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Abstract
 The Math-Science-Engineer-
ing Technology in Iowa on Ap-
plied Renewable Energy Areas 
(MSETI - AREA) projects are 
aimed at providing area school 
teachers with an applied math-
ematics and science curriculum 
package based on photovoltaic 
(PV) power, wind power, human 
power, and hydrogen fuel-cell 
fundamentals. The MSETI –
AREA project has established a 
partnership between the Univer-
sity of Northern Iowa (UNI) and 
selected area high schools and 
middle schools for the improve-
ment of students’ mathematical 
and scientific skill sets. Through 
this project, students improve 
their technological literacy by 
creating an environment in 
which they understand and fig-
ure out relationships among 
basic mathematics, science, 
and engineering technology that 
are applied to renewable energy 
fields. In order to mentor and 
manage the learning environ-
ment effectively, students are 
given a professional skill set 
for successfully applying math-
ematics and science to techni-
cal projects with diverse teams 
throughout their careers. The 
use of a number of renewable 
energy and energy efficiency 
based hands-on projects is also 
used to promote mathematics 
and science for middle school 
teachers and students.

Introduction
 The USA has failed to capture youth’s in-
terest in scientific and mathematical ideas. As 
John Glenn (2000) announced, worst of all, we 
are not challenging their imaginations deeply 
enough. According to the National Science 
Board’s (NSB) Science and Engineering Indica-
tors, enrollment in undergraduate engineering 
and science programs in the United States has 
declined since the 1980s (Glenn Commission, 
2000). Clearly, there is a continued need for in-
creased enrollment and retention in the fields of 
science and engineering. Science, Technology, 
Engineering, and Mathematics (STEM) have 
become increasingly central to economic com-
petitiveness and growth in the United States.
 Recently, the NSB presented an action plan 
to address pressing issues in US STEM educa-
tion (National Action Plan, 2007). In this action 
plan, the Board identified priority actions that 
should be taken by all stakeholders who are 
working together cooperatively to achieve mea-
surable improvements in the Nation’s STEM 
education system. The Board concluded that 
the Nation is failing to meet the STEM educa-
tion needs of US students, which has serious 
implications for a scientific and engineering 
workforce in the 21st century. The Board be-
lieved that addressing this issue is absolutely 
essential for the continued economic success 
of the United States and its national security. 
According to the Board report, all American 
citizens must have the basic scientific, techno-
logical, and mathematical knowledge to make 
informed personal choices, to be educated 
voters, and to thrive in the increasingly tech-
nological global marketplace. As a final action, 
the NSB recommended actions that ensure 
students are taught by well-prepared and highly 
effective STEM teachers. These recommenda-
tions include strategies for increasing the num-
ber of such teachers and improving the quality 
of their preparation by (a) developing strategies 
for compensating STEM teachers at market 
rates, (b) providing resources for the prepara-
tion of future STEM teachers, (c) increasing 
STEM teacher mobility between districts by 

