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Education in Science, Technology, Engineering and Mathematics (STEM) is a critical issue 
in this country, as well as around the world. On Friday, October 30, New York City College of 
Technology at The City University of New York hosted the all-day conference “Synergy in 

STEM: Bringing Mathematics, Physics and Engineering Together”. The aim of this conference 
was to promote an exchange of ideas and experiences among those interested and involved in the 
transfer of learning in the fields of Mathematics, Physics, Engineering and Computer Science. 
The Plenary Session, four subsequent Parallel Sessions and Poster Session provided a forum for 
presenting and discussing current research and applications in which the major emphasis was on 
the transfer of learning in the STEM disciplines. 38 presentations from these sessions covered the 
wide spectrum in STEM education. 

This conference gave the opportunity for more than 100 participants from 20 universities and 
colleges from across the country to demonstrate the high quality research they are conducting, to 
discuss the results of their research and future in STEM education. 
Participants from 

1. Borough of Manhattan Community College, CUNY
2. Bronx Community College, CUNY 
3. Brooklyn College, CUNY
4. California State University, Long Beach
5. City College of New York, CUNY
6. Florida A&M University
7. Graduate School and University Center, CUNY 
8. Hostos Community College, CUNY 
9. Kansas University
10.LaGuardia Community College, CUNY
11.Nassau Community College
12.New York City College of Technology, CUNY 
13.Penn State Erie The Behrend College 
14.Rutgers University 
15.University of Wisconsin-Madison
16.University of Washington Tacoma 
17.Savannah State University 
18.Syracuse University 
19.Western Michigan University
20.Vaughn College of Aeronautics and Technology 

presented and discussed the following topics: 
Role of Laboratories in the Undergraduate Education of STEM
Best Practices for Teaching Online STEM Courses
The Art and Science of Physics, Mathematics and Engineering Teaching
Interactive Lecture Demonstrations in STEM
Instructional Innovations in the STEM Curriculum
Interdisciplinary Collaborations Supporting STEM Studies

Best Practices Using Technology to Support STEM Teaching and Learning.

These Proceedings include selected papers presented by the participants and highlight the 
main objectives of the conference.

Roman Kezerashvili and Justin Vazquez-Poritz 

Editors
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Conference Program 

Plenary Sessions Location: Atrium Amphitheater. 9.00 am – 12:50 pm

Chair (9:30-10:30 am): Roman Kezerashvili

Chair (10:50 am-12:50 pm): Stephen Soiffer

8:30-9:00 am Registration 

9-9:30 am 

Welcoming Remarks 
Russell Hotzler, President of New York City College of Technology CUNY 

Pamela Brown, Dean of School of Arts and Sciences 
Roman Kezerashvili Chair of the Organizing Committee 

9:30-10:00 am 
Interactions Between the Art & Science of Physics Learning and Teaching 

Dean Zollman 
Kansas University 

10:00-10:30 am 

What Has Happened To Geometry, Why Should We Care,  

and Some Suggestions About What To Do About It 

Richard Askey 
University of Wisconsin-Madison 

10:30-10:50 am Coffee Break 

10:50-11:20 am 
The Role and Best Practices in Physics Demonstrations 

David Maiullo, Rutgers University 
Samuel  Sampere, Syracuse University 

11:20-11:50 pm 

Consumer Communications and Networking: Riding the Waves of Disruptive 

Technologies

Alexander D. Gelman 
CTO, NETovations Group

11:50-12:20 pm 
Using Models to Teach and Learn Engineering 

Slobodan Urdarevik 
Western Michigan University 

12:20-12:50 pm 
Learning Communities in the STEM Disciplines 

Estela Rojas Elgueta 
New York City College of Technology CUNY

Lunch 12:50 - 2:00 pm
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First Parallel Sessions 

STEM Education Location: Room N-923. 2.00 pm – 3:30 pm 

Chair: Giovanni Osssola

2-2:30 pm 

Supporting Women Majoring in the Science, Technology, Engineering and 

Mathematics Disciplines

Janet Liou-Mark 
New York City College of Technology CUNY 

2:30-2:50 pm 
Math + Science + Leadership (MSL) 

Adrienne Ione, Orlando Baiocchi, Kim Davenport and Larry Wear 
University of Washington Tacoma

2:50-3:10 pm 
Project Esteem 

Theresa Vecchiarelli and Nicole Simon 
Nassau Community College

3:10-3:30 pm 
E-Portfolio Uses in College 

Daniela Viviana Vladutescu 
New York City College of Technology CUNY

Engineering Location: Room N-922A. 2.00 pm – 3:30 pm 

Chair: Candido Cabo

2-2:30 pm 
Integrating Research into Undergraduate Engineering-Technology Courses 

Djafar K. Mynbaev 
New York City College of Technology CUNY 

2:30-2:50 pm 

An Integrated Project-Based Course in Mathematics  

and EngineeringTechnology 

Asad Yousuf, Hyounkyun Oh and Mohamad Mustafa 
Savannah State University

2:50-3:10 pm 

Developing the Core Course Modules in Electrical and Telecommunications 

Engineering Program 

Sunghoon Jang and Kenneth Markowitz 
New York City College of Technology CUNY

3:10-3:30 pm 

A Multimedia Approach to Deliver Cryptography  

and Computer Security Concept 
Xinzhou Wei and Aron Goykadosh 

New York City College of Technology CUNY
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Mathematics Location: Room N-922. 2.00 pm – 3:30 pm 

Chair: Urmi Ghosh-Dastidar

2-2:20 pm 
Mathematical Modeling: From Reading to Writing 

Huseyin Yuce, New York City College of Technology CUNY 
Mark Schiebe, The Graduate Center CUNY 

2:20-2:50 pm 
My Online Mathematics Instructions at Savannah State University 

Shinemin Lin 
Savannah State University

2:50-3:10 pm 
Scientific and Technological Applications in Teaching Mathematics 

Sreedevi Ande and Mangala Kothari 
LaGuardia Community College CUNY

3:10-3:30 pm 
Using Clinical Interviews with Low-Performing Students in Mathematics 

Eric Fuchs, Bronx Community College CUNY 
Violeta Menil, Hostos Community College CUNY

Physics Location: Room N-823. 2.00 pm – 3:30 pm 

Chair: Justin Vazquez-Poritz

2-2:30 pm 
Using Geometry to Bring Mathematics and Physics Closer 

Joel Gersten 
City College of New York CUNY 

2:30-2:50 pm 
Using Clicker in Physics Lectures 

Pengfei Li and Jonathan Lambright 
Savannah State University

2:50-3:10 pm 
Astronomy as a STEM Course 

Gregory Matloff 
New York City College of Technology CUNY

3:10-3:30 pm 
Simple Pendulum and Property of Simple Harmonic Motion 

Alexander Sapozhnikov 
Brooklyn College CUNY

Coffee Break 3:30 – 4:00 pm
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Second Parallel Sessions 

STEM Education Location: Room N-923. 4.00 pm – 5:10 pm 

Chair: Janet Liou-Mark

4:00-4:30 pm 
Alternative Energy – Hands On STEM Activities 

Robert Edwards, Melanie Ford and Kathryn Holliday-Darr 
Penn State Erie The Behrend College 

4:30-4:50 pm 
STEM Education: Onerous Obstacles and Orthogonal Opportunities 

Reginald Blake 
New York City College of Technology CUNY

4:50-5:10 pm 

City Polytechnic High School:  

An Interdisciplinary Approach to STEM Studies 
Gerarda M. Shields and Paul C. King 

New York City College of Technology CUNY

Mathematics Location: Room N-922. 4.00 pm – 5:30 pm 

Chair: Alexander Rozenblyum

4:00-4:30 pm 

Relational Study of the Effect of Four Weeks College Algebra Tutoring on 

MSIEP Participants’ College Algebra Test Score 

George G. Tessema and Alex Kalu 
Savannah State University 

4:30-4:50 pm 
Bio-surveillance in a Mathematics Classroom

Urmi Ghosh-Dastidar 
New York City College of Technology CUNY

4:50-5:10 pm 
Visualizing Steinmetz Solids with MatLab 

Javier Roldan Mckinley and Shenglan Yuan 
LaGuardia Community College CUNY

5:10-5:30 pm 
Empowering Student Learning Using the Self-Regulated Learning  Method 

Sandie Han and Grazyna Niezgoda 
New York City College of Technology CUNY
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Engineering Location: Room N-922A. 4.00 pm – 5:30 pm 

Chair: Djafar Mynbaev

4:00-4:30 pm 

Using Technology to Support STEM Teaching and Learning
Barry Gross 

City College of New York CUNY 

4:30-4:50 pm 

Integration of 3D Modeling, FEA and Rapid Prototyping in Engineering 

Technology Two-Year Programs 
Gaffar Gailani, Sidi Berri and Malek Brahimi 
New York City College of Technology CUNY 

4:50-5:10 pm 
Community College as a Pathway to Engineering Education and Careers 

Hendrick Delcham, Kamal Hajallie and Frank Wang 
LaGuardia Community College CUNY 

5:10-5:30 pm 

Using Topic Map to Create an E-Learning Environment: The Topic of OSI 

Model Map  

Marcos Pinto
New York City College of Technology CUNY

Conference Banquet 6:00 pm

Posters
On display all day on 9

th
 floor of Namm Hall 

Chair: Boris Gelman

Service Learning Approach in a Basic Electronic Circuit Course 

Fei Wang 
California State University, Long Beach 

More Efficient and Interactive Class Using New Innovative Instructional Technology 

Chao Li 
Florida A&M University 

Toward an Enjoyable Experience of Learning Sciences 
Nelson Nunez-Rodriguez and Yoel Rodriguez 

Hostos Community College CUNY 

Peer-Assisted Workshops: A Method to Foster STEM Learning 

Mursheda Ahmed, AE Dreyfuss, Sharmir Findley, Travion Josephs, Lorenzo Lares,  
William Lau, Janet Liou-Mark, Jamel Stovell and Jodi Ann Young 

New York City College of Technology 

Navigation by Mentoring and Leadership:  Supporting Women Majoring in Mathematics 

Mursheda Ahmed, Janet Liou-Mark, Yvency Marcellus, Alma Cabral Reynoso, Lori Younge 
New York City College of Technology CUNY
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INTERACTIONS BETWEEN THE ART AND SCIENCE OF PHYSICS 

LEARNING-TEACHING  

Dean Zollman 

Department of Physics 
Kansas State University 
Manhattan, KS 66506 
dzollman@phys.ksu.edu

ABSTRACT 
Instruction begins when you, the teacher, learn from the learner, put yourself in his place 
so that you may understand what he understands and in the way he understands it,…”1

Long before physics education research began studying how students learn physics, Soren 
Kierkegaard (1813-1855) expressed many of the goals of physics education research.  
Teaching is the art of realizing our students are not us and understanding how they learn 
topics which came easy to us.  Some “natural” teachers seem to do this automatically and 
we can learn from how they do it.  At the same time, research on the teaching-learning 
process can go a long way toward helping all of us understand how the student 
understands physics.  This interplay between the art (what some teachers do naturally) 
and the science (physics education research) is the foundation for the continual 
improvement of physics education. 

1. INTRODUCTION

The quotation from Kierkegaard (Kierkegaard, 1848 ) indicates that the issues of teaching and learning have 
long been with us. In fact, one could certainly find similar statements throughout history.  Today reaching the 
goals of good teaching goes beyond just knowing how to do it.  Research can provide significant help. 

The goals of physics education and physics education research (PER) are very consistent with a variety of 
thoughts which were expressed before PER became an active sub-discipline of physics.  For example, Melba 
Phillips, a well known physics educator who retired in the early 1970s, stated, “We must learn to be more 
receptive to responses, more sensitive to viewpoints of those we try to reach.”  This goal, stated in 1974, reflects 
much of what research has told us for the past thirty years.  To teach any science effectively, we must listen to our 
students, respond to what they say in a way that begins with their present knowledge and builds on it in a 
productive way.  We cannot assume that the students will be able to understand the subject matter as we do or that 
they will learn in the same way that we did.  After all, we learned the material easily.  That is why we became 
scientists and science educators. 

2. A TEACHING EXAMPLE 

Richard Feynman, the Nobel Laureate known for his lectures to beginning students at Cal Tech, made some 
related comments in an interview during the BBC Horizon Broadcast, Horizon "The Pleasure of Finding Things 
Out“  in 1981.
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All those students are in the class.  Now you ask me, how should I best teach them?  Should I 
teach them from the point of view of the history side or the application side?  My theory is 
that the best way to teach is to have no philosophy – just to be chaotic and confused in the 
sense that you use every possible way of doing it.  That’s the only way I can see to answer it.  
So to catch this guy or that guy on different hooks as you go along.  During the time when the 
fellow who was interested in history is being bored by the abstract mathematics.  On the other 
hand, the fellow who likes the abstractions and is being bored at another time by the history.  
If you can do it so you don’t bore them all, all of the time, perhaps you’re better off.  I really 
don’t know how to do it.   
I don’t know how to answer this question of different kinds of minds with different kinds of 
interests.  What hooks them on?  What makes them interested?  How do you direct them to 
become interested?  One way is by a kind of force.  You have to pass this course.  You have 
to take that examination.  It’s a very effective way.  Many people go through schools that way 
and this may be the more effective way.  I’m sorry after many, many years of trying to teach 
and trying all different kinds of methods, I really don’t know how to do it.  (BBC, 1981) 

So, Feynman seems to be saying we should explore all possible paths in teaching just like the electron 
explores all possible paths in its motion.  Of course, the result of the electron’s exploration is that the electron 
interferes with itself.  Hopefully Feynman’s method of teaching would not result in us as teachers interfering with 
ourselves.

Feynman’s lectures have been utilized by physicists since they were first published in the 1960s.  Without 
doubt these lectures contain insights into physics that have no parallel anywhere else in the literature.  They were 
invaluable for students of my generation when we were studying for our Ph.D. exams.  

However, evidence exists that Feynman was not listening carefully to his target audience.  For example, in the 
tribute issue of Physics Today after Feynman’s death, David Goldstein stated, “As the course wore on, attendance 
by the kids at the lectures started dropping alarmingly, but at the same time, more and more faculty and graduate 
students started attending, so the room stayed full, and Feynman may never have known that he was losing his 
intended audience.”  (Goodstein, 1989) This description led Al Bartlett to identify the Feynman Effect in teaching 
as, “… directing one’s teaching toward colleagues when one is supposed to be focusing on freshmen.  This 
situation arises when one allows one’s pedagogy to be guided by the perceived standards of one’s professional 
peers rather than by a realistic understanding of … the abilities of one’s students.” (Bartlett, 1992). 

3. USEFUL PAST RESEARCH IN PHYSICS EDUCATION 

Today, our knowledge of students and how to address Phillips’ advice is much more sophisticated than it was 
when Feynman was delivering his lectures.  We know that students start their study of physics with a lot of 
knowledge of the physical world.  In fact, delivering instruction is no longer a good phrase for what we do when 
we teach using the results of contemporary research on teaching. 

Beginning in the 1970s considerable research has been conducted on students’ difficulties, mis- or pre-
conceptions and models of the physical world and how those models affect their learning.  Some notable work in 
this area includes the efforts by McDermott and many others to investigate and describe student difficulties in 
specific areas, conceptual assessments (such as the Force Concept Inventory) which provide a way to quickly 
assess the state of student understanding in a variety of topics and disciplines, transfer of learning, and 
investigations of mental models and how those models are changed or not changed by instruction  (Bao & Redish, 
2001; Bao, Zollman, Hogg, & Redish, 2002; Hrepic, Zollman, & Rebello, 2005; Rebello et al., 2005). 

Occasionally, we find that our own preconceived ideas about what students learn can get in the way of 
understanding what they are thinking.  One example is a study completed a few years ago by members of our 
group (Engelhardt, Gray, & Rebello, 2004).  A common research and instructional exercise is to ask students to 
cause a small light bulb to emit light using only the bulb, a battery and one or two wires.  Frequently, students are 
unable to be successful.  A film of students and some faculty attempting this small experiment at Harvard 
commencement has become rather famous  (Sadler & Schneps, 2002).   The conclusion is that students do not 
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understand the concept of complete circuits.  Our study, however, discovered an alternative interpretation:  
Students do not know how the light bulb is wired.  Many of the students assumed, as one student stated, “The 
light bulb is a complete circuit in itself.”  Thus, we must always be careful to ask many questions and learn what 
students are thinking at a level below what the first tells us. 

4. RECENT CHANGES IN THE RESEARCH FOCUS 

In recent years we as researchers have had a shift in our thinking about student thinking.  We have begun to 
focus on knowledge as small pieces rather than as a coherent mental model which the students have.  We have 
also recognized that it is difficult to probe student knowledge without affecting it.  As a result much research is 
now focusing on dynamics of knowledge transfer and construction rather than state of knowledge - learning.  
Thus, instead of determining and addressing the state of student understanding on particular topics we are 
attempting to understand how the students use their existing knowledge when faced with learning something new. 

The research on the way that students structure knowledge has taken a variety of approaches.  One useful 
organizational scheme is focus on the “grain size” of the knowledge.  The grain size is, in effect, the amount of 
information in the structure that we are considering.  Fig. 1 shows some of the different approaches with grain 
size going from small to large as one moves from left to right.  The names indicate researchers who have 
successfully exploited the investigation of knowledge at that grain size.   

Fig. 1.  Different sizes of knowledge structures that are being used to study the processes by which 

students learn.  (Thanks to Sanjay Rebello) 

Using this approach we conduct research to attempt to answer questions such as: 
• What do students know? 
• How does what they know affect their learning? 
• How do they process new information as they learn? 
• How do interactions with others affect learning? 
• How does learning transfer from one place to another? 

– Everyday  experience  to/from the classroom 
– One topic to/from another 
– One class  to/from another  

Our primary research tool in addressing these questions is the Teaching/Learning Interview.  This approach is 
different from the clinical interview in that we attempt to change the students’ understanding of a concept and 
investigate the process by which they change.  We provide the best environment that we can for the learner and 
provide scaffolding through hints and cues as needed. Analyses of these hints and cues help us understand how 
the student is processing the new information.  Thus, in the teaching/learning interview the interviewer is both 
researcher and facilitator of learning. 

To include the social aspects of learning in our investigations, we conduct some teaching/learning interviews 
with small groups.  In these situations, we see how students help each other as they learn and understand better 
how social interactions among students are important. 
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We are attempting to build a dynamic view of how students think about physics. We want to learn about the 
process which occurs while students learn physics.  Included in our research are studies of how the students 
interact with each other to help the learning process.  We also look at what activates the previously learned 
“resources” during learning and how they utilize scaffolding which we provide.  Such an effort will provide 
insights into what the students are thinking and doing when they undertake the effort to learn a topic such as 
physics which is difficult for many of them. 

We provide the students with a physics problem solving situation.  Sometimes these are paper and pencil 
activities, but more often they involve hands-on experiments and some logical processes.  Then, we address the 
following questions: 

• What underlies the students’ expressions of conceptual understanding? 
• Do students make it up as they go? 

– If so, what are the “building blocks” that they use? 
• How do beliefs about knowledge affect what they do? 
• Are social interactions important? 
• Are misconceptions a necessary step in the process? 
• How can interactions with teacher & students make the process more efficient?  

As stated above, the research effort involves a teaching-learning interview.  Thus, the teaching component is 
considered important.  However, in general the role of the teacher has been investigated much less by physics 
education researchers than that of the students.   

However, physics education research has taught us a lot about students and therefore how we should approach 
them as we teach – that is: how we should combine our own art of teaching with the science that researchers have 
developed.  Perhaps the broadest conclusion is that we should never assume that students are just absorbing what 
we are telling them.  Instead, they are always interpreting everything – even concepts outside their normal 
experience – based on their previous experiences and knowledge.  Thus, a critical part of the teaching process is 
to accept this previous experience and build on it as we teach. 

5. CONCLUSIONS  

To summarize, as with almost any human endeavor teaching has both an art component and a science 
component.  For some the art is natural but for most of us the art of teaching can be greatly enhanced by adapting 
and adopting the science which has come from the last 30 years or so of studying various aspects of student 
understanding.  As we move forward to study more about the process of learning science the art of teaching can 
be further enhanced.  So stay tuned to the research in physics and other areas of science education. 
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WHY WE SHOULD BE CONCERNED ABOUT GEOMETRY IN SCHOOL 

EDUCATION, AND WHAT CAN BE DONE ABOUT IT 

Richard Askey

Department of Mathematics, University of Wisconsin-Madison,  
480 Lincoln Drive, Madison, WI 53726 

askey@math.wisc.edu

ABSTRACT 
While there has been significant interest in trying to improve learning of arithmetic and 
algebra in our schools, geometry has not had the same attention paid to it. Some reasons 
why this has been a mistake and suggestions about what can be done are given. 

1. INTRODUCTION

In the then named “Third International Mathematics and Science Study” held in 1995, one assessment was for 
students taking advanced mathematics in their last year of high school. The United States had 14% of its students 
sampled.  The range for the other countries was from 2% to 75%, with a majority of the countries in the range of 
10% to 20%. The average score was 500. There were three content areas, Numbers and Equations, Calculus, and 
Geometry. The US scores were 459, 450, and 424 respectively. The next lowest Geometry score was Austria at 
462, and they had 33% of their students sampled. See [7]. Here is what Neal Lane, then director of the National 
Science Foundation, wrote about the mathematics results, [10]. 

     “Results of the advanced mathematics test reveal some unexpected weaknesses. Despite the fact that about 
one-quarter of the test related to calculus and that one half of the U.S. advanced mathematics students were 
actually studying calculus, it was in geometry, not calculus, where U.S. students performed worst. This 
is...unexpected because these advanced students have all had formal geometry coursework. The results show that 
both geometry and algebra need to be key subjects of study throughout the curriculum.”  

     What is not only surprising, but worrying, is that the NSF seems to have been unaware of the state of 
knowledge in geometry. In this paper some examples of what has gone wrong will be mentioned, and some 
suggestions of what can be done to help improve education in geometry will be given. 

2. GEOMETRY

     Let us start with a topic which has important uses in science and engineering, volume. After the formula for the 
area of a rectangle has been developed, one needs to get a formula for the area of a triangle. This can be done first 
for right triangles. For general triangles there are two cases, when both of the base angles are less than a right 
angle and when one of them is greater than a right angle. In both cases, a perpendicular to the base or the 
extension of the base reduces the problem to the case of right triangles. When dealing with volume, the natural 
analogue of a triangle is a pyramid. Here the problem is essentially harder. After developing the formula for a 
right rectangular prism, or what is called, in some countries, in school mathematics a cuboid, one can motivate the 
factor of 1/3 in the formula for the volume of a pyramid by giving an analogous argument, but this time starting 
with the extension of a square rather than a rectangle, i.e., a cube. There are two ways to see that a factor of 1/3 is 
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likely.  One is by taking a vertex and looking at the three faces which do not contain this vertex. The cube is 
divided into three congruent pyramids, with the base of each being a square and the height being the length of an 
edge of the cube. The other is to take the center point of the cube and divide it into six congruent pyramids by 
drawing lines from the center to each vertex. The bases are again squares but this time the height is half the length 
of the side of a pyramid. Once one has one class of pyramids, or even one pyramid, for which the volume formula 
has been found, scaling arguments and approximations can be used to derive the general formula. The latter 
would be appropriate for better students, but the first part should be learned by all. 

     For a mathematics club, a very nice problem is to introduce the four dimensional cube as was done in “The 
Method of Coordinates” by Gelfand, Glagoleva, and Kirilov [4] and work out the corresponding factor. Both 
arguments sketched above work in n-dimensions, and very good students can work this out. When they take 
calculus, they will realize that they have learned how to evaluate the integral of xn by symmetry. Symmetry is a 
very important topic in mathematics and in many branches of science, and one can start learning how useful it can 
be in school mathematics. 

     How is the volume of a pyramid treated in our textbooks? Often there is a sketch of how this can be started, 
either with one of the two versions given above or with a related one using a prism built out of the pyramid and 
two other pyramids of the same volume. However, here is an example where no geometry is used.   See [2, pages 
379-380]. Data is given for the volumes of two prisms and two pyramids, same bases and for 11 different heights. 
After students draw scatter plots for the volumes, they are asked to find linear models for the volumes and 
compare them, thereby getting an approximation to the 1/3 which occurs in the formula for the volume of a 
pyramid. Where is the geometry? 

     I mentioned this in a presentation at a hearing of a National Research Council Committee looking at evidence 
for evaluating curricular effectiveness. Here is a summary of part of the report of this committee, [1, page 82].

     Askey seeks to have more attention paid to issues of mathematical reasoning, abstraction and proof while 
Robinson [writing about the program I had taken this and a few other things from] values mathematical inquiry, 
conjecturing based on data, and the development of visual reasoning.  

     This was in ninth grade so it was inappropriate to expect proofs, but not inappropriate to expect some geometry 
in the only treatment of volume in the whole high school program. The only part which had any geometry was on 
prisms at what should be early middle school level. 

     Next, let us consider another geometry problem which can be solved in many ways, showing that the medians 
of a triangle meet at a point. The point is important; it is the centroid of the triangle, but here we will restrict 
attention to the concurrence of the medians. One reason I mention this theorem comes from a talk I gave on it at 
an annual meeting of the Wisconsin Teachers of Mathematics. There were 31 people at the talk. I did not want to 
skip something people did not know, nor spend time on something everyone knew, so I asked people to close their 
eyes and then to raise a hand if they knew how to prove that the medians of a triangle meet at a point. I also said 
that I would not call on anyone who raised a hand to give an explanation; I just wanted an honest answer. One 
person raised a hand. Most of the people were high school teachers and a few taught at the college level. 

     Here are two synthetic ways of proving this theorem. 

     First, draw two medians and connect the midpoints with a line segment. One then argues via similar triangles 
that these two medians meet at a point which is 2/3 of the way from a vertex to the opposite side for each median. 
By symmetry, the same is true for one of these medians and for the third median, so the three intersect at this 
point.
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     The second synthetic proof was included in a Japanese eighth grade book, [5]. The proof given here is a slight 
modification of their argument, which was given in outline form for students to finish.  

Draw the median from vertex A to the opposite side BC as shown in Fig. 1, and then draw lines parallel to this 
line from the midpoints of the remaining two sides. 

     BC has been split into four segments of the same length.  Draw the median from vertex C to the opposite side 
as shown in Fig. 2. This median is split into three equal segments by a result which should have been done by this 
time, so the two medians meet at a point which is 2/3 of the way from vertex C to the opposite side. By symmetry 
this is true for the other median which has been drawn, and then for the third median, so they all meet at a 
common point. 

     Before doing this, students should have been learning about auxiliary lines and how to draw them. One very 
nice problem for them to do is the following. 

     Given two parallel lines and two line segments as in the following picture in Fig. 3.  

     Two angles are known, say those marked with a and b. Find the angle marked x. Three simple ways to do this 
are to draw a line parallel to the given lines through the point of intersection of the two line segments, extend one 
of the line segments so it goes to the other parallel line, and draw a line perpendicular to the parallel lines through 
a point of intersection of a line segment and one of the parallel lines. These are three of the suggestions given by 
Durell and Arnold in [3] when they describe how auxiliary lines have been used in rectilinear figures up to this 
point. The other two are to connect two points, which was done in the first argument about the medians, and draw 
a line making a given angle with a given line. Students need to learn how to solve problems by reducing them to 
somewhat easier problems, and that is what auxiliary lines do for many synthetic proofs in geometry. 

     Of course there are other ways to prove this theorem. Here is what was suggested in Principles and Standards 
for School Mathematics [8, page 312].  

     “Geometry problems can be presented and approached in various ways. For example, many problems in 
Euclidean geometry, such as showing that the medians of any triangle intersect at a point, can be approached 
through coordinate geometry. Although it is possible to use a different variable for the coordinates of each vertex 
(especially if a CAS package is effectively used), a `without loss of generality’ argument can be used to lower the 
level of symbolic complexity.” 
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     Knowing how to use a coordinate system to 
simplify the solution of a problem is important, but this 
is a poor example to use since the computational 
complexity for the problem with the vertices labeled as 
in Fig. 4 is greater than the computational complexity 
when general labels are used and the problem is solved 
using symmetry. 

     One should start with an interval (a,b) and 
learn how to parameterize it so that when t=0 you 
are at a, and when t=1 you are at b. Then it is 

clear that the midpoint of this interval is (a+b)/2. Then for the triangle, pick one vertex, say with 
coordinates (x1,y1), find the midpoint of the opposite side and write the equation of the line connecting 
these two points. If the medians meet at a point, the point should be symmetric in the letters being used, 
just as the midpoint of the interval was. The obvious point to try has an (x1+x2+x3)/3 as the x coordinate 
and a similar one for the y coordinate. A simple calculation shows that this point satisfies the equation, 
and by symmetry the same is true for the equations satisfied by the other medians. One thing which one 
can see fairly easily from this argument is that the point of intersection is 2/3 of the way from a vertex to 
the opposite side. That is hidden when one uses the labels suggested in [8]. To really appreciate the 
difference between these two ways of labeling the figure and working with the resulting equations, 
consider the three dimensional case of a triangular pyramid where the lines are now drawn from a vertex 
to the centroid of the opposite face. The special choice of letters for the vertices now leads to equations 
which are very hard to handle, but the second argument goes over with only a minor change, which 
could have been used in the two dimensional case to make the argument even easier. Use parametric 
equations for the lines. Now the fraction of the way the point of intersection is from the vertex to the 
opposite face stands out. To make it even nicer, this argument then can be seen to work in n-dimensions. 
Of course, this last is something for a math club, not for the general curriculum, but the symmetry 
argument is one which good students will appreciate and learn from. 

3. TRIGONOMETRY  

 Trigonometry is a very nice mixture of algebra and geometry. The heart of it for serious uses lies 
in the addition formulas. Let me start with an excerpt from a paper [9]. 

