing STEM literacy.

Table 1
Factors Influencing Students to Enroll in a T&E Education
Program (Love, 2014)
Factor

Avg. Rating

Middle/High School T&E Education Teachers

5.29

Hands-On Hobbies

4.76

Figure 2. IA/TE/T&E education Bachelor’s Degrees Awarded from
1970 to 2015.

Positive Job Characteristics

4.63

Interactions With Alumni

4.51

The significantly decreasing number of programs and graduates is alarming given the trends regarding increasing demands
for T&E educators and decreasing supply of qualified teachers
(Moye, 2009). Daugherty (1998) cautioned the field about this
issue almost 20 years ago:
The urgent need to recruit, prepare, and retain significantly
more teachers in technology education is clear. At the
same time the population of teachers entering the field
is decreasing, the number of teaching opportunities and
number of secondary students enrolling in technology
education programs is increasing. The low number of individuals entering technology education teacher preparation
institutions threatens not only post-secondary programs,
but the very fabric of the profession through the closing
and consolidation of programs (p. 22).

Face-to-Face Interaction With Someone

4.49

Family Members

3.10

Current T&E Education Student in the Program

2.94

Friends and Peers

2.59

University Website

2.55

University Open-House Event

2.49

High School Counselors

2.20

Technology Student Association (TSA)

2.18

Program Brochures

2.14

University Recruiter Visiting High Schools

1.47

Facebook Page

1.29

Twitter/Instagram Accounts

1.20

Note: These ratings represent Likert scores ranging from 1 (no
influence) to 6 (main influence).
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that he has found successful:
I look for students in their sophomore and junior year who
I believe have the personality to be a teacher, especially
in T&E education. I have had great success encouraging
student athletes to major in T&E education. I ask them, 'Do
you like what you’re doing in my class? You can get paid to
do something fun like this for a career while also coaching
high school sports.'
Allen has contacted parents of students who have shown interest in his courses and have done well, encouraging them to have
their child sign up for the next level T&E courses. When speaking
with parents, Allen informs them of the job opportunities available and describes why their child would be an excellent T&E
teacher. From his experience, many parents were thankful for his
advice because they did not know much about T&E education as
a career. Furthermore, when school counselors asked for course
recommendations, Allen provided names of those students who
had shown progress in his courses so they would be encouraged
to take more T&E classes. This has provided Allen a chance to
further develop students’ passion for T&E education and persuade them to pursue it as a career.

Allen Androkites of Pennridge High School has influenced 28 students to
become T&E educators during his 35 years of teaching!

Teachers’ awareness of findings and trends from recruitment
studies is important for better informing their efforts.

Two Teachers’ Success Stories
Two teachers shared their recruiting successes using some of
the strategies from the aforementioned studies. At last year’s
Technology and Engineering Educators Association of Pennsylvania (TEEAP) conference the authors met Allen Androkites
and Scott Didra. Allen teaches T&E education at Pennridge High
School, and Scott at Emmaus High School, both in Pennsylvania.
In 35 years of teaching, Allen has had 28 students become T&E
educators, and in Scott’s 34 years of teaching, he said he has
had 15 students become T&E teachers, including his daughter.
When we asked Allen how he has been able to influence so many
students into becoming T&E teachers, he shared this advice: “My
teaching philosophy is simple—the more you give, the more you
get. T&E teachers need to show that they love their job, and they
need to promote it.” Allen believes it is critical for T&E educators
to have a positive outlook about teaching on a daily basis and
convey that message to students. He also shared some methods
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Scott Didra provided some similar insight regarding what he has
found successful for influencing students to become T&E educators:
After I saw Millersville University at our state conference
presenting data about the shortage of T&E teachers, I took
that information back to my classroom, displayed it, and discussed it with my students. I asked them ‘Do you like what
you do in this class?’ They responded yes, and then I told
them that they could continue to do this and get paid for it.
They were unaware that was a career option.
One strategy Scott found to be the most successful was allowing
his students to teach and learn from each other:
To teach is to learn. We must give our students opportunities
to be a leader and a teacher to help change kids’ lives. My
students embrace that leadership/teaching role, and they
love it. I currently have one high school student who is like
a student teacher in my classroom. From that experience he
has decided to change his career plans from engineering to
T&E education. When students realize they have taught their
peers something new, that is when you can see the lightbulb go on, and they gain a sense of satisfaction in helping
others.
Scott’s students consistently mention how much they enjoy the
family atmosphere and professionalism of his courses, which
they refer to as “The Firm.” His inspirational teaching style was
featured in a Discovery Education webinar video (East Penn
School District, 2016).
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Strategies for Teachers to Help Recruit
Ritz (1999) described many useful methods for classroom
teachers to encourage students to become T&E educators, and
Daugherty (1998) provided an innovative perspective in which he
proposed 51 strategies that mimicked the recruiting guidelines
set forth by the National Collegiate Athletic Association (NCAA).
While the methods from the aforementioned articles can still be
effective today, 14 strategies were generated from the review of
literature, interviews with Allen and Scott, and our personal recruiting experiences at the secondary and postsecondary levels.
1.

2.

3.

Raise Awareness of Your Program
For years T&E educators have had to raise public awareness about their programs to increase enrollment in elective
T&E courses. Promoting secondary level T&E programs also
raises awareness about the profession and can introduce
students to T&E education as a career. Displaying innovative
student projects in your school’s trophy case and promoting
students’ exemplary work through your school’s newsletter,
social media accounts, and local media sources can help
raise awareness of T&E education programs. One example
of a newer T&E topic of great interest to the public and that
should be showcased is 3D printing. There are a number of
other methods that can help publicize T&E programs at no
cost (Caccavale, 2016). Furthermore, Daugherty (1998) recommended 14 activities that can help T&E teachers enhance
the image of their program, and Scarcella (2000) presented
strategies for marketing T&E education programs. As T&E
educators, we must take responsibility to promote our programs and show we are an integral component of STEM.
Advertise Nearby College Programs
There are a number of colleges where students can earn
licensure to teach T&E education. As alumni, teachers may
already have connections with these college programs.
Most students are not aware of where they can obtain a T&E
education degree. Teachers should help inform students of
their choices by contacting T&E education faculty at nearby
universities to send promotional materials to their school.
These items should be displayed in T&E classrooms/labs,
school hallways, and school counselor offices to reach all
students. Some programs have their promotional materials
readily available on their website for teachers to print (e.g.,
UMES, 2016), but most would be more than happy to mail
materials if requested. The poster accompanying this article
should be displayed to interest individuals in teaching T&E
while also informing them where they can earn their degree
(see insert or download from www.iteea.org/BetterPracticesforRecruitingTandETeachers.aspx).
Collaborate with Your School Counselors
Building on the previous strategy, providing your school
counselors (formerly called guidance counselors) with the
promotional materials you received from T&E education

4.

5.

programs is critical. In many recruitment studies, especially
the latest by Love (2014), school counselors were not found
to have a significant influence. This may be due to misconceptions counselors have about what T&E educators do.
From the authors’ experiences, school counselors have
proven supportive of T&E education as a career once they
fully understood what T&E education is, the demand for T&E
teachers across the country, and where students can earn a
degree. One way to start this conversation with your school
counselors is to share literature such as this article or Moye’s
(2009) article demonstrating the increasing demand but
decreasing supply of qualified T&E educators. It is beneficial
to have a discussion with school counselors as opposed to
simply emailing or dropping off promotional materials.
Notify Parents of Opportunities for Their Child
Parallel to working with school counselors is communicating
T&E education career opportunities to parents. Back-toschool night and parent-teacher conferences provide perfect
opportunities to introduce this topic. Students who show an
interest in T&E courses and are undecided on a career path
would be prime candidates to recruit. Speaking with parents
to reiterate the need for T&E teachers can prove helpful.
When emailing or calling parents to notify them of the exemplary work their child has done, teachers should ask if their
child had ever considered becoming a T&E teacher because
of their interest and success in the course, ample job opportunities, and other benefits of the profession.
Incorporate It In Your Courses Throughout the Year
Many courses and textbooks highlight a career connection
related to the topic being studied. T&E education is no different; it should be integrated as a career option that students
research and present. Infusing T&E education careers into
multiple units can be accomplished by asking students to
research and demonstrate innovative methods that T&E
educators could use to teach unit topics. Simply presenting
T&E teaching opportunities as a one-day, drive-by experience is not as effective as incorporating it into the course
multiple times throughout the year.
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6.

7.

8.

9.

Allow Students to Teach T&E Lessons
In many courses, students are taught information presented by the instructor. They are expected to present their
research and design solutions to the class, but rarely are
students required to teach a T&E topic to the class. Allowing students to teach a lesson to their peers or demonstrate
their design solutions to elementary/middle school students
within your school district can provide a preview of how
rewarding it is to teach T&E education. This also serves as a
good recruitment tool to enhance enrollment in elective T&E
courses.
Take Students to T&E Conferences/Events
Teachers should work with their school system to provide
transportation to a state, regional STEM, or ITEEA conference. Many of these events have a significantly reduced
registration rate for students to attend. Students should be
encouraged to present with the instructor about their best
T&E activity. This could be done in a less intimidating atmosphere like the STEM Showcase portion of ITEEA's conferences. Finding a way for students to attend a T&E education
conference or event allows them the opportunity to see all of
the innovative things going on at other schools and network
with inspiring teachers and students. It serves as a vehicle to
rejuvenate their excitement for T&E education, and they will
be more inclined to get involved with the organization and
attend the event again.
After-School STEM Clubs
Students participating in after-school, STEM-related clubs
often do so because they enjoy doing hands-on STEM activities. This was the second greatest factor influencing students to become T&E educators in Love’s (2014) study. Serving as a coach/mentor/advisor for TSA, SkillsUSA, 4H, state
engineering competitions, or Science Olympiad clubs is a
great opportunity to interact with STEM-motivated students
and introduce them to the benefits of being a T&E teacher.
Even helping or guest-speaking to these clubs periodically
provides a valuable opportunity to recruit students for your
T&E courses and T&E teacher preparation programs.
Collaborate with Educators Rising Clubs
Formerly known as the Future Teachers of America, the
Educators Rising club is a nationally sponsored organization rich with opportunities for recruiting students into T&E
education. Negative public perceptions about teaching
careers have been cited as the cause for decreased enrollment in education programs across the country. However,
in this organization students have already identified an
interest in becoming educators. The key is to hook them
into T&E education by demonstrating the exciting handson teaching opportunities in our field. Serving as a faculty
sponsor or presenting information about where to obtain a
T&E education degree can raise awareness about teaching
T&E concepts and collaborating with T&E educators. You
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can also influence students to refocus their interest from an
oversaturated teaching field (e.g., elementary education) to
the critical-shortage area of T&E education.
10. Collaborate With Local Engineering Clubs
Local chapters of professional engineers can be beneficial
in multiple ways. Establishing connections with members
of these organizations provides opportunities for engineers
to increase students’ interest in T&E topics while serving as mentors for capstone projects. Also, through these
relationships, engineers may develop a passion for teaching
T&E content and later pursue a career as a T&E educator.
Lastly, these clubs often have scholarship funds for students
interested in pursuing an engineering-related degree. This
would provide some incentive for students to major in T&E
education and offset the cost of higher education.
11. Collaborate With Professionals From Industry and the
Military
Similar to the previous strategy involving engineers as mentors, professionals from industry and the military often have
a wealth of expertise in STEM. Allowing students to work
with these individuals on class projects enhances students’
T&E education experience while also introducing industry
and military personnel to the benefits of teaching. There
are a number of highly successful T&E teachers who have
transitioned into T&E education from a previous career in
industry or the armed forces (Ritz, Berry, & Radcliffe, 1999).
Companies and various branches of the military also offer
ample scholarship opportunities for students interested in
pursuing degrees in STEM-related fields.
12. Collaborate With Career and Technical Education
Programs
Although career and technical education (CTE) programs
are separated from T&E education programs in most school
systems, they can still serve as an excellent recruitment
area. Students in these programs may often graduate with
a technical certification and decide they want to pursue a
bachelor’s degree. T&E education can be an easy transition
for these students who possess expertise in a technical area
and enjoy hands-on hobbies. Establishing a relationship with
CTE teachers to collaborate on similar class projects (e.g.,
construction, manufacturing, transportation) can increase
T&E students’ knowledge about a specific topic while also
allowing CTE students to teach T&E concepts.
13. Collaborate With STEM and Education Programs at Nearby
Colleges
In the same vein as other collaborative efforts, working
with nearby community colleges and four-year institutions
that offer STEM and engineering programs can be valuable
partnerships. They can allow local schools to collaborate
with university programs that may have more expertise and
funding to facilitate STEM activities. These partnerships also
allow high school students to work with college students