creating national STEM teacher certification 
standards,  and (d) preparing STEM teachers 
to teach STEM content effectively (National Ac-
tion Plan, 2007). 
 Due to the clear need for the engineering 
and science workforce in the near future, con-
siderable numbers of educators at colleges 
have taken on creative recruitment and promot-
ing activities to help increase student enroll-
ment in STEM fields. Recruitment efforts for 
engineering and science fields are definitely not 
restricted to the near past. Bozynski and Mc-
Cowen (1995) describe a student initiated sum-
mer recruitment camp for engineering called 
Science Quest aimed at elementary school 
children in Kingston, Canada, through Queen’s 
College, which started in 1988.  Each student 
carried out two projects every day for one week, 
in addition to one group project that lasted one 
week. The individual projects ranged from cast-
ing to design related projects, with hands-on 
experiences. The authors explain the expan-
sion of this summer program due to its success. 
More recently, Tester et al. (2004) describe a 
Design4Practice (D4P) curriculum enhance-
ment implementation to increase recruitment 
and retention of students in engineering fields. 
Their study was aimed at identifying best prac-
tices in recruitment and retention of students in 
engineering fields that could be applied to their 
curriculum through the Multicultural Engineer-
ing Program (MEP). The authors note that “ser-
vice learning” can be applied in the education 
protocol. With strong service-related activities, 
not only can the college students tackle envi-
ronmental issues, such as renewable energy, 
but the practice can also be expanded to high 
school students. Gleason et al. (2010) describe 
an Engineering Math Advancement Program 
(E-MAP) that is aimed to help students with 
calculus in preparation for engineering; the 
program, in addition, offers “living-Lab” hands-
on exercises, field trips, and a service-oriented 
project that gets the students involved in the 
community. The authors report that the reten-
tion of students increased by 12% in three 
years after the implementation of the E-MAP. 
Henry et al. (2004) describe the creation of 
student learning communities as a recruitment 
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tool. Finally, a study performed at the Univer-
sity of Illinois at Urbana-Champaign (Johnson, 
DeStefano, & Mustari, 2010) revealed through 
student surveys that some of the factors that 
would assist with student recruitment and re-
tention include providing more connections to 
the engineering workforce, providing more ori-
entation for incoming students, increasing the 
quality of instruction, improving the process of 
selecting teaching assistants, and improving 
the engineering curriculum. 
 Recently, as part of the recruitment efforts, 
a summer workshop was designed and imple-
mented to train local area high school teachers, 
prepare them for research, and educate them 
about careers in engineering, engineering tech-
nology and the nuclear power industry. Texas 
A&M Corpus Chris Campus, Engineering Tech-
nology faculty took the initiative to train teach-
ers in this summer camp (Karayaka, Mehrubeo-
glu, Yildiz, & Caruso, 2011). An outreach effort 
was organized to advertise and promote the 
workshop to local area public and private high 
and junior high schools. After a considerable ef-
fort of visits and networking, a total of twenty 
teachers with a variety of science, math, and 
technology specialties participated in this week-
long program held in July of 2010. Moreover, a 
group of Industrial Technology program faculty 
at Sam Houston State University offered six 
workshops to promote STEM subjects through 
hands-on renewable energy activities both on 
campus and at off campus locations. Work-
shop instructors developed curricula and sum-
marized equipment and tools needed for their 
classes for the promotion of STEM subjects 
(Yildiz, Kingman, Coogler, & Karayaka, 2011).  
 The MSETI - AREA (Math-Science-Engi-
neering Technology in Iowa on Applied Renew-
able Energy Areas) project utilizes undergradu-
ate senior design projects, such as the energy 
bike (“e-Bike,=”) that were introduced through 
a series of after-school visits and weekend 
professional development workshops during 
the fall of 2008. Teachers who have completed 
these workshops are now implementing the 
conventional and renewable energy concepts in 
their classrooms by having students learn about 
the e-Bike, PV solar cells, and model wind gen-
erators. This learning creates an environment 
in which young students become familiar with 
relationships among basic mathematics, sci-
ence, and engineering technology that are ap-
plied to renewable energy fields. The overall 
goal of this project is to work with teachers to 
develop a curriculum based on exciting applied 
research. The e-Bike  project also introduced 

teachers and students to the meaning of en-
ergy efficiency and energy conservation; they 
learned this by generating their own electric-
ity by using pedal power and by energizing a 
number of loads, such as inefficient incandes-
cent light bulbs, small appliances, and energy 
efficient compact fluorescent light (CFL) bulbs, 
where they observed light density, heat release, 
and overall energy usage in kWh. Students also 
calculated the cost of overall electricity they use 
and discussed monthly average charges to ed-
ucate both themselves and their parents about 
energy cost and efficiency. The UNI e-Bike 
has been used in this MSETI – AREA project 
extensively, and  it is a fun, hands-on learning 
tool that appeals to young people and engages 
them in conversations about the environmental 
and economic benefits of energy efficiency and 
the use of energy-efficient products. The e-
Bike system includes a number of loads, such 
as incandescent and compact florescent light 
bulbs that can easily be switched on and off by 
students while they ride the bike. It also offers 
an opportunity to emphasize a link between 
saving energy and making informed energy 
choices. Two weekend workshops were held 
during the fall semester of the 2008 academic 
year. Teachers who completed the workshop 
were to implement the energy concepts in their 
classrooms with the e-Bike during the spring 
semester 2009, thus creating an environment 
where their students can figure out relation-
ships among basic mathematics, science, and 
engineering technology as applied to renew-
able energy fields.  

Problem Definition
 The NSB supports partnerships between 
universities and local schools to increase the 
mathematics and science abilities of high 
school graduates. In his foreword to the nation-
al report Before It’s Too Late, John Glenn sum-
marized the state of mathematics and science 
education across the country when he stated 
that:

We are failing to capture the interest of our 
youth for scientific and mathematical ideas.  
We are not instructing them to the level of 
competence they will need to live their lives 
and work at their jobs productively. Perhaps 
worst of all, we are not challenging their 
imaginations deeply enough (Glenn Com-
mission, 2000).

 In addition to the Glenn Commission, other 
researchers believe that part of the underly-
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ing problem of STEM education is the lack of 
a clear definition of what the implementation of 
STEM education should accomplish. According 
to Lantz (2009a), there have been attempts to 
define the desired results of STEM education, 
including the four recommendations outlined by 
the National Academy of Sciences, the National 
Academy of Engineering, and the Institute of 
Medicine, but still little to no consensus exists. 
These four recommendations begin to define 
the function of STEM education and they do 
little to describe what it should look like (form) 
in the classroom. Morrison (2006) outlined sev-
eral functions of STEM education as suggestions 
that students should be (a) problem-solvers, (b) 
innovators, (c) inventors,  (d) self-reliant, (e) logi-
cal thinkers, and (f) technologically literate. Lantz 
(2009b) also identified the meaning of “T and E” 
in STEM education in the United States. Accord-
ing to Lantz’s statement, one of the misconcep-
tions was that STEM education consists only of 
the two bookends: science and mathematics. It is 
important to learn and apply how “T and E” fit into 
the transdisciplinary nature of STEM education. 
The engineering part of STEM education relates 
to emphasis on the process and design of solu-
tions, not simply on solutions themselves. The 
technology part allows for a deeper understand-
ing of the three other parts (S, E, and M) of the 
STEM education. 
 STEM education has become increasingly 
central to U.S. economic competitiveness and 
growth. Long-term strategies to maintain and 
increase living standards and promote oppor-
tunity will require unprecedented coordinated 
efforts among public, private, and nonprofit 
entities to promote innovation and to prepare 
an adequate supply of qualified STEM workers 
who are capable of translating knowledge and 
skills into new processes, products, and ser-
vices (Dugger & Gilberti, 2002; Tims, Turner, & 
Schillinger, 2008; Science and Engineering In-
dicators,  2006; Teach Engineering, 2007; U.S. 
Department of Education, 2007).