     “The trigonometry teacher can use the graphing calculator in teaching identities. These equations can 
be used: 

                

xxy

xy

xy

cossin2

sin2

2sin

1

2

1

     Have students graph y1 and y2. Two appear! Next have students graph y1 and y3. The students are now 
learning identities not be the rote method of pencil and paper but by experiencing and seeing an 
identity.”

     This is a complete distortion of mathematics; there is no reasoning which should be an essential part 
of mathematics education. It is not hard to derive the addition formula for sine. Take a triangle ABC as 
shown in Fig. 5 and draw a perpendicular from A to BC.  

    Compute the area of the triangle ABC using the usual trigonometric form: 

(0,0)

(2b,2c)

(2a,0)

Fig. 4 
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          AACABArea sin
2

1

Then compute the areas of the two smaller triangles and you end up with the addition formula for sine 

yxyxyx sincoscossin)sin(

     Which provides students with more knowledge and insight, a 
graph on a calculator or computer screen, or a realization that the 
same picture which was used earlier to derive a formula for the area 
of a triangle and can be used to show that the sum of the angles of a 
triangle is the same as two right angles, and can also be used to 
derive the law of sines and the law of cosines can be used to obtain 
the addition formula for sin(x+ y)?

     Here is a summary of another paper [6]. Since we now have 
computer algebra systems which can solve equations, there is no 
reason to teach the law of sines and the law of cosines. The only use 

of these is to solve triangles and that can be done using a CAS based on the following Fig. 6. 

The fact that the law of cosines has many other uses seems either to be unknown or irrelevant. Later, the law 
of cosines will be used to give geometric meaning to the dot product of two vectors. Here is another application of 
the law of cosines which is not as well known. To the Greeks, what we now call trigonometry dealt with chords in 
circles rather than right triangles. In his work in astronomy, Ptolemy needed to compute a table of chords when a 
central angle was given. He found a beautiful theorem which allowed him to do this. Given a circle, mark four 
points on it and connect them pairwise. This forms a quadrilateral with vertices on the circle and the diagonals.  
Ptolemy’s theorem says that the product of the lengths of the diagonals is the sum of the product of the lengths of 
the opposite sides of the quadrilateral. Since such quadrilaterals are rigid, the lengths of the diagonals are 
determined. Brahmagupta stated a formula for these lengths. A nice derivation uses the law of cosines. Once one 
has the formula for the length of the diagonals, using a rational parameterization of the circle it is not hard to show 
that Brahmagupta’s formula is correct. A computer algebra system could be used. However, it takes insight to find 
Brahmagupta’s formula without a way to derive it, and the law of cosines provides that. 

B

A

C

Fig. 5. 

A

B(c cos A, c sin A) or B(b-a cos C, a sin C)

C (b,0)

Fig. 6. 

Fig. 7. 

A

C

BD E



22

One last remark. Earlier I mentioned five suggestions for how to draw auxiliary lines, but only illustrated four of 
them. The fifth, draw a line which makes a given angle with a given line was the fifth. This was used by Ptolemy 
in the beautiful synthetic proof. Here is a start of this proof. 

Draw the auxiliary line AE as in Fig. 7, so that angle DAE is congruent to angle CAB. 

4. THREE CONCLUSIONS  

     I hope it is clear that there are some serious problems in school mathematics. The draft of Common Core 
Standards which is now open for comment has only a very brief mention of trigonometry, just right triangles. In 
addition to geometric applications of trigonometric functions, there are many others, often using the periodic 
nature of them. I have not mentioned how technology could be used in school. Clearly there is a role for this, but 
there also has to be a role for the mathematical ideas which have been mentioned here, and they have been 
neglected for too long. 
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ABSTRACT 

One of the biggest problems engineering students are facing is visualization. 
Without the ability to visualize engineering problems, students quickly find 
comprehending engineering topics to be very difficult. In order to help students to 
develop this skill and make teaching and learning more productive and interesting, 
I have developed a new teaching strategy based on using models. Experience in 
using the models shows that: 
1) Students are able to learn the topic in the most effective and easy way. 
2) Students are fully engaged in the learning process. 
3) Students can gain the knowledge and obtain the skills developed in this 

"hands on" approach in learning that affects students' ability to absorb 
knowledge in subsequent courses where good visualization skills are required. 

4) Using the models makes students feel that engineering is an interesting field 
to study. 

The benefits for teachers are:  
1) Very little (or no) preparation time. 
2) Less lecture time. 
3) Easy to explain the topic. 
4) Test results are incomparable to teaching from a textbook. 

1. INTRODUCTION.

I have been teaching engineering courses, graphics in particular, for over 20 years, and have 
realized that one of the biggest problems engineering students are facing in the classroom is 
visualization. In fact, according to a study published by Dr. Shawn Strong from Southwest 
Missouri State University and Dr. Roger A. Smith from Iowa State University in the Journal of 
Industrial Technology, Volume 18, Number 1, November 2001 to January 2002: “Visualization 

skills have been found to correlate highly with successes in engineering, and mathematics in 

general.” Another study by Sheryl A. Sorby, Michigan Technological University shows that: 
“Three-dimensional visualization skills are critically important for success in engineering 

careers.” In the study by Dr. Howard Turner and Francelina Neto, California State Polytechnic 
University, Pomona, CA is stated that: “Engineering students at California State Polytechnic 

University Pomona often have difficulties in visualizing concepts in 3D.”
Most professionals in engineering graphics have come to an acceptance that spatial 

visualization skills can be improved through experience by exposing students to appropriate 
learning environment. The question now is: What kind of environment and teaching tools do we 
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need in order to achieve this goal of improving the visualization skills and subsequently students’ 
success in Engineering? 

Teaching any topic in engineering graphics from a textbook is traditionally, and in many 
cases, boring and difficult for the students to understand. In order to make teaching and learning 
more productive and interesting, I have developed a new and innovative teaching strategy based 
on using models. I have registered the models and have been using them in my class. The results 
are impressive and some schools in the Michigan area have followed suit in my teaching 
strategy, seeing the benefits of using the models in teaching engineering compared to teaching 
from a textbook. There is an increasing number of schools that now have my teaching aids in 
their classrooms and are using them to date. 

Based on the student feedback from my class and from the schools that have been using the 
models, this strategy of teaching engineering is working exceptionally well. I have many transfer 
students from other universities and colleges that have already taken engineering graphics and 
obtained a passing grade for the class. Sometimes even “A” students have made the decision to 
take the class again after seeing the way I teach the course using my models.  

2. THIRD ANGLE ORTHOGRAPHIC PROJECTION MODEL 

 The third angle orthographic projection model helps tudents to understand the concept of 
Orthographic presentation and the Layout of the standard orthographic views.

Fig. 1  Principles in creating two basic views (Top and Front), using 3
rd

 angle orthographic method.

Fig. 2.  Using a projection box in the 3
rd

 quadrant 

to see the object projected from different sides. 
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3. TYPES OF HOLES AND SLOTS MODEL 

4. TYPES OF SECTIONS MODEL 

Visualization, as a problem, is most evident in students’ incapability of clearly seeing the interior features 
of parts. This set of models helps students to reveal the interior features of parts and understand the concept of 
creating full, half, offset, broken out, revolved, removed, aligned, assembly and auxiliary section views. 

Each type of section is presented on a separate easel that can be taken out of the display case and be shown 
using a document camera or distributed to students individually to see and touch the features and surfaces. This 
set explains sections in the most effective, attractive and memorable way that makes learning this topic 
interesting and likable in classrooms.  

This multipurpose set can also be used to explain specific features: such as a keyway and a set screw in a 
broken out section, different materials used in an assembly section and principles of aligned and auxiliary 
sections. Each of the samples can be used in graphics classes as an assignment to take measurements and 

Fig. 4. The model shows the views of different   

holes and ANSI symbols used to identify  

the parameters of the holes. 

Fig. 6. The model can be used to explain the 

process  of making the holes and the tools 

needed in machining them. 

Fig. 5 The model can be split to make a connection 

between the symbols used and the configuration  

of the specific hole.

Fig. 7 The back of the model illustrates the 

sectional views of each hole with all dimensions 

needed for manufacturing. 



27

create a 3D solid model or in manufacturing process planning classes to make a manufacturing plan and select 
tools.

5. TYPES OF JOINTS AND THEIR PREPARATIONS MODEL 

In most textbooks this topic is explained using several, sometimes up to over 30 drawings, which are 
difficult to be visualized and subsequently memorized as three-dimensional shapes. 

This model shows different 
types of joints in a unique and 
very clear manner that makes 
learning this topic very ef-
fective and enjoyable. By 
using this model, students are 
cleverly engaged in learning 
the joints by moving the 
plates and playing with the 
options that could be created 
by positioning and re-
positioning the plates at 
different angles.

Each pair of plates 
shows different types of 
joints and all possible ways 

of their preparations. Plates can be taken out of the case and given to a group or an individual 
student to manipulate, and at the same time, learn this topic in the most efficient way.

            Fig. 9 Types of Joints and their Preparations Model. 

Fig. 8. Types of Sections Model. 
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6. STRUCTURAL STEEL/CONSTRUCTION MODEL 

The Column and Beams connection is the base in steel construction and the multistory buildings 

industry. Learning this critically important construction 
topic from a 2D drawing is a low productive learning 
process that, in most cases, makes it impossible for 
students to understand all the elements and details that 
make this connection (please see the drawing above). 

This model represents a real life structural steel 
sample of the column and beams connection with all 
the elements in a miniature size suitable for 
classroom learning. The sequence in building a 

multistory building starts with creating a concrete base with anchor bolts holding the base plate 
that is welded to the column. This process is shown on the model in a chronological order of 
assembly, and easy to see and comprehend. Beams are connected to the column with shear plates 
and bolts, and are welded in two areas at the top and bottom flange. Preparation of the bottom 
flange is shown on half of the flange and weld applied on the other half. The central part of the 
model shows all of the elements, such as stiffener and doubler plates, and the specific type of 
weld that makes this connection stronger. 

7.  STUDENT SURVEYS REGUARDING USE OF MODELS AND 

VISUALIZATION SKILLS 

Confidence intervals of the data for each question show that there were significant 
improvements in the student understandings of the concepts.  Students found the models easy to 

Fig. 10 Structural Steel/Construction Model.
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understand and felt that the models helped them visualize the projections, types of holes and the 
sections.  The students felt their grades improved from what they would have been without the 
use of these models.  These confidence intervals were created at a 95% level of confidence.

8. CONCLUSION 

Students in the United States are more commonly opting to stay out of the engineering 
field because of the level of difficulty and strain it places on them. With my models, there will be 
a great impact on the effectiveness and efficiency of students learning engineering and will help 
foster a better image of engineering for the incoming generations of students. The fact is, 
students enjoy this very attractive way of learning engineering because the use of models enables 
them to learn the topic in the most effective and easy way. The models also increase students’ 
confidence in handling subsequent subjects and they believe they can be successful in the field of 
engineering. Recommendation: Introducing and using the models at an earlier stage such as at 
the high school or even middle school level will attract and make students more likely to enter 
the field of engineering. The feedback received from students, teachers and others from the 
industry tells us that this innovative teaching method is beneficial, effective and appealing by all 
users. This is my contribution to our national effort to get more adolescents into the engineering 
pipeline, and consequently, keep our economy strong and our nation safe. 

Fig. 11 Student Survey Data. 
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ABSTRACT 
The goal is to adapt Science Education for New Civic Engagements and Responsibilities 
(SENCER) approach of teaching science and higher-level mathematics to a new setting 
and population: high-risk, urban community college students enrolled in basic skills 
mathematics classes. In adapting the SENCER-approach, a single, engaging context is 
explored for each level of mathematics. To enhance understanding mathematics, 
environmental science, public health, and economic or financial issues are used as themes 
in teaching math courses such as Pre Algebra, Elementary Algebra, and College Math 
and Trigonometry. Additionally, mathematics classes are coupled with technologically 
oriented teaching methods. This paper showcases the activities implemented in class and 
student’s reflection based on the knowledge gained through the above activities and also, 
how effectively technology has supported math learning. 

1. INTRODUCTION

Students who take college-level math early in a program are more likely to attain a degree. However, students in 
basic math courses find math concepts difficult, uninteresting and irrelevant. Nationally, pass rates in remedial 
math remain lower than those for remedial writing and reading. The top three courses in basic math that prevent 
students from advancing in college are developmental basic algebra, developmental intermediate algebra, and 
developmental pre-algebra. It is always challenging to improve and guide students’ mindsets in order to make 
them motivated and ultimately improve student-learning outcomes in basic skills math courses.  

LaGuardia is the first community college in the United States to adapt the Science Education for New Civic 
Engagements and Responsibilities (SENCER) approach, to developmental math courses. It is being adapted in 
teaching science and higher-level mathematics to a new setting and population: high-risk, urban community 
college students enrolled in basic skills mathematics classes. In adapting the SENCER-approach, a single, 
engaging context is explored throughout the entire semester for each level of mathematics. This approach can 
deepen the settings and contexts to engage students more fully, capturing their interest in more complex problems 
that they will not dismiss as superficial [2, 3]. To enhance understanding mathematics, environmental science, 
public health, and economic or financial issues are used as themes in teaching math courses such as Pre Algebra, 
Elementary Algebra, and College Math and Trigonometry [1].  

This paper outlines different environmental science and public health activities that were used in teaching certain 
math topics in Introduction to Algebra and Elementary Algebra courses, respectively. It also showcases the use of 
e-Portfolio, a technological tool that is applied effectively in supporting the SENCER-approach in teaching basic 
math.

The e-Portfolio is a digital technology that provides students with a tool for collecting their academic work and 
their reflections on their learning, and for sharing their portfolios on the World Wide Web [4].  
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This paper discusses the application of SENCER-approach to the two courses of “Introduction to Algebra” and 
“Elementary Algebra”. “Introduction to Algebra” has a problem solving approach that emphasizes the importance 
of mathematical reasoning in addressing real-world problems drawn from diverse disciplines. Topics include 
arithmetic (signed numbers, fractions, decimals and percents), elementary algebra (solving first degree equations 
and inequalities, rules of exponents, equations of lines) and basics of geometry (area and perimeter), as well as 
numeracy (estimation, unit analysis). Introduction to Algebra is a prerequisite for Elementary Algebra. 
“Elementary Algebra” provides detailed study of linear and quadratic models with applications that emphasizes 
the interplay between geometric and algebraic representation. The other topics include graphing system of linear 
equations, functional concepts, rules on exponents, polynomial algebra, factoring, rational and radical expressions 
and quadratic formula. 

2.   PQL APPROACH IN CLASSROOM

2.1 Introduction to Algebra – A SENCER Approach 

The course, Introduction to Algebra, is intended for students with little or no algebra background. Some of the 
common errors students make while doing math problems are they do not understand the significance of numbers, 
get confused with the word problems; what is given and what is asked, either underestimate or over estimate the 
numbers in problems, especially word problems, incorrectly assign positive and negative signs, and fail to analyze 
or analyze incorrectly the answers. In order to address these concerns, certain topics in Introduction to Algebra 
were taught using SENCER approach as a pilot study.

Environment was used as a theme to explore various topics in this course. The specific activities that were 
conducted in the class were Green House Effect and Ecological Footprint. 

These activities were designed to teach students math topics pertaining to the syllabus, and provide them with a 
detailed understanding about causes and consequences of global warming and the impact of our living habits on 
earth’s resources. These activities consisted of in-class discussions and homework assignments for motivating the 
students. The in-class discussions involved introduction of environmental issues followed by students’ 
participation in general discussion on the issues. The homework assignments involved reading, finding numerical 
results using basic computations, and subsequently reflecting on their responses and their views on environmental 
issues based on the knowledge gained through the activity by posting their assignments on e-Portfolio.  

The specific activities are detailed as follows: 

Green House Effect and Global Warming: This learning activity targeted word problems based on fractions, 
decimals, and forming and solving one step equations. This activity was introduced using a short power-point 
presentation on the greenhouse effect, global warming and major factor, carbon dioxide (CO2), contribution to 
global warming. Graphs depicting the trends in atmospheric concentrations, anthropogenic emissions of CO2 and 
prospects for future CO2 emissions were shown to the students. A picture depicting global carbon cycle was 
displayed  and as a part of an in-class activity, students were asked to recognize the sources that release and 
absorb CO2. They formulated the one step equation showing the imbalance between the amount of carbon dioxide 
that is released into the atmosphere and the amount that is absorbed by various sources and effects of the 
imbalance. As an assignment, they solved the equation. They were also asked to estimate the amount of CO2 that
would be released in next 10 years if the same trend continued, analyze and reflect on how they would contribute 
towards safer environment by minimizing emissions.  

Ecological Footprint: Average, rates, addition and division with decimals, conversion from decimal to percent 
topics were covered through this activity. The goal of ecological footprint assignment required students to find out 
their own ecological footprint (acres of land required to support the lifestyle) and compare with the available land 
space world wide and countrywide. Students were provided with a sample data in acres for 10 students in the age 
group 16-20 years that was obtained from an online survey that was conducted to study the consumption habits 
(food, mobility, shelter, and goods and services) of students in the college. Computations were performed to find 
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the equivalent earth resources as the number of acres (called Ecological Footprints) required per person to support 
such living habits, and to find the total acres required for each student. Students were taught math topics by 
explaining them the formulae or rules and giving examples.  

As a part of an in-class activity students found the average total acres required for a student, and the difference 
between the given worlds’ average (4.5 biologically productive acres per person) and the average they computed. 
As part of an assignment using the information from the in-class activity, students converted the difference found 
as a percentage (above or below the world average value) and estimated the number of planet earths we need to 
live the way we are living. They also wrote a paragraph to reflect their learning from this exercise about role of 
math in understanding the environmental issues such as how math helped them address the solution to these 
issues. Additionally, they listed environmental problems that they perceive around them.  

2.2 Elementry Algebra– A SENCER Approach 

The course, Elementary Algebra, provides detailed study of linear and quadratic models with applications that 
emphasizes the relationship between geometric and algebraic representation. Students taking this course have 
little background for numerical mathematics. However, they do not seem to be able to interpret the data, draw 
conclusions from the graph, or apply the linear or quadratic models to analyse the data. An activity on Weed 
Pollen and Allergies was developed and implemented using Public Health as a theme in order to enhance students 
understanding of graphs, functions, and applications in solving equations. The activity is detailed as follows: 

Weed pollen and allergies: This activity was introduced after reviewing ordered pairs, plotting points in the 
coordinate plane, concept of domain, and graphing straight lines. The methodology for finding the equation of a 
line passing through two points was discussed in class prior to the assignment. Students were given a reading 
material based on the information from the National Bureau at the American Academy of Allergy [5]. The 
material included definition of pollen; low, moderate, and high pollen count; and serious health problems such as 
allergies or asthma associated with the rising pollen count. The activity included a chart that showed the weed 
pollen count recorded for Long Island City in Queens, New York for 10 days. Students were then asked to 
recognize the trends of pollen counts by graphing the data points, calculating the slope using two points, and 
interpreting its significance.

As an assignment students built the linear equation that represented the data. The assignment included questions 
such as predicting the pollen count for the next few days and also finding the pollen count for the previous week. 
This exercise involved calculating the value of the function accurately. Students were also asked to check their 
answers to see if the values they found were meaningful to the real time situations. In the end of the activity 
students were asked to reflect on the importance of having accurate pollen counts and what precautions allergy 
sufferers should take to avoid serious health problems due to high pollen counts. They shared their responses and 
reflections by posting them on e-Portfolio. 

2.3  e-Portfolio – A Technological Tool 

Over the past three years, LaGuardia Community College has emerged as a national leader in the fast-growing 
field of electronic student portfolios, or “e-Portfolios.”  Linking innovative pedagogy with digital technology and 
new thinking about assessment, LaGuardia’s e-Portfolio initiative is led by academic faculty.  

The e-Portfolio provides LaGuardia students with a tool for collecting their academic work and their reflections 
on their learning, and for sharing their portfolios on the World Wide Web. In 2005-2006, more than 4,000 
LaGuardia students advanced their e-Portfolios, making LaGuardia’s e-Portfolio project one of the largest of any 
college in the country.   
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3.   CONCLUSIONS 

For global warming assignment, about 78% of students were able to correctly formulate one-step equation using 
global carbon cycle picture. The sources that regulate carbon dioxide emissions and analyses of data were 
discussed in class. The interaction with individual students revealed that they liked this topic and the class 
discussion. From this, it was evident that students understood the math part, environmental part and overall 
results.

Majority of the students performed well in their homework. It was apparent from the student’s calculations that 
they understood the concept of greenhouse effect and global warming exceptionally well. 

Approximately 96% of students completed their activities and posted their results on e-Portfolios. Student 
responses clearly indicated that they are interested in discussing the facts on global warming. It was also 
interesting to review the student’s responses to minimize global warming.   

Approximately 55% of students were able to compute their own ecological footprint and compare their value with 
the available land space world wide and country wide correctly. Also, 90% of students were able to successfully 
convert decimals to percentages and interpret their results. Student’s reflection clearly showed that they were 
intrigued and fascinated with ecological footprint facts and their understanding of the environmental issues.  

As a result of conducting the weed pollen and allergy assignment, it was noticed that nearly all students were able 
to calculate the slope and understand its significance. About 60% of the students said the model was useful to 
predict the pollen count but it would not work for predicting the pollen count for any day of the year as the pattern 
changes over the year. It was interesting to see how students had linked mathematics to the general topic of pollen 
count and health issues in a meaningful way. Overall, the student responses to this activity were good and healthy. 
It was evident from their responses that they liked both aspects of the activity, mathematical as well its context to 
health problems. About 80 % students responded positively to these questions.  The discussion with students 
revealed their curiosity to learn more about the activity, especially, it seemed they were interested to check out the 
information about the pollen count on the Internet.  

Feedback showed that students were enthusiastic about this opportunity to learn new e Portfolio, and were 
particularly interested in using it to connect classroom and live experience. Moreover, it helped build student 
engagement in key areas of academic achievement including writing, collaboration, and critical thinking. 

Overall, it was evident that these activities not only helped students learn math but also understand how it plays a 
vital role in understanding environmental issues and its impact on public health, and at the same time share their 
opinions and perceptions on these topics with others through e-Portfolio. 
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ABSTRACT 

This research project is based on a study assessing the effectiveness of clinical 
interviews in mathematics with urban high school students. The subjects of the 
study were public high school students enrolled in the Mathematics and Science 
Partnership in New York City (MSPinNYC), a five-year program funded by the 
National Science Foundation.  The methodology was geared to a target population 
consisting of the lowest third performing Math A students.  

The researchers concluded that clinical interviews are a useful tool for helping 
teachers gain insight into the students’ thought processes, pinpoint 
misconceptions, develop a dialogue and raise the students’ confidence in 
mathematics. By helping teachers become more responsive to their students’ 
needs, clinical interviews ultimately help students become better learners.

In the rest of this document, MSPinNYC is referred to by its popular name, 
MSP.

1. INTRODUCTION

Many students start having mathematics difficulties in middle school, especially if the schools they attend are 
urban schools in high poverty areas. According to Ball, these students will probably have a teacher who is 
“entirely unprepared in mathematics and has had no opportunity to study mathematics for teaching” (Hiebert and 
Ball, 2005). The situation worsens in the high school years. Eventually, if these students reach college, they will 
have to take several remedial mathematics classes before they are ready to do college-level work.   

The idea for this research arose in the summer of 2005 from an initial MSP collaborative work with two other 
college faculty, Czarnocha and Prabhu, who postulated that the MSP students did not think metacognitively in 
mathematics; instead, they performed operations algorithmically. Czarnocha and Prabhu theorized that clinical 
interviews might provide a better assessment of the students’ knowledge than the results of weekly mock Regents 
exams. Clinical interviews are becoming an important tool in numeracy projects because of their value in helping 
teachers understand student’s thinking while they are working on a problem (Heirdsfeld, 2002). Rather than 
waiting for mistakes to become fossilized, teachers can use clinical interviews to help them detect students’ 
misconceptions. Heidsfield corroborates Hunting’s statement that clinical interviews “allow students to teach 
teachers.”  
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A teacher can learn a lot about a student’s thinking, even if the student is an A student. An eighth grader 
interviewed by Wheatley was shown seven different problems involving arithmetic computations and applications 
on proportions, fractions, and geometry (Walbert, 2001). Using videotaping and interview transcripts, Wheatley 
found that while the student learned common procedures and how to apply them, the student failed to make 
connections between concepts and unknown situations. Hunting (1997) contrasts the similarities and differences 
of clinical interviews used as part of mathematics research vs. interviews used in mathematics classroom for 
assessment purposes. The interviewers should have strong interviewing skills and sound pedagogical content 
knowledge of mathematics. They should also know what types of questions to ask, how to answer student’s 
questions and be capable of interpreting and making connections of students’ answers (Hunting, 2002). 

To better understand the MSP students’ mathematical thinking, Czarnocha, Prabhu and Fuchs experimented 
with one-on-one clinical interviews in the summer of 2005. Two years later, Fuchs and Menil conducted a 
qualitative research at Leman College with the lowest performing MSP students. Their work was guided by the 
following questions: Why did students solve a problem in a certain way? How did the students arrive at their 
results? What types of mistakes did the students make, and what were their misconceptions? (Ambrose, Nicol, 
Crespo, Jackobs, Moyer & Haydar, 2003). 

Not entirely to their surprise, the two researchers found that the high school students in the MSP program had 
the same difficulties as their college students enrolled in remedial pre-algebra and algebra classes. The theoretical 
underpinning of the research consists of socio-cultural theory, the sociology of emotions, elements of educational 
psychology and error detection and correction in mathematics. 

2. THE RESEARCH QUESTIONS 

This research was premised by three questions: 

To what extent can clinical interviews help teachers understand their students’ mathematical thinking? 

If clinical interviews help teachers understand their students’ mathematical thinking, how can they be 
used as a useful pedagogical tool?  

To what extent are clinical interviews useful with low-performing students in math?   
The impetus for the research came from the low retention and graduation rates of students enrolled in the 

associate degree programs at two CUNY Bronx-based community colleges: BCC and Hostos. As documented by 
the CUNY Office of Institutional Research and Assessment (OIRA), less than 22% of a typical freshmen cohort in 
these colleges was awarded the associate degree at the end of 6 years (OIRA, RTGI_0001).  

3. RESEARCH PURPOSE AND ASSUMPTIONS  

A primary goal of this research was to use clinical interviews to identify and possibly correct misconceptions 
and areas of weaknesses in the mathematical thinking of the bottom third of MSP Math A students. A secondary 
goal was to determine if clinical interviews and follow-up activities could help increase the percentage of students 
from the target population who passed the Regents examination. 

The following assumptions guided this research study: 

It is possible to identify early in the program the bottom third of Math A students who are “doomed to 
fail” the Regents exam. 

Clinical interviews can help uncover student misconceptions, areas of weaknesses and faulty 
mathematical thinking.  

Addressing student misconceptions and correcting these weaknesses are instrumental in raising the 
passing rates of Math A students in the Regents exam. 

4. THEORETICAL FRAMEWORK  

A framework for understanding teaching and learning in a democracy is provided by the intersection of three 
major components: knowledge of subject matter and curriculum goals, knowledge of teaching and knowledge of 
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learners, (Bransford, Darling-Hammond & LePage, 2005). The first two components are based on Shulman’s 
article on the professionalization of teaching (Shulman, 1987).  

4.1. The Emotional Aspect of Teaching 

Based on Collins’s sociology of emotions, Tobin explains that good teaching is made up of successful 
interactions that are charged with positive emotions; bad teaching is made up of unsuccessful interactions that are 
charged with negative emotions (Tobin, 2006).  

Hargreaves argues that the emotional dimension of teaching is largely ignored or underplayed by the policy 
makers (Hargreaves, 1998). Like painters, good teachers are born, not made!   

4.2. Cultural Responsive Teaching 

Research shows that “teachers’ attitude and expectations, as well as their knowledge of how to incorporate the 
cultures, experiences, and needs of their students into their teaching, significantly influence what students learn 
and the quality of their learning opportunities (Banks, Cochran-Smith, Moll, Richert, Zeichner, LePage, Darling-
Hammond & Duffy with McDonald, 2005). 

Villegas and Lucas state that because of the diversity of the student population, responsible educators 
continuously tailor instruction to individual children in specific cultural contexts (Villegas and Lucas, 2002). 

5. MATHEMATICAL DIFFICULTIES 

In community colleges in the Bronx, the students’ mathematics difficulties are compounded by many years of 
inadequate mathematics education. The researchers found many similarities in the way mathematics is approached 
by their community college remedial mathematics students and their MSP students.  Students have difficulty with 
fractions and order of operations. They struggle with word problems and with mathematical logic, and they want 
to be shown the algorithmic way of “how to” solve a problem rather than “why”. Low literary skills are also a 
serious impediment, particularly in word problems. 

5.1. Type of Mathematical Errors 

For simplicity’s sake, this research project distinguishes among three types of student errors: careless errors, 
calculation errors and conceptual errors. Careless errors result when students rush. Calculation errors typically 
occur when students are tired or are working under pressure. Conceptual errors (misconceptions) result from a 
fundamental misunderstanding of a concept. Based on the researchers’ experiences, conceptual errors are due to 
the reliance on memorization and algorithms, overdependence on calculators and lack of understanding. 

5.2. Error Detection and Correction 

Conceptual errors in mathematics are insidious. Students acquire them along the way and keep reinforcing 
them so that they become “fossilized”. An undetected or uncorrected conceptual error becomes part of the 
student’s mathematical construction. Without outside intervention, most students cannot correct their 
mathematical conceptual errors. In his Winning at Math guide, Nolting states “...it is not the fault of the students if 
they have not been taught how to study math. Even students taking general study skills courses are often not 
taught how to study and learn it.” (Nolting, 2002). Students who understand and analyze their errors can capitalize 
on that knowledge and thus achieve a better understanding of the subject. (Borasi, 1994). 