better practices for recruiting T&E teachers
who serve as young role models for T&E fields. Students in
these community college and university programs will gain
a better understanding of what teaching T&E is like, and
in turn may seek out opportunities to teach. Specifically at
the community college level, T&E teachers should look to
collaborate with Associate of Arts in Teaching (A.A.T.) programs. These students are interested in teaching and plan
to transfer to a four-year institution. Showing A.A.T. students
from various content areas how much fun T&E education
is and where to earn a degree can help persuade them to
pursue T&E education as a career.
14. Stay in Contact with Former Students
The final strategy suggests that T&E educators stay in
contact with students who graduated and enrolled in STEMrelated college programs such as engineering. Sometimes
these students will discover that their major was not what
they had expected and are seeking another career path that
is similar in content. T&E teachers could encourage these
students to enroll in a T&E education program.

Conclusion
Given the rapid rate at which the number of T&E education programs is declining, the number of qualified graduates to fill T&E
education vacancies is limited. If T&E education programs cannot find a way to recruit more students, they are at risk of closure,
and the field of T&E education may slowly become subsumed
by other disciplines teaching engineering content and practices
(e.g., science education, CTE). The strategies shared by Allen
Androkites and Scott Didra reinforce the focus of this article—
T&E teachers have the resources and potential to influence many
students to become T&E educators, and they are the key to the
future of T&E education!
This article only provided an overview of those strategies found
to be successful. Teachers should share their personal recruitment stories with colleagues and state T&E supervisors to
replicate successful models. Recruitment does not rest solely on
the shoulders of practicing teachers. It should be approached
as a collaborative effort among classroom teachers who serve
as walking billboards for T&E education and university faculty
members who prepare future T&E teachers. Together we can
improve the declining enrollment trends of T&E teacher preparation programs.
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feature article

learn better by doing study—
third-year
results*
Students learn better by doing.
At least that is what elementary and
secondary science, technology, engineering, and mathematics teachers think. This
is the fourth report discussing the Learn
Better by Doing study. The first report
(Round 1) (Moye, Dugger, & Starkweather,
2014a) introduced the study, defined “doing” in the context of this study, described
why “doing” in the classroom is important, why there is a need for this study, and also provided
selected findings from the first round of surveys. The second report (Moye, Dugger, & Starkweather, 2014b) identified the methods used and results of the first-round data.
Round two (Moye, Dugger, & Starkweather, 2015) provided
the number and percentages of responses and selected
findings. This report presents the data found in rounds one,
two, and three and provides information concerning the
future of this four-round study.
The purpose of this study is to determine the extent to
which U.S. public school students are doing hands-on
activities in their classrooms. This study asks elementary
and secondary (middle and high school) science, technology, engineering, and mathematics (STEM) teachers to
respond to 13 statements concerning students "doing"
in their classrooms. The first two statements are general
in nature and are used for all grade levels. The remaining 11 statements are grade-level specific and based
on Next Generation Science Standards (Achieve, 2013a;
2013b), Standards for Technological Literacy (ITEA/ITEEA,
2000/2002/2007), and Common Core State Standards for
Mathematics (CCSSO, 2010). This report presents data
collected from the first three of four rounds of the Learn
Better by Doing study. Once the data from all four years are
collected, the researchers will publish a final report, which
will include the four rounds of data, implications of the results, and recommendations. Due to space limitations, the
details concerning the methodology for this study are not
described herein but can be found in Moye, Dugger, and
Starkweather, 2014a and 2014b.
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The researchers cast a very large net in order to gain as
much participation as possible. In addition to over 30,000
emails sent to elementary and secondary science, technology, engineering, and mathematics teachers, the surveys were
also promoted in the STEM Connections newsletter, ITEEA
conference promotions, ITEEA website, and were available at
a kiosk at the 2016 ITEEA Conference.

Findings
This round was open for teacher participation from July,
2015 until April 15, 2016. As in Rounds 1 and 2, teachers were
asked to respond “Yes” or “No” to two general statements
and 13 grade-level (elementary, middle, and high school)
statements. The first general statement asked if teachers
believe that students benefit from doing activities to support
learning. The second statement asked teachers if they would
assign their students more projects to do in class if they had
the time and resources. A total of 1,050 eligible teachers responded to the two general statements. Of that number, 225
were elementary teachers, 270 secondary science, 298 sec-

*This research article is a
result of an ITEEA/FTEE
(Dugger/Gerrish endowment)
research project.

by
Johnny Moye,
DTE, William E.
Dugger, Jr., DTE,
and Kendall N.
Starkweather,
DTE
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ondary technology and engineering, and 257 secondary mathematics teachers. Table 1 identifies the two general statements,
the number of teachers who responded “Yes,” the total number of

responses, and percentage of “Yes” responses for both statements. Rounds 1 (2014), 2 (2015), and 3 (2016—this round), are
included in the Table.

Table 1. General Statements, Number of “Yes” Responses/Total Responses, and Percentages of “Yes” Responses.
Elementary “Yes”
Statement
1. I believe that
students benefit
from doing
activities to
support learning.
2. Given the time
and resources, I
would assign my
students more
projects to do in
class.

MS & HS Science “Yes”

MS & HS Technology
and Engineering “Yes”

MS & HS Math “Yes”

2014

2015

2016

2014

2015

2016

2014

2015

2016

2014

2015

2016

433/437
99.1%

296/296
100%

222/225
98.7%

399/404
98.8%

253/254
99.6%

270/270
100%

540/544
99.3%

601/605
99.3%

297/298
99.7%

282/285
98.9%

192/195
98.5%

257/257
100%

422/437
96.6%

288/296
97.3%

221/223
99.1%

382/404
94.6%

242/254
95.3%

256/262
97.7%

515/544
94.7%

568/606
93.7%

284/298
95.3%

272/284
95.8%

177/195
90.8%

247/255
96.9%

One hundred fifty-five elementary teachers responded to Statements 3 through 13. At the elementary level, the percentage of
doing in Round 1 was at 48%, and in Round 2, at 50.1%. During
this round, the percentage of doing at the elementary level was
54.7%. Table 2 identifies elementary school Statements 3 through
13, the number of teachers who responded “Yes,” the total number of respondents, and the percentage of teachers indicating

“Yes” to each statement. Elementary-level data for Rounds 1, 2,
and 3 are included. The last row of the table contains the number
of “Yes” responses/total responses and percentages of doing in
courses. The researchers derived the percentages by adding the
number of “Yes” responses in the Elementary column and dividing that number by the total number of responses.

Table 2. Rounds 1, 2, and 3 Elementary School Statements, Number of “Yes” Responses/Total Responses, and Percentage of
“Yes” Responses.
Statement

Elementary

My students have…

2014

2015

2016

3. …developed an object, tool, process or system that included several criteria for success and constraints on
materials, time, or cost.

198/365
54.2%

133/243
54.7%

93/155
60%

4. …constructed an object using the design process.

196/365
53.7%

138/243
56.8%

104/155
67.1%

5. …designed and built a product or system.

174/365
47.7%

119/243
49%

94/155
60.6%

6. …controlled variables to conduct an investigation that produced data serving as evidence.

222/365
60.8%

149/243
61.3%

92/155
59.4%

7. …performed an activity to solve a design problem.

198/365
54.2%

145/243
59.7%

91/155
58.7%

8. …generated and compared multiple solutions to a design problem, based on the criteria and constraints of
that problem.

153/365
41.9%

116/243
47.7%

69/155
44.5%

9. …built a model and then improved the design to better meet requirements.

170/356
46.6%

118/243
48.6%

84/155
54.2%

10. …tested and evaluated solutions for a design problem.

157/365
43%

114/243
46.9%

80/155
51.6%

11. …built and used a model to communicate their solutions to a problem.

162/365
44.4%

116/243
47.7%

84/155
54.2%

12. …built something designed to meet specific criteria and constraints.

217/365
59.5%

131/243
53.9%

106/155
68.4%

13. …used a computer program to model and simulate a solution to a problem.

80/365
21.9%

60/243
24.7%

35/155
22.6%

1927/4015
48%

1339/2673
50.1%

932/1705
54.7%

Total Yes Responses/Total Responses and Percentage of Doing in Courses
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Three hundred three middle school teachers responded to Statements 3 through 13: 93 science, 126 technology and engineering,
and 84 mathematics teachers. Table 3 identifies middle school
Statements 3 through 13, the number of teachers who replied
“Yes,” the total number of responding teachers, and the percentage of teachers indicating “Yes” to each Statement. The last

row of the Table contains the number of “Yes” responses/total
responses and percentages of doing in courses. As with the elementary data, the researchers derived the percentages by adding
the number of “Yes” responses in each column and dividing that
number by the total number of responses in those columns.

Table 3. Rounds 1, 2, and 3 Middle School Statements, Number of “Yes” Responses/Total Responses, and Percentage of “Yes”
Responses.
Statement

MS Science

MS Tech. & Engineering

MS Math

My students have…

2014

2015

2016

2014

2015

2016

2014

2015

2016

3. …developed a solution to be
tested and then modified it on the
basis of the test results.