Objectives of the Study
Upon completion of the workshops, participants 
should be able to:

• Familiarize themselves with the basic op-
eration of renewable energy sources and 
energy conversion principles 

• Learn how to locate renewable energy 
teaching materials from authentic resourc-
es

• Understand relationships among basic 
STEM components as applied to renew-

able energy fields
• Learn to develop a curriculum to promote 

STEM through renewable energy among 
young students

• Learn to successfully demonstrate funda-
mental concepts of renewable energy by 
hands-on activities

• Link the hands-on  energy concepts to the 
appropriate mathematical equations. 

Project Description 
 This MSETI-AREA project was sponsored 
by the Iowa Math and Science Education Part-
nership (IMSEP); it established a partnership 
on Math-Science-Engineering Technology in 
Iowa on Applied Renewable Energy Areas be-
tween the UNI College of Natural Sciences and 
Cedar Falls-Waterloo area community schools, 
specifically UNI Price Lab School and Waterloo 
West and East High Schools. Engineering tech-
nology is the profession in which knowledge 
of mathematics and natural sciences gained 
by higher education, experience, and practice 
is devoted primarily to the implementation and 
extension of existing technology for the benefit 
of humanity (Engineering Technology, 2010). 
Renewable energy applications, such as wind, 
solar, and hydrogen fuel-cell theory and ap-
plications are covered in this curriculum. The 
immediate goals of the MSETI-AREA included 
development of partnerships with area middle 
schools and junior high schools to improve 
students’ mathematical and scientific skills as 
well as their technological literacy by creating 
an environment in which they must understand 
relationships among basic mathematics, sci-
ence, and engineering technology as applied to 
renewable energy fields. This is done in order 
to mentor and manage students effectively, and 
to give them a professional skill set for success-
fully applying mathematics and science to tech-
nical projects via diverse teams throughout their 
careers. A secondary goal was to use a number 
of renewable energy based hands-on projects 
to promote mathematics and science for middle 
school teachers and students.
  

Study of PV-Solar Power, Wind 
Power, and Wind Speed through 
Basic Mathematical Equations 
and an Actual Solar-Wind Hybrid 
Power System testbed at UNI
 Renewable energy sources are quickly be-
coming a topic of much discussion. Many young 
students have probably heard the terms solar 
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and wind power, and they may already have 
some idea of what they are. Wind energy has 
become the least expensive renewable energy 
technology and it has gained the interest of 
scientists and educators the world over. Spe-
cifically in Iowa, students may have seen wind 
energy in action as many wind turbines are 
present within 50 miles from the cities of Cedar 
Falls and Waterloo. Utilizing a mast-mounted 
anemometer (wind meter) and a simple rela-
tionship (as shown in the following equation) 
that relates the power generated by a wind 
turbine and the wind parameters will allow the 
students to directly measure wind speed and to 
vividly relate this easily felt force of nature to 
electrical measurements.
                            

               P = 0.5ρA Cpv
3ηg ηb = kv3  

   

where,
P =  electricity generated in Watts (W)
v =  wind speed in m/s
k =  an engineering coefficient representing  
       the following: 
ρ = air density (about 1.225 kg/m3 at sea  
       level, less higher up)
A =  rotor swept area, exposed to the wind  
       (m2)
Cp = Coefficient of performance (.59 to .35  
         depending on turbine)
ηg  = generator efficiency and ηb = gearbox/  
         bearings efficiency

The equation shows how students use a simple 
mathematical relation for observing wind speed 

versus the electricity produced. 
 Photovoltaic or PV cells, known commonly 
as solar cells, convert the energy from sunlight 
into direct current (DC) electricity. PVs offer 
added advantages over other renewable en-
ergy sources because they produce no noise 
and require little maintenance. PV cells are a 
familiar element of the scientific calculators 
owned by many students. PV powered calcu-
lators’ operating principles and governing rela-
tionships are unfortunately not as pedagogically 
simple as those of wind turbines. However, PV-
powered calculators operate using the same 
semiconductor principles that govern diodes 
and transistors. The explanation of their func-
tioning is straightforward, and it helps to make 
many of the principles covered in semiconduc-
tor electronic classes more intuitive.
 Figure 1 exhibits wind-solar hybrid power 
and a data acquisition system that is located at 
the University of Northern Iowa. Area teachers 
were trained in professional development work-
shops to understand the operation of hybrid 
wind-solar power systems and the relationship 
between wind speed and solar radiation versus 
electricity generated. These types of small-
scale hybrid wind-solar power systems work 
perfectly for the Cedar Valley area in Iowa since 
summer seasons are mostly sunny and winters 
are windy. Teachers were provided technical in-
formation to share with their students during the 
classroom implementation stage of the project.