6. METHODOLOGY 

The researchers were not privy to data on the students’ prior performance. They selected the target population 
based on the average of the first two mock Regents tests given at the end of the first and second week of MSP in 
the summer of 2007. Of the 51 Math A students enrolled in the program at Lehman College campus, the 
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researchers selected the 16 lowest scoring students. The selection of the target population was corroborated by the 
classroom teachers. The target population’s average score was 44.0, compared to 54.5 for the rest of the students. 
The students in the target population were then assigned the codes TP1 through TP16. The test results of the target 
and non-target population were compiled and analyzed weekly and at the end of the program.  

6.1. Clinical Interviews 

Each student in the target population was individually interviewed several times during the summer program. 
The goal of the first interview was to establish a rapport with the students.  The students felt comfortable enough 
to describe their career aspirations, college plans and attitude toward math. Some expressed their discomfort with 
mathematics, while others stated that they simply do not understand it. After the first interview, all the students 
expressed their eagerness to meet with the interviewers again.  

In a typical interview, one researcher conducted the interview while the other took notes; in subsequent 
interviews, the researchers changed roles.  Students were asked to explain why and how they solved different 
multiple-choice questions in the mock Regents exam that they had taken. The researchers asked the students for 
evidence and explanations and at times asked them to solve a similar problem. They also examined the students’ 
work, and notes in their exam books. After identifying misconceptions, the researchers discussed the errors with 
the students and guided them to arrive at the correct solutions.   

6.2. Interaction with Classroom Teachers and Tutors 

Following the clinical interviews, the researchers conveyed their findings to the teachers and tutors enrolled in 
the program. The researchers also conducted professional development sessions with the tutors during which they 
suggested ways of correcting students’ misconceptions.  

7. RESULTS AND FINDINGS 

As a result of the intervention, the percentage of low-performing students who passed the Regents or who 
obtained grades for high school graduation increased significantly compared to the previous years. The target 
population’s average grade in Math A Regents increased during the program by 40%. This compares to a 20% 
increase in the average grade of the non-target population.  

Below are some common student misconceptions identified though the clinical interviews:  

7.1. Order of Operations  

All the students in the target population relied on the mnemonic PEMDAS (Please Excuse My Dear Aunt 

Sally) when deciding what operations to do first. Many erroneously believed they should always do addition 
before subtraction, since the letter A comes before the letter S in that mnemonic. Similarly, since the letter M 
comes before the letter D in the mnemonic PEMDAS, some students answered that 8  2   4 = 1.

7.2. Operations with Signed Numbers  

When asked to evaluate – 4 – 2, some students provided the answer 8. They “remembered” that two negatives 
give a positive, and confused – 4 – 2 with (– 4)(– 2).

Most students did not learn about negative numbers until the first class in pre-algebra. By that time they were 
confused with many mathematics concepts.  Introducing negative numbers simply added to their confusion. 

7.3. Division by 0   

Many students correctly answered 0 to the operation 0  6; however they gave the same answer for the 
divisions 6  0, or 0  0.
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One student explained, “When I divide six apples to two people, each one will get three apples; but, if there 
are zero takers, I can keep the six apples.” Obviously, the student confused the quotient with the remainder. 

7.4. Operations with Fractions 

Most students said they hated fractions. They regarded working with fractions as a set of rules to be 
memorized and applied.  

Since
4

1

2

1
 =

8

1
, a few students concluded that 

2

1
+

4

1
 =

6

2
. They assumed that since in multiplication of 

fractions one multiplies numerators and denominators, thus when adding fractions, a similar “rule” should apply. 

7.5. Working with Proportions 

Students struggled when trying to solve a word problem that required the use of proportions. They lacked a 
sense of magnitude when working with fractions and such as “If 5 workers assemble 9 computers a day, how 
many workers will assemble 27 computes in a day?”  

7.6. Distributivity Property  

Some students equated 3(2x + 3) with 6x + 3. Not understanding that that 3(2x + 3) is equivalent to
(2x + 3) + (2x +3) + (2x +3), they distributed the 3 only to the first term in the parenthesis. 

6.7 Solving Linear Equations  

Most students relied on memorization of an algorithm. For example, one student solved the equation  
2x = 4 and obtained x = 2 as a solution; however, he obtained x = 8 as a solution to the equation 2x = 10. 

When trying to eliminate the coefficient of x, the student “took away” 2 from both sides. It was apparent that in 
the first example the student obtained the right answer for the wrong reason!

8. FUTURE RESEARCH 

The following research is recommended:   

Use clinical interviews with high-performing students. The interviews may be more helpful to students 
who are better prepared in math than to those students who are underperforming students and need extra 
help.

Use clinical interviews with remedial mathematics students in community colleges  

Investigate the use of personal response systems, referred as PRS or “clickers”, for error detection  

9. CONCLUSIONS  

Based on this project, the researchers concluded the following:  

Clinical interviews are useful for uncovering students’ misconceptions and weaknesses.  
Used properly, clinical interviews may constitute an important pedagogical tool for the teachers.  

The power of clinical interviews would be greatly enhanced when used in conjunction with other 
pedagogical tools. 

Collaboration between teachers and tutors is vital: exchanging information about individual students’ 
strengths, weaknesses and misconceptions and discussion of joint strategies to promote error correction 
and enhance learning is of paramount importance. 
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APPENDIX A 

Excerpts from a clinical interview with a student designated as TP7: 

EF: It’s nice meeting you, TP3. How do you like math? 
TP3: To tell you the truth, I really don’t hate math. I don’t understand it; and I did not get much help with it. 
EF: I’m sorry to hear that. What profession do you have in mind? 
TP3: Engineering or law. I hope I won’t have to take more math for them. 
EF:  For engineering you will. To help you out, let’s look at some simple questions, ok? 
 And please explain your reasoning. How much is 4 – 2 + 1 ?
TP3: I was afraid you’d ask me hard questions. The answer is 3 obviously. 
EF:  Are you sure? 
TP3: Um, let me see. Oh now I remember. The answer is 1.
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EF: In arithmetic, there couldn’t be two answers to that question. Is it 3 or 1?
TP3:  It’s 1. Definitely. You do the order of operations with Please Excuse my Dear Aunt Sally or PEMDAS. 

The letter A comes before the letter S, so you add first. 
EF: I see. Unfortunately that won’t work in Spanish, will it? Let’s come back to it later. 
 Let’s see how much would you say is 8  2   4 ?
TP3: You see Mister, M comes before D in PEMDAS, so the answer is 1. Right?  
EF: Hmm, let’s see… You are right that A comes before S in the word PEMDAS. But if you have 4 dollars in 

your pocket and you spend 2, how much would you have left? 
TP3: I see what you’re up to, Mister. I will be left with 2 dollars, and if I was to add another 1 I’d have 3

dollars, right? 
EF: Therefore 4 – 2 + 1 ought to be equal to 3, not to 1. That means you did the subtraction first, since it 

came first. You did addition second, since it came second. 
TP3: It makes sense with money. But in math, the rules for order of operations are set by PEMDAS – I 

remember this is what Ms K told us in grade 5, and this is what Mr G told us in grade 10. Isn’t that so? 
EF: We’ll discuss that more next time. 
Interviewer’s Comments:  

TP3 relies on the mnemonic PEMDAS to determine the sequence of operations. The student did not see a 
relationship between mathematics in school and mathematics in real life.  

Excerpts from a clinical interview with a student designated as TP7:

VM: TP7, let’s see how you evaluate the algebraic expression ab – b
2 when a = 3 and b = –1.

 I want you to explain to me as you write the solution, ok? 
TP7: Ok. First, I write the whole algebraic expression as is ab – b

2. Then I replace the letters  
with the values assigned, and then I simplify it as follows:   

ab – b
2
 = 3(–1) – (–1)

2

                           = –3 + 1

                                                    ab – b
2
 = –2  

VM: Why did you evaluate – (–1)
2 as 1?

TP7: Because one 1 raised to any power is just 1, and two negatives equals positive, right? 
VM: Yes, but I am interested in your thinking on that. 
TP7: All right, all right, I did not get it!  
VM: Could you to explain to us the meaning of (–1)

2
.

TP7: (–1)
2 means –1 times –1 equals 1.

VM: Great! Now –3 –1 equals what? 
TP7: –4 and so ab – b

2 is –4 and not –2.
VM: Fantastic! Now you got it right. See, I am interested in how you are thinking about that. 
Interviewer’s Comments:  
At first, TP7 confused between – (–1)

2 and (–1)
2. Later, that was clarified. 
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ABSTRACT 
The purpose of the study was to explore the effect of college algebra tutorial on students 
College Algebra Test scores. Participants were MEISP scholars selected by a screening 
committee to attend a six-week workshop in the disciplines of mathematics, computer 
technology, chemistry, engineering/technology physics, and English Language. A 
standardized college algebra pretest was administered before the college algebra tutorial 
and the same standardized test was administered after four weeks of intensive workshop. 
The pretest scores indicated some categories in which participants scored below the 
expected minimum. Algebra worksheet questions were crafted and presented in class to 
improve participants’ performances. Results indicate that there were strong correlation in 
some categories and weak correlations in others. Problems associated with short-term 
tutorial and students’ performances are discussed using Vygotsky’s theory of “Zone of 
Proximal Development.”  

1. BACKGROUND 

Because problems of human teaching and learning are psychological problems, it is reasonable to search for 
possible explanations for the MSEIP workshop participants’ college algebra test scores in the disciplines of 
educational psychology and developmental psychology. The American Psychological association, Division of 
Educational Psychology defines educational psychology as:  

The branch of psychology that is concerned with the development, evaluation, and application of a) 
theories and principles of human learning, teaching, and b) theory-derived educational materials, 
programs, strategies, and techniques that can enhance lifelong educational activities and processes 
(Wittrock & Farley, 1989, p. 196).  

Effective tutoring which promote learning involves an understanding of the learning theories that form the bases 
for the different methods of instruction. A tutor may draw methods of instruction from behavioral theories, 
cognitive theories, social learning theories, attribution theory, achievement motivation theory, as well as using 
concepts from Piaget or Vygotsky.  
Watson’s famous quote:

Give me a dozen healthy infants, well-formed, and my own specified world to bring them up in and I’ll 
guarantee to take any one at random and train him to become any type of specialist I might select-doctor, 
lawyer, artist, merchant-chief and, yes, even beggar-man and thief, regardless of his talents, penchants, 
abilities, vocations, and his ancestors. (Watson, 1924, p. 104)  

is an indication of the conviction Watson had on the role of the environment on learners.  
Watson’s conviction is perhaps not realistic in the mathematics discipline. Whereas another behaviorist Edward L. 
Thorndike stated that effectiveness of the environment and upbringing plays a subordinate role in developing 
active thinking, reasoning and curiosity. Instinct plays a primary role. “Some children will succeed no matter how 
poor the teaching, and some, no matter how good the teaching, will fail.’’  
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Social learning theorist, Albert Bandura theorized extensively on observational learning principles. According to 
Bandura there are four important components of observational learning: paying attention to events, memory to 
retain what is observed, opportunity to practice what is observed, and motivational variable. It is on the basis of 
this reasoning that Bandura argues that people contribute to their own life course by selecting, influencing, and 
constructing their own circumstances.  

Scholars have also determined that complex behaviors such as language acquisition could not be explained 
adequately by behaviorism which saw learning as a process of forming connection between stimuli and responses. 
To overcome the weakness of behaviorism, in the late 1950s, cognitive psychology developed a branch of 
learning theories which is dealing with concepts that happen inside our heads as we learn. Thought process such 
as thinking, understanding, and perceiving have been emphasized by the developmental theories of Piaget and 
Vygotsky. These two theorists express theoretical perspectives on how a child develops. Piaget’s Constructivist 
Theory of Cognitive Development when applied to learning is summarized as follows:  

As Piaget correctly taught us, children’s cognitive structures dictate both what they accommodate and 
notice in the environment and how what is accommodated to is assimilated [interpreted]. The active 
nature of their intellectual commerce with environment makes them to a large degree the manufacturers 
of their own development (Flavell, 1994).  

Piaget and Vygotsky seem to differ in placing emphases in the “Nature v. Nurture” argument. The former covers 
the Nature side and the later seems to emphasize the Nurture side. The Zone of Proximal Development is one of 
the three components in Lev Vygotsky’s theories. It is “the distance between the actual developmental level as 
determined by independent problem solving and level of potential development as determined through problem 
solving under adult guidance or collaboration with more capable peers” (Vygotsky, 1978, p. 86). According to 
Vygotsky, “human learning presupposes a specific social nature and a process by which children grow into 
intellectual life of those around them….” Thus the notion of a zone of proximal development enables us to 
propound a new formula, namely that the only ‘good learning’ is that which is in advance of development”(1978, 
p.88-89). Bruner pin pointed out that there is a contradiction in Vygotsky’s proposal. On one hand the zone of 
proximal development has to do with achieving “consciousness and control” but consciousness and control come 
only after one has already got a function well and spontaneously mastered. Bruner therefore explains away the 
contradiction and answered the question how could “good learning” be that which is in advance of development 
and, as it were, bound initially to be unconscious since unmastered?  

Clearly, one can surmise that if the learner is enabled to advance by being under the tutelage of an adult or a more 
competent peer, then the tutor or aiding peer serves the learner as a vicarious form of consciousness until the 
learner is able to master his own action through his own consciousness and control.  When the learner achieves 
that conscious control over a new function or conceptual system, it is then that s/he is able to use it as a tool. Up to 
that point, the tutor in effect performs the critical functions of “scaffolding” the learning task to make it possible 
for the learner, in Vygotsky’s word, to internalize external knowledge and convert it into a tool for conscious 
control.

The purpose of the study was to explore the effect of college algebra tutorial which is based on Vygotsky’s theory 
of “Zone of Proximal Development” on students College Algebra Test scores.  

2.   METHOD

2.1  The Subjects

Participants were 12 MEISP scholars selected by a screening committee to attend a six-week workshop in the 
disciplines of mathematics, computer technology, chemistry, engineering/technology, physics, and English 
Language selected from a pool of high school seniors. The tutor was a mathematics professor of 25 years teaching 
experience well versed in educational theory and practice in the mathematics discipline.  
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2.2  Data Collection  

A standardized college algebra pretest was administered before the college algebra tutorial was offered. Based on 
the tutees’ pretest performances, the tutor constructed college algebra worksheet activities that cover setting up 
equations for given a situation, basic operations with polynomials, factoring polynomials, solving linear equations 
in one variable, and simultaneous equations in two variables, operation with exponents, radicals and rational 
expressions.  This carefully crafted worksheet was distributed to the tutees. Participants were tutored four days a 
week for 50 minutes per day for three weeks. The tutor emphasized relational understanding instead of 
instrumental understanding while demonstrating the processes involved in answering the questions in each 
activity type. Help was offered whenever a tutee failed to perform a task correctly. Tutees were encouraged to 
workout additional similar activities beyond class time. At the end of the third week, a standardized posttest was 
administered.  

2.3  Results

Table 1 shows tutees pretest scores and Table 2 shows tutees posttest performance.  

Table 1.  Participants College Algebra Pre-Test Scores 

person SUEFGS BOWP FP LEIOV EAR RE Sum Average

BrAs 16 16 64 18 13 24 151 25.16667

FaJa 49 63 43 75 32 29 291 36.83333

PoAu 50 47 66 68 67 61 359 59.83333

PoMA 85 87 89 65 48 64 438 73 

GrDM 40 33 30 51 17 46 217 36.16667

WhBr 51 60 76 78 47 88 400 66.66667

GrCh 35 68 16 22 13 14 168 28 

RoSA 46 87 45 60 68 28 334 55.66667

HiAU 36 52 38 80 49 43 298 49.66667

HABe 69 88 35 44 46 25 307 51.16667

MCCo 22 25 25 18 13 61 164 27.33333

LABr 42 46 43 31 27 19 208 34.66667

Sum 541 672 570 610 440 502   

Average 45.08333 56 47.5 50.83333 36.66667 41.83333 46.31944  

STDEV 18.68134 25.16527 21.84033 23.70206 20.35741 22.62273 22.06152  
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Table 2 .  Participants Post-test Score 

person SUEFGS BOWP FP LEIOV EAR RE Sum Average

BrAs ab ab ab ab ab ab   

FaJa ab ab ab ab ab ab   

PoAu 50 47 66 68 67 61 359 59.83333

PoMA 85 87 89 65 48 64 438 73 

GrDM 37 24 13 36 38 14 162 27 

WhBr 89 48 77 66 69 78 427 71.16667

GrCh 49 11 13 26 25 60 184 30.66667

RoSA 50 27 48 72 54 52 303 50.5 

HiAU 42 47 41 61 13 14 218 42 

HABe 49 43 27 66 35 23 243 40.5 

MCCo 34 11 41 18 13 74 191 31.83333

C 42 46 43 31 27 19 208 34.66667

Sum 527 391 458 509 389 459   

Average 52.7 39.1 45.8 50.9 42.4 45.9   

STDEV 20.0624 21.38139 25.41128 20.58829 20.27286 25.59275   

The participants had taken algebra II (i.e., completed a two-course sequence in Algebra) as high school seniors. 
Surprisingly, they did not achieve the minimum acceptable score of 70% on any of the two subtests, except one 
student whose mean score was 71% in the posttest. The participants mean score and the standard deviation for 
each sub-test are presented in Table 3. Table 4 compares the scores from the pretest and posttest, indicating their 
correlations.

Table 3.  Sub-test Category by Pre-and-Post Test Mean Scores and Standard Deviations 

person SUEFGS BOWP FP LEIOV EAR RE 

 PreT PostT PreT PostT PreT Post
T

PreT PostT PreT PostT PreT PostT 

BrAs 16 ab 16 ab 64 ab 18 ab 13 ab 24 ab 

FaJa 49 ab 63 ab 43 ab 75 ab 32 ab 29 ab 

PoAu 50 50 47 47 66 66 68 68 67 67 61 61 

PoMA 85 85 87 87 89 89 65 65 48 48 64 64 

GrDM 40 37 33 24 30 13 51 36 17 38 46 14 

WhBr 51 89 60 48 76 77 78 66 47 69 88 78 

GrCh 35 49 68 11 16 13 22 26 13 25 14 60 

RoSA 46 50 87 27 45 48 60 72 68 54 28 52 

HiAU 36 42 52 47 38 41 80 61 49 13 43 14 

HABe 69 49 88 43 35 27 44 66 46 35 25 23 

MCCo 22 34 25 11 25 41 18 18 13 13 61 74 

LABr 42 42 46 46 43 43 31 31 27 27 19 19 

Sum 541 527 672 391 570 458 610 509 440 389 502 459 

Averag

e

45.08 52.7 56 39.1 47.5 45.8 50.83 50.9 36.67 42.4 41.83 45.9 

S.D. 18.68 20.06 25.17 21.38 21.84 25.41 23.70 20.59 20.36 20.27 22.62 25.60 
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Table 4.  Participants’ Pretest and Posttest Scores Compared 

person SUEFGS BOWP FP LEIOV EAR RE 

 PreT PostT PreT PostT PreT PostT PreT PostT PreT PostT PreT PostT 

BrAs 16 ab 16 ab 64 ab 18 ab 13 ab 24 ab 

FaJa 49 ab 63 ab 43 ab 75 ab 32 ab 29 ab 

PoAu 50 50 47 47 66 66 68 68 67 67 61 61 

PoMA 85 85 87 87 89 89 65 65 48 48 64 64 

GrDM 40 37 33 24 30 13 51 36 17 38 46 14 

WhBr 51 89 60 48 76 77 78 66 47 69 88 78 

GrCh 35 49 68 11 16 13 22 26 13 25 14 60 

RoSA 46 50 87 27 45 48 60 72 68 54 28 52 

HiAU 36 42 52 47 38 41 80 61 49 13 43 14 

HABe 69 49 88 43 35 27 44 66 46 35 25 23 

MCCo 22 34 25 11 25 41 18 18 13 13 61 74 

LABr 42 42 46 46 43 43 31 31 27 27 19 19 

Sum 541 527 672 391 570 458 610 509 440 389 502 459 

Average 45.08
333

52.7 56 39.1 47.5 45.8 50.83
333

50.9 36.66
667

42.4 41.83
333

45.9

Stand 18.68 20.06 25.17 21.38 21.84 25.41 23.70 20.59 20.36 20.27 22.62 25.59 

Corr 0.677742 0.430489 0.944093 0.647585

Legend

SUEFGS = Setting up Equation for a Given Situation; BOWP = Basic Operation with Polynomials; FP = 
Factoring Polynomials;  LEIOV = Linear Equation in One Variable; EAR = Exponents and Radicals; RE = 
Rational Expressions, PreT = Pretest, PostT = Posttest. 

3.  OBSERVATIONS AND CONCLUDING REMARKS 

Results shown in Table 4 indicate that there were strong correlation in some categories and weak correlations in 
others. The mean score in the pre-and post-tests for each subtest is low, perhaps, indicating un readiness of the 
participants for college algebra course. According to Skemp (1987) there is a clear difference between automatic 
(skill with understanding) and mechanical (a rote-learned habit). The results of this study seem to indicate a 
mismatch between the attitude and preconception of participants whose goal is to understand instrumentally and 
the instructional method of a teacher whose objective is to achieve a change in behavior through relational 
understanding. Vygotsky’s theory of “Zone of Proximal Development” was not applicable to this tutoring 
situation because,  a) there is evidence suggesting that prior knowledge plays a powerful role in comprehension 
and learning; (b) pre-conception show a remarkable resistance to traditional attempts to change this group of 
students; and (c) there was no incentive to warrant better performance on the post-test. We recommend to 
replicate this study after getting approval to place academic incentive such as exemption from college algebra 
course if a participant scores at 80% or better on the post-test or provide monetary incentive commensurate with 
post-test performance.
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ABSTRACT 

In this paper, the authors propose analyzing and drawing the Steinmetz solid using 
MatLab software to improve student comprehension of three-dimension objects. From the 
parametric equations resulting from the intersection of two cylinders, the edges of the 
intersection of the solid are drawn and distinguished from each other depending on the 
octant they are at. Two edges at a time are connected until the external surface of the 
Steinmetz solid is completed. The visualization capability of MatLab allows rotating the 
solid and viewing from any angle. This report presents the complement of a multivariate 
calculus lecture that integrates quadric surfaces, three-dimensional curves, and 
fundamentals of computer graphics. 

Key words: Steinmetz solid, MatLab, multivariable calculus, computer graphics 

1. INTRODUCTION

In Calculus II and III classes, students often have difficulty visualizing three-dimensional objects. Without 
this ability they are likely to have further difficulties understanding the identification, statement, analysis, and 
solution to any problems involving three-dimensional objects. One type of three-dimensional object has often 
proved extremely difficult for students to visualize. This object, known as a Steinmetz solid is an interesting 
combination of quadric surfaces. The common solid of two or more cylinders of equal radii that intersect 
perpendicularly, the Steinmetz solid [1-2], has several surprising facts and that are likely to capture students’ 
attention and improve their learning. For example, the two-dimensional plane made by the intersection is not 
circular, but square! The problem, though easily understood, is surprisingly complex and has a fascinating 
history—mathematicians from ancient Greece [3] and China [4] had methods of solving Steinmetz solids long 
before the method using Calculus was developed.  

When dealing with three-dimensional solids, visualization can be a big stumbling block for multivariate 
calculus students. Several studies show that using MatLab as a tool in calculus classroom enhances student 
learning [5- 8]; it has also been used to visualize some distribution theory concepts [9]. 

In this report, it is shown how to draw the boundary curves of the solid in each octant of the 3D space and 
then how to use those edges to create a surface, and then generate a Steinmetz Solid (two cylinders). This process 
gives students a clear picture of how a Steinmetz Solid is constructed. The completed Steinmetz Solid can be 
rotated and viewed from any angle, giving students a full understanding of three-dimensional coordinates, curves 
and surfaces. This techniqe can also been used to help students to visualize other three-dimensional solids taught 
in Calculus, as well as three-dimensional curves and surfaces.    
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2. THE EDGES OF INTERSECTION 

 Fig. 1 represents the intersection of two cylinders of identical diameter. Though the cylinders were generated 
using MatLab, the intersection itself is not clearly shown to the untrained eye. The two equations of the two 

cylinders in Fig.1 are 
222 ryx  and 

222 rzy . When combining these equations the resulting parametric 

equations of the edges of the intersection solid are 

ttrtr ,, 22
.      ( 1 ) 

From Eq. (1) it is apparent that the edges of the intersection are given by a set four equations: 
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.                  ( 2 ) 

Fig. 1.  Intersection of two cylinders of identical diameter 

When plotting the four edges of intersection in Eq. (2), the graphic is as depicted in Fig. 2 (a). For a first time 
multivariate calculus student, distinguishing the four edges in Fig. 2(a) is not very straightforward. To help the 
visualization of the intersection edges, the positive z-axis will be distinguished of the negative portion, as shown 
in Fig. 2 (b), by thicker curve. Also, the colors order when associated with the order of the set in Eq. (2) is red,

green, blue and black. 
From Fig. 2 (b), it is possible to distinguish eight different edge sections: “positive red,” “negative red,” 

“positive green,” “negative green” etc., where “positive” refers to the positive value of z, and the color follows the 
order above mentioned. In the next section, the eight sections of the intersection edges are connected to create the 
external surfaces of the solid. 
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Fig. 2.  (a) Edges of the intersection of the two cylinders  (b) Edges of the 

 intersection with thicker edges for the negative z portion  

3. DEFINING THE SURFACES  

The eight contours defined above and presented in Fig. 2 (a) can be easily and logically connected to define 
the surfaces that enclose the intersection solid. To begin with, consider just the “positive” contours as shown in 
Fig. 3 (a). A logical choice to start creating the surfaces might be connecting the “positive green” and “positive 
black” edges. This is connecting the edge portion from the (-, -, +) octant to the portion of the (+, -, +) octant. The 
resulting surface is shown in Fig. 3 (b).   

Fig. 3.  (a) Four intersection edges of the four octants with positive value of z (b) First 

 surface when connecting the edges of the octants (-, -, +) and (+, -, +)   

Successively, the eight contour edges can be systematically connected to create the solid. Figure 4 presents 
the sequence of the connection to create the eight surfaces, where the quadrants of the edges connect to create the 
surface that is being added.
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Fig. 4.  Creation of the Steinmetz solid sequence  

Finally, the Steinmetz solid is shown in the Fig. 5 (a), where the last surface corresponding to the connection 
of the edges in the octants (+, -, -) and (+, -, +) was inserted. The visualization of the intersection is made 
complete by inserting the created solid inside the intersection of two cylinders, as depicted in Fig. 5 (b). In the 
next section, some relevant lines of MatLab code are presented. 

Fig. 5.  (a) Steinmetz solid (b) Steinmetz solid inside the cylinders intersection 
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4. RELEVANT CODE LINES 

The relevant code to generate the “positive” (with positive z values) contours: 
% Defining the radius
    r = 100;
% Positive z data

% Generating the z vector positive
    z = linspace(0, 100, 200);

% Set (+, +, ) of data
        X_1 = z;    Y_1 = sqrt(r^2-z.^2);

% Set (+, -, ) of data
        X_2 = z;    Y_2 = -sqrt(r^2-z.^2);

% Set (-, +, ) of data
        X_3 = -z;   Y_3 = sqrt(r^2-z.^2);

% Set (-, -, ) of data
        X_4 = -z;   Y_4 = -sqrt(r^2-z.^2);

The relevant part to plot the colored “positive” contours: 
% Plotting the "positive z" contours

        plot3(X_1, Y_1, z, 'red','LineWidth',1.5); % --> (+, +, +)
        plot3(X_2, Y_2, z, 'green','LineWidth',1.5);% --> (+, -, +)
        plot3(X_3, Y_3, z, 'blue','LineWidth',1.5); % --> (-, +, +)
        plot3(X_4, Y_4, z, 'k','LineWidth',1.5); % --> (-, -, +)
        view(64, 30)

The relevant part to connect the edges and create the surfaces:  
% Filling the surfaces, positive z green (+, -, +) and black (-, -, +) 

        h1 = surf([X_2; X_4], [Y_2; Y_4], [z; z], color_array*0.1);
        set(h1, 'BackFaceLighting','reverselit','FaceLighting','phong',...

'AmbientStrength', 0.5,'DiffuseStrength', 0.7,...
'SpecularStrength',0.7,'SpecularExponent',7,...

    'SpecularColorReflectance', 0.8,'EdgeAlpha',0,...
'NormalMode','manual','FaceAlpha',alphavalue);

Other functions, developed by the author, were used to generate the cylinders and to draw the 
coordinate axes.

5. CONCLUSIONS 

A systematic procedure to generate the surface that defines the solid resulting from the intersection of two 
cylinders of equal diameter was presented. The edges of such a solid, otherwise difficult to visualize, were 
distinguished from each other by varying the color and the thickness in each octant of the three-dimensional 
space. Relevant code lines were presented. The generation of the parameter, z-variable; the generation of the x and 
y data vectors; the generation of the edges of the intersection; and the format of the command that generates the 
surfaces were included.  

This suggested classroom presentation integrated different multivariate concepts that can be reinforced:  
Intersection of surfaces, parametric curves, and analysis of three-dimensional space. Particularly, the creation of 
the external surface of the solid in eight steps is expected to give the instructor the chance to discuss and reinforce 
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the analysis of the octants of the three-dimensional space. As for the programming part, it introduces to the 
students to the fundamentals of programming in MatLab and computer graphics.  
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ABSTRACT 

Failure rate in the developmental math courses rank among the highest of all City 

Tech courses.  One way to address this problem and the challenges faced by the 

developmental math students is to increase students’ self-awareness in learning through 

self-regulatory processes.  This paper discusses the theory of self-regulated learning (SRL) 

and the implementation of its three phase model in math learning.  Activities which 

promote self-regulated learning are integrated in the teaching of the developmental math 

courses.   An SRL teacher guides students into self-regulation using methods such as goal 

setting, self-efficacy test, and performance evaluation.   