94/133
70.7%

61/83
73.5%

62/93
66.7%

173/194
89.2%

192/218
88.1%

115/126
91.3%

49/104
47.1%

26/65
40.0%

45/84
55.6%

4. …created a tool or model to
address an individual or societal
need or want.

51/133
38.3%

37/83
44.6%

33/93
35.5%

139/194
71.6%

161/218
73.9%

93/126
73.8%

18/104
17.3%

11/65
16.9%

14/84
16.7%

5. …tested and evaluated a design
in relation to pre-established
requirements.

92/133
69.2%

64/83
77.1%

62/93
66.7%

177/194
91.2%

199/218
91.3%

113/126
89.7%

34/104
37.7%

21/65
32.3%

34/84
40.5%

6. …made a model to test for solutions to a problem.

85/133
63.9%

65/83
78.3%

52/93
55.9%

169/194
87.1%

190/218
87.2%

105/126
83.3%

52/104
50%

28/65
43.1%

47/84
56%

7. …completed an activity that
demonstrated how humans use
natural resources that have positive and negative short and longterm consequences.

71/133
53.4%

47/83
56.6%

39/93
41.9%

100/194
51.5%

119/218
54.6%

76/126
60.3%

18/104
17.3%

5/65
7.7%

11/84
13.1%

8. …created a model by applying
criteria and constraints.

90/133
67.7%

64/83
77.1%

57/93
61.3%

171/194
91.8%

202/218
92.7%

117/126
92.9%

46/104
44.2%

28/65
43.1%

38/84
45.2%

9. …designed and used instruments to gather data.

92/133
69.2%

57/83
68.7%

54/93
58.1%

129/194
66.5%

144/218
66.1%

82/126
65.1%

47/104
45.2%

36/65
55.4%

41/84
48.8%

10. …analyzed and interpreted data
to determine similarities and differences in findings.

120/133
90.2%

79/83
95.2%

81/93
87.1%

146/194
75.3%

168/218
77.1%

100/126
79.4%

84/104
80.8%

52/65
80%

66/84
78.6%

11. …solved a design problem by
developing an object, tool, process,
or system.

69/133
51.9%

47/83
56.6%

44/93
47.3%

165/194
85.1%

193/218
88.5%

112/126
88.9%

26/104
25%

15/65
23.1%

21/84
25%

12. …performed an experiment to
solve a design problem.

88/133
66.2%

60/83
72.3%

43/93
46.2%

137/194
70.6%

165/218
75.7%

104/126
82.5%

21/104
20.2%

19/65
29.2%

21/84
25%

13. …identified the characteristics
of a design that performed the best
during a test process.

79/133
59.4%

58/83
69.9%

49/93
52.7%

158/194
81.4%

183/218
83.9%

102/126
81%

18/104
17.3%

12/65
18.5%

22/84
26.2%

931/1463
63.6%

639/913
70%

576/1023
56.3%

1671/2134
78.3%

1916/2398
79.9%

1119/1386
80.7%

413/1144
36.1%

253/715
35.4%

360/924
39%

The data reveals that middle school students are doing more
hands-on activities in technology and engineering courses than
in science and mathematics courses. This point becomes more
evident when viewing the data as depicted in Figure 1.

Percentage of Doing in Middle School 2014,
2015, & 2016
70

78.3

79.9

80.7

56.3
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MS Math 2014

MS Tech&Eng 2016

MS Tech&Eng 2015

MS Tech&Eng 2014

MS Sci. 2016

MS Sci. 2015

Figure 1. Rounds 1, 2, and 3 Percentage of
Doing in Middle School Content Areas.

MS Sci. 2014

36.1

35.4

39

MS Math 2016

63.6

MS Math 2015

Total Yes Responses/Total
Responses, and Percentage of
Doing in Courses
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At the high school level, 386 teachers responded, of which 130
were science, 129 technology and engineering, and 127 mathematics. Table 4 identifies high school Statements 3 through 13,
the number of teachers who responded “Yes,” the total number of
responding teachers, and the percentage of teachers indicating

“Yes” to each statement. The last row of the table contains the
number of “Yes” responses/total responses, and percentages of
doing in courses. The researchers used the same method as with
the elementary and middle school data to determine the percentage of doing at the high school level.

Table 4. Rounds 1, 2, and 3 High School Statements, Number of “Yes” Responses/Total Responses, and Percentage of “Yes”
Responses.
Statement
My students have…

HS Science

HS Tech. & Engineering

HS Math

2014

2015

2016

2014

2015

2016

2014

2015

2016

3. …developed a solution to a
complex real-world problem,
based on scientific knowledge
and student-generated sources of
evidence.

111/220
50.5%

91/142
64.1%

77/130
59.2%

245/308
79.5%

269/325
82.8%

100/129
77.5%

68/151
45%

45/104
43.3%

61/127
48.0%

4. …built a model of something to
simulate the interactions between
systems such as energy, matter,
or information flow.

124/220
56.4%

95/142
66.9%

78/130
60%

217/308
70.5%

226/325
69.5%

93/129
72.1%

34/151
22.5%

23/104
22.1%

23/126
18.3%

5. …created a presentation communicating the specifications and
results of a design process used
to meet a need.

90/220
40.9%

77/142
54.2%

76/130
58.5%

242/308
78.6%

257/325
79.1%

110/129
85.3%

52/151
34.4%

33/104
31.7%

39/126
31%

6. …built a model using specified
criteria and constraints.

154/220
70%

106/142
74.6%

91/130
70%

285/308
92.5%

298/325
91.7%

118/129
91.5%

70/151
46.4%

47/104
45.2%

56/126
44.4%

7. …identified and applied criteria
and constraints to develop a
system or product.

94/220
42.7%

82/142
57.7%

68/130
52.3%

275/308
89.3%

283/325
87.1%

122/129
94.6%

54/151
35.8%

38/104
36.5%

47/126
37.3%

8. …performed research to
determine criteria and constraints
driven by a societal problem.

96/220
43.6%

63/142
44.4%

68/130
52.3%

184/308
59.7%

190/325
58.5%

79/129
61.2%

40/151
26.5%

22/104
21.2%

22/126
17.5%

9. …developed a solution to a
major global challenge such as
the need for improved health or
supplies of clean water and food.

39/220
17.7%

31/142
21.8%

34/130
26.2%

80/308
26%

63/325
19.4%

34/129
26.4%

13/151
8.6%

3/104
2.9%

6/126
4.8%

10. …applied the design process
to evaluate an existing design or
to collect data.

105/220
47.7%

86/142
60.6%

76/130
58.5%

239/308
77.6%

256/325
78.8%

105/129
81.4%

50/151
33.1%

30/104
28.8%

38/126
30.2%

11. …built a prototype and
checked it for quality and
efficiency.

53/220
24.1%

49/142
34.5%

38/130
29.2%

247/308
80.2%

269/325
82.8%

110/129
85.3%

21/151
13.9%

17/104
16.3%

20/126
15.9%

12. …used computer simulations
to predict the effects of a design
solution.

54/220
24.5%

41/142
28.9%

37/130
28.5%

168/308
54.5%

188/325
57.8%

83/129
64.3%

35/151
23.2%

15/104
14.4%

20/126
15.9%

13. …evaluated a design solution
by using conceptual, physical, or
mathematical models to check for
proper design.

44/220
20%

47/142
33.1%

38/130
29.2%

216/308
70.1%

223/325
68.6%

91/129
70.5%

42/151
27.8%

23/104
22.1%

28/126
22.2%

964/2420
39.8%

768/1562
49.2%

681/1430
47.6%

2398/3388
70.8%

2522/3575
70.5%

1045/1419
73.6%

479/1661
28.8%

296/1144
25.9%

360/1386
26%

Total Yes Responses/Total
Responses, and Percentage of
Doing in Courses
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As with middle school, high school technology and engineering
students are more frequently doing hands-on activities than are
science and mathematics students. Figure 2 provides a graphic
illustration of how high school technology and engineering students are learning by doing substantially more than are science
and mathematics students.

Percentage of Doing in HS School 2014,
2015, & 2016
70.8

49.2

73.6

47.6
26

25.9

HS Math 2016

HS Math 2014

HS Tech&Eng 2016

HS Tech&Eng 2015

HS Tech&Eng 2014

HS Sci. 2016

HS Sci. 2015

HS Sci. 2014

28.8

HS Math 2015

39.8

70.5

Figure 2. Rounds 1, 2, and 3 Percentage of Doing in High School Content
Areas.

Determining the elementary and secondary percentage of doing
is the focus of this study. Table 2 easily identifies the elementary
percentage of doing, (2014 - 48%, 2015 - 50.1%, 2016 - 54.7%).
In order to determine the secondary percentage of doing, the
researchers combined the middle and high school data for each
secondary level content area for each round/year. The combined
percentage of doing in secondary science courses was 48.8%,
in Round 1, 56.8% in Round 2, and 51.2% in this Round. The
percentage of doing in technology and engineering courses was
73.6% in Round 1, 74.3% in Round 2, and 77.1% in this Round. As
for students doing hands-on activities in mathematics courses,
it was at 31.8% in Round 1, 29.5% in Round 2, and 31.2% in this
Round. The combined secondary percentages bring to light a
significant point—secondary technology and engineering students are learning by doing considerably more than are secondary science and mathematics students. Figure 3 shows the level
of doing in secondary science, technology and engineering, and
mathematics content areas in Rounds 1, 2, and 3.