Figure 1. Wind/PV Hybrid Power Generation and Data Acquisition System.
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Study of UNI Energy Bike (“e-Bike”) 
in Basics Energy Curriculum
 One of the recent undergraduate senior 
design projects successfully completed in the 
EET program is the design and construction of 
an energy bike, commonly referred to as the e-
Bike project. The e-Bike is a human-powered 
stationary bicycle equipped with a permanent 
magnet direct current (DC) pollution free (zero-
emission) generator. The generator delivers 
electricity to a display board with a number of 
electrical loads of varying energy efficiency val-
ues. It allows the student cyclist to power incan-
descent and compact fluorescent light (CFL) 
bulbs, a radio, a tape player, and other small 
appliances either directly from the generator or 
from a deep cycle battery used to store energy. 
The cyclist typically can feel the difference in 
energy efficiency of the different loads, such as 
energy efficient CFLs and inefficient incandes-
cent light bulbs. 
 A functional block diagram of the UNI e-
Bike project is shown in Figure 2. One of the 
main objectives of this specific activity is to un-
derstand how electricity is generated and con-
sumed efficiently. As this system was tested 

in the Young Scientists’ Camp in July 2008, 
students realized that they must spend more 
mechanical energy when they had to generate 
electricity to run one 50W incandescent light 
bulb than when they had to generate electricity 
to run two compact florescent light bulbs with 
even more light density being obtained. They 
simply realized and practiced how important 
energy efficiency is in our daily lives. Students 
also calculated and read voltage, current, and 
power consumption through different electrical 
loads and observed those values at the meter 
display provided in the system. Awareness of 
energy efficiency was clearly observed by ap-
plying different mechanical inputs to the pedal-
powered generator that ran incandescent and 
CFL light bulbs in this specific activity.
 For example, student and teacher com-
ments in the camp were excellent in terms of 
learning basics mathematics and science re-
lated to electricity and energy efficiency con-
cepts. Figure 3 illustrates a custom-made load 
box with a display panel that helps teacher 
and students to change load levels and to 
read and record voltage, current, power, and 
energy values.
 
        

	  

	  
PEDAL	  
BIKE	  

GEN	  DC	  
VOLTS	  

CAP	  
REGULATOR	  
BATTERY	  
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R,	  L	  &	  
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SAVING	  
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V,	  I,	  P,	  kWh	  	  

Figure 2. Overall functional block diagram of the e-Bike.

Figure 3.  Load display panels that help teachers and students read and record 
            voltage, current, power, and energy values.
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Figures 4 and 5 illustrate sample data collec-
tion and graphical representation that students 
obtained at different load levels of the e-Bike 
test-drive.
 Figure 5 shows how students are involved 
in riding the bike (applying mechanical input 
power), generating electricity, running different 
loads, collecting data, and finally processing 
data into a spreadsheet-type of graphical envi-
ronment. 

Study of Hydrogen Fuel-Cell Science 
and Technology in the Curriculum
 A fuel cell is an electrochemical cell in which 
the energy of a reaction between a fuel, such as 
liquid hydrogen, and an oxidant, such as liquid 
oxygen, is converted directly and continuously 
into DC electricity. A fuel cell consists of two 
electrodes sandwiched around an electrolyte. 
Oxygen passes over one electrode and hydro-

gen over the other, generating electricity, water, 
and heat. Therefore, a commercially available 
hydrogen fuel-cell trainer developed by Hamp-
den Engineering Corporation was purchased 
for teacher and student interaction purposes 
and added to the curriculum through the IM-
SEP grant. The previously available 500 W 
hydrogen-fuel test system, a custom-designed 
system for hydrogen fuel-cell research, is more 
appropriate for demonstration purposes only. 
 The Hampden Model H-FCTT-1 Fuel-Cell 
Technology Trainer (Hampden Engineering 
Corporation, 2008) allows students to create a 
grid independent power supply that uses only 
hydrogen as its fuel. The system will familiar-
ize the students with fuel-cell power supply 
technology, an environmentally friendly method 
of generating power directly from a hydrogen 
reaction. Fuel cells are the most promising al-
ternate energy supply and are already being 
used in a number of areas, including automo-

  Time Power Current Volt 
Step t(s) P (W) I(A) V(V) 
1 15 53.2 4.3 11.91 
2 30 52 4.4 11.41 
3 45 45.6 4.57 10.67 
4 60 42.6 4.25 11.95 
5 75 50.7 4.45 10.97 
6 90 47.3 4.2 9.76 
7 105 41.6 4.18 9.85 
8 120 44 4.2 11.37 
9 135 45.3 4.15 10.94 
10 150 51.6 4.25 10.8 

Figure 4.  Data recording and graphical analysis for 50 W, 12 V incandescent light bulb run by a bicycle generator   
                 with pedal power.