1. INTRODUCTION

According to Barry Zimmerman, a distinguished educational psychologist at the CUNY Graduate School, 

self-regulation refers to self-generated thoughts, feelings, and behaviors that are oriented to attaining goals.  Self-

regulated learners are proactive in their efforts to learn because they are aware of their strengths and limitations. 

(Zimmerman, 2002)

The authors of this article have been working for many years with Barry Zimmerman, John Hudesman, and 

Bert Flugman of the CUNY Graduate Center CASE (Center for Advanced Study in Education) and their graduate 

students in a project which creates and implements self-regulated learning (SRL) activities in the developmental 

math classes.  The majority of developmental math students at City Tech, especially those showing poor learning 

and mathematical skills, are unprepared for the level of responsibility and independent learning that is expected in 

college courses.  Many students attribute their lack of success in mathematics to a predisposition of their ability or 

intelligence.  The SRL instructors in the project attempt to change students’ negative beliefs about themselves by 

teaching and building specific self-regulatory techniques which encourage proactive learning.   Through the use of 

SRL instructions, such as setting goals, employing appropriate strategies, evaluating performance and taking 

corrective action, students increased their learning awareness and become better learner of mathematics.   

2. THE THREE PHASES OF SRL  

It is generally agreed among the SRL researchers that self regulated learning is a multidimensional process 

in a three-cyclical-phase model. (http://en.wikibooks.org/wiki)   The three phases are composed of a planning (or 

forethought) phase, a practicing (or performance) phase, and an evaluation (or self-reflection) phase.  In the 
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planning phase, the student sets an achievable short-term goal and selects appropriate learning strategies.  In the 

practice phase, the student closely monitors his performance metacognitively.  In the evaluation phase, the student 

makes self-reflective evaluation judgments about his performance against the goal and takes adaptive changes in 

goal and learning strategies.  This process results in another cycle of planning, practicing and evaluating.  As the 

students improve their goal-setting, self-monitoring, and self-evaluation behaviors through a series of short-term 

goals, they become more self-regulated in achieving their long term goals.   

   

Fig. 1.  The Three Cyclical Phases of SRL 

This particular model is developed by John Hudesman, Sara Crosby, Adam Moylan, and Niesha White 

 Mastering the three phases of the model is necessary for anyone who wants to become a self-regulated 

learner, regardless of one’s experience with the task, or whether the learning is for a hobby or a profession.  For 

example, it is essential for a professional athlete to set goal, monitor daily training, and constantly modify his 

technique to improve performance.  On the other hand, a novice cook must also set goal, monitor the cooking 

process, and evaluate the finished product.  One of the key processes in self-regulated learning is the ability to 

recognize and change ineffective strategies.  Without change, one would simply go through the mechanics of 

performing a task with no improvement. 

3. WHAT IS THE ROLE OF AN SRL TEACHER?   

Research has shown that self-regulatory processes are teachable.  Self-regulatory process such as goal 

setting, strategy use, and self-evaluation, can be learned from instruction and modeled by parents, teachers, 

coaches, and peers.  (Zimmerman, 2002) 



59

An SRL teaching is not a special style of teaching.  An SRL teaching is one which emphasizes 

metacognitive insights in learning.  An SRL teacher encourages students to take responsibility for their learning.  

An SRL teacher provides choices and allows students to make learning decisions.  An SRL teacher helps students 

with planning and task analysis and guides goal-setting through a series of short term goals.  An SRL teacher 

models desired learning strategies and helps students recognize and change ineffective strategies.  An SRL teacher 

provides frequent and specific feedback.  An SRL teacher allows students to identify errors and take corrective 

action.

Many teachers have exhibited SRL teaching in the way they question an issue, discuss a topic, analyze a 

problem, or allow students to discover on their own.   A piano teacher models the three phases of SRL in piano 

playing.  A coach helps an athlete to learn the self-regulatory processes in order to accomplish greater 

performance result.  A middle school teacher helps students build study skills using the self-regulatory method.  A 

math instructor shows how self-regulatory processes can be used in problem solving by breaking down a complex 

problem into small tasks, applying appropriate strategy at each step, and checking that the strategies are correct.  

4. SRL IN MATH LEARNING    

Exams and quizzes are typically the main instruments in math learning and assessment.  In SRL math 

classes, exams and quizzes are SRL tools which help define one cycle of self-regulated learning.  Instructor first 

guides students to set a short-term goal regarding the next quiz.  The goal-setting process should be 

complemented by choosing appropriate learning strategies.  During the study period, students must constantly 

monitor their progress and execute the selected strategies.  After the quiz, the result and feedback on the quiz are 

used in self-reflection and revision.  At this point, the instructor should encourage students to continue the cycle 

of SRL by setting a new short-term goal on the following quiz and making small changes in learning strategies for 

improvement.  The following are some of the specific SRL techniques that have been incorporated in the teaching 

of the developmental math classes. 

4.1.    Goal Setting  

Students are asked to set a long term goal for the course at the beginning of the semester.  More importantly, 

students need to establish a series of short term goals throughout the course.  Short term goals help students stay 

focused on the task on hand, even when facing challenges.  The instructor may need to monitor goal setting, so 

that the goal is numerically measurable for a fixed period of time, e.g. achieve a score of 70 on the next quiz in the 

following week.   

4.2.     Learning Strategies 

Once the goal is set, students must provide evidence on “how” to achieve the goal by selecting specific and 

appropriate learning strategies.  The strategies should be recorded.  

Learning strategies might include specific study methodology, time management, effective note-taking, or 

even seeking tutoring.  Learning strategies might also include mathematical techniques such as outlining specific 

mathematical rules or listing “common mistakes” to avoid.  Many learning strategies are modeled in class by the 

instructor.  The selection of strategies by a student is based on his analysis of past performance and requires 

constant adaptation.  For example, one often hears this frustrated comment by students:  “I had studied all night 

and still didn’t do well on the exam.”   The student needs to determine that the strategy to study all night does not 

work for him.  He must adopt a new strategy such as studying everyday to achieve the desired goal.  
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4.3.     Homework Monitoring 

Homework monitoring, the practice phase, requires a conscious self-monitoring process.  A student who 

monitors the homework process cognitively is the one who measures the level of understanding of each problem, 

identifies areas of difficulties, and seeks to resolve the difficulties, such as going for tutoring. Doing homework 

mechanically without self-monitoring is ineffective to learning.  Without awareness, students can spend hours 

mimicking or memorizing a math skill and still feel completely helpless on the exam.   

4.4.     Self-Efficacy 

Self-efficacy is one’s belief about one’s capabilities to produce certain levels of performance.  Students with 

high self-efficacy approach difficulties as challenges to be mastered.  Students with low self-efficacy may avoid 

difficulties or view them as threats.  (Bandura, 1994)   

In SRL classes, students are frequently asked to make self-efficacy and self-evaluation judgments on the 

ability to perform a math problem.  Self-efficacy provides an insight to one’s belief about learning.  A successful 

learning experience can raise one’s self-efficacy.  The SRL model helps students with low self-efficacy focus on 

specific tasks of planning, practicing and evaluating, not on the test results.  By creating positive experience with 

these tasks, students can acquire higher self-efficacy. 

Another type of students often seen at City Tech are those who are overly confident and do not believe they 

need to engage in math learning, especially at the developmental level.  Some claimed, “I failed the ACT exam by 

only two points” or “I know the material, I just made careless mistakes.”  These students are inaccurate in their 

self-efficacy judgment, and very often resistant to self-regulatory method.  The quiz revision process can help this 

type of students recognize repeating pattern of the common mistakes, which may lead to an open-minded 

evaluation of their mathematical skills and an acceptance of the responsibility to re-learn the basic math to 

eliminate “careless mistakes.”    

4.5.      Quiz Revision 

Students generally do not view exams or quizzes as learning tools.  One of the aims of the SRL project was 

to ”transform students’ test-taking experience in the developmental math class into a transactional process in 

which they use the returned examination as the starting point for additional self-reflection and learning.”   

(http://selfregulatedlearning.blogspot.com/)  The quiz revision process allows students to get constructive 

feedback, reflect on the feedback and take corrective action.  In revision process students are asked to address 

issues from mathematical processes to study methodology and self-efficacy ratings, in addition to showing math 

proficiency.  Identifying and using one’s own mistakes as a learning tool is an important process in SRL.   

4.6.      Quiz Graph 

Research has shown that it is easier to make self-evaluation when self-records are presented in the form of a 

graph, which can effectively portray the dynamics and direction of change.  (Kitsantas & Zimmerman, 2006)  The 

graph of quiz scores helps students visualize their progress.  Students who monitor their quiz scores closely on the 

graph appear more motivated and goal-oriented to achieve. 

5. A CASE STUDY 

This is a story of Rosa, a freshman student at City Tech, enrolled in developmental math class, whose 

overconfidence and lack of study skills almost cost her to fail the course.  
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The first few sessions of the course were dedicated to review the basic pre-algebra topics such as order of 

operations, operations with signed numbers, fractions and decimals. To Rosa and many other students, these 

topics seemed familiar and this familiarity created false beliefs that they knew the material and there was no need 

to study outside of the classroom. In spite of high self-confidence level on knowing the material, Rosa failed the 

first quiz because of “some careless mistakes.”  On the next two quizzes Rosa made more “careless mistakes” and 

failed both of them, but still insisted on knowing the topics and refused to change study habit or get any help from 

a tutor.

After failing the first test Rosa finally realized that she should take the advantage of learning tools offered by 

the SRL program. Rosa decided her long term goal was to receive at least 80 on the final exam and pass the math 

ACT exam.  To accomplish this goal, she set her short term goal to pass the next quiz with a score of at least 70.  

The learning strategies Rosa had chosen included studying at least twenty minutes a day and completing all 

homework problems.  Rosa learned to use class notes effectively.  She also began to revise her quizzes and do 

extra practice on similar problems.  Rosa graphed the quiz scores before and after revision on a chart which 

helped her visualize her learning progress and focus on her goal.     

By the mid-semester, as the material became less familiar, Rosa began attending tutoring sessions twice a 

week and experimenting with different study strategies. She used homework problems and frequent quizzes as a 

feedback for self evaluation.  Relearning basic math and using common mistakes as learning tool helped Rosa 

eliminate most of the “careless mistakes” and raised her test grades. 

As Rosa’s metacognitive awareness of her learning progress increased, she became a more efficient and 

motivated learner.  She became actively engaged in all class activities, solved given problems on the board using 

strategies and asked for supplementary problems to work at home.  By the end of the semester Rosa met her 

goals:  she received 90 on the final exam and passed the ACT exam.  To Rosa, this was a milestone in math 

learning.

Rosa’s journey in math learning was not unique.  Majority of the students enrolled in our developmental 

classes successfully passed the assessment test at the end of the course.  Many, like Rosa, were able to transform 

their learning experience in math from a passive learning to active engagement.  When asked about SRL 

methodology, one student replied “It’s great.  You learn from your mistakes, and then you correct your method.”  

Another replied “… we learned all that we needed to with the methods and strategies that the professor used.”  

Yet another “The SRL method works.”  “… SRL really helps and encourages students to progress.”   

In a FIPSE funded study, Hudesman, Zimmerman, and Flugman (2004) found that students enrolled in SRL 

sections of developmental mathematics were more likely to pass the university exit test than students in non-SRL 

sections; they also found that students, who completed the developmental SRL mathematics sections, were more 

likely to complete the next math course in the subsequent semester, than students in non-SRL sections.   In 

another study, funded by the Institute for Education Sciences (ES), Zimmerman, Hudesman, and Flugman  (2008) 

found that students in the SRL mathematics sections were more academically aware and accurate in their self-

efficacy and self-evaluative judgments than were students who were randomly assigned to non-SRL sections. The 

SRL students also earned higher grades on the exams and the departmental final exam as compared to non-SRL 

students.

6. CONCLUSIONS 

Working with the self-regulatory researchers such as Zimmerman and Hudesman has helped us gain greater 

insights to the psychological perspective of teaching and learning.  By teaching self-regulatory methods, teachers 

are empowering students with confidence to take ownership of learning.  An SRL instructor changes students’ 

negative belief about themselves by helping them focus on the learning processes and making the right learning 
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choices, not on ability or intelligence.  Many teachers have displayed these SRL characteristics in their teaching 

and may have developed their own tools to promote self-regulated learning.  We have found the quiz revision 

process to be a crucial step in SRL; it emphasizes the importance of identifying and using one’s mistakes as a 

powerful learning tool.  Self-efficacy judgment and quiz graph are helpful in initiating conversation regarding 

one’s learning awareness.  These tools are not limited to math teaching or the developmental level; they can be 

integrated in the teaching of all subject areas at all levels.   

Mastering the SRL processes can make great impact on one’s academic and professional achievement.  

Many researchers, psychologists, and educators show vast interests in the theory of self-regulated learning; they 

continue to develop application and examine its benefits in education.   
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ABSTRACT 

An elementary theorem relating to an obtuse triangle with an angle of 120o is used to 
express reciprocals of sums or differences of reciprocals of numbers in a geometric 
manner.  Applications in physics and mathematics are given in this paper. 

1. INTRODUCTION

The representation of numbers by geometric objects provides students with a concrete model which often aids in 
the visualization of numbers.  In the introduction to a recent best-selling book the author (Penrose, 2007) asks the 
question, ”How could it be possible,…,for them to comprehend research going on at the cutting edge of physical 
theory if they cannot even master the manipulation of fractions?”    He goes on to state, “I wonder whether those 
readers who cannot manipulate fractions – or those who claim that they cannot manipulate fractions – are not 
deluding themselves at least a little, and that a good proportion of them actually have a potential in this direction 
that they are not aware of.” While he looks askance at the traditional representation of fractions as wedges of a 
pie, nevertheless, it is a model that many students find useful in picturing just what is meant by a fraction.  Having 
this picture in mind the student may then seek more abstract meaning to mathematics involved in manipulating 
fractions.
 In this article we take a look at a very simple problem involving fractions.  It involves forming the sum of 
two or more reciprocals of numbers and then taking the reciprocal of that sum.  It is a problem that appears in 
numerous contexts in physics and mathematics, as we will discuss shortly.   The representation is based on a study 
of the triangle in Fig. 1.  We prove an elementary geometric theorem. 

Fig. 1.  Obtuse 120
o
 triangle with angle bisector 
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Theorem:  Given the triangle ADB with the length of AD denoted by b and the length of DB denoted by 
a.  Let the angle ADB be 120o.  Draw the line DE so that it makes an angle of 60o with line DB and intersects line 
AB at the point E.  Let the length of line DE be denoted by c.  Then  

           
bac

111
       (1) 

Proof:  The area of one smaller triangle DBE is 3)4/1(60sin)2/1( 0 acacADBE , the area of the 

other smaller triangle DEA is 3)4/1(60sin)2/1( 0 cbcbADEA , and the area of largest triangle DBA 

is 3)4/1(120sin)2/1( 0 ababADBA .  But, the area of the largest triangle is the sum of the areas of the two 

smaller triangles, DEADBEDBA AAA .  It follows that cbacab .  Dividing through by the product abc yields 

the desired formula.  QED. 
Given the generality and simplicity of this theorem it does not seem to be given as much attention in 

elementary geometry books as it should.  Perhaps it should be noted that the angle 60o is an angle associated with 
hexagonal symmetry, just like the angle 90o is associated with rectangular symmetry.  The all-important 
Pythagoras’ theorem applies to the triangles formed by drawing a diagonal through a rectangle. 

2. APPLICATIONS TO ELECTRICITY 

 The first application comes from electricity.  One is given two resistors connected in parallel and is asked 
to find the equivalent resistance of the pair.  If the values of the resistances are R1 and R2 then the equivalent 
resistance Req is given by 

21

111

RRReq

      (2) 

Thus the corresponding geometric solution is determined by the diagram given in fig. 2.

Fig. 2. Parallel resistors with associated triangle 

Generalizing this procedure to three or more resistors in parallel is straightforward.  For example, with three 
resistors one may add another 60o triangle to obtain Fig. 3.  Now R12 denotes the equivalent resistance of R1 and R2

in parallel and Req is the equivalent resistance of the three resistors in parallel, so 

321

1111

RRRReq

      (3) 

For each additional resistor that one adds to the parallel circuit one would add an additional 60o triangle, so 
the construction works for any number of resistors.  
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Fig. 3. Three parallel resistors and two associated triangles 

3. APPLICATION TO OPTICS 

 A modification of this approach may be employed in solving problems in geometric optics.  For example, 
suppose one has a thin lens with focal length f and one places an object a distance s from the lens along the optic 
axis.  The image will be formed a distance s’ from the lens.  For the case of a converging lens (f > 0) the image 
and object will be on opposite sides of the lens.  The distances obey the formula  

           
fss

1

'

11
       (4) 

Fig. 4 depicts the situation.  The inset shows the lens with the object to the left of it and the image to the right 
of it.  The triangle figure is obtained by laying out the object distance along the horizontal and the focal length 
making an angle of 60o with it.  The triangle is completed by drawing a line from the right tip of s through the 
right tip of f and letting it intersect the line making an angle of 120o with respect to the object length.  The image 
length is denoted by s’.  Note that it easy for the student to visualize what the variation of the image distance will 
be if f were to be changed or if s were to be changed, by simply re-sketching the figure.  Obviously, pre-ruled 
polar-coordinate graph paper with lines radiating in 60o intervals would be useful for this purpose.   

From another perspective, if one writes the formula as 

Fig. 4. Image formation by a thin convex lens 
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1 1 1

's f s
       (5) 

one sees in Fig. 4 how subtraction of two inverses may be handled in the graphical language. 

4. COMPUTING AVERAGE SPEEDS 

 Even a simple rate problem lends itself to a graphic interpretation.  Suppose a person travels a distance d
with a speed v1 and returns with a speed v2 and one is asked to determine the average speed, v, for the journey.  
The answer is determined from the formula 

21

2

v

d

v

d

v

d
       (6) 

The previous geometric construction gives v/2 instead of v so one needs to only double it to get the desired 
answer.  This is depicted in Fig. 5. 
If the journey had n legs of equal length instead of just 2 then the average speed would be given by the harmonic 
mean

1 2

1 1 1 1 1
...

nv n v v v
      (7) 

The above figure would be extended to n triangles, as in Fig. 3, with the final angle bisector extended by a factor 
of n.

Fig. 5. Graphical determination of the average speed 

4.  MORE ON ELECTRICITY 

Returning to the problem involving resistor circuits let us remind ourselves that putting resistors in series is 
represented by simply laying off line segments serially along the same line, with the lengths of the lines being 
proportional to the resistances.  Thus, for example, for three resistors in series the equivalent resistance would be 
given by 

321 RRRReq       (8) 

One may now replace a certain class of problems involving both series and parallel combinations of resistors by 
an equivalent geometric picture.  For example, the inset in fig. 6 shows a reducible circuit and the equivalent 
geometric picture.  Note that line segment BC represents R4 whereas the equivalent resistance for the circuit, Req,
is represented by line segment AC.   
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Even a bridge circuit may be reduced to combinations of series and parallel resistors if use is made of the star-
triangle (star-delta) relations (Kennelly, 1899; Woan, 2000). 

Fig. 6. Equivalent resistance of a compound circuit 

5. VISUALIZING HARMONIC NUMBERS 

In mathematics the harmonic numbers are often objects of study.  They are defined by the formula 

           
1

1n

n

j

H
j

       (9) 

For example, in showing that the logarithm of 0 is infinite one may develop the Taylor expansion of ln x around

the point x = 1 to obtain H)11ln()0ln( .

One place in which the finite order harmonic numbers appear (Graham, Knuth and Patashnik, 1994) is in 
the answer to the question, “How far beyond the edge of a table may n cards be extended so that they are self-
supporting?”  An illustration for several different numbers of cards is provided in Fig. 7.  

Fig. 7. Cards overhanging a table

If L is the length of the card the extension of the card over the edge for n = 1 is 1

1

2 1 2

L L
H .  For n = 2 the 

extension is 2

1 1

2 1 2 2

L L
H  and for n = 3 it is 3

1 1 1

2 1 2 3 2

L L
H .  A simple proof-by-induction may be 
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constructed to show that for n cards the extension is given by
2

n

L
H .   By allowing n to grow without limit, one 

may extend the cards an infinite distance, since H .

Another example of a diverging series is the sum of the inverses of the prime numbers, an exercise that 
students may wish to carry out graphically. 

Corresponding to these figures one has a set of triangle constructions which give the reciprocals of the 
harmonic numbers (see Fig. 8).  The inset is a blowup of the region near the origin. It shows that the ‘spokes’ get 
to be successively smaller as one moves counterclockwise around the origin starting from the positive x-axis.
The harmonic series is a diverging series and the sequence of triangles has diagonals which spiral in towards the 
origin. This result is general.  The signal that a series of positive terms diverges is that the spokes spiral in towards 
the origin with a length approaching zero as the winding number increases to infinity. 

Fig. 8. The reciprocals of the harmonic numbers, Hn

6. CONCLUSIONS 

The use of geometric constructions enhances the ability to convey the meaning of some formulas appearing in 
mathematics and physics to students. 
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ABSTRACT 

The rationale for treating area as a vector quantity is related to a basic theorem in solid 
geometry.  Applications are made to two topics in physics.  The first involves classical 
physics and basic fluid statics.  The second involves quantum mechanics and non-
commutative geometry. 

1. INTRODUCTION

One of the challenges facing STEM educators is showing the students the relevance of the mathematics they 
learn as a prerequisite for their physics courses.  In order to help students gain an appreciation for the mathematics 
it is, perhaps, desirable to present a few physical instances of how and where the mathematics will be used in 
describing the physical world.   

The teaching of vector addition is facilitated by the seamless transition from high school geometry and 
trigonometry to the college physics course.  In particular, the identification of the magnitude of a vector with the 
hypotenuse of a right triangle formed from its components is a concept readily understood by students.  
Underlying this, of course, is their familiarity with Pythagoras’ theorem. 

The concept of the cross product often presents more of a challenge.  It first appears in mechanics in defining 
the torque and angular momentum vectors.  It reappears in magnetism with the calculation of magnetic forces on 
charged particles and current-carrying wires, torques on electric or magnetic dipoles in external fields, the Biot-
Savart formula, motional EMF, Poynting’s vector, etc.  

The geometric interpretation of the cross product between two vectors intrinsically involves area.  The cross 

product A B  is a vector of magnitude AB sin , which is the area of a parallelogram spanned by two vectors 

defining an angle .  The direction of the cross product is perpendicular to the plane of the parallelogram, with 

the sense defined by the right-hand-rule.  Often it is not apparent to students why this object should be a vector.   

2. SOLID GEOMETRY AND DEGUA’S THEOREM 

Pythagoras’ theorem may be generalized to include areas [1,2].  The extension is known as deGua’s 
Theorem.  A tetrahedron is constructed by having three mutually perpendicular lines cut by an inclined plane.  
The intersection of the lines with the plane defines a triangle QRS as is illustrated in Fig. 1.

The theorem states that the sum of the squares of the areas of the three side faces of this tetrahedron equals the 
square of the area of the inclined face.  Area is defined as a vector.  The magnitude of the vector is the numerical 
value of the area.  The direction of the vector is perpendicular to the face.  A direction must be defined for each 
face so as to give the vector a unique direction. Thus for triangle QRS one traverses the triangle in a right hand 
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sense in defining the direction of the vector.  The triangle is therefore orientable.  The components of the area 
vector of triangle QRS are the area vectors of the side faces. 

Fig. 1.  A plane intersects the three axes at the points (x,y,z) = (q,0,0), (0,r,0) and 

    (0,0,s), forming the inclined triangular face QRS of the tetrahedron. 

The proof proceeds by defining the three side vectors q qi , r rj , and s sk , and expressing the area 

vector of the inclined triangle as half the area of the parallelogram: A QRS r q s q( ) ( ) ( )
1

2
.   Using the 

relations A OSR sri( )
1

2
, A OQS sqj( )

1

2
, and A ORQ rqk( )

1

2
 one obtains 

A QRS A OSR A OQS A ORQ( ) ( ) ( ) ( ) .  Since the right-hand side is a sum of three orthogonal vectors it 

follows that 

A QRS A OSR A OQS A ORQ2 2 2 2( ) ( ) ( ) ( ) .    (1) 

QED.
Once the student has been introduced to Green’s theorem the result may be obtained by evaluating the integral 

of the normal vector n  over the surface of the tetrahedron.  If w  is a constant vector then the surface integral of 

the scalar product of n  with w  vanishes, i.e., n wdA wdV 0.  Since this must hold for any vector 

w  this translates into the previously derived relation  

A QRS A OSR A OQS A ORQ( ) ( ) ( ) ( ) 0 .    (2) 

One way of interpreting this result is to imagine that the tetrahedron is subjected to a uniform pressure, so that 
each face experiences a force proportional to the area vector.  Since no direction in space is defined by this 
operation one doesn’t expect the equilibrium of the body to be upset.  Equation (2) is then the condition for the 
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translational equilibrium of the tetrahedron, i.e., Newton’s First law: the sum of the forces acting on the object is 
zero.  It may be readily shown from Green’s theorem that the tetrahedron is also in rotational equilibrium. 

3. APPLICATION TO CLASSICAL PHYSICS: FLUID STATICS 

The above argument may be demonstrated by using the following simple apparatus.  Construct a right 
tetrahedron from a material with a specific gravity less than one.  Attach one end of a thread to the tetrahedron 
and the other end to a sinker so that the combination may be totally immersed in water in a graduated cylinder 
with the sinker touching the bottom of the cylinder and the tetrahedron suspended some distance above it.  Place a 
rubber diaphragm over the opening of the cylinder and attach it tightly with a rubber band creating an airtight fit, 
as in Fig. 2. 

Fig. 2.   Left figure: A graduated cylinder with water covered by a rubber  

diaphragm.  Immersed in the water is a tetrahedron tied to a sinker. 

      Right figure: The diaphragm is depressed, the pressure inside is  

increased, and the tetrahedron remains unmoved. 

Allow the system to come to equilibrium.  Then gently press down on the diaphragm.  According to Pascal’s 
law the pressure is increased by the same amount throughout the entire volume.  The effect is the same as to apply 
a uniform pressure (increase) on all sides of the tetrahedron.  The tetrahedron should not move as the diaphragm is 
depressed.  This provides a ‘physical’ proof of deGua’s theorem. 

As a corollary to this fluid statics application one may consider a different physical system.  Suppose one 
constructs a right triangle out of a thin wire and places it inside a larger circle.  The two structures are to be 
coplanar.  Imagine that a soapy water solution occupies the space between the triangle and the circle.  The triangle 
will be under equilibrium due to the surface tension forces.  If the lengths of the sides of the right triangle are 

denoted by a, b and c then the forces on these sides are aFA 2 , bFB 2 , and cFC 2 , where  is the 

surface tension on each surface.  These forces are perpendicular to the respective sides of the triangle and act in 
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such a way as to pull on the triangle.  The Phythagorean theorem that applies to the triangle thus equally applies to 
the three forces.  This result is more general than that.  First observe that it applies to any polygon.  The vectors 

comprising the sides obey the equation .0jl  The forces on the sides are given by jj lkF ˆ2  where k̂  is 

a unit vector normal to the plane.  so 0ˆ2 jj lkF .  It even applies to an arbitrary closed curve since 

.0ˆ2 ldkFd

4. APPLICATION TO QUANTUM PHYSICS: NON-COMMUTATIVE GEOMETRY 

 Non-commutative geometry appears in advanced formulations involving quantum gravity and therefore is 
regarded as something out of reach to undergraduate students.  We provide an elementary example of how non-
commutative geometry appears in the context of a simple quantum mechanical problem.  Consider a thin solid 
disk of radius r and mass m with an axis running through its center and perpendicular to the plane of the disk.  
Take the disk and axis to be mounted in a gimbal so that the disk is free to rotate about any direction but is not 
allowed to wobble about the axis.  In other words, as far as rotational motion is concerned the disk is an isolated 

system.  A common example of this is the gyroscope.  The angular momentum vector L  is parallel to the area 

vector A .  Since the angular momentum is described by non-commuting vector operators it follows that the 
components of the area vector must also be described by non-commuting vector operators.   

The coefficient of proportionality is simple to work out.  The moment of inertia is 
22

2 mAmr
I  where 

2rA  is the area of the disk.  The Hamiltonian is 
I

L
H

2

2

 and the energy eigenvalue may be expressed as 

2

2

1
IE .  Combining these gives the formula 

                   A
A

mE
L .       (3) 

The quantum mechanical commutation rules for L

                                       kijkji LiLL , ,      (4) 

translate into the quantum mechanical commutation rules for A

                                          kijkji A
m

A
iAA , .     (5) 

Just as one may create simultaneous eigenstates of zL  and 
2L  so one may create simultaneous eigenstates of zA

and
2A .  Thus, to obtain self-consistency of the area vector commutation relations one has 

2AA .

Because of the non-commutativity of the components of the area vector it is not possible to measure two 
components simultaneously.  One can, however, measure the magnitude of the area and its z-component 
simultaneously.  The Heisenberg uncertainty relation [3] may be used to obtain an inequality for the product of 
the standard deviations 

zAA A
mE

A
yx 2

.      (6) 
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Stated another way, first measuring the projection of the area on the yz-plane and then measuring the projection 
on the zx-plane gives a different result than measuring these projections in the reverse order. 

The realization that a geometric quantity like a projection of an area of a physical object on a plane may not 
be directly measurable may come somewhat as a shock.  One must realize that this is just a manifestation of 
something that we are more familiar with, namely the atom.  Consider the magnetic moment associated with an 
orbiting charge in an atom.  There one has the familiar Larmor formula [4]: 

L
m

e

2
,       (7) 

where e is the magnitude of the charge on the electron and m is its mass.  Since the orbital angular momentum 
vector is quantized it follows that the magnetic moment vector is also quantized.  Therefore, for the magnetic 
moment we can’t simultaneously measure two of its components.  We could, however, measure the z-component

z  and the magnitude of  simultaneously.  Let us model the magnetic dipole by a charge moving a circle of 

area A, so iA , where i is the electric current.  For an electron orbiting with period  one has 
e

i .