Percentage of Secondary Doing in 2014, 2015, &
2016
100
90
80
70
60
50
40
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20
10
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73.6
48.8

56.8

74.3

77.1

51.2
31.8
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31.2

Figure 3. Rounds 1, 2, and 3 Secondary Percentage of Doing, by Content
Area.
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Discussion
When the researchers designed this study, they chose to identify
the results of each round by calculating the percentage of doing
versus using another higher-order statistical tool. This decision
was made to simplify the ability for teachers to answer “Yes”
or “No” to the statements as well as make it easy for decision
makers to understand the methodology used to determine the
level (percentage) of doing occurring in K-12 science, technology,
engineering, and mathematics courses.
More middle school science and mathematics teachers and
more high school mathematics teachers responded in this Round
(2016) than in Round 2 (2015), but did not reach the number of
responses in Round 1 (2014). This is an interesting point because the researchers sent five times the number of emails in
this Round (over 30,000) than were sent in Rounds 1 and 2. The
reason could be school divisions’ use of spam programs to block
unsolicited emails or emails from unrecognized addresses.
This round found that the vast majority of teachers feel that
students benefit from doing activities to support learning, (elementary 98.7%, secondary science 100%, secondary technology
and engineering 99.7%, and 100% of secondary mathematics
teachers).
When asked if teachers would assign their students more projects to do in class if given the time and resources, they overwhelmingly indicated that they would. At the elementary level,
99.1% said “Yes,” 97.7% secondary science, 95.3% technology and
engineering, and 96.9% mathematics teachers indicated “Yes.”
The results of the first two Statements indicate that classroom
teachers feel that students learn better by doing.
The data show that for the third consecutive year, technology
and engineering students are learning by doing more than are
elementary and secondary science and mathematics students.
When reviewing the three years of data, it shows that the lowest
percentage of doing in secondary technology and engineering
courses (73.6% in 2014) was almost 17 percentage points greater
than the highest percentage of elementary or secondary science
and mathematics content areas. The 2015 secondary science
percentage (56.8%) was the percentage closest to the lowest
technology and engineering percentage. This finding is very important. If students learn better by doing, as the vast majority of
teachers suggest, then students who do not take technology and
engineering courses are missing an opportunity to use handson activities to learn science and mathematics course content.
Education leaders should recognize that learning by doing is a
valuable resource, and it is occurring more frequently in technology and engineering classrooms.
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For the third consecutive year, elementary teachers reported a
higher percentage of doing than in the previous year (2014 - 48%,
2015 - 50.1%, 2016 - 54.7%). The percentage of doing in Round
3 increased in 7 of the elementary 11 statements. There was a
decrease in four statements, but that decrease was no greater
than 3.2% in any of those statements. Although the elementary
percentages have varied somewhat, they have remained relatively consistent during the three rounds.
The researchers used two instruments to collect secondary (middle school and high school) information. Teachers were asked to
respond “Yes” or “No” to 11 grade-level statements. These statements are based on Standards for Technological Literacy (ITEA/
ITEEA, 2000/2002/2007), Next Generation Science Standards
(Achieve, 2013a; 2013b), and Common Core Standards for Mathematics (CCSSO, 2010). Teachers in all three content areas agree
(to some degree) that their students were doing the same kinds
of activities in their classrooms. The data show that technology and engineering students do the same types of standardsbased projects and activities (more frequently) than do science
and mathematics students. Putting this point into perspective,
technology and engineering students perform hands-on activities requiring the use of science and mathematics concepts more
frequently than do science and mathematics students in those
classrooms. Education leaders should investigate how to use
their technology and engineering programs to improve overall
science and mathematics student achievement.
With the exception of middle and high school science, the
overall percentage of doing remained relatively the same in each
content area in each round. In 2014 the percentage of doing
in secondary science courses was at 48.8%. That percentage
increased 8 percent (to 56.8%) in 2015, but in the 2016 round it
decreased to 51.2% (2.4% higher than the 2014 percentage). This
study is not designed to determine why percentages may vary.
Round 4 will provide data that will help determine the average
level of doing in secondary science courses. It should be noted
that it has been three years since the publication of Next Generation Science Standards (Achieve, 2013a; 2013b). One of the
purposes of NGSS is to increase engineering practice (doing) in
the science classroom. Implementation of NGSS could have an
impact on the percentage of doing in science classes.
The purpose of this study is to determine the extent to which U.S.
public school students are doing activities in their classrooms.
When examining the data more closely, there are many other
interesting points (findings). For example, as previously noted,
the percentage of doing in elementary classes has increased in
each of the three rounds. The data show that over half of the elementary students use a design process in some way to develop
an object, tool, process, or system dealing with constraints on
materials, time, and cost. They engage in activities to construct
objects to solve problems designed to meet specific criteria and

constraints. It appears that, implicitly or explicitly, more than half
of elementary students have been exposed to an engineering
design process. Students therefore should be able to use this
process at the secondary education level. This is an important
point. Standards for Technological Literacy states, “The design
process is a purposeful method of planning practical solutions to
problems” (ITEA/ITEEA, 2000/2002/2007, p. 94). Next Generation
Science Standards encourages teachers to raise “engineering design to the same level as scientific inquiry in science classroom
instruction” (Achieve, 2013a, p. xiii). The Common Core State
Standards for Mathematics document states, “The Standards of
Mathematical Practice [or doing] describes varieties of expertise
that mathematics educators at all levels should seek in their students” (CCSSO, 2010, p. 6). That practice is to include “problem
solving, reasoning and proof, communication, representation,
and connections” (CCSSO, 2016, p. 6). Secondary science and
mathematics teachers expect their students to use some form
of the engineering design process (e.g., doing or practice), but
the data show they do not expect it as often as technology and
engineering teachers do. The engineering design process may be
new to science and mathematics teachers, but technology and
engineering teachers have used this process as an instructional
method—and their students have used it to perform hands-on
activities to solve problems—for decades.
When comparing middle and high school data, it is interesting
to find that the level (percent) of doing decreased from middle
school to high school in each content area each year. With only
one exception, technology and engineering showed a lower percentage of decrease than did either science or mathematics. In
2014 mathematics showed a 7.3% decrease, and technology and
engineering a 7.5% decrease. As was previously noted, middle
and high school technology and engineering students are doing
more hands-on activities in their courses than are science and
mathematics students. The data also reveals that the decrease
of doing between middle and high school is not as extreme in
technology and engineering programs when compared to science and mathematics programs. Many students become less
interested while in high school (NRC-IM, 2004). Leaders should
ask: Could there be a correlation between the amount of doing
and student interest in school? Figure 4 provides an illustration of
how the percentage of doing decreases between middle school
(blue) and high school (red). The Figure also shows how doing
in technology and engineering programs remains higher than in
science and mathematics.
Presenting students with exciting and relevant activities is important to maintain their interest and participation. Research tells us
that female students prefer studies and occupations that directly
benefit society or individuals (Change the Equation, 2016; Eccles,
1994; NAE, 2008). In almost every incidence, statements concerning societal needs and wants received the lowest percentage of “Yes” responses at both the middle and high school levels.
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Figure 4

Percentage of Hands-On Activities
Focusing on Societal Needs and Wants

Percentage Doing Decreased Between Middle and High School:
2014, 2015, and 2016
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Figure 4. Level of Doing Decrease Between Middle and High Schools in
each Content Area.

When compared to the other nine Statements, middle school
Statements #4, (my students have created a tool or model to address an individual or societal need or want) and #7 (my students
have completed an activity that demonstrated how humans use
natural resources that have positive and negative short- and
long-term consequences) received the lowest percentage of
“Yes” responses in science and mathematics. When high school
science and mathematics teachers responded to Statement #9,
(my students have developed a solution to a major global challenge such as the need for improved health or supplies of clean
water and food), they also gave it the lowest number of “Yes”
responses in each possible incidence.
Technology and engineering teachers also indicated “Yes” less
frequently to these three statements in the three rounds. However, technology and engineering teachers indicated “Yes” to MS
Statement #4 at a higher percentage than science and mathematics teachers nine out of nine times, and seven out of nine
times for MS Statement #7. At the high school level, technology
and engineering teachers also indicated “Yes” to HS Statement
#9 more frequently than science and mathematics teachers, 8
out of 9 times. The point here is that technology and engineering
students did more hands-on activities focusing on societal needs
and wants than did science and mathematics students. The Vital
Signs Report on the Condition of STEM Learning in the United
States tells us, “Educators who harness TEL’s vision of literacy in
technology and engineering may well attract many more girls to
those fields” (Change the Equation, 2016, p. 9). If education leaders are interested in increasing female participation in STEMrelated activities, continued education, and ultimately professions, those leaders should ensure that instruction and activities
related to individual and societal areas are equally addressed
in the classroom. Leaders should also note that technology and
engineering students are performing these types of activities
more frequently than are are science and mathematics students.
Figure 5 compares the percentage of students participating in
hands-on activities relating to individual and societal needs and
wants, as described in MS Statements 4 (orange), 7 (blue), and
HS Statement 9 (green).
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Figure 5. Statements and Percentages Focusing on Societal Needs and
Wants

Summary
With the vast majority of teachers indicating that students learn
better by doing, and the fact that students are doing more in
technology and engineering courses, it stands to reason that
technology and engineering courses are excellent resources to
increase student achievement and better prepare them for continued education and the workplace.
This article identifies the results of the first three of four rounds
of the Learn Better by Doing study. The researchers are currently
conducting round four of this study. The survey instruments will
be available until April 15, 2017. Using the same survey instruments and methods, the researchers will solicit input from as
many elementary and secondary STEM teachers as possible.
The results of the fourth round will be published in this journal.
The researchers will also produce a Final Report containing the
results of the four rounds, implications, and recommendations.
Elementary and secondary STEM teachers are encouraged to
participate in this study, and can do so by following this link:
www.iteea.org/Activities/2142/LearningbyDoingProject.aspx.
Please feel free to contact the authors if there are any questions
concerning this research study.
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Calling All STEM Teachers!
Are your public school students doing hands-on activities in your classroom? How many? How often?

The Learn Better by Doing Study needs YOU (even if you have participated before)!
The researchers are currently conducting Round 4 of this study, designed to determine the extent to which U.S.
public school students are doing hands-on activities in their classrooms.
Elementary and secondary STEM teachers are encouraged to participate in this study by following this link:
www.iteea.org/Activities/2142/LearningbyDoingProject.aspx. Participation deadline: April 15, 2017.
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resources in technology and engineering

float your boat:
making instant design challenges
meaningful and relevant

Using instant design
challenges to introduce
new concepts can lead to
a more student-centered
learning environment.

Introduction
Engineering design is a core component of technology and
engineering education, and although not every student will
become an engineer following high school, all students
can profit from having engineering design experiences in
high school (Apedoe, Reynolds, Ellefson, & Schunn, 2008;
Denson & Lammi, 2014; Grubbs & Strimel, 2015; National
Academy of Engineering and National Research Council, 2009; Wicklein, 2006). For example, a fundamental
purpose of using engineering design is to help students
develop critical thinking and team-working skills (Wicklein,
2006), specifically, engineering design that takes the form
of an open-ended challenge that requires problem solving. Although there are many types of open-ended design
challenges available to cultivate students’ cognitive ability,
instant design challenges may be employed in technology and engineering education classrooms to contextualize learning for real-world problems. Furthermore, instant
design challenges are a quick way of introducing new topics
through simulated real-world problems. The purpose of this
article is to illustrate how an instant design challenge can be
employed in the context of transportation technology.
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Instant Design Challenges:
Meaningful and Relevant
In an instant design challenge, students are expected to
utilize the engineering design process to solve a design
problem in a condensed format. Most instant design challenges are formatted to be completed within a single class
period—though it is questionable as to whether frequently
employed challenges currently being implemented in
technology and engineering education classrooms are being delivered in the most effective way possible. Moreover,
have these instant design challenges effectively addressed
the standards and objectives the instructor sought to
meet? Lastly, how could these challenges be adapted to
improve student-centered learning in the classroom?
Typically, current instant design challenges may only be
used to develop a basic set of problem-solving skills or to
reinforce a principle that a student has already mastered.
Furthermore, the design challenges could also be used to introduce
by
a topic through a student-centered
approach without much additional Robbie Oehrli

resources in technology and engineering
effort in terms of intentional planning. For example, consider
constructing a straw tower. The objective of the straw tower
design challenge should not necessarily be to build the tallest
tower possible using the given resources, but rather for students
to use their observations to predictably determine how a specific
structure can fail, or to see what shapes may best hold the most
load. Subsequently, immersing students in an environment that
allows them to observe and document the results of testing their
prototype provides the first step of feedback necessary to develop their cognition. The second step is for instructors to provide
descriptive feedback that informs their learning progression.