(a)

 (b)

 (c)

Figure 5. (a) Graphical analysis for 15 W, 12 V, CFL bulb run in (b) by a bicycle generator driven by (c) a junior high student. 
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tive technology and power-generation systems. 
The Model H-FCTT-1 can also be connected 
to an external energy source, such as a solar 
panel or wind generator, for comparison among 
the different technologies. A switch located on 
the panel allows for switching between the fuel 
cell and an external source.
 

Professional Development 
Workshops for STEM teachers
 The two workshops that were introduced to 
area teachers on PV cells were wind and hy-
drogen fuel-cell basics. Discussion and demon-
strations also included in the workshops were 
aimed at increasing the teachers’ knowledge of 
this exciting new area of research on renewable 
energy sources. These workshops assisted in 
the development of a new curriculum, as shown 
in Figure 6, and therefore aim to increase the 
coursework related to mathematics and science 
that will be available to junior high and middle 
school students the following semester. The 
ultimate goal of this new curriculum is its im-
plementation into the classroom, which should 
have an overall effect of increasing the perfor-
mance of Iowa’s middle school students in math 
and science courses. 
 The goal of these workshops was for teach-
ers to develop their own curricula based on the 
presented materials focusing on renewable en-
ergy concepts. 
 To evaluate the effectiveness of the work-
shops and test content knowledge of the teach-
ers, participants were asked to fill out surveys 
before and after attending the workshop; the 
outcomes are reported in this article. Project 
PIs observed the participants in the classroom 
teaching the renewable energy concepts on 
one of the first three days during the Spring 
2009 semester. 
 Undergraduate assistants are currently 
conducting interviews with participating teach-
ers after the week of implementation to deter-
mine the effectiveness of the curriculum and to 
collect information regarding students’ level of 
understanding. Tryengineering.org offers ex-
cellent free material for educators of the STEM 
curriculum, and a number of lesson plans are 
provided for workshop participants (Try En-
gineering, 2007).  Project Lead the Way has 
STEM activities that are available to STEM 
educators (Project Lead the Way, 2007). Clark 
and Ernst (2006) studied the integration of engi-
neering, mathematic, scientific, and technologi-
cal concepts with  Visualization in Technology 
Education (VisTE) by an NSF-funded project.
 Sample pictures of learning activities are 

shown in Figure 8.
Teacher Expectations from a STEM 
Workshop on Renewable Energy
 Twenty teachers from 12 schools participat-
ed in the STEM workshop on renewable ener-
gy. The authors believe that the data on teacher 
participation indicate that this experimental cur-
riculum to promote Math and Science Educa-
tion is promising and should be introduced to 
more teachers and more schools. The following 
are comments from teacher’s surveys.

•	 I	want	to	find	out	up-to-date	information	on	
RE	and	how	to	bring	it	to	the	classrooms.

•	 I	hope	to	get	curriculum	materials	and	ideas	
to	 utilize	 in	 various	 levels	 of	 chemistry	 re-
lated	 to	 energy.	 I	 hope	 to	 get	 information	
and	ideas	for	possible	club	ideas	for	student	
to	participate	in	outside	of	the	classroom	as	
well as hoping to forge a partnership with 
UNI	 for	 our	 high	 school	 students	 to	 work	
with	UNI	students	on	projects	related	to	RE.

•	 Receive	ways	I	can	encourage	my	students	
to	enjoy	math,	science,	and	technology.

•	 Learning	 new	 stuff,	 having	 materials/re-
sources	to	take	with	me,	and	gaining	useful	
materials	for	classroom	instruction.

•	 To	learn	about	renewable	energy	and	how	
to	use	this	knowledge	in	my	classroom.

•	 I	expect	to	learn	about	the	different	renew-
able	energy	applications	and	to	find	some	
curriculum	that	I	can	apply	in	my	classes.

•	 I	would	like	to	get	ideas,	applications,	les-
son	plans	for	use	in	class	that	will	help	stu-
dents	see	the	practical	applications	of	math	

 

Day 1: Exploration of Renewable Energy Concepts -  SOLAR 

Day 2 : Exploration of Renewable Energy  - 

Day 3 : Exploration of Renewable Energy Concepts  
HYDROGEN FUEL CELL 

Day 4 : Experimentation and data collection of  “e-Bike.” 

Day 5 : Graphical representation and analysis for “e-Bike” 
  and hydrogen fuel cell system data. 

Proposed Curriculum Outline   

WIND 

Implementation of Curriculum Outline 

Figure 6. Implementation of Curriculum Outline

Figure 7. Weekend professional  
               development  workshops

Goal 1:

Increase content 
knowledge of renewable 

energy sources –
hydrogen fuel cells, 

solar and wind power. 
.