Therefore, in place of Eq. (3) one obtains 

2m
L A .      (8) 

Again one sees that the orbital angular momentum vector is proportional to the area vector. 
Let us return to the spinning disk which lead to Eq. (3).  In order to check for self-consistency, let us 

determine the value of A.  Thus 

222 )1(llA
A

mE
L ,             (9)  

where l  is a non-negative integer.  The energy eigenvalues are given by )1(
2

2

ll
I

E  so this equation reduces 

to

22
r

m

I
A ,     (10) 

as it should be.  The z-component of the area does get quantized.  Thus, since lz mL  it follows that the 

eigenvalues of zA  are 

2

)1(
r

ll

m
A l

z ,      (11) 

where the quantum numbers lm  obey the constraint lml l .  The standard vector model may be employed 

to help visualize the situation, as in Fig. 3, where 1l  and 1,0,1lm .  Note that Eq. (11) assigns a sign to 

the area, i.e., depending on which way the disk is pointing its projection on the xy-plane may be negative, zero, or 
positive.
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Fig. 3.  Three quantized projections of the area of the disk,  corresponding to the state with l = 1  

and ml = -1, 0, 1. The  z-axis is vertically upward.

Using nanotechnology it is not inconceivable to fabricate a disk-gimbal arrangement which will directly 
confirm the quantized nature of the orientation of the disk. 

5. CONCLUSIONS 

Solid geometry provides arguments why area may be treated as a vector.  In classical physics one may apply 
deGua’s theorem to Pascal’s law of fluid statics.  One may also study a two-dimensional problem involving a 
triangular shape of wire suspended in a soap bubble.  In the quantum mechanical description of isolated systems 
area may be considered a vector operator whose components need not commute with each other.  Thus all three 
components of the area vector may not be simultaneously observable.  Thus one has a simple instance of non-
commutative geometry in elementary quantum systems. 

In drawing the conclusions concerning quantum systems, the article restricts attention to simple shapes, such 
as circular disks and loops that are free to rotate.  These shapes are subject to the laws of quantum physics.  
Geometrical measurements disturb such systems and therefore are not necessarily compatible with each other.  It 
remains to see if a deeper connection exists between such models and the mathematical theory of noncommutative 
geometry [5]. 
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ABSTRACT 
At Savannah State University (SSU), a Historical Black College and University (HBCU), 
an in-class response system (clicker) was used in an algebra-based physics introductory 
course to answer multiple-choice questions during lectures. Two types of clicker 
questions: “rapid fire” sequences and “easy-hard-hard” sequences were used to improve 
students’ interaction in class and help students understand physics concepts. Altitude 
survey showed students liked using clickers and felt more engaged in lectures after using 
them. Voting results showed two different patterns for “rapid fire” series and “easy-hard-
hard” series. These results were also compared with voting results by students from Ohio 
State University (OSU). 

1. INTRODUCTION

It has long been understood that traditional forms of lecture instruction are not optimal for teaching concepts 
[1]. Lectures are cost effective but not learning efficient, so educators continue to search for methods that enhance 
student participation in this traditionally passive environment [2,3]. Clicker is a generic name for in-class polling 
systems used by students to answer multiple-choice questions during lectures [4]. These devices are even being 
offered by several publishing companies as an adjunct to their textbooks.  

It has been demonstrated in many universities that the use of clickers improve classroom dynamics, in 
particular, student-lecturer interactivity [5]. Reay reported that students liked using clicker and thought using 
clicker helped them understand the questions better [6]. Reay also found that students using clickers performed 
both better on common conceptual survey question and regular exam questions [7]. However, little research has 
been conducted on how clickers has been used in a classroom with mainly minority students.  At Savannah State 
University (SSU), a Historical Black College and University (HBCU), clickers were used in an algebra-based 
physics introductory course. The purpose of this paper is to report interesting but sometimes preliminary results 
and compare these results with results from students at Ohio State University.  

2. QUESTION METHODOLOGY  

As reliable and inexpensive clicker systems have become commercially available, the present challenge is to 
create questions that are optimal for improving students’ understanding of physics. Clickers generally have been 
used in a one question per concept format with a single set of surface features. A new methodology has been 
created by Reay and Li based on using a sequence of questions, each displaying the same concept in a different 
context [6]. This methodology was based on a constructivism paradigm widely used in active engagement 
curricula developed in physics education research, but applied that paradigm within a much shorter time frame 
during lectures. The design of each question was based on specific difficulties that students reveal during learning. 
These question sequences can be divided into “rapid fire” series and “easy-hard-hard” series [7]. 
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2.1  “Rapid fire” question sequences 

“Rapid fire” question sequences usually contain questions that are of modest difficulty, so students can 
gradually build their knowledge structures. An example of a rapid-fire question sequence is shown in Figs. 1, 2 
and 3. This sequence was developed to give students practice in using the right-hand rule for forces on charged 
particles moving in a magnetic field. 

Fig. 1                                              Fig. 2                                                   Fig. 3 

Right hand rule question sequences: A positive charge is moving in the magnetic field. Which way is the 

magnetic force pointing to? 

1) Left            2) Right                3) In                4) Out       5) Up                     6) Down 

The three questions were condensed together in this paper, but were presented to students in a separate slide 
for each question. The answer choices for each question were exactly the same. This question sequence was given 
right after students had heard the right hand rule discussed, and was the first time that they actually practiced it by 
themselves. Students were given 40 seconds to answer each question, and the discussion that followed was brief. 
In the first question, only 37% of students correctly selected answer (1). In the second question, 52% of students 
chose the correct answer (3). Finally, 79% of students picked the right answer (4) in the third question.

The monotonically increasing percentage of correct answers is a characteristic pattern for rapid-fire question 
sequences, whose goal is to have students improve by practicing skills with slightly changing context variables. 

2.2  “Easy-hard-hard” question sequences 

An “easy-hard-hard” question sequence is a three-question sequence in which all three questions focus on the 
same concept, but have different features. The questions appear similar to experts, but appear different to 
beginning students who are often attracted to surface features of the context. 

The first question is easy. The role of the first question is to review some basic concept and make students 
comfortable answering questions. The second question is usually hard, and only a fraction of students get the right 
answer. The purpose of this question is to create an impasse, and help students realize that they do not yet fully 
grasp the concept. The third question, which has the same concept as the other questions but different context 
features, is also hard. This question is used to check whether students fully understand the concept or not. An 
example of the “easy-hard-hard” question sequence is shown in Figs. 4, 5, and 6. 
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Fig. 4.  DC circuit question 1: In the following figure all resistors have the same value R and the voltage of the 

battery is V. Find the total current flow through the battery. One way to do this is to trace each possible path 

from one side of the battery back to the other side. 

1) V/R           2) V/2R               3) V/3R               4) 2V/R      5) 3V/R 

Fig. 5.  DC circuit question 2: Now, you add one wire to the same circuit as shown. Though there is only one 

additional wire, there are more paths going from one side of the battery to the other. Find the total current flow 

through the battery at this time. A similar question was used at a high school Science Olympiad. 

1) V/R           2) V/2R               3) V/3R               4) 2V/R      5) 3V/R 

Fig. 6.  DC circuit question 3: Consider the circuit given below.  Again, each resistor has the same value R and 

the battery s voltage is V. Find the total current flow through the battery. The loop in the diagonal wire means 

that it loops over the other wire and is connected only on its ends. This is similar to another Science Olympiad 

question which had a 5th resistor in place of the wire across the top. 

1) V/R           2) V/2R               3) V/3R               4) 2V/R      5) 3V/R 

In the first question (Fig 4), the bare wire shorts out two of the resistors, so the correct answer is V/R. The fact 
that 57% of the students chose the right answer indicates that more than half of the students understand the 
concept “short”. In the second question (Fig 5), all three resistors are in parallel, and the correct answer is 3V/R. 
Only 9% of the students chose the right answer. 56% of the students actually chose answer V/R. This indicates 
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that the students have trouble redrawing the circuit, and may have made an educated guess. The lecturer then 
traced the wires, under the direction of the students, to determine how each particular resistor was connected in 
the circuit. The third question (Fig 6) at first seems different than the first two. However, the resistor on the right-
hand side is shorted out as occurred in the first question, and the other three resistors are in parallel as in the 
second question. The correct answer is again 3V/R. This time, 43% of the students voted for the correct answer, 
which indicates that students benefited from the discussion of question 2, but many students still may have had 
difficulty tracing wires as 24% of the students choose answer 2V/R. After peer discussion, 69% of the students 
chose the right answer during the revote. 17% of the students choose 2V/R, which indicates that some students 
still needed additional practice on tracing wires. 

3. RESEARCH CONTEXT AND CLICKER USAGE  

Clickers were used in the spring 2009 of a two-semester algebra-based introductory physics course at SSU. 
The main topic of this course is electricity and magnetism. The class size is approximately 35. Students picked up 
and returned the handheld units before and after each lecture, and the units were periodically checked by the 
instructor. Students were not assigned handheld units. So the instructor can not trace individual votes. More than 
95% students attending lectures voted even without giving any credits.   

4. RESULTS OF STUDENT SURVEYS

Affective and motivational factors are important aspects of learning because in order to succeed in one area, 
students must have interests and enthusiasm in that area. Students’ self-reporting of preferences and attitudes has 
been used for decades as supplemental information while evaluating education innovations.  

Students were given an end-of-quarter attitude survey soliciting their views about using clicker. Survey 
questions were answered using a 5-point scale ranging from 1 (totally disagree) to 5 (totally agree). To validate 
the survey, each type of preference or attitude included several similar questions worded differently and 
sometimes in both positive and negative tones. The survey results were compared with survey results from 
students at Ohio State University (Table 1).  

Statement OSU Average SSU Average 

“I like using clickers.” 4.69 4.67 

“Clickers helped me understand lectures 
better.”

4.38 4.41 

Clickers made me feel involved in the 
course.

4.51 4.38 

“Clickers helped me get instant feedback 
on what I knew and didn’t know.” 

4.66 4.46 

“I would recommend using clickers in all 
future introductory physics courses.”  

4.60 4.53 

“Using clickers is a waste of time.” 1.58 1.69 

“I will avoid classes using clickers in the 
future.”

1.46 1.87 

Table. 1.  Clicker Altitude Survey results for OSU student and SSU student

These results showed that students in both institutions liked using clickers and thought that using clicker 
helped them understood the questions better.  
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5. RESULTS OF STUDENT VOTING PATTERNS 

Because “rapid fire” sequences and “easy-hard-hard” sequences have different features and difficulties, they 
have different student voting result patterns. The voting results for “rapid fire” sequences usually increase 
gradually and eventually reach a high percentage.  The voting results for “easy-hard-hard” sequences, on the other 
hand, usually start with a high percentage on the first question, follow with a low percentage on the second 
question, and finally end up with a medium or high percentage on the third question. One goal of this project was 
to find whether the voting result patterns by SSU students would be similar with the result patterns by OSU 
students.

5.1  Student voting patterns on “rapid fire” sequences 

Because the number of questions in a “rapid fire” sequences is usually different (the number usually varies 
from 3 to 6), only the voting results of the first questions and last questions of all 16 “rapid fire” sequences used 
in our study were averaged. The averages of the first questions and last questions were shown in Table 2. These 
results were also compared with results by OSU students.  

Rapid-fire Sequences 

Results
OSU average SSU average 

First questions 39% 31% 

Last questions 86% 81% 

Table. 2  Voting result pattern on “rapid fire” sequences 

As data shown in Table 2, the voting result pattern on “rapid fire” sequences by SSU students was similar 
with the voting result pattern by OSU students. Students in both institutions started with low percentage of right 
answers and gradually reached high percentage. 

5.2  Student voting patterns on “easy-hard-hard” sequences 

The averages of all three questions in all 7 “easy-hard-hard” sequences used in our study are shown in Table 
3. These results were also compared with results by OSU students on the same “easy-hard-hard” sequences. 

Easy-hard-hard sequences Results OSU average SSU average 

First questions 72% 65% 

Second questions 27% 23% 

Last questions 67% 46% 

Table. 3  Voting result pattern on “easy-hard-hard” sequences 

As data shown in Table 3, on the first and second questions of “easy-hard-hard” sequences, the voting result 
pattern by SSU students was similar with the voting result pattern by OSU students. This was also consistent with 
the desired results of “easy-hard-hard” sequences. However, there was an apparent difference on the third 
question. 67% of the students at OSU chose the correct answer, while only 46% at SSU chose the right answer. 

There could be two possible reasons. First, clickers were used by different instructors at OSU and SSU. The 
details in the different methods of using clickers could account for this difference. Second, students in these two 
classes also have different backgrounds. 



80

6. CONCLUSIONS 

The survey results and voting results of SSU were mostly consistent with the results from OSU students. 
Attitude surveys showed that students in both institutions perceived clickers as a good tool to help them 
understand concept. Students in both institutions seemed benefit from “rapid fire” sequences, with the voting 
results start from low percentage and gradually reach high percentage. While there was a difference between the 
voting patterns of OSU students and SSU students on the third questions of  the “easy-hard-hard” sequences. 
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ABSTRACT 

A well configured astronomy course (such as the one-year sequence at Citytech) can 
interest minorities because of the multi-cultural nature of astronomical history. Since 
undergraduate astronomy presents aspects of classical mechanics, electromagnetic theory, 
quantum mechanics and relativity, it introduces material of interest to future majors in 
physics and engineering. 

1. INTRODUCTION

       Liberal arts majors at New York City College of Technology (NYCCT) can satisfy their Associates Degree 
science requirement by taking a one-year astronomy course (PHYS 1117 and PHYS 1118). Equipment for the 
course includes a Starlab portable planetarium (funded by a Perkins Grant), a 3.5-inch Schmidt-Maksotov Meade 
Cassegrain telescope with computerized sky pointing, a sun viewer and a sky-object identification tool. We have 
many videos, slides and vuegraphs to supplement lecture material. The text is Chaisson/McMillan’s Astronomy 

Today, 6th edition. Since the senior author, Dr. Eric Chaisson, was educational-program director for the Space 
Telescope Science Institute, this book is well illustrated with Hubble photos. Laboratory experiments consist of 
hands-on, web-based, NASA-based and portable-planetarium exercises. A field trip to the Hayden Planetarium is 
scheduled and there are readings from a number of sources.   
 The two exams and final are structured to include algebraic, visual and descriptive material. Students are 
required to write and present a short term paper on some aspect of course material. 

2. A PHILOSOPHY FOR STEM COURSES 

       In my opinion, a STEM course should be designed to present aspects of science, mathematics, computer 
science and engineering so that it engages students from a wide variety of social-economic backgrounds, 
including minorities. Hopefully, at least some of these students will be inspired to pursue an academic and 
professional career in science, mathematics, computer science or engineering. 
       As well as presenting lecture material, such a course should be designed to integrate material relevant to a 
diverse student body. It also should be as interdisciplinary as possible. The following section demonstrates how 
the NYCCT astronomy courses achieve these goals. 

3. A STEM STRATEGY 

       Astronomy ½ presents aspects of classical (Newtonian) mechanics in the treatment of gravity theory and 
orbits. Mechanical, structural and civil engineers utilize similar material, albeit at a higher mathematical level.  
Elements of special relativity (the Lorentz/Fitzgerald contraction) and mass-energy equivalence are introduced to 
help students understand how stars shine and high-speed spaceflight. Future nuclear engineers and radiological 
technicians require an appreciation of special relativity. Some general relativity is presented as well, especially 
concepts of space/time warping and black holes. Of course, no general relativistic technology has evolved to date.  
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       Elements of classical electromagnetic theory are presented in the consideration of astronomical optics. 
Quantum mechanical concepts (including the wave/particle duality and blackbody theory) are also introduced in 
discussions of light and cosmology.  Future electronic, electro-optical and telecommunication engineers and 
technicians benefit from exposure to this material. The treatment of optics may be of use to students interested in 
ophthalmic dispensing. 
       The course is structured to appeal to many ethnic groups including minorities. Lecture material directed to 
specific groups includes: 

Women— underpaid women astronomers (with the title of “computer”) in US observatories in the early 20th

century were instrumental in developing our stellar classification. 

African-Americans—The rising of the brightest star in the sky, Sirius, was used by the ancient Egyptians to time 
the annual flood of the Nile River [1]. The famous Civil-War era spiritual “Follow the Drinking Gourd” refers to 
use of the famous asterism, “The Big Dipper,” as a navigational marker for escaped slaves using the Underground 
Railroad.

Hispanic-Americans—Among pre-Columbian civilizations, the Mayans observed the heavens and used a 
sophisticated calendar.  Columbus’ voyages would likely have failed without the magnetic compass. 

Native Americans—Some North American tribes constructed in pre-Columbian times “medicine wheels” similar 
in function to Stonehenge. These may have applied astronomy for calendar purposes. 

Asian-Americans—While the west was mired in the medieval “Dark Age,” Chinese astronomers observed the 
supernova explosion that resulted in the Crab Nebula. 

Islamic-Americans---Without the meticulous planetary observations of medieval Islamic astronomers, Copernicus 
could never have successfully revived the heliocentric (Sun-centered) solar system model. 

Pacific-Islanders—Pre-literate Polynesian sailors occupied the vast Pacific basin with the aid of celestial 
navigation instructions embedded in memorized epic poems. 

       Astronomy courses PHYS 1117/1118 at NYCCT interacts with many disciplines. These include but are not 
limited to creative writing, speech, ancient world history, modern world history, sociology, archaeology and 
anthropology. 

CONCLUSIONS

 As presently configured at NYCCT, PHYS 1117/1118 (Astronomy 1 and 2) presents technical material in 
an algebra-based fashion that is of use to students interested in pursuing  scientific, engineering, or technical 
careers. Cultural material relating to astronomy is included to appeal to members of many ethnic and sociological 
groups. The course is structured so as to constructively interact with many disciplines. 
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ABSTRACT 

The proposed laboratory experiment for the calculus-based physics course studies the 
dependence of a simple pendulum’s period on the length and acceleration due to gravity, as 
well as the relationship of amplitudes and phases of displacement with those of velocity 
and acceleration for simple harmonic motion. 

1. INTRODUCTION

Simple Pendulum is a common lab experiment of a physics course. Usually students verify the dependence of 
a pendulum’s period on the length whereas the period also depends on the gravity acceleration. In the proposed 
lab students study period dependence on both factors, the length and gravity acceleration, as well as familiarize 
themselves with the properties of Simple Harmonic Motion. 

2. THEORY 

 A simple pendulum is an example of an oscillation device. It consists of a point mass suspended to a pivot 
by an inextensible weightless cord. If the point mass (a bob) is pulled off the equilibrium position and released, 

the pendulum bob swings around this position. Two forces, the weight w = mg and the tension of the cord, act on 

the bob. The resulting restoring force is defined by F = - mg sin , which is directed along the arc of the bob 

moving where  is an angle of the bob’s declination from equilibrium. For small angles  (  < 10o) sin could be 

replaced by and displacement of the bob off the equilibrium position along the arc is given by x = L , where L

is the length of the pendulum. Equation of motion for small angles of the pendulum ma = - mg sin , can be 
rewritten as   

0
2

2

x
g

L

dt

xd
.     (1) 

Eq. (1) is the second-order differential equation of Simple Harmonic Motion (SHM), which has the solution  

)sin( xx tAx .      (2) 

The meaning of the values describes a harmonic motion are: Ax – amplitude, maximal displacement x,  - angular 

frequency, x - initial phase. The angular frequency    relates to the period of the oscillation T, the time of one 

complete swing, as follows: 
T

2 . The angular frequency is determined by 
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L

g
, therefore

g

L
T 2     (3) 

The velocity v and acceleration a of the bob are oscillating functions too and can be determined as derivatives 

of the position from Eq. (2)  

)cos( vv tAv ,

             (4) 

)sin( aa tAa ,    

where the amplitudes and phases relate to the amplitude and phase of the displacement   

Av  = Ax ,  v x = /2  ;      (5)

Aa  = 
2
Ax,    a x =  .        (6)

The goal of the lab is to verify the formula (3) for parameters L and g as well as the relationship (5) and (6) 
between amplitudes and phases of displacement, velocity, and acceleration of SHM.  

While it is easy to verify the pendulum period dependence on its length in the experiment, the study of the 
function of gravity acceleration g is more complicated. The g is almost constant everywhere on Earth, so we 
should use a trick [1]. In the laboratory experiment “Acceleration on inclined plane” students found the effective 
acceleration along the inclined plane  

   geff = g sin , (7)

where  is the angle of the plane inclination. Therefore, if a pendulum is set on the inclined frictionless table the 

geff will change.  The value of sine can be found of the geometry 

l

d

l

hH
sin       (8) 

where H and h are the height of the upper and lower edges of the air table, d is their difference,  and l is length of 
the air table. 

3. SET-UP AND PROCEDURE OF EXPERIMENT 

The experimental set-up is presented on Fig. 1. Equipment for the experiment includes a bob on a cord, 
support stand, pendulum clamp, digital stopwatch, meter stick, vernier caliper, protractor, air table with blower, 
puck with cord, PC with Logger Pro software, interface, and ultrasound motion detector. The experiment 
procedure is divided into three parts: 1. Dependence of the pendulum period on the length, 2. Dependence of the 
pendulum period on the effective geff, 3. Studying the form of SHM. 

The first part students do as in a usual experiment. For more accuracy the length of the pendulum L is 
determined by adding to the cord length the bob radius. For different lengths and small angles  students with 
stopwatch measure time of n swings and calculate the period. The results of the measurements should be 
presented as graph the period square vs. the length of the pendulum. 
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The second part “Dependence of the pendulum period on the effective geff” is performed on the air table. The 
pendulum is the puck on the cord which swings on the inclined air table. The inclination of the air table changes 

by lifting one side of the table. Students measure the period like in the previous part, calculate the sine (6), 
geff, and reciprocal of geff. The results are presented in the graph the pendulum’s period square versus the 

reciprocal of geff.

Table 1. Simple pendulum with variable length 

Mass of bob = 0.2884 kg   Diameter of bob = 0.038 m 

Trial Cord Pendulum Number of Time, t, of n Period  
  length Length, vibration, vibration T = t/n T2

  m m n sec sec sec2

       

1 0.2 0.219 20 18.75 0.9371 0.878 

2 0.3 0.319 20 21.68 1.084 1.176 

3 0.4 0.419 10 12.92 1.292 1.669 

4 0.5 0.519 10 14.69 1.469 2.161 

5 0.6 0.619 10 15.74 1.574 2.477 

6 0.8 0.819 10 18.36 1.836 3.373 

7 1 1.019 10 20.33 2.033 4.137 

8 1.14 1.159 10 21.66 2.166 4.691 

Fig. 1. Set-up of the experiment 



86

 The third part “Studding the form of SHM” is performed with computer and motion detector. The pendulum 

bob used for the first part is set in front of the motion detector on the distance 30-40 cm and swings along 
its beam. The computer program Logger Pro allows obtaining graphs for position, velocity, and acceleration of 

the bob. Students use an option “Analyze”, fine a curve fit for the graphs, and get the coefficients of sine 
functions (2). They should compare the amplitudes and phases of the displacement to those values of the velocity 
and acceleration. 

4. RESULTS OF THE MEASUREMENTS 

An example of results of the first part is given in the Table 1 and Fig. 2. 

The graph shows that the value of the pendulum period square is proportional to the length. Using the slope of the 
graph students calculate acceleration due to gravity as g = 4 2 / Slope and percentage error. 

Verification of the dependence of the pendulum period on the effective gravity acceleration geff is presented in 
Table 2 and Fig. 3.

In the experiment the value of geff ranges more than 10 times. The result shows that the pendulum period 
square is inversely proportional to the effective gravity acceleration. The slope of the graph should be compared 
to theoretical value Slope = 4 2L.

Results of the study for the SHM are presented in Fig. 4. The graphs and table of the bob’s position, velocity, 
and acceleration are obtained on a computer screen with Logger Pro software. The analysis option of the Logger 

Pro software gives coefficients of the sine curves fit (2), A is amplitude, B , C , which are showed up 

next to each graph. Combined coefficients of graphs and values of periods for two length of pendulum are in the 
Table 3. Comparison of the ratio of amplitudes and the difference of phases gives close values to those theoretical 

values (4) and (5). The period of the SHM is determined by three different ways: 
g

L
T 2

2
, and from the 

table in Fig. 4. All three values are very close, which proves the relationship between T and .

Fig. 2. Dependence of the pendulum period square on the length 
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Table 2. Dependence of the pendulum period on effective g

  Length of pendulum L = 0.72 m    Length of air table l = 79.5 cm 

Trial Height Height Difference geff. 1/geff. Number Time, t, Period  
lower
side

upper
side d

swings,
n

of n 
swings, T = t/n T2

  cm cm cm m/sec2 sec2/m  sec sec sec2

           

1 3.5 72.3 68.8 8.5 0.12 10 18.2 1.82 3.312

2 5.3 59 53.7 6.6 0.15 10 20.64 2.06 4.26 

3 4 46.5 42.5 5.2 0.19 10 23.57 2.36 5.555

4 6.8 25.6 18.8 2.3 0.43 10 35.12 3.51 12.33

5 8 14.5 6.5 0.8 1.25 10 59.84 5.98 35.81

y = 28.707x

0

5

10

15

20

25

30

35

40

0 0.2 0.4 0.6 0.8 1 1.2 1.4

1/geff, sec^2/m

T
^

2
, 

s
e
c
^

2

Fig. 3. Dependence of the pendulum period square on the reciprocal effective gravity acceleration 
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Fig. 4. Graphs and table of position, velocity, and acceleration of SHM 

Table 3. Combined coefficients of sine signals of SHM 

Trial Pendulum Position Velocity

length L Ax Bx Cx Av Bv Cv Av/Ax Cv-Cx v

m m sec-1 rad. m/sec sec-1 rad. sec-1 rad. deg.

1 0.344 0.04 5.3 0.5 0.219 5.29 2.1 5.01 1.58 90.5

2 0.254 0.05 6.13 2.1 0.286 6.13 3.7 5.72 1.6 91.7

Trail Acceleration Period

Aa Ba Ca Aa/Ax Ca - Cx a T=2 /B Ttheor Ttable

m/sec2 sec-1 rad. sec-2 rad. deg. sec sec sec

1 1.091 5.3 3.6 25.04 3.1 178 1.19 1.18 1.2

2 1.633 6.13 5.2 32.58 3.1 178 1.02 1.01 1.03

5. CONCLUSIONS 

As a result of the lab students prove that the formula for period of the simple pendulum (3) works for 
the length and for the gravity acceleration. They study the sine form and the relationship (5) and (6) 
between coefficients of position, velocity, and acceleration for the SHM.
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ABSTRACT 
Engineering Technology faculty often encounter undergraduates taking courses in their 
professional field of study who lack satisfactory preparation in mathematics. 
Additionally, students facing difficulty in applying mathematical concepts may be due to 
the fact that examples from engineering technology disciplines are not widely used in 
mathematics courses. In response to these issues and the growing demand to retain 
minority students in engineering and technology programs, we developed an integrated 
project-based course in Mathematics and Engineering. The goals for creating this course 
were to: 1) increase retention rates of minority students enrolled in engineering and 
technology programs, 2) introduce engineering problem-solving methodologies in 
mathematics courses, and 3) promote team work. This paper describes our course 
structure, course activities, Team projects and initial evaluation of the effectiveness of 
this course. Analysis confirms results provide very strong evidence to conclude that the 
mean scores of an integrated project-based course in mathematics and engineering 
technology and control group are not equal. Also, the data proves that, on average, post 
program grades are greater than pre-program grades. Furthermore, female averaged 
scores were higher compared to male scores. 

1. INTRODUCTION

Several authors have recently cited the importance of considering retention in the course development process 
[1]. A research conducted by Klingbeil et al [2] describes an NSF funded initiative at Wright State University 
(WSU) to redefine the way in which engineering mathematics is taught, with the goal of increasing student 
retention, motivation and success in engineering. The approach begins with the development of a novel freshman-
level engineering mathematics course (EGR 101). Taught by engineering faculty, the course is composed of 
lecture, laboratory and recitation components. Using an application-oriented, hands-on approach, the course will 
address only the salient math topics actually used in a variety of core engineering courses [2]. At Indiana 
University—Purdue University Fort Wayne faculty  have developed ETCS 101—Introduction to Engineering, 
Technology, and Computer Science, a freshman success course for students in the School of Engineering, 
Technology, and Computer Science. The main objective of this course is to increase retention. The course aims to 
provide students with sufficient computer and personal development skills and to help them develop the right 
mental attitude conducive for academic success. Features of the course include projects of software and hardware 
nature, extensive use of the Internet and Web software tools, and a team-teaching format. As the main project of 
this course, small teams of students design, build, program, and test an autonomous mobile robot using LEGO® 
parts, sensors, and the Robotic Command eXplorer (RCX) controller [3]. A study conducted at Colorado School 
of Mines reports on the long-term results of a two-year experiment in which a group of “average” engineering 
students was recruited for a first-year program that integrated curricula and fostered a learning community. 
Students who participated in the Connections program graduated at a significantly higher rate than their peers and 
reflected retrospectively that the program had a strong positive effect on their college careers [4]. Another study 
supported by NSF at University Alabama UA consisted of faculty from the departments of chemistry, 
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mathematics, mechanical engineering and physics. The primary goal of the faculty developing the curriculum was 
to improve student learning. Course topics were substantially rearranged to achieve better integration between 
engineering, chemistry, mathematics and physics. Results of this study show a larger percentage of students 
graduated in engineering than students from the comparison group [5]. Furthermore, it is more expensive to 
recruit a new student than it is to keep a current one. Clearly, a variety of factors influence student retention and 
success in engineering, most notably a lack of preparation in high school. Moreover, engineering retention is of 
particular concern among members of traditionally underrepresented groups, as well as among transfer students 
and nontraditional students returning to school from the workplace. This has led engineering educators to 
introduce early intervention programs aimed at increasing retention among incoming students [6,7]. 