Instant Design Challenge: Float Your Boat
The instant design challenge that will be discussed here was
created to challenge student thinking regarding the underlying
causes of buoyancy. Some high school students have probably
heard of buoyancy at some point in their lives, but do not know
the factors that influence it. By the end of this activity, students
will be able to explain which physical properties of a material or
compound structure affect how an object floats.
In the Float Your Boat Challenge, teams of two to three students
will design a watercraft capable of holding the most weight possible using only two feet of plastic wrap, ten drinking straws, and
a foot of masking tape. It is best to use smaller weights, such as
pennies or washers, to help students understand why objects
float because it will assist them in understanding that both the
surface area of the watercraft and the distribution of the weight
relative to the center of gravity are key. At the end of the class period, students will collect and analyze data from their watercraft
in order to better understand how characteristics such as surface
area and weight affect buoyancy. The Float Your Boat Challenge
can comfortably be done in a 90-minute class period or two
45-minute class periods. During the class period(s), students
should complete the design process, including at least three
tests of their prototype. Table 1 shows an outline of the class period. The standards that align with this instant design challenge
are listed in Table 2.

Table 2
Standards Addressed Related to Standards for Technological
Literacy
STL 8.H: The design process includes defining a problem,
brainstorming, researching and generating ideas, identifying criteria and specifying constraints, exploring possibilities,
selecting an approach, developing a design proposal, making
a model or prototype, testing and evaluating the design using
specifications, refining the design, creating or making it, and
communicating processes and results.
STL 8.J The design needs to be continually checked and
critiqued, and the ideas of the design must be redefined and
improved.
STL 9.K A prototype is a working model used to test a design
concept by making actual observations and necessary adjustments.
STL 11.Q Develop and produce a product or system using a
design process.
Before the class period begins, the instructor should ensure that
the student materials and testing tanks are ready to go. For the
testing tanks, it is recommended to use any clear plastic container that is at least one-foot square. A larger container works best
so the watercraft does not accidentally bump the side of the tank.
Make graduation marks on the side of the container in sixteenths
of an inch increments and fill up the container with at least 3 to 4
inches of water. An easy way to distribute materials to students is
to place the straws in a plastic zipper bag. Next, precut the tape
and attach it to the outside of the bag. Students will be able to
easily remove the tape from the bag, and this will speed up the
process of distributing materials to a large number of groups.

Table 1
Outline of class period. For two 45-minute class periods, end the
first day after one official round of testing.
Task

Time

Design Challenge Introduction

5 Minutes

Brainstorming

7 Minutes

Selecting the Best Design

5 Minutes

Construction/Testing

23 Minutes

Testing (Official Rounds)

20 Minutes

Analyze Data

8 Minutes

Think-Pair-Share

17 Minutes

The first step in any good engineering design challenge should
be the same regardless of whether the task is to build a paper
bridge or to develop the next iteration of the Falcon 9 Rocket. No
matter how small the challenge, always start by having students
brainstorm several different ideas on how they plan to approach
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Table 3
Topics for Data Analysis

the challenge and select their best idea before receiving any
materials. During the concept generation phase of the design
process some students will crank out a few ideas in a matter of
minutes, and others will slowly consider solutions. To help all
students stay on track, one approach is to have a set amount of
time for brainstorming instead of a minimum number of ideas to
develop. Remind students that the brainstorming phase is not the
time to be critical of each other’s ideas, but rather, to try to come
up with many potential solutions as quickly as possible. As an
educator, encourage students to think outside the box, as often
these ideas can lead to the best solutions.
Now it is time for the most hands-on part of the design process,
creating a prototype. Give students about twenty-three minutes
to build and test their designs. During this time give students the
opportunity to test their designs and make sure they are watertight. Due to the properties of the plastic wrap once it becomes
wet, it may become necessary for some groups to replace
their plastic wrap if major design modifications are necessary.
Students should not be allowed to trade in any other materials
except for the plastic wrap. Not allowing students to trade in
materials makes them plan out the design more thoughtfully and
forces them to follow the design process to ensure that they will
have enough materials for the prototype.
Now that each team has a prototype, they should begin testing
their designs and recording the data in their design notebooks.
They should perform both a quantitative and qualitative analysis
of their watercraft for each of the three trial runs. In any STEMrelated field, it is good practice to have multiple data points in
an experiment in case one of the trial runs is an anomaly and
skews the data. From an engineering standpoint, it is important
to show that the prototype can effectively and consistently meet
the criteria set forth in the design statement. Data that should be
recorded in the student’s engineering design journal is listed in
Table 3.
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Data Collected

Type of Data

Surface Area of Boat Bottom

Quantitative

Number of Washers Held

Quantitative

Initial Height of Water

Quantitative

Final Height of Water

Quantitative

Height of Boat

Quantitative

Volume of Boat

Quantitative

Describe the placement of the washers in the
boat.

Qualitative

How did the boat start to sink/take on water?

Qualitative

What is the geometric shape of the bottom of
your boat?

Qualitative

As students are recording the data in their own journals, a master
list of data should be written in the front of the classroom; this
can be done by hand on the chalkboard or by using an Excel-like
program. This will allow students to see how different designs
produce different results and come to their own conclusion about
what factors influence the watercraft's ability to float.
Once all of the watercraft have been tested, give each group a
few minutes to make sure they all have the same data written
down in their design journals. As students begin analyzing the
raw data, have students use some guiding questions in order to
narrow their search on how the quantitative and qualitative data
points are related to each other. Some examples of guiding questions can be found in Table 4.
Table 4
Sample Guiding Questions
Which variables have a proportional relationship?
Which variables have an inversely proportional relationship?
Are there any variables that do not have a correlation?
Why do you think the water level rises when more weight is
added to the boat?
It is important for students to have time to analyze the information on their own before sharing with their group or the rest of
the class. Using this Think-Pair-Share method ensures that all
students have time to develop their own ideas before conforming to “groupthink” and destroying some potentially good ideas.
Students should be encouraged to journal their ideas so they
have something written down before they share and their idea
does not get influenced by groupthink. After approximately five
minutes, allow students to return to their groups to discuss their
ideas.
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Actual surface area of water.
Surface area of water
without boat.

–

Surface
area of
boat.

=
Figure 1: How to calculate the actual surface area of water.

Drawing a Conclusion
By the time students get to group discussion they should see
some basic patterns arising from the data they are analyzing.
For example, by looking at the class set of data, students should
see a proportional pattern between the volume of the boat and
the amount of weight that the watercraft can hold. Some groups
might only look at the surface area of the hull versus the weight,
but that is not the entire relationship. Ultimately, the amount of
weight a boat can carry is proportional to the amount of water
it can displace, meaning that the weight of the water displaced
is equal to the total weight in the boat. The amount of water
displaced can be calculated by multiplying the height of the
water rise by the surface area of the water. An example of how to
calculate the surface area of the water can be found in Figure 1.
If a student’s group is convinced that only the surface area matters, have them revisit and build two watercraft with identical
hulls. Have them add sides to one of the watercraft and leave the
other as a flat raft, and have the students discuss the outcome
of the secondary experiment. The students should notice that

the watercraft with sides was able to displace more water and
therefore hold more weight.
Students may also see a small pattern where a few boats with
a large volume could not hold a lot of weight. This is due to the
placement of the weight relative to the watercraft's center of
gravity. The offset of the weight will cause a rotation to occur
near the center of gravity—where one side of the watercraft will
dip into the water, and the other side will begin to rise. This will
ultimately cause water to start flowing into the boat before it
has displaced an amount of water equal to the volume of the
watercraft—making the boat less efficient than some of the other
designs. This scenario can also be considered an outlier in the
data set. If the students ask questions about whether or not the
placement of the weight matters, have them attempt to balance
a pencil on one finger. Then have them think about where they
could add a weight to the pencil without it falling off. Students
should conclude that placing the weight in the center above
their finger will not cause the pencil to fall. This is because placing the weight in this particular location does not generate a
rotational force and keeps the pencil level. Ultimately the top of
the watercraft needs to remain level relative to the water in order
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to operate efficiently and displace the maximum amount of water
possible.

Conclusion
Although design challenges are used in a multitude of situations,
using instant design challenges to introduce new concepts can
lead to a more student-centered learning environment. Additionally, when implemented thoughtfully, specific concepts and experiences can be drawn out for students to encounter. Although
this approach may take more time implementing both in and out
of the classroom, it will ultimately lead to an increase in student
understanding and make the class more engaging. Allowing the
students to think critically with guided questions is the key to
success in using instant design challenges to introduce topics
using a more-student centered approach (rather than having
a teacher-led lesson). As current design challenges—used as
anticipatory sets or to deliver core content—are implemented in
the classroom, they can easily be reconfigured to intentionally
immerse students in an authentic learning experience.
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feature article
At its core, engineering is about making a difference in the quality of people’s lives.

connecting students' background experiences to

engineering design
Many youth do not pursue engineering because they do not
see how it connects to their lives and interests. Concerned
about this problem, the National Research Council (2012)
suggested ways that teachers can make engineering more
relevant and accessible to youth who have not traditionally
pursued careers in this field. According to the National Research Council, children develop their own ideas about how
the world works based on their personal experiences, and
“by listening to and taking these ideas seriously, educators
can build on what children already know and can do” (pp.
24-25). One way that technology teachers can connect students’ interests and experiences to engineering is through
drawing from their funds of knowledge.
Funds of knowledge include knowledge, skills, and practices
that students develop through interactions with family members, neighbors, and peers (Moll, Amanti, Neff, & González,
1992). Doing chores around the house, visiting relatives in
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other countries, or holding jobs all provide students with
useful knowledge and skills. Technology and engineering
(TE) teachers who take advantage of these extracurricular
funds of knowledge will find that their students already have
valuable experiences that are relevant to the curricula they
teach.
Although all students can benefit when teachers draw from
their everyday experiences, this instructional approach is
especially beneficial for youth who have been historically
underrepresented in engineering.
In fact, several studies (e.g., Barton
by
& Tan, 2009; Civil, 2002; Grimberg
Christina Sias,
& Gummer, 2013) have shown that
when science and mathematics
Amy Wilsonteachers draw from the funds of
Lopez, and
knowledge of African American,
Joel Mejia
Latino/a, and Native American

connecting students' background experiences to engineering design
youth, their students become invested in learning and are more
likely to envision themselves in STEM fields.
What background experiences and practices do youth hold that
are relevant to engineering, and how can TE teachers tap into
them? To answer this question, the authors followed groups of
youth as they selected problems in their local communities and
solved them through engineering. The youth drew from their
funds of knowledge to solve these problems, which ranged from
improving local playgrounds to cat-nabbing devices. After identifying different categories of engineering-related funds of knowledge, the authors then developed and implemented instructional
approaches designed to tap into students’ interests, skills, and
backgrounds. In this article, the authors describe several categories of funds of knowledge and suggest ways that TE teachers
might incorporate them into their teaching.