Weekend Professional 
Development Workshops

Goal 2:

Demonstration and 
experimentation 
of UNI “e-Bike.”

Goal 3:

Calculations, graphical 
representation and 

interpretation 
of “e-Bike” and hydrogen 

fuel cell system data.
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to	alternative	energy.
•	 My	expectations	are	to	be	able	to	introduce	

my	students	to	renewable	energy	activities	
and	 labs.	 I	 also	 want	 to	 introduce	 more	
math	to	my	science	teaching.

•	 I	am	very	interested	in	learning	more	about	
renewable	energy.	Also	getting	all	students	
more	interested	in	math	and	science.

•	 I	would	like	to	take	back	to	students	few	ex-
amples	of	real	world	applications	of	STEM.

•	 I	would	like	to	incorporate	some	of	the	in-
formation	 in	 collaboration	 with	 both	 math	
and	science.	Especially	our	advanced	8th	
grade	math	and	science	students.

•	 I	 really	 want	 to	 take	 some	 hands-on	 ap-
plications	of	math	and	science	back	to	my	
class	to	increase	student	interest	in	future	
careers.

A survey was conducted to determine how sat-
isfied participants were at the end of the work-
shops. Survey results are summarized in Figure 
9 and Table 1.
 

Conclusion
 The critical need for engineering educa-
tion in K–12 classrooms in the United States 
has been highlighted in a number of reports 
as referenced throughout this article. Though 
it is still in its infancy, there is an emerging 
movement in engineering education across 
the country, as evidenced by the growth in 
Science, Technology, Engineering, and Math-
ematics (STEM) academies and programs in 
secondary schools, as well as the development 
and deployment of engineering curricula. How-
ever, rural school districts are often at a disad-
vantage without sufficient student populations, 
resources, or qualified teachers necessary to 
implement these specialized programs. Re-
search suggests rural students are less likely 
to pursue engineering careers due in part to a 
lack of exposure to or unfamiliarity with the field. 
Collaboration between schools and institutions 
is an efficient way to promote engineering edu-
cation by integrating renewable energy systems 
into coursework, which generates more student 
interest than providing equation-based curricu-
lum. Renewable energy related summer camps 
and workshops have proven to generate more 
student interest and promote STEM education, 
especially in rural areas where there is a lack of 
teaching tools and equipment. Local companies 
may provide some funding and equipment for 
workshops. A successful partnership between 
two departments, EET (Electrical Engineering 
Technology) and Science Education in the Col-

	  
Figure 8. Activities from weekend professional development workshops

	  

lege of Natural Sciences at UNI, and local mid-
dle and high schools has focused on providing 
educators with exciting, hands-on, and unique 
learning tools that will initiate discussions about 
renewable energy applications, energy effi-
ciency, and energy conservation in their young 
students’ lives. These discussions lead directly 
into data analysis, mathematical calculations, 
and scientific interpretation of experiments per-
formed by the students themselves. 
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Figure 9. End of workshop survey completed for STEM teachers.
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Questions 
Strongly 

Agree 
(%) 

Somewhat 
Agree  
(%) 

Somewhat 
Disagree 

(%) 

Disagree 
(%) 

Not 
Applicable 

(%) 

No 
Answer 

(%) 
Question 1: Have you found the 
presentation useful to improve your 
knowledge on renewable energy 
applications? 

65.45 34.55 0.00 0.00 0.00 0.00 

Question 2: Have you found the 
presentation useful to improve your 
knowledge on energy efficiency and 
efforts on reduction of carbon foot 
print? 

63.64 34.55 1.82 0.00 0.00 0.00 

Question 3: Are Mathematical 
relations and calculations selected in 
this presentation appropriate for 
your skill level? 

33.64 43.64 11.82 8.18 0.91 1.82 

Question 4: Do you think solar, 
wind and hydrogen fuel cell power 
applications will help you as a 
student to understand math better? 

16.36 56.36 16.36 7.27 1.82 1.82 

Question 5: Do you think 
renewable energy would be a good 
tool to promote science and 
technology majors in college for 
women, students of color and under-
represented students? 

55.45 36.36 3.64 1.82 0.91 1.82 

Question 6: Would you be 
interested in this Applied 
Renewable Energy Curriculum 
promoting Math and Science added 
to your school's curriculum? 

25.45 40.91 16.36 11.82 4.55 0.91 

Question 7: Overall quality of 
instruction was appropriate and 
useful for this class. 

80.00 17.27 0.00 0.00 0.91 1.81 

Question 8: I am interested in 
future workshops/summer research 
activities in these or similar subject 
matters at UNI. 

75.00 20.00 5.00 0.00 0.00 0.00 

 

References
Bozynski, K., McCowan, J. D. (1995). 

Recruitment to the profession: A student-
led approach. Journal	 of	 Engineering	
Education: 257–261.

Clark, A. C., & Ernst, J. V. (2006). Supporting 
technological literacy through the integra-
tion of engineering, mathematic, scientific, 
and technological concepts. Proceedings 
of	 the	 ASEE	 (American	 Society	 for	 Engi-
neering	 Education)	 Annual	 Conference, 
Chicago, IL.