Without a doubt, the introduction of early intervention programs and application-oriented freshman 
engineering courses are significant steps toward increasing student retention, motivation and success in 
engineering. Nonetheless, the correlation between low retention rates and the inability of incoming students to 
progress through the required calculus sequence cannot be ignored. This problem is not unique to Savannah State 
University and in recent years has received substantial attention in the engineering education literature [8,9].  

Curriculum development is traditionally a product of isolated efforts of various departments.  Consequently, 
the curricula as developed by the mathematics department are not designed to optimize students’ learning in their 
major fields of interest.  Savannah State University is a small regional university; and therefore, the mathematics 
curricula are designed to serve all programs in the university.  All sciences and engineering students have the 
same curricula as the mathematics majors.  In the current curriculum, engineering students take mathematics 
courses during the first two years.  Because of the general nature of teaching mathematics courses to all students 
with little or no known application, mathematics courses taught become a filter and obstacle thus causing, many 
potential students to drop out of engineering technology programs.  This is unlike the approach implemented by 
the Georgia Institute of Technology that has customized mathematics curricula to meet the needs of engineering 
majors.  Their students start taking engineering courses during their sophomore year. Beginning engineering 
courses do not require a lot of advanced mathematics.  Basic algebra, trigonometry, statistics, Boolean algebra, 
and linear algebra are the mathematical topics required for students to complete the first two years of their 
engineering programs.  Courses in those topics should use an applications-based approach instead of the 
traditional approach, considering real-life problems that demonstrate the application of mathematics in the field.  
More applications and more technology should be incorporated into mathematics courses and there should be 
more emphasis on teamwork and communication skills.   

As we mentioned above that mathematics curricula at Savannah State University are for all programs of the 
institution.  It is a filter that discourages under-prepared minority students entering engineering programs.  A 
customized mathematics curriculum can help optimize the retention rates of students in engineering programs. 

The general consensus, thus far, is that the traditional approach of teaching students the required 
mathematical theory simply as a prerequisite to subsequent engineering application is unsatisfactory, and that a 
more integrated approach is required.  

The Experiential Team (E-Team) based interdisciplinary course is designed to combine and integrate material 
from introductory courses in mathematics and engineering.  This material is normally taught in a stand alone 
format targeted for freshmen students. The integrated course employs considerable use of computers in an active 
learning environment that encourages team learning. E-teams of two to four sophomore students in engineering 
and technology programs worked on projects with faculty and industry mentors. The expected outcome was an 
annual rate increase of 10 to 20% in the number of minority students (including women) enrolled in engineering 
and technology programs at Savannah State University. The following sections will discuss the structure for the 
new course. 

2. COURSE STRUCTURE 

A team led by Mathematics and Engineering Technology faculty developed a freshman-level integrated 
project-based course (ENGT 1101) in Engineering and Mathematics which leads to entrepreneurship. Using an 
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application-oriented, hands-on-approach, ENGT 1101 addresses only those salient math topics that have an actual 
application in a variety of core engineering and technology courses. These include traditional physics, engineering 
mechanics, and electrical circuits. ENGT 1101 replaces the traditional math prerequisite requirements for the 
above courses; therefore, students can advance to the engineering curriculum without having to complete a 
traditional freshman calculus. This creates a shift from the traditional emphasis on math prerequisite requirements 
to an emphasis on engineering motivation for math. 

The content of ENGT 1101 consists of the mathematical prerequisites for the following core engineering 
courses: Physics I, Statics, Dynamics, Strength of Materials, and Circuit Analysis. In the traditional curriculum, 
all of these courses require a minimum of Calculus I, while some require Calculus II. Clearly, it is impossible to 
cover all topics in Calculus I and II within a single course, let alone a freshman course. However, only a handful 
of topics are actually applied in the above core engineering technology courses. Moreover, the above courses also 
include engineering mathematics concepts not found in the traditional calculus sequence, including basic 
operations in vectors, complex numbers and matrix algebra.  

After consultation with faculty from the College of Sciences and Technology, the following math topics were 
slated for inclusion in ENGT 1101: Basic Algebraic Manipulations; Trigonometry; 2-D Vectors; Complex 
Numbers; Sinusoids and Harmonic Signals; Systems of Equations and Matrices; Basics of Differentiation; and, 
Basics of Integration. The course structure is 3 credit hours (2 hours lecture, 1 hour lab), plus a mandatory project 
section. The course is taught with all mathematics topics motivated by their direct application in the core 
engineering courses. Moreover, course material is augmented by physical experiments and projects in 
collaboration with industrial partners. The course was also integrates the engineering analysis software, 
MATLAB, into the fabric of the class. Table 1.0 outlines the details of the ENGT course over a period of ten (10) 
weeks, below:

Table 1.0:  Schedule and outline of ENGT 1101 course 

WEEK 1

Lecture: Course Introduction ; Application of 
Algebra in Engineering Technology – Linear 
Equations; Application of Algebra in 
Engineering – Quadratic Equations 
Lab: Introduction to MATLAB; Slope 
Measurement of Edge of Pavement of a 
Parking Area. 

WEEK 2

Lecture: Trigonometry: 
Angles Trigonometry; Trigonometric 
Functions; Unit Circle in Trigonometry; Inverse 
Trigonometric Functions; Law Sine and  
Cosine.  
Lab Current and Voltage in Star and Delta 
Connections; Applications in Surveying and 
slope measurements of highway profile 

WEEK 3

Lecture: 2-D Vectors in Engineering 
Technology; Complex number in Engineering 
Technology 
Lab: Measurement of trigonometric 
relationships in One and Two-link Planar 
Robots; Application of Vectors in Statics; 
Determination of Acceleration and 
Deceleration lane length in Highway Design 

WEEK 4

Lecture: Sinusoids and Harmonic signals in 
Engineering Technology; Systems of Equations 
in Engineering Technology 
Lab: Measurement and Analysis of Harmonic 
Signals

WEEK 5

Lecture: Introduction to Derivatives in 
Engineering Technology; Application of 
derivatives Velocity and Acceleration in 
Dynamics. 
Lab: Velocity and Acceleration in Free- Fall 

WEEK 6

Lecture: Matrix algebra and Vectors in 
Engineering Technology 
Lab: System of Equations in Engineering 
Technology: The two-loop circuit; 
Determination of Beam Reactions Using Matrix 
analysis

WEEK 7

Lecture: Introduction to Integrals in 
Engineering Technology. Applications of 
Integrals in Statics, Dynamics and Electrical 
Circuits.
Lab: Work and Stored Energy in a spring; RLC 
circuit.

WEEK 8, 9, and 10

Lecture: Entrepreneurship and E-Team 
Projects.
Lab: E-team project. 
Animatronics and Emotional Face Displays of 
Robots; Visualization tools for a simply 
supported and cantilever beams. 
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3. SAMPLE OF LABORATORY EXPERIMENT PROBLEM

The relation of position, velocity, and acceleration functions of a moving object is considered as the most 
valuable application in Engineering Technology area in introducing the concept of derivative or differentiation 
process. In addition, through many application problems it allows to assess students’ knowledge for past contents 
due to its involvement with equations, trigonometric functions, vectors as well as with the practice in MATLAB.  
The following example is taken from one of Lab Work Questions followed by Week 5 lectures. It asks about the 
motion of Free-Falling object.    

Q. A primitive man Pappuya’s hobby is hunting with an arrow. In usual his arrow is released from the position of 
his heart of height 1.5 m above the ground and the initial speed of his arrow is measured at 252 km/h. It is 
assumed that air resistance is neglected while the arrow travels. 

1) Simulate the motion of the arrow in MATLAB when it is released at angles ,  and ,

respectively, from the horizontal line . Following is the simulation  

2) Calculate the possible maximum height and the maximum range that his arrow can reach.  

3) One day Ppuya caught a rabbit on open grassland. If he shot the arrow with an angle from the horizontal 

line, how far was the rabbit located from him? 

4) The other day he caught a monkey that was sleeping on the tree. The position of the monkey was 26.5 m from 

the ground and he released the arrow at  from the horizontal line. Calculate the horizontal and vertical velocity 

of the arrow when it hit the monkey. (Possibly two answers) What is the speed of the arrow at each time? 
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4. ASSESSMENT AND EVALUATION

 To assess the impact and effectiveness of the Integrated Project-based Course in Mathematics and 
Engineering, the performance of the students enrolled in the course are compared with those students (control 
group) who took the stand alone mathematics course as shown in table 2.0. These comparisons include earned 
grades and attrition rates. In addition, the students enrolled in the proposed course and traditional pre-calculus 
course completed the student satisfaction survey as indicated in table 3.0. The results provide feedback for a 
continuous improvement plan.

Table 2.0: Grades and Attrition rate of the control group and proposed course 

Course Grades  Attrition rate 

Pre-Calculus (Control 
Group)

0% (A) 20%(B) 40%(C) 40% 

Integrated Project Based 
Course in Mathematics and 
Engineering 

8%(A) 30% (B) 50%(C) 12% 

Table 3.0: Student Responses to Project Integrated Course Assessment Questions 

Questions M sd 5 4 3 2 1 

The course increased my familiarity with 
engineering and technology profession 

4.47 .87 14 4 2 1 0 

The course introduced me to different branches of 
engineering and technology 

4 1.04 9 7 3 1 0 

The labs provided me the hands-on experience in 
Civil and Electronics Technology 

4.71 .56 16 4 1 0 0 

The course helped me better understand the 
application of mathematics in engineering and 
technology 

4.57 .81 15 4 1 1 0 

The E-Team Project helped me integrate 
mathematics, engineering and business in project 
design 

4.66 .57 15 5 1 0 0 

The course helped me to develop the skills to work 
in teams 

4.38 .83 15 3 1 1 0 

M = mean  sd = standard deviation
Scale: 5-Strongly Agree, 4-Agree, 3-Neutral, 2-Disagree, 1-Strongly Disagree 
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5. FUTURE WORK 

Future research plans include relating the reliability of implementation of the Integrated Project-Based Course in 
Mathematics in Engineering to student learning outcomes. The future plans of the project are to recognize, assess, 
classify, and distribute resources (via a Web site) for Engineering and Technology educators wishing to 
incorporate hands-on learning into their curriculum to encourage students to pursue careers in Engineering and 
Technology. By helping students make connections between Mathematics and Engineering subjects and real-
world issues, these strategies are likely to enhance student interest in Engineering and Technology disciplines, 
improve learning experiences for students, and enhance teaching skills of mathematics, engineering and 
technology educators on the content and application of Science, Technology, Engineering and Mathematics 
(STEM) subjects. The ultimate outcome of the Integrated Project-Based Course in Mathematics and Engineering 
on student retention and success in core courses remains to be seen, and will be closely studied in years to come. 
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ABSTRACT 

In this study the motivation and process of developing three core course modules in 
Electrical and Telecommunications Engineering program will be discussed and sample 
modules will be also presented. Since the courses of Circuit Analysis I & II and Electronics 
are key courses in our program, the need for such course modules has been very high for many 
years to both student and instructor although course syllabi and textbooks are currently 
available. We hope the course modules meet all or most academic quality requirements and 
serve the self learner in a friendly and effective way to assist our students improving or 
enhancing their academic performance and achievement successfully. Since course modules 
are developed as instructional material, instructors can download the modules, which exist as 
PowerPoint files, append, or modify them in a desirable order and style to be used for their 
class within just hours. Therefore, designing and developing the course modules through the 
Minority Science and Engineering Improvement Program (MSEIP) for the U.S. Department of 
Education had been a great opportunity and we hope our students in ETET department use the 
course modules as a study guide to complete their program by taking various advantages.   

Key words: Course Modules, MSEIP, U.S. Department of Education, ETET Department. 

1. MOTIVATION AND AIM OF COURSE MODULE DEVELOPMENT 

The motivation and aim of developing course modules for education are to provide or inspire by means of 
guiding instructors and students to respond and master a diverse and fast changing learning objectives and 
knowledge of course in Electrical Engineering Technology education. The course modules can be used for online 
courses, class courses, and special program courses because the modules are capable and enable to provide 
tailored made courses in terms of satisfying the varied learning styles and needs. Although most instructors have 
deep knowledge and understanding of their course content, the modules are useful to focus on every week’s topics 
and give some benefits to saving their time for preparing class lectures. The course modules can be also 
continuously revised by updating a new edition of a textbook, adopting course materials, utilizing supplemental 
materials, etc. We hope the course modules meet all or most academic quality requirements and serve independent 
self learner in a friendly and effective way to assist our students improving or enhancing their academic 
performance and achievement. 
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2. THE PROCESS OF COURSE MODULE DEVELOPMENT 

In designing procedures for developing course modules as learning materials required a framework of four 
phases. As the first phase in preparing a blueprint for development of course modules, we initiated to develop the 
course modules basis on the course textbooks after listing and identifying the possible problems because it would 
minimize confusion with high efficiency in terms of transferring course related technical knowledge. The second 
phase related to course module development, and the third is the delivery of the modules and collection of 
evaluators’ feedback. As a final phase, all modules for three EET courses are delivered after considering the point 
that modules contain everything the student needs to complete his or her program successfully. All detailed 
activities of four phases in developing course modules are listed in Table 1. 

Phase 1: Preparation of Blueprint for Development of Course Modules. 

List, identify, and analyze the possible problems. 

Review each course curriculum including syllabus and textbook. 

Check literature and other available information. 

Confirm the work plan with a time table. 

Get the permit to use instructor’s materials from the textbook publisher. 

Find and select other elements such as software, related textual materials, etc. 

Phase 2: Development of Course Modules. 

Confirm the format of course modules. 

Include main texts, tables, figures, equations, examples, etc. 

Participate the meetings and forums for advisement, assessment, and consultation. 

Phase 3: Presentation of Course Modules and Collection of Evaluations & Feedbacks. 

Conduct seminars for presentation of course modules. 

Distribute the course modules to instructors and students. 

Collect their evaluations and feedbacks. 

Phase 4: Completion of Course Modules after Final Evaluation and Reflection. 

Review colleagues’ evaluation and reflect to course modules. 

Finalize completing the course modules. 

Receive departmental final evaluation and approval. 

Table 1. The list of detailed activities in four phases for developing course modules at ETET program. 

3. DEVELOPMENT AND DELIVERY OF COURSE MODULES 

In developing course modules, first identify a textbook that covers most topics of the course syllabus. This 
process includes contacting with academic publishers to clear with copy right issues for the current project. It is 
clear that the course modules would be used as a set of lecture notes in instructional delivery of a particular topic 
within academic or industrial course. Since course modules are developed as instructional materials, instructors 
can download the modules, which exist as PowerPoint files, append them in a desirable order and style. Due to 
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simplicity and flexibility with a great convenience in reconstructing course modules, instructional materials 
should be completed within just hours and ready to present to class shortly after. Of course, if necessary, 
instructors can then modify or revise the contents of the modules the way they wish to present under course 
coordinators’ supervision. Course modules are listed and linked in a communication platform for student and 
instructor such as Blackboard, with other disciplinary course modules as a main purpose of current project in 
order to narrow the gap between Science, Technology, Engineering, and Mathematics (STEM) programs.  

4. OVERVIEW OF COURSE MODULE CONTENTS AND STRUCTURE 

We believe the course module developed as instructional courseware should be a well summarized, organized, 
and described material from course textbook in order to meet course outcomes without necessarily includes other 
advanced elements of knowledge. Each course module includes specifications of the prerequisite knowledge and 
module outlines with key words, an introduction, detailed explanations and descriptions of the module subjects 
with examples, summary, list of homework problems with a sample solution, and bibliography. The course 
modules are generally written by Microsoft PowerPoint program with other elements such as figures, tables, 
equations, digital photographs, and related textual material. Although a module is not perfect course material for 
the course due to its duration limit, it is dedicated to class notes which are relevant to the overall education of 
engineering technology students. Since our normal class at City Tech has three contact hours, every module is 
written for three 45-minute class periods. Table 2 illustrates the list of course module contents and structure. 

Title Page 

Module identifier and module title. 

Author, college, department, and date. 

Acknowledgement.

List of class outlines. 

Main Text 

Introduction to topics from outlines. 

Main texts, tables, figures, equations, examples, etc. 

Summary of the materials. 

End Module 

Problems and questions. 

References. 

List of homework problems. 

Table 2. The list of course module contents and structure.

Examples of a module shown in Figure 1 are from Electrical Engineering principle in the area of Electrical Circuit 
and Electronics oriented toward 1st year student in ETET program. In addition, each module has a name that 
indicates the main subject of the module. Fig. 1 illustrates sample slides as title page, main text, and end module 
respectively. 
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Fig. 1. Sample course modules for three courses as Circuit Analysis I&II (EET 1122 & EET 1222) and 

Electronics (EET 1240).

5. CONCLUSIONS  

We have discussed and presented about developing course modules as a means of providing elements from 
which a semester course is constructed or revised. We also have received various feedbacks from instructors in 
academia or industry background and tried to reflect their opinions and suggestions to our course modules in 
order to bring complete course materials which are relevant to the overall education of Electrical and 
Telecommunications engineering students. We successfully presented course modules to our ETET program 
students and received many promising feedbacks and appreciations from them. 
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ABSTRACT 
From cellular phone to desktop computer, from online banking to accessing email, 
cryptography and computer security play a very important role in today’s 
telecommunications industry and our lives. Cryptography and computer security provide 
secrecy, authentication, integrity, and non-repudiation for the users when they user 
computer or access the Internet. In the future, when more and more commerce and 
communications activities continue to move to computer networks or the Internet, 
cryptography and computer security will become more and more vital. At the same time, 
Cryptography requires the person studying it to acquire the in-depth knowledge of 
mathematics so that he or she can understand the theories of the subject. So, teaching and 
implementing cryptography in college is not an easy task, especially for the Engineering 
technology students in computer and information area.  In this paper, we will demonstrate 
special way for delivering the cryptography theory and it applications to our engineering 
technology students, specifically to Verizon Next Step Program (NSP) students.  

1. INTRODUCTION

Cryptography provides information security to the people in the electronic world, thus allowing us to do business 
on the Internet without worries of fraud and deception. It makes secure web sites and electronic safe transmissions 
for the e-commerce. People who do online banking, online trading, and make online purchases with their credit 
cards will not worry that any of their account information is being compromised. Cryptography is very important 
to the continued growth of the Internet and electronic commerce. Cryptography is also widely used in the 
telecommunications industry such as cell phones, televisions, satellites and a variety of other areas. Without 
cryptography, hackers could get into our e-mail, listen in on our phone conversations, tap into our cable 
companies and acquire free cable service, or break into our bank/brokerage accounts. 

The study of Cryptography and computer security relies on the materials that students learned in their 
mathematics courses. For some reasons, current cryptography is just much harder than it looks for our 
Engineering Technology students. This field seems to have a strong connection with topics from other fields like 
mathematics which offer cryptographic algorithms and ideas.  

The topics of a typical cryptography course includes:  

• Fundamental Principles of Cryptology; Classical Cryptosystems and Their Analysis 

• Modern Private Key Cryptosystems, Data Encryption Standard, Advanced Encryption Standard 

• Public Key Encryption (e.g., RSA)  
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• Applications of Cryptography (e.g., digital signatures, security protocols, games)  

• Coding Theory (error correcting codes and cryptographic applications)  

• Techniques from Number theory, Finite fields, Elliptic curves, Probability, Complexity Theory, Information 
Theory 

The Students of CityTech the Verizon NSP classes included are overwhelmed by the materials covered in their 
mathematics class because of the heavy content load and weak background skills[1]. The challenge is that our 
students do not have sufficient mathematics background in number theory which is the foundation of the 
cryptography. As a result, the students get frustrated when they start to learn the encryption and decryption 
algorithms in depth in their computer and network security courses.  As a result, the professor of computer 
network security course meets the situation in which the students are avoiding to learn cryptography theory and its 
implementation in details. 

The Next Step Program at the department of Electrical and Telecommunications Engineering Technology of 
CityTech is a special program which offers qualified Verizon associates an opportunity to earn an Associate 
Degree in Applied Science (A.A.S.), with a special focus on Telecommunications Technology[2]. The courses of 
the program covers in three areas: general education, electronics, and telecommunications. It will take four 
academic years for students to receive a two-year Associate Degree in Applied Science (A.A.S.), from Citytech. 
These students attend the school 8 hours per week while they work at Verizon full time. Majority of these 
Students lack the strong mathematics background to deal with the cryptography system. 

How can we teach the cryptography and computer security course which demand advanced mathematics 
background to our Verizon Next Step Program students?  In this paper, we will describe the solutions we provided 
to these students. 

2. HOW TO DELIVER THE CRYPTOGRAPHY SYSTEM TO THE NSP STUDENTS? 

Creative classroom techniques incorporating technology promote a more productive and enriched learning 
environment. Our department is a technology department which is dealing with ever changing topics in the 
telecommunications industry. The students from Verizon NSP are also expecting to learn the latest technology in 
telecommunications in their classroom.  We as the faculty must be very creative to use the most recent 
technologies to teach them. 

Recently, the rapid growth of multimedia contents on the Internet has change the nature of education. 
Accordingly, the use of multimedia and interactivity as a variable in empirical studies has dramatically increased. 
The interactivity has become a synonym of quality learning [3].  

YouTube is a very popular online video-sharing web site for both scholarly and non-scholarly communication. 
Professor can stand in the class and explain all the technical details of his/her topics, but a picture (or a video clip) 
is really worth a thousand words, or much more than that. This is why lots of famous U.S. universities and 
colleges such Harvard, MIT, Berkeley have put their class videos on the YouTube and encourage their students to 
use YouTube as an academic tool. Of course, there are plenty of cryptography and computer security explanation, 
demonstration, tutorial video clips on the YouTube as well.  The YouTube videos will not teach the computer 
security class for a professor, but it will greatly enhance the teaching as a nice tool when used correctly. 

Online games or simulators are also becoming a powerful tool in education. How to take advantage of the online 
games’ inherent adaptation behavior in order to maximize the effectiveness of the learning experiences is still a 
world worth to be explored. There are a lot of advantages of using this method for the teaching. For example, 
game-based learning can be used to enhance students’ motivation towards learning.  The videogames can also be 
developed in the form of game-like simulations, providing highly interactive and cost-effective learning 
environment[3]. Currently, many American students are learning reading, writing, and mathematics skills from 
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website such as www.pbskids.org.  We are also applying this strategy in our cryptography and computer security 
class for the Verizon NSP students. 

3.   CASE STUDIES 

3.1  Substitute Cryptosystem and Symmetric Cryptosystem 

One of the simplest examples of a substitution cipher is the Caesar cipher, which is said to have been used by 
Julius Caesar to communicate with his army. Caesar is considered to be one of the first persons to have ever 
employed encryption for the sake of securing messages. Caesar decided that shifting each letter in the message 
would be his standard algorithm, and so he informed all of his generals of his decision, and was then able to send 
them secured messages. Using the Caesar Shift (3 to the right), the message:  

"RETURN TO HOME" 

would be encrypted as: 

"UHWXUA WR KRPH" 

In this example, 'R' is shifted to 'U', 'E' is shifted to 'H', and so on. Now, even if the enemy did intercept the 
message, it would be useless, since only Caesar's generals could read it. When our class reached this topic, we 
simply showed them how the system worked. Then we asked them to play games after our demonstration. 
Everyone created a cipher according to a plain text. Then the instructor collected all the cipher text and randomly 
returned back to class and asked them to decipher it. After class practiced it manually on a blank paper, we move 
to the Internet and practice there with more examples [4]. Most of the class learned it very quickly. 

We then introduced the more sophisticated substitution cipher. The implementation of this scheme was also 
introduced in the class - the famous German Enigma machine. We showed the background of the machine from 
the video clips in an U.S. movie - the “U-boat 571” and the inaccuracies of the story from Wikipedia 
(http://en.wikipedia.org/wiki/U-571_film). The Enigma Machine enciphers a message with a basic substitution 
cipher.  That is, every letter is replaced by another letter from the alphabet - for example, A for E, B for Z, and so 
on.  The Enigma Machine expands on this concept in two interesting ways: first, it accomplishes this substitution 
by a series of electrical connections that are hidden from the user.  Second, these connections are placed in a set of 
rotors which can rotate, changing the electrical connections and thus the substitution cipher.  This rotation is what 
made the Enigma code so difficult to crack - it meant that every letter in a message was enciphered using a 
different substitution cipher, because the rotors would rotate after every letter was entered. After the explanation 
and the demonstration, the class was asked to download an Enigma simulator from Internet and installed on their 
laptop[5]. Immediately, they started to play on the simulator because it looked exactly like the German Enigma 
machine which was used during the World War II. We then discussed the details of the machine and analyzed the 
theorem behind it. Students were so excited about their discovery and all of them participated for the discussion. 
After students get familiar with the machine and learned the structure of it, we explained the concept, advantages 
and disadvantages of the symmetric system. We then compared differences between the symmetric cryptography 
system and asymmetric cryptography system.  During the lab hours, the whole class played a game on this 
Enigma machine, every player need to encrypt a message from this machine and then decrypt a cipher which was 
encrypted by another person in the class. Students were very interested for this game and they even mentioned 
that they would play this game with their family members when they got back home. 

3.2  Asymmetric cryptography system and the RSA scheme 

The famous RSA cryptography system was developed in 1977 by Ron Rivest, Adi Shamir, and Leonard Adleman. 
It’s the best example of the public key cryptography or asymmetric cryptography. RSA cryptosystem is a way of 
transporting information in a secure, encrypted way. It does this through the use of keys, which lock or unlock a 
message. Briefly, the algorithm involves multiplying two large prime numbers and through additional operations 
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deriving a set of two numbers that constitutes the public key and another set that is the private key. For someone 
to send you an encrypted message, you send them your public key. They take this public key, encrypt the 
message, and send the message to you. 

A table might help us remember how to use it [6]: 

To do this Use whose Kind of key

Send an encrypted message Use the receiver's Public key 

Send an encrypted signature Use the sender's Private key 

Decrypt an encrypted message Use the receiver's Private key 

Decrypt an encrypted signature (and 
authenticate the sender) 

Use the sender's Public key 

Unless someone is able to factor this 128 bit numbers in less than a century, your encrypted message is relatively 
safe. After receiving the encrypted cipher text, you decrypt the cipher using your private key. The people obtained 
your public key will not be able to decrypt your cipher text. 

The foundation of the RSA cryptosystem is the modulus operator. Unfortunately nobody in our class could 
answer what is the modulus operator. The modulus operator gives a result based on the division theorem which 
states that for an 'a' and a 'b', both integers with b > 0, there exists a 'q' and an 'r' such that: 

a = q * b + r 

where r > 0. 'q' ends up being equal to the floor of (a / b), and 'r' is equal to (a mod b). This is the how we get the 
modulus operator. To help our students have a better understanding about the operation, we gave some numerical 
examples to demonstrate the process in the class: 

a = 11, b = 3 
   11 = 3q + r 

   q = 3 and r = 2, therefore (11 mod 3) = 2 

Then we did some modular arithmetic in the class: 

5 + 4 (mod 7) = 9 mod 7 = 2 
   9 - 17 (mod 5) = -8 mod 5 = 2 (-8 = 5 * -2 + 2) 

   5 * 4 (mod 9) = 20 mod 9 = 2 

Students later showed that they had a full understanding of modular operation from their in-class practice 
assignments. 

After explanation of the modulus operation, we started to introduce the RSA cryptosystem [7].  First of all, we 
used small prime numbers to demonstrate how it worked. Everyone required using their calculator from Window 
Operating System to practice the algorithm with a couple of examples. When they fully understood the encryption 
and decryption process in the RSA cryptosystem, we used Java Applet on the Internet to work on the larger prime 
numbers. With the help of the interactive Java Applets, the extra homework assignments, and tests, students 
finally grasped the core of the RSA scheme and understood this cryptosystem in depth.  

4. CONCLUSIONS 

In order to verify the results of our interactive learning by using multimedia material from Internet, We gave our 
class the homework and quiz after they learned the cryptography concepts and experiments. There were sixteen 
students in our Verizon NSP cryptography and computer security class. After they learned the Caesar’ cipher 
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scheme, they all master the concept and did 100% correct in their lab, home work, quiz, and final exam. For the 
Substitution cipher, two students messed up the machine and were not able to decrypt the message obtained from 
their classmates. Later on, after they worked with instructor again, they truly learned the method and did well in 
their homework, quiz, and final exam.  

For the RSA system, we have two parts for the scheme - using their calculator and online Java applet. Every time 
some people made mistakes during the encryption or decryption process but majority of the class did a good job 
for mastering the scheme (See table 1 below).  

Table 1:  Learning results example of the Cryptography class 

Crypto Scheme In-class lab Home work Quiz Final 

Caesar’s cipher 100% 100% 100% 100% 

Substitution cipher 
(Enigma machine) 

93.8% 100% 100% 100% 

RSA 81.3% 93.8% 87.5% 93.8% 
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ABSTRACT 
Graduates from the Associate in Applied Science (AAS) in Mechanical Engineering 
Technology (MECH) and Industrial Design (IND) Technology at New York City College 
of Technology are learning new skills in 3D modeling, Finite Elements Analysis (FEA), 
Rapid Prototyping, and research strategies. Two year programs in engineering technology 
are often short of helping students to grasp all aspects of the technology. This is mainly 
due to the limited number of credits allowed in 2-year programs (about 60 credits). Most 
graduates from both MECH and IND find employment in the local industry. Growing 
demand from local employers compelled the department to incorporate new components 
in the upper level courses in both AAS programs. Students from both programs are 
required to take a 60 hour (4 hours/week) Advanced Solid Modeling course (IND2304). 
In order to address the local industry need the department decided to modify and update 
IND2304. In the new course, students learn to improve their design by using some of the 
solid mechanics techniques, stress analysis, the role of Finite Element Analysis (FEA), 
rapid prototyping, and applying tolerance. Students learn 3D modeling using AutoDesk 
Inventor. They are required to design a team based project at the end of the semester. 
Students learn team work and sharing information with each other. They enhance their 
communication skills by presenting their work at the end of the semester. Results of this 
new course are very encouraging. Students get very motivated by the diversity and 
creativity of the new design work. Some students who graduated from both programs 
were able to use their new design skills and team work in their current positions in the 
field. The results are surveyed using ABET and Integrated Research Strategy (IRS) 
criteria.