Funds of Knowledge Relevant to Engineering
Many youth hold engineering-related funds of knowledge in the
following four categories: household management, workplace
skills, recreation, and transnational experiences (Wilson-Lopez,
Mejia, Hasbún, & Kasun, in press). In other words, as youth improve their homes, solve problems at the workplace, play games
with their friends, and maintain ties with family members in other
countries, they often simultaneously learn practices and develop
bodies of knowledge that are relevant to the competencies
outlined in Standards for Technological Literacy (ITEA/ITEEA,
2000/2002/2007). (See table at right.) In this section, the authors
describe how the youth in their study learned different engineering-related practices in the context of their everyday lives. It
should be noted that these youth were all from underrepresented
groups in engineering, such as youth of color from working-class
backgrounds, thereby illustrating that many underrepresented
youth possess knowledge and skills that are relevant to engineering.

Household Management
Whether youth live in a crowded apartment in an urban area
and need to maximize their living space, or whether they live on
a farm and need to minimize soil erosion—most face problems
in their households and environs that can be solved through the
creation or improvement of devices, systems, and processes.
Many youth have worked with their parents, guardians, or older
siblings to identify and solve these problems (Wilson-Lopez et
al.; Moll et al., 1992). They often help their parents improve or
construct items in their yards, such as treehouses, sheds, and
enclosures for animals. They also fix a variety of broken technologies, ranging from cars to video game consoles. Through these
experiences, youth develop skills and lines of reasoning that
can serve as useful resources for learning formal engineering
principles.

Table Connecting Funds of Knowledge to ITEEA Standards.
Fund of Knowledge

Examples of Relevant STL
Standards

Household Maintenance
Youth have experiences with
identifying and fixing problems, and improving or constructing items in their yards
and households. Their families
may also have developed
processes to ensure more efficient outcomes (e.g., in food
preparation).

Standard 2-Z. Selecting
resources involves trade-offs
between competing values,
such as availability, cost, desirability, and waste.
Standard 12-M. Diagnose a
system that is malfunctioning and use tools, materials,
machines, and knowledge to
repair it.

Workplace Skills
Youth may hold jobs of their
own or help their parents with
jobs. Each job requires the
use of technologies—ranging from milking equipment
to computers—to accomplish
workplace goals, including the
goal of profit for employers.
The workplace constitutes
a complex system in which
youth learn to consider a
variety of factors as they aid
employers in reaching economic goals.

Standard 1-M. Most development of technologies these
days is driven by profit motive
and the market.
Standard 9-L. The process of
engineering design takes into
account a number of factors
(safety, reliability, economic,
quality control, environmental
concerns, maintenance and
repair, and human factors
engineering).

Recreation
Most youth in the U.S. today
regularly turn to digital technologies for recreation. Many
apps enable youth to design
and test a variety of prototypes. Other apps teach youth
how to analyze trends in data
and to modify their design decisions based on an analysis
of these trends.

Standard 13-K. Synthesize
data, analyze trends, and draw
conclusions regarding the
effect of technology on the
individual, society, and the
environment.
Standard 9-K. A prototype is
a working model used to test
a design concept by making actual observations and
necessary adjustments.

Transnationalism
Many youth maintain close
ties with countries outside
of the one in which they currently reside. These students
have firsthand experiences
with how people from different regions of the world
develop unique solutions that
are embedded within particular social and environmental
solutions.

Standard 2-X. Systems, which
are the building blocks of
technology, are embedded
within larger technological,
social, and environmental
systems.
Standard 6-H. Different
cultures develop their own
technologies to satisfy their
individual and shared needs,
wants, and values.
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Consider Kallie, a teen who worked with her father to identify the
source of the water puddles beside their toilet. They considered
whether the toilet was “sweating” due to condensation, whether
the wax seal under the toilet had failed, whether a supply tube
was loose, and more. Kallie helped her father use testing and
observation to identify the source of the leak and fix it with tools.
As suggested by this example, Kallie’s father apprenticed her
through the process of diagnosing a system that was malfunctioning. He also showed her how to use tools and knowledge—such as knowledge of what causes condensation or the
knowledge of the properties of materials—to repair the system.
As indicated by the table on the previous page, these skills are
relevant to ITEEA's STL standards (e.g., Standard 12-M).
As a second example, consider Diego, a teen with two brothers
who had degenerative muscular diseases and needed a shower
chair to enter and exit the bathtub. His family, however, could
not afford one that has a “nice head rest and everything. Shower
chairs are so expensive, and a lot of Medicaid programs don’t pay
for them anymore.” Other youth agreed with Diego that families
with chronically ill members often spend a good deal of income
on medical care, and consequently it was an ethical imperative
to provide them with inexpensive solutions. Diego’s group sought
to address this problem by designing and constructing a shower
chair headrest that could be attached to existing shower chairs.
They prioritized low cost over aesthetic appearance when selecting materials. As suggested by this example, their experiences
with managing disabilities and family budgets helped them to
develop criteria by which they weighed trade-offs between competing values (low cost and aesthetics) as they decided which
value was the most important to them (e.g., Standard 2-Z).

Workplace
Nationally, about 30% of teenagers hold jobs during the summer,
while a smaller percentage hold part-time jobs during the school
year (Cohen & Lieber, 2015). Even when working entry-level jobs,
young people develop bodies of knowledge and skills that are
relevant to engineering, such as learning how to use a variety
of technical tools to solve problems, learning the processes by
which employers maximize efficiency and profit, and participating in formal safety and quality-control measures. Workplace
experiences therefore are a potentially useful fund of knowledge
that can be connected to engineering standards.
Consider Paolo and Miguel, two youth who worked at a dairy
farm where their employer's primary goal was decreasing the
bacteria count in cows’ milk in order to earn more money from
their buyers. They noted that ideal but expensive solutions, such
as frequently testing the cows for bacterial infections, would cut
into the employer's profit margins, so they helped their employers to develop inexpensive solutions, such as training new
employees to wash manure off of their gloves before milking
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cows and routinely washing the parts of the milking equipment
that came into contact with the cows. These solutions had to
be balanced with safety measures, a lesson that Paulo learned
firsthand when he tried to clean the machines with “acid…and
my eyes were just burned really bad.” In other words, from their
experiences working on the farm, the youth learned that designing a solution to their employer's problem required them to rigorously account for a number of factors, such as cost, safety, and
maintenance of machinery (e.g., Standards 1-M and 9-L).

Recreation
Although youth participate in a variety of recreational activities,
digital technologies have become a ubiquitous source of recreation in the U.S. According to the Kaiser Foundation, adolescents
spend more than 7.5 hours per day consuming digital media.
Over three quarters of teenagers now have mobile devices. Many
popular apps and video games engage youth in practices that
are relevant to engineering, such as testing a variety of prototypes. Consider Mark, one youth who played with apps on his
tablet that allowed him to design and test elaborate electrical
circuits, while Laura and Eden used apps to construct bridges
and test whether cars could safely drive across them. Similarly,
Tim liked to use his tablet to design apple carts and determine
whether they could prevent apples from bouncing out while
moving across rocky terrains. These examples suggest that recreational apps can provide students with practice in redesigning
models based on feedback from a variety of physical tests (e.g.,
Standard 9-K).
Many apps also provide youth with practice in systems thinking
as they analyze trends from different sources of data and use
them to draw conclusions about the effects of their design decisions. Consider Manuel and Sally, two teens who regularly played
video games in which they built cities. These games required
them to make decisions regarding where to install different types
of businesses and what materials their structures should be
made from. They received different types of feedback on their design decisions, such as data related to pollution levels, health levels, population levels, rate of deterioration, and general wealth of
their city. The youth then analyzed their design decisions based
on these large-scale data trends and redesigned their cities. In
this way, video games provided them with practice in analyzing
trends and determining how different aspects of their design affected society and the environment (e.g., Standard 13-K).

Transnationalism
About one in ten people in the U.S. are immigrants (CQ Press,
2015), many of whom maintain close ties with the countries in
which they or their parents were born. The term “transnationalism” is used to describe individuals and families whose daily lives
are influenced by the practices and cultures of multiple nations.

connecting students' background experiences to engineering design
Transnational families often communicate with relatives in other
countries through social media, and they exchange information as well as economic resources and goods (e.g., medicines).
Transnational youth possess funds of knowledge that help them
meet national standards, such as experience with how different
cultures have developed their own unique technologies to satisfy
human needs. They have also learned that different social, environmental, and technological systems influence the technologies
that are accessible within those systems.
Consider Pamela and Veronica, two youth who sought to bring
safe drinking water to their extended families and other people
in rural regions of Honduras. They considered possible methods
for accomplishing this goal, such as improving the existing water

infrastructure that had been damaged by a hurricane. However,
they asserted that corrupt officials had pocketed funds designated for infrastructure repair. They did not want to use local rivers
as water sources because people often dumped waste in them.
After considering these factors, they decided to design a roofbased catchment system, a solution that was feasible because
it rained frequently in Honduras. As suggested by this example,
Pamela and Veronica’s experience with living in Honduras taught
them that their solution needed to account for existing social
factors (e.g., political corruption), environmental factors (e.g.,
pollution in rivers and level of rainfall), and existing technological
systems (e.g., damaged water infrastructure) (e.g., Standards 2-X
and 6-H).