Dugger, W. E., & Gilberti, A. F. (2002). Stan-
dards for technological literacy: Content 
for the study of technology. Reston, VA: 
International Technology Education Asso-

ciation (ITEA).

Engineering Technology. (2010). Retrieved on 
December 17, 2010, from

http://www.sal.ksu.edu/engtech/definition.htm

Gleason, J., Boykin, K., Johnson, P., Bowen, 
L., Whitaker, K., Micu, C., Raju, D., and 
Slappey, C. (2010). Integrated engineering 
math-based summer bridge program for 
student retention. Advances	 in	 Engineer-
ing	Education,	2(2): 1–17.

Glenn Commission (2000). Before it’s too late: 
A report to the nation from the National 
Commission on mathematics and science 
teaching for the 21st century. Retrieved on 
December 12,  2010, from http://www.ac-
tionbioscience.org/education/glenncomm.

Table 1.  Summary of Survey Results

http://www.sal.ksu.edu/engtech/definition.htm
http://www.actionbioscience.org/education/glenncomm.html
http://www.actionbioscience.org/education/glenncomm.html


Journal of STEM Education  Volume 13 • Issue 3   May-June 2012 72

html
Hampden Engineering Corporation. (2008). 

Alternative energy products. Retrieved 
on November 13, 2010, from http://www.
hampden.com

Henry, T. R., Holz, H., Stenback, C., Reed, C., 
and Baid, A. (2004). Work in progress – 
Student retention and recruitment in com-
puter science programs. 34th	ASEE/IEEE	
Frontiers	 in	Education	Conference, paper 
F3C-14, pp. 1–2, Oct. 20–23, 2004, Sa-
vannah, GA.

Johnson, J., DeStefano, L., and Mustari, E. 
(2010). Recruitment, Retention, and Per-
formance of Students in the College of 
Engineering at Illinois, 40th	 ASEE/IEEE	
Frontiers	 in	 Education	 Conference,	 Oct.	
27-30,	2010,	Washington	D.C., pp. S3C-1 
– S3C-6, 2010.

Karayaka H,B., Mehrubeoglu, R., Yildiz, F., Ca-
ruso, K. (2011). A nuclear power industry 
career development workshop for high 
school teachers in a Hispanic serving in-
stitution. Proceedings	 of	 2011	 American	
Society	for	Engineering	Education	(ASEE)	
Annual	 Conference, Energy Conversion 
Conservation Division (EECT), June 2011, 
Vancouver, BC, Canada.

Lantz, H. B. (2009). What should be the func-
tion of a K–12 STEM education? Retrieved 
on November 29, 2010, from http://www.
seenmagazine.us/Sections/ArticleDetail/
tabid/79/ArticleID/208/smid/403/reft-
ab/292/Default.aspx

Lantz, H. B. (2009). Science, technology, engi-
neering, and mathematics (STEM) educa-
tion: What form? What function? Retrieved 
on December 30, 2010, from

 http://www.currtechintegrations.com/pdf/
STEMEducationArticle.pdf

Morrison J. (2006). TIES STEM Education 
Monograph Series: Attributes of STEM ed-
ucation. TIES. Retrieved on December 30, 
2010, from  http://images.pcmac.org/Up-
loads/JacksonMadison/JacksonMadison/
Departments/DocumentsCategories/Doc-
uments/Attributes%20of%20STEM%20
Education%20with%20Cover.doc

National Action Plan. (2007). Retrieved on Oc-
tober 15, 2010, from  http://www.nsf.
gov/nsb/documents/2007/stem_action.pdf

Project Lead the Way. (2007). Retrieved on De-
cember 15, 2010, from www.pltw.org

Science and Engineering Indicators. (2006). 
Retrieved on September 13, 2010, from 
http://www.nsf.gov/statistics/seind06/

Teach Engineering. (2007). Hosted by National 
Science Digital Library. Retrieved on De-
cember 13, 2010, from www.teachengi-
neering.org

Try Engineering. (2007). Lesson plans. Re-
trieved on December 10, 2010, from

 www.tryengineering.org/lesson.php

Tims, H., Turner, G., & Schillinger, D. (2008). 
IMELT:	Integrating	mathematics,	engineer-
ing,	 and	 literacy	 in	 the	 teaching	of	math-
ematics.	Proceedings	of	ASEE	(American	
Society	for	Engineering	Education)	Annual	
Conference, Pittsburgh, PA.

Tester, J. T., Scott, D., Hatfield, J., Decker, R., 
and Swimmer, F. (2004). Developing re-
cruitment and retention strategies through 
“Design4Practice” curriculum enhance-
ments. 34th	ASEE/IEEE	Frontiers	in	Edu-
cation	Conference, Session T3E: 18–23.

U.S. Department of Education. (2007). Institute 
of Education Sciences, National Center 
for Education Statistics, National Assess-
ment of Educational  Progress (NAEP), 
1990–2007 Mathematics and Science As-
sessments.  