1. INTRODUCTION

     Graduates from the Associate in Applied Science (AAS) in MECH and IND at New York City College of 
Technology usually get employed in the local industry in New York and New Jersey in different areas that most 
of the time include manufacturing or Computer Aided Design (CAD). The department has a good record of 
student job placement; some students even get employed before finishing the degree. The 2-year degree program 
is expected to prepare students for such time of employments. The department is trying in this short period of time 
(2 years) to give the students all the tools they need to succeed. Thus students should be exposed to different 
branches of engineering in order for them to decide where they can fit in the industry. In the last 2002 ABET visit, 
it was recommended that the department offers a comprehensive course in CAD only. The new CAD course was 
developed in 2003 under the name “Advanced Solid Modeling, IND304”. The department vision was to expand 
this course to be different from any traditional CAD course offered in other schools. Normally students take this 
course in their third semester. Some students take it as early as the second semester. The course doesn’t require 
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advanced Mathematics background but it does require taking a previous course in engineering drawing which 
students learn in IND1112, Engineering Drawing I. Also, this course is the first time exposure for students to 3D 
modeling. Students take this course before or at the same time they are  taking the static and strength of materials 
course (MECH1233). Beside the traditional CAD modeling this course emphasizes many concepts directly such 
as: team work and communication, basic design principles, computations, creating a prototype model, and 
research skills. Indirectly the course promotes the analytical and thinking skills of the students, conducting of a 
research, creativity and imagination, and gaining hands-on experience in product design and manufacturing.   

2. COURSE CONTENTS 

     The class meets 4hrs/week and includes a lecture (25%) and a computer lab (75%). In the computer lab 
component, students learn the fundamentals of 3D modeling using the state-of-the-art AutoDesk Inventor 
software. The course is enhanced by a team project where students are expected to present their project in the last 
day of class. A glance at Table-1 shows the course structure throughout the semester. 

2.1   3D Modeling 

Students learn how to use the 3D printer to produce simple prototypes. The department has a powerful 3D 
prototyping machine (Model SST768 made by DIMENSION) that is capable of creating good prototypes . 
Creating parts by injection molding is also introduced. The state-of-the-art injection molding machine (Model 
22A made by BOY Comp., using polyethylene) is used, see Figure 2. As an alternative to the injection molding 
machine a Wax Injection Molding Machine (WIMM) can be used. The WIMM (Model W1-20-1 6AMP 120V 
made by ARBE) costs few hundred dollars only, but has many limitations. Using the WAMM students create 
their own mold by removing material but not adding. Students are encouraged to work in teams and discuss the 
mold creation. This is a first time experience where students are learning a combination of both CAD and 
prototyping. 

2.2   Tolerances

     Tolerances define the manufacturing limits for dimensions. General tolerance conventions and how they 
applied is explained in this class. Based on the students need, this class can be exchanged with Week11. The 
lecture can be followed by a practical example where students establish a tolerance for their assembly and then 
produce a prototype. Students learn how to distinguish between clearance and interference tolerances. 

2.3   Finite Element Analysis  

     As mentioned earlier, often students taking this class have poor knowledge of strength of materials because 
they take it at the same time or at a later time. This fact makes it hard to expose students to the stress 
concentration (ST) concept without little or no knowledge on strength of materials. 
In order to introduce the stress concentration concept we follow a new methodology that relates stress to human 
being rather than materials and explain common phrases such as work load (related to yield stress), handling 
stress or pressure (related to stiffness of materials),…etc. Stress concentration location can be related to the type 
of load (axial, bending, and torsion) geometry (sharp corners, notches, and holes) in materials to the human 
activity type (extreme thinking in the brain, emotional problems in the heart, and muscles or bone problems when 
exercising). This methodology proved to be very effective in teaching this concept because it helps students to 
visualize stress in its role in design. Teaching ST  lays the foundation for students to improve their computational 
and analytical skills.  Most of the CAD software packages have integrated some Finite Element Analysis (FEA) 
modules. AutoDesk Inventor for example has an incorporated FEA module powered by ANSYS.  

2.4   The project and Team Work Management 

     When every team selects its project then it will be important to teach the students how to work in teams and 
how to play key roles. Most of the students have little or no experience working in teams. They don’t know how 
to organize themselves or communicate effectively with each other.  Students learn the principal steps of the 
design process during week-10. This lecture has proven to be very effective. It demonstrates the design process by 
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outlining the steps used to complete an actual student design project. Some of the steps emphasized in the design 
process are as follows: 

1- The design project 
2- Understanding the design problem 
3- Creating a solution 
4- Managing the design process 

Some standard procedures followed in managing the design process are:   
(a) The linear responsibility chart 
(b) The team schedule (Gantt Chart) [1] 

Students are taught in (a) and (b) how to distribute the work and manage the time factor which is very essential to 
the completion of their design project. The lecture is followed by a real scenario where the students have to apply 
what they have learned in 1 – 5 above, (a) and (b). Each team would have to apply the procedures above to show 
how they would be able to use the linear responsibility chart, the team calendar…etc in their project. At the end of 
the allocated time, 30 – 60 minutes each group would have to make a presentation about their plan. This 10th week 
is very crucial, students have a better idea about their project, how to manage their team work and most 
importantly they gain valuable experience about the working day in the real industry. Students are asked to show 
their final presentation and how they have applied and followed the steps mentioned above to finish their project. 
Students learn how to think effectively and use standard procedures in any design work. 

2.5   The Integrated Research Strategy (IRS)

     A new methodology introduced by the New York City Alliance for Minority Participation in Science and 
Engineering is being introduced through this course in order to enhance the research skills of the freshman 
students and introduce them to the research world. The research part is included through  

• Writing reports (No teams) 
• Group discussion 
• Structural Analysis for failure 
• Team Projects 

The effectiveness of the methodology is evaluated in the period of the Fall 2008 – Spring 2009 and compared 
with previous semesters as shown in Table 1 below.  

Questions Mean Standard Deviation 

Expressing ideas and class 
activities 

IRS             4.00 
Before         4.9 

IRS                0.866 
Before            1.1832 

Over all teaching was 
effective

IRS             3.78 
Before        3.82 

IRS                1.302 
Before            1.0787 

Over all IRS              4.14 
Before         4.07 

IRS                 0.892 
Before             0.933 

Table 1. Evaluation of the effectiveness of the IRS through students answers for 3 different questions

Fig. 1: Grades distribution before IRS (left)  and with IRS (right) 
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On the other hand the grades distribution is compared to previous semesters as shown in Fig. 1 below. The figure 
shows clearly an improvement in the grades distribution. 

3. RESULTS

Survey for ABET Outcomes 
(i) A survey for outcome (3e) an ability to function effectively on teams, have shown an average of 

4.27/5 in the course survey. 
(ii) A survey for ABET outcome (3d), an ability to apply creativity in the desing systems …etc, have 

shown an average of 3.97/5 in the course survey. 

Also the following unmeasured improvements are observed 
• Great improvement is observed in the quality of power point presentations in the fall of 2008 with 

respect to previous semesters. Not only that but the spring of 2009 witnessed a higher quality of 
presentations with respect to the fall 2008. 

• Students learn how to integrate more software in their work such as Adobe Photoshope, Adobe After 
Effects, Visual Studio, and Rendering software.  

• Students gain insight into the concept of materials strength, stress analysis, and the concept of failure.   
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ABSTRACT 

According to the results of numerous math and science achievement tests, U.S. 
primary and secondary school students continue to trail their foreign peers.  In 
New York City, the availability of physics—the gateway course for post-
secondary study in science—is significantly lower than the national average.  As 
more students make community colleges their point of entry to post-secondary 
education, the quality of the science and engineering education they receive in 
two-year institutions becomes increasingly important.  The Engineering Program 
at LaGuardia Community College serves to illustrate how community colleges 
can play a crucial role in promoting STEM disciplines among urban students.  
Data of enrollment growth in the LaGuardia Engineering Program since 2005 
will be reported and interpreted.  We attribute our success to (1) effective 
articulation agreements with four-year institutions; (2) solicitation of external 
funding; (3) intimate collaboration among math, physics and engineering faculty; 
(4) recruitment and engagement of students through extracurricular activities.       

1. INTRODUCTION

     The 2006 report of Program for International Student Assessment (PISA) once again places the U.S. score in 
math literacy below the average of industrialized nations.  Although many people have become accustomed to this 
type of humiliation, the math malaise will ultimately erode our economy if no action is taken.  In Rising above the 

Gathering Storm,[1] the National Academies warned that “without high-quality, knowledge-intensive jobs and the 
innovative enterprises that lead to discovery and new technology, our economy will suffer and our people will 
face a lower standard of living.”  As most careers in science and engineering require solid math training, the 
complicated issues of math education have generated much discussion.      

     While most educators are aware of various measures for improving math learning, a less noticed subject is 
physics and its availability as a course option in urban high schools.  Physics is a gateway course for study in 
STEM disciplines; physics requires calculus, calculus requires algebra and trigonometry, and so on.  Therefore, 
math and physics education are intimately related.  Our own experience indicates that many students in a 
university level general physics course have never undertaken a physics course in high school.  According to a 
recent paper,[2] approximately 20% of New York City high school graduates have studied physics for at least one 
year, which is lower than the national average of 33%.  Many schools (163 of 298 in that survey) simply do not 
offer any physics course.     

     Community colleges offer many students a second chance for education and career advancement.  Community 
colleges have also long been recognized as providing opportunities to increase diversity in the U.S. engineering 
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workforce.  Indeed, community colleges are already essential to the education of engineers in the United States: 
20% of engineering degree holders began their academic careers at community colleges.[1]  Eight months into the 
Obama administration, community colleges are suddenly in the spotlight.  In his speech delivered at Hudson 
Valley Community College on September 21, 2009, President Obama declared that “through the American 
Graduation Initiative that I’ve proposed, we’re going to reform and strengthen community colleges to help an 
additional 5 million Americans earn degrees and certificates in the next decade, because a new generation of 
innovations depends on a new generation of innovators.”       

     Four years ago, LaGuardia Community College launched the Engineering Science Program, and since then we 
have seen a steady growth in student enrollment.  In the next section we will describe the Program and report the 
data on enrollment and graduation.  In Section 2 we will focus on major efforts toward building a sustainable 
Program, and highlight the similarities between our practices and the exemplary ones outlined in Enhancing the 

Community College Pathway to Engineering Careers.[3]  We will conclude the paper by pointing out the 
opportunities and challenges of community colleges in the 21st century.                         

2. ENGINEERING SCIENCE PROGRAM AT LAGUARDIA COMMUNITY COLLEGE 

Because the prerequisites of many engineering courses are advanced math courses, over the past two decades, 
the Mathematics Department of LaGuardia Community College has been the de facto home department for 
students who intend to major in engineering before they transfer to a four-year college.  In   2005, the Engineering 
Science Program is officially established.  The Program is naturally housed within the then Mathematics 
Department.  In 2008, a restructure of our College gave birth to the Mathematics, Engineering and Computer 
Science Department;  this new academic system allows faculty with diverse backgrounds to collaborate to make 
the curriculum more coherent—more will be elaborated in § 2.3.   

Over the past few years, our Program has been thriving.  The initial 2005 cohort consisted of 39 students, and 
in Fall 2006, 148 students were enrolled in the Program.  In Fall 2007, 281 students declared their major 
engineering, and of those 281 students, 141 meet the requirements of the Program, namely starting at Calculus 1 
level.  For Fall 2008 we had 336 students.  As of Fall 2009, 438 students declared their major engineering.  In 
terms of graduation, 8 students graduated and transferred to senior colleges in 2007; 27 students did so in 2008, 
and 33 in 2009.  It should be noted that several students transferred before graduation, and this scenario presents a 
major difficulty in data collection and interpretation. 

For the 2009 cohort, the largest ethnic groups are Hispanic (32%) and Asian/Asian Pacific Islander (21%).  
Black and white students each make up 10% of the student population.  About 12% of students belong to the 
international group.  In terms of gender, 7% of students are female.  Since it is a national priority to expand 
funding for STEM programs at 2-year colleges that succeed in attracting and retaining women and members of 
underrepresented minority groups, LaGuardia sees tremendous opportunity to remove obstacles that hinder 
potential engineering students, especially minority ones.    

As alluded in the Introduction section, many high school graduates are underprepared for college-level 
courses.  Particularly, a lack of math basic skills has a major effect on student retention—data from CUNY and 
other institutions around the nation repeatedly tell a same story.  Many students express low interest in 
engineering, as they perceive such a career as an impossible dream.  To address this issue, we have been 
aggressively seeking for various means to attract and engage students.   With the support of external funding, we 
were able to outreach to high school students, development engineering labs, and set new transfer venues, as 
detailed in the next section.

3. LOOKING BEYOND TRADITIONAL PRACTICES 

Many engineering undergraduate programs face similar concerns: overcrowded curricula, the need for 
integration of theory and practice, and the need for better student retention.  The synergy of bringing together 
basic research and educational research can lead to improvement of our instructional effectiveness.  Realizing the 
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important role of community colleges in educating engineers, in 2004, the NSF funded a study Enhancing the 

Community College Pathway to Engineering Careers to understand issues such as transfer and articulation, 
recruitment and retention, curriculum, and data collection.[3]  We use our Program to provide concrete examples 
of the activities taken place in a community college which have a significant impact. 

3.1 Effective Transfer Venue 

To promote the community college pathway to a B.S. in engineering, community colleges and four-year 
programs must work together to provide seamless transfers.  Since the very beginning, the LaGuardia Engineering 
Program has been articulated with City College of the City University of New York.  Students completing the 
two-year program with an associate’s degree in engineering science will be guaranteed admittance to an 
appropriate track of the four-year baccalaureate program at City College.  The dean of City College made frequent 
visits to LaGuardia to provide students with transfer information.  If desiring, students also have the option to 
transfer to other engineering programs such as those in New York City College of Technology or Stony Brook 
University.   

In addition to directing students to transfer to colleges within the CUNY and SUNY systems, LaGuardia has 
been actualizing transfer pathway to private institutions.  As a recent example, LaGuardia and Vaughn College of 
Aeronautics and Technology formed an agreement that allows students to continue to pursue a bachelor’s degree 
in Vaughn’s innovative Mechatronics Engineering Program and related fields, after graduating from LaGuardia.  
During the past summer, 10 students participated in a summer enrichment program at Vaughn.  Such an 
agreement offers students a new possibility for careers available in the aviation-related industries.  This new 
venue is financed by a Title V grant (for developing Hispanic-Serving Institutions) from the U.S. Department of 
Education, and our experience highlights the importance of soliciting external grants.       

3.2 External Grants 

The contribution of community colleges has been unknown to most policy makers, and as a result they do not 
receive a fair share of higher education funding.  The U.S. spends almost three times more to educate each four-
year college student than it does for each community college student.[4]  Developing engineering programs is 
very expensive; to make community colleges a pathway to STEM disciplines, solicitation of external public and 
private grants is crucial.

As mentioned earlier, LaGuardia was able to articulate with Vaughn through a Title V grant.  Both institutions 
share a common service area which is one of the most ethnically diverse and educationally disadvantaged areas in 
the U.S., including a large and rapidly growing Hispanic population.  Because we were able to demonstrate that 
our combined efforts can increase the number of Hispanics and other low-income students who graduate with 
bachelor’s degree in STEM fields, we were awarded a Title V grant.     

A recent U.S. Department of Education study reiterates that importance of mathematics instruction to college 
success: students who take college-level math as early as possible are more likely to attain a degree.[5]  At our 
college, remedial classes accounted for 55% of mathematics program enrollments.  Discouragement and failure in 
developmental math at the community college is a major factor that prevents students from entering STEM fields.  
LaGuardia realized the need of new instructional strategies to improve student success in math, and have been 
successfully securing grants to support our instructional innovation.   

In 2006, LaGuardia was awarded a Fund for the Improvement of Postsecondary Education (FIPSE) grant for 
Project Quantum Leap (PQL).  This project is to adapt a proven approach for teaching science and advanced 
math—Science Education for New Civic Engagements and Responsibilities (SENCER)—to the community 
college students needing developmental math.  SENCER promotes robustly connecting science and civic 
engagement by teaching “through” complex, current, and unsolved public issues “to” basic science.[6]  For the 
first time, LaGuardia has developed a single, engaging context to be explored throughout the entire semester for 
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each of basic mathematics that the College offers.[7]  Our record, to be described in the next paragraph, led to 
another Title V grant, Project Promesa (Promoting Math Excellence and Science Access) in 2008.

In our Project, we hypothesized that increased engagement and interest would manifest in reduced attrition, as 
measured by the number of withdrawals.  The most recent data analyzed (Fall 2008) demonstrates that reduction 
in attrition occurred in the PQL sections; specifically the dropout rate decreased by an average of 34% across the 
board, compared to non-PQL sections of the same courses.  LaGuardia has made a very promising start in 
addressing priority issues that our nation is facing, and our commitment to engage students early is expected to 
pay off handsomely in coming years.                    

On individual scale, community college students often need financial assistance.  As many students are 
working at least part time while they attend college, financial assistance would enable them to focus more on their 
education.  LaGuardia was one of the recipients of a NSF grant which funded the CSEM Scholars Program; this 
opportunity gave direct financial support to computer science, engineering and mathematics majors, so that they 
can reduce external distraction during their academic years at our college.     

3.3 Integrated Calculus and Physics 

There is a consensus that successful engineering graduates must have the ability to integrate knowledge of 
math, science and engineering to design and conduct experiments.  It is every teacher’s frustration that some 
students learn textbook examples to pass a test, yet never apply that knowledge to anything else.  LaGuardia’s 
Department of Mathematics, Engineering and Computer Science is comprised of faculty members from various 
disciplines, and such an environment fosters collaboration and effective use of human resources. 

The first two years of an engineering program are essentially calculus and physics.  Although these two 
disciplines are intimately related, and historical figures such as Newton, the Bernoullis, Lagrange, Laplace, and 
many others excelled in both fields, there is a curious disconnect in today’s educational setting.  Many students 
learned mathematics and physics from two departments, treating them as two separate subjects, and as a result 
many are unable to apply math in modeling physical situations.  An interesting example taken from a recent paper 
serves to illustrate the “two cultures” in the present-day institutions.[8]    

One of your colleagues is measuring the temperature of a plate of metal placed above an outlet 

pipe that emits cool air.  The result can be well described in Cartesian coordinates by the 

equation

)(),( 22 yxkyxT

 where k  is a constant.  If you were asked to give the following function, what would you write?  

?),(rT

An amusing observation is that an engineer or physicist is likely to give the response 
2),( krrT , a result 

obtained by relating the polar coordinates to the Cartesian ones, yet a mathematician is likely to give the response 

)(),( 22rkrT , based on the definition of the function notation.  Engineers and mathematicians tend to 

look math in a different way.  As described in Hermann Weyl’s book, “Beginners are often confused by failing to 
notice that mathematical literature symbols are used throughout to designate functions, whereas in physical 
literature they are used exclusively to denote quantities.”[9]  Although professionals are capable of blending our 
understanding of the rules of math and our sense and intuitions of the physical world, students often have 
difficulty making this connection.           
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To help many students who find math and physics challenging, we arrange an instructor to teach a sequence 
of courses in consecutive semesters, so that students can follow that instructor to receive a more integrated 
education.  Our approach is based on the findings of the NSF: when a teacher establishes a rapport with a class, 
and maintains a cohort of students who have regular social interactions in supporting each other, these students 
are more likely to continue to study science and engineering.  Typically a cohort of students take Calculus 1 in the 
summer session, and Physics 1 in the Fall.  They continue Calculus 3 (multivariable calculus) in the Winter 
session, and Physics 2 in the Spring.   

The instructor’s conscious effort in mentoring and synchronizing related topics can greatly reduce students’ 
anxiety and enhance their learning.  The benefit of an integrated curriculum is particular profound in higher level 
courses.   For example, for Calculus 3 and Physics 2, electric and magnetic fields offer concrete examples for 
learning vector calculus, and students can use electromagnetism to review Gauss’ and Stokes’ Theorems.  
Another example of connecting thermodynamics to calculus similar to our approach has already been nicely 
discussed in a paper published in the American Journal of Physics.[10]         

Math & Physics (dis)connection

• Fundamental Theorem

of Calculus

• Potential Energy
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Example: Rayleigh’s Criterion

Calculus: Maximum/Minimum Physics:Wave optics

Fig. 1.  Two slides that illustrate integrated learning of calculus, physics and computer science.  (a) The concept of 

potential energy is connected to the fundamental theorem of calculus; (b) Rayleigh’s criterion in optics is related to 

extremal problems in calculus.  Computer-aided visualization is thoroughly incorporated into the curriculum.     

Furthermore, as computer is an indispensible tool for scientists and engineers, our curriculum emphasizes on 
developing physical intuition through visualization generated by computer software.  With a computer algebra 
system such as Maple or Mathematica, students can apply both analytical and numerical methods to solve real-life 
problems.  A unified curriculum integrating mathematics, physics and computer science is documented in the 
book Physics with Maple: The Computer Algebra Resource of Mathematical Methods for Physics written by one 
of the authors [11].     

3.4 Recruitment and Retention Efforts 

To recruit and retain students in our Engineering Science Program, we have arranged various activities to 
introduce prospective students to the field, and help current engineering students to connect theory and practice.  
On a visit to Brookhaven National Laboratory, students had the opportunity to witness a wide range of research 
topics, from functional magnetic resonance imaging (fMRI) to Relativistic Heavy Ion Collider (RHIC).  A trip to 
the Indian Point Nuclear Power Plant let students see physical laws in action.  Through personal interaction with 
professionals at workplace, students gain a better understanding of engineering as a career choice.         

Starting the spring semester of 2006, annual Career Day Fair has been organized.  Representatives from local 
and international engineering firms (and some financial institutions) gave presentations in the form of panel 
discussion to offer advice to students on the development soft skills, which is critical in any employment 
situation.
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We stated earlier that a seamless transfer venue to a four-year institution is a most important component in 
promoting community college pathway to engineering education.  With our partners at City College, we arranged 
annual joint transfer orientation, in which students met with the deans, financial aid advisors, director of 
admission, career placement personnel and chairs of electrical, civil, and mechanical engineering departments.  A 
student could also take this opportunity to visit research labs, and started to plan his or her future study areas.  
This kind of experience is extremely inspiring, according to the majority of participating students.          

A major goal of education is to empower students to take control of their academic, social and personal lives, 
within and outside classroom.  The Engineering Club at LaGuardia provided students with opportunities for 
leadership and developing organizational skills; it has also been instrumental in disseminating information and 
offering support.  Through regularly scheduled meetings, this organization helps students develop a sense of 
community within the larger whole.     

4. CONCLUSIONS 

Many students, especially students from groups that are underrepresented in the engineering workforce, are 
increasingly turning to community colleges as a starting point for their postsecondary education.  In this paper, we 
illustrate that the community college pathway to engineering education and careers can be greatly enhanced by 
effective institutional articulation that fosters transfer.  We also show that innovative pedagogy and 
interdisciplinary faculty collaboration lead to improvement of student achievement.  Focused recruitment and 
retention efforts are crucial components in building a cohesive engineering program, and competitive grants are 
available for promoting STEM programs at community colleges.       

While we see tremendous opportunities that community colleges can offer, there are salient challenges.  The 
lack of steady financial assistance from state and federal sources remains a significant barrier to the development 
of engineering programs in community colleges.  We believe that such a lack is rooted in the incomplete 
understanding of the nature of community colleges among policy makers, parents, teachers, counselors, and 
students.  In fact, the national reports cannot even be ascertained in the numbers of community colleges that offer 
engineering sciences programs!  This situation suggests the urgent task of systematic data collection.         

LaGuardia Community College is currently engaged in collecting longitudinal and comparative data on 
success and failures of students.  From anecdotal information provided by our CCNY partner, engineering 
students who begin at LaGuardia perform as well as other students (at least).  Apparently, we need to quantify 
such assessment.  We realize that we should not lose sight of students once they transfer to four-year institutions.  
By tracking students’ educational and career trajectories, and compiling and publicizing data on transfer students’ 
success in obtaining B.S. or advanced engineering degrees, we can demonstrate the effectiveness of engineering 
studies in community colleges and improve our recruitment rates.            

For a long time, community colleges have been an undervalued asset in our country.  In today’s challenging 
environment, national leaders finally start to recognize that community colleges must be an essential part of 
recovery in the present and our prosperity in the future.  As advancement in science and technology is vital to the 
economic growth, community colleges are poised to play a pivotal role in preparing a skill-based workforce for 
the 21st century economy.  The current economic turmoil has spurred enactment of the most expansive and 
ambitious reform in higher education; now is the time to promote and support the community college pathway as 
a viable, even attractive, route to a baccalaureate degree and careers in STEM disciplines.         
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ABSTRACT 
Topic maps can be used to create ontology-based e-learning repositories that manage 
learning resources. The objective of this paper is to create a repository that enables e-
learners to access and retrieve information on the definition of the layers of the OSI 
(Open System Interconnection) network model. The process of creating a topic map on 
the OSI results in the gathering of all available semantic metadata on these layers to 
ultimately facilitate searching and retrieving information on them. One of the key 
strategies for effective e-learning explorative learning is to promote student-centered 
learning environments, providing access to alternative resources through knowledge 
management processes. Topic map is such a tool providing management of learning 
resources.

1. INTRODUCTION

Topic map is a drawing (map) of a collection of related topics. These topics are linked to each other via drawing 
lines according to their relationship, whether is unary or n-ary.    A topic may also be related to any number of 
resources by its occurrences. Topics can have various names, but also can contain references to resources outside 
the map (mostly URLs). This collection represents a concept, an idea, an application, an object – that is, anything 
that is known and the parts that compose it are also known.   The map assists the learner, through navigation or 
query, to understand what is depicted in a compact way by revealing all its components. 

The map shows the relations between topics and the relations between a topic and the resource(s). Thus topic 
maps are like index lists which consist of lists of topics, associations between topics (e.g., subentries), and 
occurrences of topics (pointed to via locators: page numbers, section numbers, etc), for topic maps are also based 
on Topics, Associations, and Occurrences, frequently mentioned as the fundamental constructs of topic maps – 
the TAO of topic maps. Since ontologies are explicit descriptions of concepts in a specific domain and shared 
understanding, then it is safe to explain topic maps as a visualization of an ontology [1]. 

Topic map aims for an e-learning experience: an unsupervised, self-centered, self-guided, and above all, self-
documenting learning experience. One of the key strategies for effective e-learning explorative learning is to 
promote student-centered learning environments, providing access to alternative resources through knowledge 
management processes. Topic map is such a tool providing management of learning resources. 

We are faced, at present, with the challenging task of managing the world’s largest knowledge base, the world 
wide web (www). Topic maps simply help us to find what we are looking for. Its visible display of resources that 
are specific of certain knowledge domain make it easy to access information on the domain and discover other 
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knowledge domain(s) related to the one at hand. Furthermore, topic maps is a tool that we can rely on because it is 
an ISO (International Organization for Standardization) standard for representing knowledge structures[2]. 

The most common use for topic maps right now is to build web sites that are entirely driven by the topic map, in 
order to fully realize their information-finding benefits. The topic map provides the site structure, and the page 
content is taken partly from the topic map itself, and partly from the occurrences. This solution is perfect for all 
sorts of portals, catalogs, site indexes, and so on. Since a topic map can be said to represent knowledge about the 
things it describes, topic maps are also ideal as knowledge management tools.  

This is by no means all topic maps can be used for, however. They can also be used to organize the content in 
content management systems (instead of the simple folder hierarchies and property-value metadata often used 
today), they integrate information from diverse sources (using merging), they can drive expert systems, and much 
more. 

Topic Maps and RDF (Resource Description Framework) [5] are web technologies that can be alternatively used 
for knowledge management, web portal development, information search, content management and e-commerce. 
RDF, as its name implies, is a framework for describing and interchanging metadata. It is a language for 
representing information about resources on the World Wide Web, particularly intended for representing metadata 
about Web resources, such as the title, author, and modification date of a Web page, However, by generalizing the 
concept of a “Web resource”, RDF can also be used to represent information about things that can be identified on 
the Web, even when they cannot be directly retrieved on the Web. 

2.  TOPIC MAP DEVELOPMENT 

Creating a topic map is easy, if we classify the subject into topics and subtopics. And it is even easier if we have 
any course structure ready of that particular topic as it helps to identify main topic and then subtopics. Once a 
subject is selected for which topic map is to be created, it is better to make a manual layout of topic map defining 
topics and relationships. Once a manual layout is created and approved for topic map, it is manipulated in topic 
map software to create a topic map. Topics are first fed into the software according to the hierarchy and then 
relationships (associations) are defined and assigned to the topics. Topics are then linked to resources 
(occurrences). Topic map is saved as .xtm file and it is created according to the Topic Maps Reference Model  [2]. 
We are using the TM4L editor [2] for creating our topic map for the OSI model[3]. Figure 1 is a generic 
visualization of a topic map with its topics and resources. 

Figure 1.  Topic Map and Resources 

Topic

Association
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The map is like an index of resources related to the main topic. Think of the main topic as the title of a book and 
the back-of-the-book index as the map of all the divisions of the book. These divisions are shown as locators, 
page numbers to their occurrences in the book. The topic we chose is the layers of the OSI network model. It is a 
fairly known network model and its layers' definitions are the base of all the telecommunication networks around 
the world. The map is useful for recognizing relationships of knowledge about the OSI model and its components.  