TE teachers can distribute this inventory to students at the beginning of the year in order to discover the types
of engineering-related knowledge that their students already possess. The inventory includes responses we
have received from students in the past.
Questions for Inventory
Engineers make a world of difference, improving the quality of everyday life for people in our families, our communities, and our
world. What problems have you seen in your everyday life that could be solved through engineering? Have you developed solutions to these problems? The purpose of this inventory is to begin to identify experiences and skills you already have that relate to
engineering.
Household and Community
(1) What problems have you seen in your homes or communities that could be solved through engineering? What ideas do
you have for solving these problems?
When it snows a lot, the buses are usually late to school. I’ve
thought about putting heating wires on the roads used for the
bus route, or else making a new bus schedule to make sure
everybody can arrive on time.
(2) Have you ever built, fixed, improved, or remodeled something in your house, yard, or neighborhood? If so, please briefly
describe what you did.
My chickens were jumping out of their coop, so I used materials
around my house to make and install a roof. I had to measure
the chicken coop to make sure the roof was the right size, and I
had to choose a material that would not hurt the chickens if they
jumped up.
Workplace
(3) Do you hold a job, or have you ever helped your family
members with their jobs? Please describe a typical day in the
workplace for you or for a family member.
I paint houses with my dad. We first have to give an estimate
by thinking up how much primer and paint we are going to use.
My dad doesn’t want to use too much, or the price will be too
expensive, but he can’t have too little or he won’t have enough.
We paint the walls so that it takes the least amount of time and
so that the primer has enough time to dry before we put on the
paint.

(4) What problems have you or your family members solved as
part of your jobs?
When we have a long line at our restaurant, we have to find
ways to make sure the customers get their food quickly. We split
up the work so that different people do different jobs.
Recreation
(5) What do you like to do in your spare time outside of school?
I volunteer at a retirement home for the elderly.
(6) What problems do you face when you are doing these
things in your spare time?
A lot of the old people are sick, and we have to keep one person
from infecting the other people who live there.
(7) Do you play any apps or video games that are related to
engineering? If so, please describe how you play this game.
I play Bridge Constructor where you have to design bridges and
see how much weight they will hold. I also play with a design
app where I make clothes. A client provides feedback on the
clothes, and I redesign them based on the client’s feedback.
International Experience
(8) What problems have you seen or read about in another
country that could be solved through engineering?
My uncle lives in Honduras. The water pipes there were broken
after Hurricane Mitch and a lot of people do not have safe drinking water.
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Connecting Funds of Knowledge to
Engineering

including scratches from handling animals, cuts from machinery,
and back pain from heavy lifting or falling to the ground.

To improve student outcomes, TE teachers can tap into students’
funds of knowledge such as those described above. To accomplish this goal, they can first administer an inventory to their students at the beginning of the school year to identify some of the
relevant experiences and skills held by their students. (See an example of a completed inventory on the previous page.) Because
many students possess engineering-related funds of knowledge
but are not aware of them, the teacher may first need to provide
a few model answers to these questions, such as the examples
provided above. As TE teachers actively seek to become more familiar with the communities in which they teach, they can include
examples that are more relevant to their particular communities.

As in most TE classrooms, these students were required to pass
a test on lab safety before they were allowed to begin working
in the lab. To introduce lab safety, the authors invited students to
share experiences with injuries in the workplace, and they wrote
a list on the whiteboard that outlined injuries in different categories. The authors then introduced the work of safety engineers,
whose job is to design procedures and systems that keep people
safe in the workplace and elsewhere. Acting as safety engineers, students then analyzed photographs of the TE lab that
had been staged to highlight potential problems with lab safety.
The students used the categories on the board to write a list of
safety rules and procedures that they should follow in order to
avoid injuries in the classroom lab. For instance, after viewing a
photograph of an electric cord strewn across the floor of the lab,
the class agreed that “inform your teacher of possible items on
the floor that you could trip or slip on” was a rule that would help
to prevent injuries in the “falling category.” After viewing a photograph of a person cutting wood without safety goggles, the class
agreed that “wear protective gear” would help to avoid injuries in
the “scratches category.”

This inventory can be used in several different ways. If the results
indicate that most students in the class face a common problem,
then teachers may consider selecting that problem as the basis
for a whole-class design challenge. For instance, most of the
youth in the authors’ study owned outdoor animals that were in
danger of freezing during the winters, and they had worked with
their parents to modify existing animal enclosures. TE teachers could tap into those experiences by asking their students to
improve an existing doghouse so that it could keep small dogs
warm. The class would develop criteria and constraints needed
for the design as they specified available materials and methods
for measuring a successful outcome.
Even if TE teachers do not use the inventory as the basis for a
design challenge, they may use the results from the inventory to
solicit students’ expertise in classroom discussions throughout
the school year. For instance, when teaching about how people
in different regions of the world develop diverse solutions to
similar problems, the teacher could ask students with transnational ties to share their experiences with other countries. In this
way, TE teachers can validate the bodies of knowledge and skills
that students have developed in out-of-school settings. Students
often become more excited about learning when they are positioned as experts about content, rather than simply as recipients
of content. Drawing from students’ funds of knowledge in the
classroom is one way to place students in the position of expert
and to build on their existing knowledge.

Example of Classroom Instruction
The following scenario will demonstrate how the authors drew
from students’ background experiences in their own classroom
instruction. One author worked with middle school students
whose parents were largely immigrant farm workers. Many of
these youth had helped their parents at their workplace from
a young age, and they or their parents had received injuries,
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Through drawing connections between safety engineering and
their own familial experiences, the students discovered one way
that engineering can make “a world of difference” (National
Academy of Engineering, 2008, p. 8) through protecting themselves and the people they loved. Although this instructional
example connected lab safety to workplace funds of knowledge,
TE teachers can draw from students’ other funds of knowledge
as well to highlight the relevance and importance of engineering
to all aspects of daily life.

Conclusion
Engineering is not just about making cool gadgets or applying
science and mathematics to problems. At its core, engineering is
about making a difference in the quality of people’s lives. According to the National Academy of Engineering (2008), when teachers can powerfully communicate that message, more students
will pursue engineering as a career. By rigorously incorporating
students’ funds of knowledge, TE teachers show students that
engineering is relevant to their everyday lives and that engineering can be used to solve problems and make a difference in the
world around them.
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safety spotlight

3D printing:

Photo credit: indoordoctor.com

what’s the harm?

Welcome to the inaugural article of Safety Spotlight, a unique column where specialists discuss critical STEM education
safety issues. This first article addresses a topic that has received much attention over the past few years, since 3D printing technology has rapidly grown in popularity. As with many new technologies, there are unforeseen safety hazards that
emerge over time. With 3D printers becoming more common in STEM education laboratories and makerspaces, researchers
have begun investigating how hazardous 3D printing can be to the health of students and teachers.

What are Ultrafine Particles?
Health concerns from 3D printing were first documented by
Stephens, Azimi, Orch, and Ramos (2013) who found that
commercially available 3D printers were producing hazardous levels of ultrafine particles (UFPs) and volatile organic
compounds (VOCs) when plastic materials were melted
through the extruder. UFPs are particles less than 100 nanometers in diameter. When inhaled, UFPs can reach the brain
or enter the human blood system in less than one minute.
Once in the blood stream, filtering organs such as the liver
and spleen are the most vulnerable. Common diseases associated with absorption of UFPs include bronchitis, tracheitis,
asthma, and some forms of cancer (Merlo & Mazzoni, 2015).
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The inhalation of UFPs has been compared to the detrimental effects of smoking. More recent studies have revealed
additional information about the hazards of UFPs emitted
from 3D printing.

Recent Research Findings
Merlo and Mazzoni (2015) provided a thorough review of research examining the health risks associated with 3D printing. They presented the Stephens
et al. (2013) finding that printing
by
with PLA plastics produced a UFP
Tyler S. Love
concentration of 3 to 30 times less
than when using ABS plastics. PLA is and Ken Roy

safety spotlight
a biodegradable plastic derived from plant-based resources like
cornstarch and sugarcane, while ABS requires a higher melting
point because it is made from oil-based resources. In 2012, Stratasys, a popular 3D printer manufacturer, hired an independent
lab to conduct extensive air quality studies on its printers. The
lab found that in all instances, chemical emissions were extremely low, and in most cases were less than 1% of the exposure
limits specified by OSHA. Azimi et al. (2016) later discovered:
“Results from a screening analysis of potential exposure to these
products in a typical small office environment suggest caution
should be used when operating many of the printer and filament
combinations in poorly ventilated spaces or without the aid of
combined gas and particle filtration systems” (p. 1267). More
recently Steinle (2016) found that when 3D printing occurred in
a large, well-ventilated room, UFP emission rates were considerably lower than other common indoor aerosol activities such as
cooking or burning candles.

Recommendations for Schools and Teachers
The latest research findings would suggest the following recommendations for a safer learning/working environment:
1. Share the references cited in this article with the safety
compliance officer, facilities director, and administrators/
supervisors in your school system. Request that they conduct an air-quality analysis of your lab. This is to determine
if your current air-filtration system meets the appropriate
federal, state, and/or locally mandated air-changes-per-hour
(ACH) rate for the equipment being used and activities being performed. This may be achievable with the proper size
electrostatic air filter(s). Bear in mind a greater air-changesper-hour rate is required for spaces where occupants are exposed to carcinogens and other chemical or particle hazards
such as sawdust, spray paint, etc.
2. Ensure that gas and particle air-filtration systems (e.g.,
electrostatic air filter) in your lab are always turned on and
functioning properly when 3D printers are in operation.
3. Operating 3D printers in exhaust ventilation fume hoods or
spray booths is a safer means of prudently avoiding exposure to potentially harmful UFPs and VOCs.
4. Use PLA instead of ABS material for 3D printing, since it has
been found to emit safer UFP concentrations.
5. Continue to follow the emerging research released on UFPs
and 3D printing by periodically conducting internet searches. Share the latest findings with your school system’s safety
compliance officer, OSHA specialist, and administrators/
supervisors.

Conclusion
This safety issue is difficult to diagnose at the present time due
to the limited research currently available. However, based on the
most recent studies, the authors do not believe that schools and

teachers should be overly concerned about operating a 3D printer in their laboratory if it is using PLA material and is in a facility
with a room-change ventilation rate of at least 3 volumes of the
room per hour. Newer, enclosed style 3D printers often feature a
built in filter for UFPs; however, it is better professional practice
that all 3D printers only be minimally operated in adequately ventilated rooms. At the present time, the more prudent approach is
to operate 3D printers in fume hoods or spray booths. Teachers,
administrators/supervisors, and school systems in general are
encouraged to keep an eye on emerging studies that will continue to reveal more about the potential health risks associated
with this technology.
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classroom challenge

The Math
Card Game
Challenge
by Harry T. Roman
The Premise
Young folks enjoy creating and playing games, so why not challenge them to create games in
the classroom, working in teams with 3-4 students per team. This takes into account the need
to infuse more math into student activities.
It’s been said that one never becomes quite as intimate with a subject until one is asked to
teach it. Combine this with the old, one-room-schoolhouse days when both teachers and
older students, together, helped teach the lower classes, and we have a nice basis on which
to launch this design challenge. Here it is: your upper middle school students are to design an
educational math card game for use in the lower grades.
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Planning
Any design activity begins with an excellent evaluation of how
the design will proceed—and that begins with understanding
why the design is needed in the first place. How will each student
team determine what math concept they will try to design their
card game to address?
How can the teams appreciate which math concepts need attention by lower grades? Should it be the classic concerns like
fractions, division, and geometry? Could it be something else?
Some data collection is needed here:
•
Survey lower-grade students to determine which math topics are difficult for them.
•
Consult the math teachers in your school in order to gain
perspective.
•
Research on the internet.
•
Consult other sources for guidance.
•
Find out what kinds of math games are on the market today,
available from educational publishers.