Yildiz F., Kingman, D., Coogler, K., Karayaka, 
H.B. (2011). Recruitment of K–12 stu-
dents to engineering technology programs 
through applied alternative energy edu-
cation workshops. Proceedings	 of	 2011	
ASEE	Gulf	Southwest	Annual	Conference:	
Innovating	 Engineering	 and	 Engineering	
Technology	 Education, ASEE Gulf-South-
west Section, March 2011, Houston, TX.

http://www.actionbioscience.org/education/glenncomm.html
http://www.hampden.com
http://www.hampden.com
http://www.seenmagazine.us/Sections/ArticleDetail/tabid/79/ArticleID/208/smid/403/reftab/292/Default.aspx
http://www.seenmagazine.us/Sections/ArticleDetail/tabid/79/ArticleID/208/smid/403/reftab/292/Default.aspx
http://www.seenmagazine.us/Sections/ArticleDetail/tabid/79/ArticleID/208/smid/403/reftab/292/Default.aspx
http://www.seenmagazine.us/Sections/ArticleDetail/tabid/79/ArticleID/208/smid/403/reftab/292/Default.aspx
http://www.currtechintegrations.com/pdf/STEMEducationArticle.pdf
http://www.currtechintegrations.com/pdf/STEMEducationArticle.pdf
http://images.pcmac.org/Uploads/JacksonMadison/JacksonMadison/Departments/DocumentsCategories/Documents/Attributes of STEM Education with Cover.doc
http://images.pcmac.org/Uploads/JacksonMadison/JacksonMadison/Departments/DocumentsCategories/Documents/Attributes of STEM Education with Cover.doc
http://images.pcmac.org/Uploads/JacksonMadison/JacksonMadison/Departments/DocumentsCategories/Documents/Attributes of STEM Education with Cover.doc
http://images.pcmac.org/Uploads/JacksonMadison/JacksonMadison/Departments/DocumentsCategories/Documents/Attributes of STEM Education with Cover.doc
http://images.pcmac.org/Uploads/JacksonMadison/JacksonMadison/Departments/DocumentsCategories/Documents/Attributes of STEM Education with Cover.doc
http://www.nsf.gov/nsb/documents/2007/stem_action.pdf
http://www.nsf.gov/nsb/documents/2007/stem_action.pdf
http://www.pltw.org
http://www.nsf.gov/statistics/seind06/
http://www.teachengineering.org
http://www.teachengineering.org
http://www.tryengineering.org/lesson.php


Journal of STEM Education  Volume 13 • Issue 3   May-June 2012 73

Recayi (Reg) Pecen  holds a B.S in EE and an M.S. in Controls-Com-
puter Engineering from the Istanbul Technical University, an M.S. in EE 
from the University of Colorado at Boulder, and a Ph.D. in EE from the Uni-
versity of Wyoming. He is currently a professor and a program coordinator 
of EET and departmental graduate programs at the University of Northern 
Iowa. His research interests are in the areas of AC/DC Power System In-
teractions, distributed energy systems, power quality, and grid-connected 
renewable energy applications. He is a senior member of IEEE and a mem-
ber of ASEE and Tau Beta Pi. He is a recipient of the 2010 Diversity Matters 
Award at UNI. He is also a recipient of the 2011 UNI C.A.R.E Sustainability 
Award from UNI and the state of Iowa. He received a Milestone Award for 
outstanding mentoring of graduate students at UNI, and recognition from UNI 
Graduate College in 2011 and 2005.  He is currently serving as a Chair-Elect 
on ASEE ECCD and served as a program chair on ASEE ECCD in 2010. Dr. 
Pecen is a board member of the Iowa Alliance for Wind Innovation and Novel 
Development.  

Jill L. Humston has a B.S. in Chemistry from the University of North-
ern Iowa and a Ph.D. in Pharmacology from the University of Wisconsin – 
Madison. She is an adjunct chemistry instructor at the University of North-
ern Iowa and a high school science teacher for the Hudson Community 
School District. Dr. Humston is interested in science enrichment opportuni-
ties for students and teachers. In her position at U.N.I., Dr. Humston has 
been involved in education outreach programs for middle and high school 
students through her work for the Iowa Math and Science Education Part-
nership, summer science camps, and educational programs.

Faruk Yildiz  is an Assistant Professor of Industrial Technology at Sam 
Houston State University, Huntsville, TX. He earned his B.S. (Computer 
Science, 2000) from Taraz State University, Kazakhstan, his M.S. (Com-
puter Science, 2005) from City College of The City University of New York, 
and his Doctoral Degree (Industrial Technology, 2008) from the University 
of Northern Iowa. Dr. Yildiz has been teaching all levels of electronics, 
renewable energy systems and technology, and computer aided design 
(CAD) classes at Sam Houston State University since Fall 2008. His re-
search interests fall into two broad categories: energy harvesting, conver-
sion, and storage systems for alternative energy sources and alternative en-
ergy education of K–12 students and teachers to promote STEM education.