Process
Once your student teams have determined which specific math
topic will be addressed, students are ready to get down to business, developing the strategies the game will employ. How will
the game provide experiences to improve student learning?
•
What kinds of cards will be used?
•
How many cards will each player receive; and what is the
total number of cards to be used?
•
How might the cards be illustrated?
•
Will dice be used to instill a chance component?
Will special playing cards also be used as a chance ele•
ment?
Design the total game, cards, and other components.
•
If possible, collect some samples of math card games to be
studied by the teams to examine how such games are designed,
constructed, and rules written.
Teams must make sure the game being considered is not like
something already on the market.
Give the game a catchy title or slogan, ideally something that
strongly relates to the math topic addressed!

Important Considerations
An educational game can only be enjoyed if the rules of the
game are clear and concise. Students should include illustrative drawings and diagrams to aid players in understanding how
game play progresses.

Division

Teachers:
•
Here is an opportunity to integrate the language arts into
this design challenge.
o Good writing skills are extremely important in the business world, as they are in launching new products like
this card game.
•
Be tough on the clarity of team game instructions. They
must make sense to someone who has never seen or played
this game before—especially any special card-playing instructions.
•
Play the games of each team to make sure the instructions
are very clear.
Teams also should play each other’s games to add their comments and perspectives; and of course, the younger students for
whom the games are designed should also play the games and
comment upon them, similarly to how new products are testmarketed before going into full production and sale.
Further challenge your student teams to make the card game
adaptable to classroom play involving the entire class. How
might this work so all students can play?
Finally, challenge the teams to discuss how their game design
might be adaptable for computer, smartphone, or tablet play.
Have fun, and work that math component into your class challenges!
Harry T. Roman is a retired engineer/
inventor and author of technology education/
STEM books, math card games, and teacher
resource materials. He can be reached at
htroman49@aol.com.

September 2016 technology and engineering teacher 39

INAL IDEAS FROM
G
I
OR
F CA
TA L

O G AT W W W . K E L V I N

.CO

M
CO2
D

LARGEST Selection
and BEST Prices
www.kelvin.com

KELVIN
Experimental Wind Turbine
with Toy Motor Generator
®

Includes: motor/generator, gearbox
parts, hub, corrugated plastic for blades,
PVC stand with sturdy base, multimeter,
LEDs, breadboard, printed house layout,
wire, terminals, and instructions.
842267 Kit w/Stand ............$125
842268 Assembled w/Stand....$199
Toy Motor Generator Kit Only
Build your own! Comes with motor/
generator, gearbox parts and hub. Does
not come with blades, PVC stand or
wind turbine class parts.

er Bl

anks

NEW!

Pre-Drilled
Axle Holes

Also
available
with
Transformer
& Wind-Up
Generator

KELVIN® ORIGINAL
KELVIN® Dragster Blanks
with Pre-Drilled Axle AND Power Input Holes

OVER 45”
TOTAL
HEIGHT!

No CO2
Dragster
Blanks

No CO2 Dragster with PRE-DRILLED Blanks
Includes 10" long blanks pre-drilled with axle holes and air
input holes. Also includes wheels, axles, straw, screweyes and washers.
842380 Bulk Pack for 50 ....................................................................$175
CO2 Dragster with PRE-DRILLED Blanks
Includes 12" long blanks pre-drilled with axle holes and CO2 cartridge
holes. Also includes wheels, axles, straw, screweyes and washers.
842379 Bulk Pack for 50 ....................................................................$179

Kit- No Stand

851924

rags
t

........$85 or $75 ea./5+

KELVIN® WinData®
Data Collection Interface

Add Data Collection! Displays a
graph of voltage on your computer.
For best results, use with KELVIN®
motor #851363.
Win Data™ 3 - Monitors up to 3 Motors
842354 ..........................................$145
Win Data™ 6 - Monitors up to 6 Motors
842363 ..........................................$225

KELVIN® BULK PACKS SAVINGS!

KELVIN® ORIGINAL

PD

NEW!

Pre-Drilled
Axle Holes

KELVIN®
PowerPole®
851508,
$199.95
Var. Speed
Power
Supply
(Req.),
841051,
$125

KELVIN® PowerPole®
Plane Design Challenge

Turn a foam tray, propeller and a
toy motor into your own model plane design!
851507 PowerPole® & 10 Kits ......................$265

As Low As

99¢

841417,
100 Kits,
Per Student
$99
Add your own body design from foam,
cardboard, etc. Includes 100 wood bases,
400 wheels, 200 axles and straws.

Solar Racer™ Wood Bulk Pack
25 motors, 25 solar cells,
100 wheels, 50 axles,
25 gear sets and
25 wood bases.
#841415, 20 Kits, $199

Shape-AGlider Parts

Includes instructions.
20 Kits, 280606, $19.95

$

Per Student

995

Per Student

Economy
Motor
Generator
Bulk
Pack

842191,
30 Kits,

$82.50
As Low As

2

$

99¢

As Low As

Reaction
Tester
Bulk Pack

This electronics
kit is a great
game for groups!

As Low As

75

Per Student

As Low As

3

$

85

Unique
coil winding

assembly
and magnets.

Per Student 842337, 30 Kits, $115.50

50LE MULTIMETER, 990177

Basic Car
Platform
Parts

KELVIN® has the BEST
Prices on Multimeters!

As Low As

$

275
Per 10+

KELVIN®’s Latest Catalog is
Available Online with a full
line of projects, parts, and more
for STEM: Science, Technology,
Engineering & Math.
www.kelvin.com

ITEEA’s STEMCenter for
Teaching and Learning Offering
10 Interactive Online Sessions
Designed for practicing teachers, preservice
teachers, graduate students, supervisors/
administrators, and other stakeholders seeking a
community of practice for successful
implementation of Integrative STEM Education.
Professional Learning Communities (PLC) sessions
address topics critical to successful implementation
of I-STEM Education, including:
Nature and Definition of I-STEM Education
Whole School Engagement: Funding Your
Integrative STEM Education Initiatives
Maximizing Your STEM Lab
Getting the Word Out: Sharing, Advocacy,
Conference Presentations, and Publication
And More!
Questions?
Email jkbuelin@iteea.org
More information:
www.iteea.org/STEMCTL_I-STEM-Ed-PLC

Be a Part of the ITEEA’s STEM Showcase
Dallas, Texas
March 16, 2017
Space is limited! Apply now!

ITEEA is already building on the enormous success of the DC Showcase as we
continue the planning for Dallas in earnest! Consider being a part of ITEEA’s
STEM Showcase next March—capitalizing on the opportunity to share your
knowledge with your colleagues and creating some great PR for your program!
The 2017 ITEEA STEM Showcase provides a forum to feature your best exemplar of technology and engineering instruction! Please come and share your STEM idea, technique, or best practice related to learning activities,
marketing materials, career guidance, facility design, program design, assessment methods, equity, or classroom
and laboratory management techniques. Showcasers are asked to illustrate a single element of technology or
engineering teaching and learning that exemplifies good STEM instruction to share with conference participants.
ITEEA will be compiling these exemplars to share online as well with our members.

The online application deadline is October 1, 2016.
Apply now at www.surveymonkey.com/r/Showcase2017

C A L I F O R N I A U N I V E R S I T Y O F P E N N S Y LVA N I A

EARN A MASTER OF EDUCATION IN

• TECHNOLOGY
EDUCATION
• STEM EDUCATION

100% ONLINE.

GIVE YOUR STUDENTS A
COMPETITIVE EDGE BY BECOMING
AN EXPERT AT DELIVERING
TECHNOLOGY AND STEM PRINCIPLES
TO YOUR CLASSROOM.
DEVELOP SKILLS IN PROGRAM
DEVELOPMENT, GRANT WRITING,
CURRICULUM/ASSESSMENT,
SUSTSAINABILITY, CREATIVTY,
RESEARCH & SPECIAL POPULATIONS.

AT

ING 5
5

C AL

l o
g y

u
E d

n

o

6
96
1-201 c

t

i

c

o

IA

e
n

N

RS

1

T
h

N

Y

CEL

E

R

RSIT Y OF
PE

EA

B

I VE

AN
LV

I FO

IA

UN

SY

RN

• Dedicated, world-class faculty
• Asynchronous programs for
flexible learning
• 100% online delivery
• Competitive tuition
• 30 credits
• Cohorts begin in fall, spring and
summer
• Focus on STEM and other ITEEA
initiatives
• Optional STEM Certificate available

a

A proud member of Pennsylvania’s State
System of Higher Education.

For more information
call 1-866-595-6348 or
e-mail calugo@calu.edu.

CALU
GLOBAL ONLINE

www.calu.edu/go

Career and Family.
We’ve got you covered.
ITEEA-sponsored member insurance plans and services have been carefully chosen for their valuable
benefits at competitive group rates from a variety of reputable, highly-rated carriers.
Professional
• Professional Liability
• Private Practice Professional Liability
• Student Educator Professional Liability
Life
• New York Life Group Term Life Insurance Plans†
• New York Life Group Accidental Death & Dismemberment Insurance†
Health
• American Health Insurance Exchange,
Offering ACA-Compliant Public and Private Plans
• Educators Dental Plan‡
• New York Life Group Disability Income Protection†
• Long-Term Care Insurance
• Medicare Supplement Insurance
• Cancer Insurance Plan
Home & Auto
• GEICO Auto / Boat Insurance
• GEICO Homeowners / Condo / Renters Insurance
• GEICO Umbrella
• LegalShield™ Legal Plans and LegalShield™
Identity Theft Protection
• ASPCA Pet Health Insurance
For more information, visit www.ftj.com/ITEEA or call (800) 821-7303.
* All plans not available in all states.
† Underwritten by New York Life Insurance Company, New York, NY 10010 Policy Form GMR.
‡ Underwritten by The United States Life Insurance Company in the City of
New York. AG-11194

(800) 821-7303 I www.ftj.com/ITEEA

All plans are offered through the Trust for Insuring Educators (TIE), which is administered by
Forrest T. Jones & Company, 3130 Broadway, Kansas City, MO 64111.
This advertisement is for informational purposes only and is not meant to define, alter, limit
or expand any policy in any way. For a descriptive brochure that summarizes features, costs,
eligibility, renewability, limitations and exclusions, call Forrest T. Jones & Company. Producer
License No.: Arkansas #100107380; California #0592939; Minnesota #4896; Oklahoma #100103424;
Texas #13916.
#7435 0816

Member Insurance Program