The TAO of Topic Maps with their validity are the sole responsibility of the topic map creator who is assumed to 
be the expert in the main subject or the knowledge domain the subject belongs to. The map's objective is to serve 
as a learning tool that assembles resources, information documents, on the selected subject [4]. 

3.  THE DESIGN OF OSI TOPIC MAP 

The OSI network model consists of seven layers. Table below shows the seven layers and their definitions 
according to ISO[6]. 

Layer Name Definition 

1 Physical Media interface, transmission method, signal strength 

2 Data Link Physical addressing, error detection, acknowledgments 

3 Network End-to-end delivery, logical addressing, routing 

4 Transport Fragmentation/sequencing of data 

5 Session Controls conversations/sessions 

6 Presentation Data formatting, i.e. ANSI, compression/encryption 

7 Application Provides services/protocols to applications 

Table 1.  The seven layers of the OSI network model 

With the topic map perspective in mind, we have the topic and subtopic structure of the OSI model: 

 Topic:   1. OSI 
 Sub-Topics: 
     1.1 Components 
      1.1.1 Physical 
      1.1.2 Data Link 
      1.1.3 Network 
      1.1.4 Transport 
      1.1.5 Session 
      1.1.6 Presentation 
      1.1.7 Application 
     1.2 Protocols 
      1.2.1 Physical Layer Protocols 
      1.2.2 Data Link Layer Protocols 
      1.2.3 Network Layer Protocols 
      1.2.4 Transport Layer Protocols 
      1.2.5 Session Layer Protocols 
      1.2.6 Presentation Layer Protocols 
      1.2.7 Application Layer Protocols 
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The next thing is to create the associations (relationships) between the topics. We make use of two associations: 
the whole-part and the placed-atop. The former is of the type includes/part-of-it, and the latter is of the type 
placed-atop-of/placed-below-of.

The whole-part is a typical relationship of topics that are related to each other hierarchically. The seven layers of 
the OSI model communicates with the adjacent layers, therefore the association placed-atop-of would recognize 
this situation. For example, it can be formulated that the topic Application Layer is part of the OSI model and it is 
place on top of the Presentation Layer which is also part of the OSI model. This relationship can be seen in the 
topic map of the OSI model shown below. 

We will implement the resources for better understanding the OSI model using web-based tools such as URLs, 
blogs, and wikis. 

4.  TM4L EDITOR 

We use the TM4L Editor as the free software that allows us to create topic maps. It consists of a TM editor and a 
TM viewer. The TM4L Editor is an ontology editor allowing the user to build ontology-driven learning 
repositories using Topic Maps. It provides ontology and metadata engineering capabilities coupled with basic 
document management facilities. The TM4L Editor benefits from the Topic Maps’ fundamental feature to support 
easy and effective merge of existing information resources while maintaining their meaningful structure. This 
allows for flexibility and expediency in re-using and extending existing repositories. The learning content created 
by the editor is compliant with the XML Topic Maps (XTM) standard and thus interchangeable and interoperable 
with any standard TM tools. A screenshot of the TM4L Editor interface is shown on Fig. 2. 

Fig. 2.  TM4L Editor 

The TM4L Editor is implemented as a client-server application developed in Java and using the TM4J Topic Map 
Engine [7], which is an open source providing comprehensive API that allows creating and modifying topic map 
structures.

The associations of whole-part (instance-of) and placed-atop are defined for each of the seven layers of the OSI 
model. Figure 3 shows the relationships. 
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Fig. 3.  Relationships (associations) between topics 

Figure 4 displays the topic map with all its components and relationships. 

Fig. 4.  Topic map 

TM4LViewer shown in figure 5 for a particular topic, Application Layer . 

Fig.5. TM4LViewer of the Application Layer with its associations and resources 
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5.   CONCLUSION 

Topic maps are a form of semantic where the knowledge base is driven by visual features. These characteristics 
support our idea of providing an interpretive, semantic layer on top of document collections that classify these 
documents according to scope, context and constraints. The developed Topic Map may be recommended as a 
support tool in educational planning in one more way: it can bring to light the concepts that pass through several 
distinct topics[7]. Skeptics may say that a Topic Map, being a form of expert knowledge base, will show  the 
experienced lecturer already knows. But we must keep in mind that in processing large knowledge bases the 
computer has some advantages – it never misses any detail. The visual form of knowledge representation must 
also be mentioned: without this, teachers would need much more time and effort to show their own schemes to 
students and fellow teachers. It provides a better personalized courseware presentations using visual semantics. It 
can help distributed courseware development, to reuse and exchange of learning materials. Finally, it is possible 
to set collaborative visual topic maps authoring among instructors and/or learners[8]. Work is currently being 
undertaken to specify multi-dimensional metadata under topic maps model and to collect related data from experts 
and pupils. The next step will be for experts and non-experts such pupils to enrich visual topic maps with that set 
the vast amount of single documents or learning objects in context to make them more easily accessible.  
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ABSTRACT 

The City Tech Women in Science, Technology, Engineering, and Mathematics (CTW-
STEM) Program aims to support the retention, persistence, and graduation of women 
majoring in a STEM discipline.  The CTW-STEM program supports students, particularly 
women, by offering a mentoring program, research opportunities, meetings with STEM 
faculty members, conference participations and presentations, guest lecturers from 
industry, career preparation workshops, and educational excursions.   This paper will 
summarize the results of the CTW-STEM program. 

1. INTRODUCTION

The retention and persistence rates of women majoring in science, technology, engineering, and mathematics 
(STEM) disciplines continue to be a challenge.  These rates continue to lag behind those of their male 
counterparts.  Through the support of a U.S. Department of Education Minority Science and Engineering 
Improvement Program (MSEIP) grant, a City Tech Women in STEM (CTW-STEM) Program was created to 
address this issue.  With the goal of attracting and retaining more women in the STEM disciplines, the CTW-
STEM program involves students, particularly women, in a support group by offering an array of activities 
designed to sustain them through their undergraduate years.  

2. WOMEN IN SCIENCE, TECHNOLOGY, ENGINEERING, AND MATHEMATICS

2.1.   The National Data on Women Science, Technology, Engineering, and Mathematics Graduates 

The disparity of females graduating in mathematics and engineering fields has been well documented by the 
National Science Foundation (NSF 2008).  In examining the trend of women graduating with a bachelor’s degree 
in the STEM fields for the past twenty years, the rates have been steadily increasing for the fields of biological 
and agricultural sciences; earth, atmospheric and ocean sciences; physical sciences; and engineering (see Table 1). 
Notably, there has been a 30.9% decrease in awarding bachelor’s degrees in computer science and mathematics.   

A similar trend is seen at the advanced degree levels.  The percentage of women master’s degree recipients 
have been increasing with the exception for degrees conferred in mathematics and computer science (see Table 2).  
These rates have remained consistent over the past twenty years.  The disproportion of women in the STEM fields 
is clearly seen in the percentages of doctoral degree granted. However, it is encouraging to see the percentages of 
recipients receiving doctorates have been increasing.  For engineering and earth, atmospheric and ocean sciences, 
the rates have increased by 200% and 113%, respectively (see Table 3).  
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Table 1:  Women as a percentage of all bachelor’s recipients by STEM major: 1986, 1996, and 2006 

Year

Biological and 

agricultural 

sciences

Earth,

atmospheric 

and ocean 

sciences

Mathematics 

and computer 

sciences

Physical 

sciences
Engineering

1986 45.5 22.3 38.8 29.8 14.5 

1996 50.2 33.3 33.9 37.0 17.9 

2006 59.8 41.2 26.8 42.4 19.5 

Table 2:  Women as a percentage of all master’s degree recipients by STEM major: 1986, 1996, and 2006 

Year

Biological and 

agricultural 

sciences

Earth,

atmospheric 

and ocean 

sciences

Mathematics 

and computer 

sciences

Physical 

sciences
Engineering

1986 41.7 23.1 31.4 25.0 11.4 

1996 49.0 29.3 30.3 33.2 17.1 

2006 56.6 44.5 30.3 37.7 22.9 

Table 3:  Women as a percentage of all doctoral degree recipients by STEM major: 1986, 1996, and 2006 

Year

Biological and 

agricultural 

sciences

Earth,

atmospheric 

and ocean 

sciences

Mathematics 

and computer 

sciences

Physical 

sciences
Engineering

1986 30.2 16.6 15.0 16.3 6.7 

1996 39.7 21.0 18.1 21.9 12.3 

2006 47.9 35.3 25.3 27.8 20.2 

2.2.    Demographics of New York City College of Technology  

New York City College of Technology (City Tech) of the City University of New York is one of the most 
diverse institutions of higher education in the nation. It is City Tech’s mission to provide pathways of success for 
students underrepresented in varying levels of academic backgrounds and financial circumstances.  The college 
offers both associate and baccalaureate degrees.  The 15,404 member student body originates from 134 countries.  
In fall 2009, 76.8% of freshman received need-based financial aid; 52% reported a household income below 
$30,000 per annum, 32.0% lists their parents as college graduates; 34.7% of the students identify themselves as 
Black; 30.7% as Hispanic, 17.7% as Asian, 11.0% as White non-Hispanic, 0.4% are Native American/Alaskan, 
and 5.5% as Other. These demographics describe a student population currently significantly underrepresented in 
the STEM fields.
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3. CITY TECH WOMEN IN STEM  

3.1.    The Initiation of the City Tech Women in STEM Program 

The U.S. Department of Education’s Minority Science and Engineering Improvement Program (MSEIP) grant 
provides institutions with an opportunity to support students in the STEM disciplines.  The authorizing legislation 
for the MSEIP program  strives “…to effect long-range improvement in science and engineering education at 
predominantly minority institutions and to increase the participation of underrepresented ethnic minorities, 
particularly minority women, in scientific and technological careers” (MSEIP, 2009).  In 2007, City Tech 
received a MSEIP institutional grant to support The Transfer of Learning from Physics and Mathematics to 

Computer Systems and Engineering Applications which included a goal to support the retention, persistence, and 
graduation of women majoring in a STEM discipline.   

During the Fall 2007 semester, the inauguration of the CTW-STEM program began with a group of women 
majoring in Applied Mathematics.  Recruitment initiatives involved an application process, a formal invitation 
mailed to 381 women majoring in one of the STEM disciplines, and an orientation.  Twenty-nine (29) students 
initially responded and the other nine (9) students joined later in the academic year increasing the membership to 
a total of 38 students in program.  Thirty students (79%) are from underrepresented ethnic minorities groups in 
STEM. The cohort consists of students in Applied Mathematics, Architectural Technology, Chemical 
Technology, Computer Science, Computer Systems Technology, Electrical Engineering Technology, and 
Telecommunications Engineering Technology.  

3.2. Activities to Support City Tech Women in STEM 

The CTW-STEM program supports students, particularly women, by offering a mentoring program, research 
opportunities, meeting with STEM faculty members, conference participations and presentations, guest lecturers 
from industry, career preparation workshops, and educational excursions.    

Previous research suggests that participation in undergraduate research positively influenced students’ 
persistence in the field and academic achievement (Gafney,2001; Gregerman, 1999; Lopatto, 2007).  A mentoring 
program was established to pair female STEM faculty with CTW-STEM students.  Faculty was encouraged to 
involve their mentees in research programs offered at the institution.  Students were also provided with a list of 
summer STEM research programs and were encourage to apply. Sereta Scott, a junior majoring in Computer 
Systems Technology, reflected on her research experience, states, “My research mentor for the Louis Stokes 
Alliance for Minority Participation program at City Tech provided me with an opportunity to conduct 
experiments, collect and analyze data, interpret findings, present data at conferences and work in a team 
environment. My mentor has constantly given me support, encouragement and has shown confidence in my 
abilities. I have learned to believe in myself and aim for the highest level in everything I do.”  

Women STEM faculty members were often introduced to the community during brown bag luncheons. 
Students were particularly fond of this event because it provided them with an opportunity to learn more about the 
faculty’s research interests, struggles, and achievements.  Most often students would contact these faculty 
members to help in the course selection process, consult in research ideas, and provide resources.    

By providing students with an opportunity to participate and present at conferences is one activity 
which students feel most proud of their accomplishments. An Applied Mathematics senior, Lori Younge 

states after coming back from one of the conferences, “Attending the 2009 New York State Mathematics 
Association of Two Year Colleges’ Annual Conference allowed me to interact with professors and other students 
that I normally wouldn’t have the chance to interact with. It also gave me the opportunity to showcase the various 
skills that I already possess and have acquired while attending a university; public speaking and exercising 
professionalism are just two examples. Being able to attend such a conference not only raises my  academic and 
professional awareness and keeps me up to date with colleagues, but it also helps me to feel proud about the 
research  that I’m doing in my field and know that others are interested.”                                 
Career preparation workshops have been well attended, including guest lecturers from industry and other 
institutions.  Guest lecturers who speak about the challenges and enablers that help them succeed in their fields 
include vice presidents and administrators of various companies and master’s and doctoral students who were 
formally City Tech graduates.  Workshops on the job search journey, resume writing, personal statements, and 
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fine dining etiquette classes were some of the workshops students found useful.  Prior to the CTW-STEM 
program, many of the participants did not have a furnished personal statement or a resume at hand. Students found 
these workshops to be particularly helpful especially when applying to internships and summer research 
programs.   

In addition, field trips provided a way to promote community among the women.  Educational expedition to 
science museums or STEM- related exhibits provided a learning and social experience.   

3.3.    City Tech Women in STEM Two-Years Later 

The results of implementing the City Tech Women in STEM program have shown promising progress.  As of 
the Fall 2009 semester, 42.1% (16) of the students reported having participated in a summer research program or 
have conducted research with faculty and 47.4% (18) having presented their research project at a national, 
regional, or local conference. Two students had their research project published in peer-reviewed journals. 

The number of graduates in the CTW-STEM program shows 44.7% (17) of the women having graduated with 
a STEM major.  Of the seventeen (17) graduates, 58.8% (10) graduated with an associate degree and 41.2% (7) 
graduated with a baccalaureate degree. The average GPA of the CTW-STEM graduates was 3.297 for the 
associate degree recipients (n=10) and 3.132 for the bachelor’s degree recipients (n=7). Nine (9) of the associate 
degree recipients are currently continuing with a Bachelor’s degree at City Tech. The other 47.4% (18) are 
persisting in their STEM majors and only 7.9% (3) of the women have either transferred to another institution or 
switched to a non-STEM major. 

4. CONCLUSIONS 

Despite the small sample of women participants in the City Tech Women in STEM project, the results from 
this program are encouraging.  Findings show women who are majoring in the STEM disciplines need support 
and opportunities to enhance their undergraduate education.  Through an encouraging community, many students 
are persisting in their STEM majors and several have   graduated.  Future recommendations include the need to 
increase visibility of programs supporting STEM students, particularly women, within and outside the institution; 
increase support for women in STEM courses, i.e. tutoring or resources for higher level courses especially in 
mathematics; and more funding for research opportunities for women.  
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ABSTRACT 
In an electronically connected world, with increasing demands on global competition, it 
is important that the lessons we teach our youth involve inquiry-based learning 
techniques and a hands-on approach to understanding the world. As technology’s impact 
on society increases, it is essential that we encourage and embrace the inclusion of 
underrepresented groups in science, technology, engineering and mathematics (STEM) 
fields and careers. By encouraging women and other minorities to contribute to the 
generation of scientific knowledge, we may decrease the gap between these groups and 
dominant groups in these fields.  The vast majority of outreach programs have been based 
on a traditional discursive framework. This discussion highlights the importance and 
effectiveness of alternative, inquiry-based approaches for outreach programs.  This case 
study of one outreach program seeks to offer a model for programs that encourages 
students to enter STEM fields, by adopting a multi-methods approach.  Last, we offer a 
tri-model of success, one that gauges success at three levels.  

1. INTRODUCTION

For about 50 years, the United States has focused many resources on increasing the participation of women 
and other minorities in STEM areas of inquiry.  Should we not be further along in our aim at epistemological 
pluralism than we are today?  A telling statistic is evidenced by a U.S. Department of Education study that looked 
at percentages of bachelor-level graduates based on several socially constructed categories. One example of these 
categories and how students are differently affected is that of “Black and Hispanic students” completing a 
bachelor’s degree in STEM fields at half the rate of their “White and Asian” counterparts [1]. From this finding 
we could extrapolate that White and Asian people will enter into and contribute twice as much knowledge to the 
field than will Black and Hispanic people.  Is this problematic?  

There is a large body of research that investigates the causes and consequences of systemic discriminatory 
patterns against women and other minority groups, but this falls outside the scope of this paper.  Briefly, the 
amount of rhetoric on including marginalized groups in STEM fields is immense, while the stark reality facing 
women and other minorities is that they are still largely underrepresented in leadership positions within STEM 
careers.  Take for example, in mid-20th century United States, the recognition given women scientists was so 
slight that they were “practically invisible to the public, to other scientists, and even to each other.” [2]  One 
argument for a lack of woman and minority representation in US-based STEM professions can be attributed to 
what Harding has claimed as areas that are distinctly masculine. She argues that “objectivity, rationality, rigorous 
observation, and moral insight have usually been gender-coded as masculine.” [3]   Characteristics of this nature 
are firmly aligned with the traditional scientific method. Presumably, the great proponents of modern science and 
technology are Bacon and Descartes, who together essentially contributed to what has become known as a culture 
of science.  In this culture, knowledge can only present itself where man is separate from and above nature – for 
only in this instance and under these circumstances is pure objectivity revealed.  If, however, we begin with the 
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assumption that different forms of knowledge can be generated by using different methods, then we can say there 
are many ways of knowing and some of these ways have been ignored for far too long.  Such evidence of this 
shift in knowledge building was even recognized by the National Academy of Sciences in the late eighties, by 
discussing the extant role that social values play in scientific work [4].   

This said, we intend to contribute to the conversation about outreach models used in higher education to 
attract middle and high school students into STEM degree-earning fields of the academy and encourage the 
pursuit of a career in these areas.  More precisely, we will discuss one outreach model that adopts an inquiry-
based approach to learning.  Needless to say, by focusing on a discussion of outreach, this of course assumes that 
we recognize the fundamental flaws and structures of oppression operating within various fields of the sciences.  
According to Harding, the dominant discourse that informs traditional discursive frameworks of “scientific 
education...is structured by unrealistic and politically damaging images and goals for scientific activity.” [5]  In 
other words, by adhering to conservative principles of what science is, we are in essence excluding the very 
groups which we are attempting to include.  Let us instead investigate what science could be or ought to be.
Conversely, some studies aim to raise the awareness of general education and overall curricular structures of 
STEM, precisely as curriculum relates to girls’ experience with these subject areas [6].  

Let us first begin by offering a brief historical perspective of outreach aimed at increasing female and 
minority participation in STEM.  The MSL Program, one outreach program that is located in the South Puget 
Sound Region of Washington State, will be the predominate focus throughout the remainder of this paper.  In 
section two, we will provide a discussion of the structure of The MSL Program.  We will discuss in particular, 
various measures we have adopted to adequately achieve our mission.  The overall success of the program cannot 
be defined in homogenous terms.  Therefore, we offer a tri-level system for capturing results: micro-; meso-; and 
macro-level.  A central goal of the analyses presented in this paper is to highlight the importance and 
effectiveness of alternative, inquiry-based approaches for outreach programs to the extent that new knowledge 
will contribute to new products emerging from these fields, which may then lead to a more heterogeneous set of 
users.  An ancillary goal is to discuss the detrimental effects to the current and future state of STEM fields to not 
systematically work to restructure these fields so that epistemological pluralism is achieved.   

2. HISTORICAL PERSPECTIVE

In 2001, then Governor Locke was adamant about increasing the numbers of girls and minorities and 
disgusted that so few were recognized in the field.  Locke encouraged many institutions of higher education to 
increase their outreach efforts, by echoing sentiments from the 1980’s “pipeline” discussions.  This is to say that 
“pipeline liberals saw the solution to the low numbers of women in science as one of reforming the individuals – 
giving girls the benefit of boys’ socialization.” [7]  For example, Locke proclaimed March 24 – March 28 as 
“Girls Expanding Their Horizons in Math, Science and Technology Week.”  This is great. Washington State now 
has a one week event where it is acceptable for girls to explore information technology and associated areas of 
math and science, among other activities. What about a world where a girl’s life is filled with repeated 52 week 
sessions of such exploration?  Can this exist within the structure of our socially stratified society?  These are 
questions for the reader to ponder.  

Let us return to Locke’s efforts and what grew out of his one week proclamation.  The Institute of 
Technology, one unit of the University of Washington Tacoma (UWT), realized the importance of changing the 
culture of computer science, by believing in moving away from a male-dominated field.  In 2003, the Institute 
developed an outreach program.  The goal was to offer a summer experience to 20 seventh graders, where, in 
short, students could explore the local environment, computer technologies, and bond with area students, many of 
whom did not know one another prior to entering the program.  The following year, the idea was to build upon the 
original core of students, by expanding the program to include 20 seventh graders and 20 eighth graders for a total 
of 40 student participants.  To put this another way, with each successive year, a subsequent grade would be 
added until the program reached full capacity by offering 120 students, in grades 7th – 12th, the experience of 
exploring STEM areas of inquiry.  The mission of The MSL Program is to encourage, motivate, and inspire 
students to pursue and succeed in science, technology, engineering, and mathematics (STEM) fields by earning 
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degrees in these areas. The MSL Program uses inquiry-based curriculum that encourages students to 
conceptualize a problem, critically think, and engage in the scientific inquiry process. 

The program has successfully grown from 20 to 120 students, offering enriching programs to seventh through 
twelfth graders.  Additionally, there are now a total of 30 alumni.  Some of these graduates are currently enrolled 
as seniors in high school, 30% of the first year graduates are freshmen at UWT, and another 30% of graduates 
from 2008 are enrolled at other colleges.  Let us now discuss the structure of the program, followed by the third 
section where we will discuss measurable outcomes.  

3. PROGRAMMATIC STRUCTURE 

With a firm foundation in a postmodern feminist theoretical framework, The MSL Program seeks to increase 
the interest in STEM fields among women and other minority groups, through a multiple methods approach.  In 
other words, not a single program exists that is always going to serve as a successful model for attracting and 
retaining all women and other minority groups in STEM fields.  Conversely, we can hope that through various 
types of projects, girls and members of other minority groups will become interested in STEM fields, by seeing 
the importance and value of their contributions.  This is to say that we offer seven overlapping structures for 
encouraging “other” contributions to the STEM knowledge-base.  This is done by:  (1) an academically intense 
and rigorous four-week summer program; (2) paid part-time research/industry internships; (3) a 
mentoring/tutoring program; (4) exposure to panel discussions with industry professionals (i.e., scientists, 
engineers, programmers, etc.); (5) field trips to local industrial sites; (6) monthly gatherings where students, 
family members, friends, and instructors explore, inquire, and engage with enriching STEM material and projects 
for multiple hours; (7) an electronically distributed monthly newsletter, MSL Opportunities; and 8) discounts at 
local venues. 

Let us spend a bit of time discussing the four-week session that occurs annually, during the last two weeks of 
July and first two weeks of August.  With a strong emphasis on projects, each grade has an overarching theme 
into which the three core programmatic components (math, science and leadership) fit.  For example, seventh 
grade’s overarching theme is “Energetic Environmental Technology.”  Students have the opportunity to explore, 
investigate, and design solutions to real world problems by drawing on the fundamentals of engineering.  More 
precisely, as this relates to 7th graders, they explore the local environment, by focusing on four environmental and 
technological sub-themes: fresh and salt waters, atmosphere, and land.  Within these four environmental areas the 
intersection of energy, the environment and technology are explored.  Students identify a problem and present 
possible solutions through the development of a cumulative website where data are added, with each year’s 
students contributing to the resulting data set. 

Simply put, learning and teaching are done in a holistic way and reflect the real world, which is to a great 
extent interactive. While the summer session is highly structured with twenty students admitted per grade, per 
year, monthly connections offer an opportunity for greater learning to occur across the grades.  In other words, 
whereas summer session participation is near to one-hundred percent, monthly connections are attended at a rate 
of approximately 10%.  An example of a theme for a monthly connection is “Math Innovations: Creating 
Solutions for Life.” At this event, 12 participants learned about five types of math disabilities.  We then went to a 
computer lab where SketchUp, a 3-D design software program, is installed.  With a brief tutorial of SketchUp, an 
example of human-computer interactions (design presented by a graduate of the Institute of Technology), an idea 
generating session led by students, and 50 minutes, students create innovative designs that answered the question: 
“What design solutions can you create that would help a student with a math disability improve her/his math 
knowledge?” 

The application review committee adopts a holistic approach where there are no strict academic entrance 
requirements, per se.  In other words, a current copy of students’ transcripts are kept in their file at all times, 
however the program seeks to integrate students who excel in the core programmatic areas with students who may 
learn more in unconventional classroom structures.  The specific aims of the program are to offer opportunities to 
students who are first-generation college-bound, low-income, and/or a member of a group that has historically 
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been marginalized or underrepresented in STEM fields.  A complete application includes a copy of the student’s 
most recent transcript, a response to two essay questions and a signed personal contract between the student and 
the program’s coordinator.  We are interested in offering the program to students who have the potential and 
desire to affect change in their lives.  Membership in the program begins with the four-week summer session and 
is followed by the other offerings as enumerated above [8].  Let us now turn to our final section and spend a bit of 
time exploring the realm of assessment, measuring outcomes, and types of success. 

4. ASSESSMENT, OUTCOMES, AND SUCCESS 

It is our attempt to cut across as many disciplinary boundaries as possible, so that students transition from 
middle school to high school and high school to college with a knowledge-base to make critical and educated 
decisions. While there is little doubt that The MSL Program has a positive impact on the academic success of 
participants, there is devoted attention to ensuring that a statistically significant proportion of MSL graduates 
pursue education in STEM fields.  One measure of success that addresses this concern is that about 62% of the 
program’s 2008 graduates entered college in Fall 2009, and intend to declare a STEM major as juniors.  Given 
that many of the donors to the MSL program are specifically interested in this outcome, it is critical that UW 
Tacoma be able to report an impact on STEM program enrollment as a result of participation in MSL.  Accurate 
statistics, measuring the significance of people entering STEM fields, can only begin to be compiled more 
recently because prior to last year the program was still “under construction,” if you will.  In other words, the 
curriculum design that began in 2003 drastically changed from then to now.  Beginning in 2008, a solid set of 
curriculum for all grades was developed and has been repeatedly offered, thus decreasing any error on the 
independent variable. 

Returning momentarily to the discussion of admissions, receiving a particular score on an assessment or 
entrance test is not a prerequisite for membership.  Rather, as was previously discussed, we are interested in 
increasing the learning of both ends of the conservative spectrum of student learning.  Furthermore, students who 
exist at either end of the traditional learning spectrum share a symbiotic relationship where both students benefit.  
Borrowing from Vygotsky, whose thesis of a theory of cognitive development rests on the “proximal zone of 
development,” we encourage collaboration.  Briefly, Vygotsky claims that children learn by doing on their own.  
Once they reach this learning boundary, their learning increases only through exchanges with students who are 
just on the other side of the learning boundary at which they stand [9].  Consequently, not only does the one 
student aide in bringing the other student across the boundary, the student also learns by doing. 

Simply put, we are interested in beginning with what students know and using this as a point of departure to 
proceed in the learning process.  Thus, we have adopted a research lesson approach to measuring student success. 
A philosophy based this approach to learning compiles samples of the student’s work in a portfolio and through 
dialogue between the instructors and the student, student and the program’s coordinator, and the student and the 
family, the student is able to articulate what the student has learned over the course of four weeks.  More 
impressive is when a student begins with the program as a seventh grader and, as a 12th grader, investigates the 
student’s file and is able to reflect upon 6 years of learning.  This is not to suggest that we have completely 
abandoned the traditional method of scientific inquiry.  We do, in part, rely on statistics revealed in our pre-/post-
test design series.  On the first day, students take a computerized assessment of the program’s three core areas and 
then take the same test at the end of the four-weeks.  An obvious weakness in this approach is a reliance on the 
test, re-test method. 

Let us now return to a discussion of the three levels of success mentioned in the beginning.  The effects of this 
program reach far beyond that of students being encouraged to enter STEM fields.  In other words, success is far 
from monolithic.  First, the micro-level of success is defined by that of the growth of students.  At this level, 
investigators are looking for markers that indicate an increase individual development.  For example, based on 
data compiled with student participants in summer session 2008, 77% increased their grades in math and science 
by at least 0.3. Students’ transcripts were compared between Spring and Fall, with the summer session occurring 
in between these quarters.  More than three-quarters of participants increased their grades in these subjects by at 
least one letter grade.  This is to say that a student who received a C- in Spring would have earned at least, if not 
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greater than, a C in Fall.  Additionally, based on 2009 summer session participants, students are 84% more likely 
to enroll in electives that are based in the core programmatic areas, than they would have been had they not 
experienced this program.  As one student put it, “I was able to get a jump start on this upcoming school year in 
the areas of math, more specifically in Calculus and become familiar with terms I will use during school as well 
as review the trigonometry and geometry terms I may have otherwise forgotten over the summer.” In addition to 
academic learning, students expressed overall growth.  One student stated, “I found that the connections with 
different people who have different perspectives on a certain subject and [to] learn from them was one of the 
many rewarding things this summer.”  Individual and structural change does not stop with students.  Many others 
are affected by the offerings of MSL. 

We define meso-level success as changes that occur within family structures.  In other words, to what extent 
do family members learn vicariously and directly from a student’s involvement with MSL?  Approximately 74% 
of students are considered first-generation college bound.  This is to say that approximately three-quarters of the 
family members have yet to earn a college degree.  Considering that nearly all of the programmatic activities 
occur on a college campus, this can be a seemingly unfamiliar environment for many families to navigate.  
Nonetheless, families welcome the experience of their student being accepted to this program.  As one family 
member shared, “My student thinks by interacting with the participants in the MSL program is a way for her to 
interact with teenage kids her age that she would not meet if it were not for MSL. Also, she gets a better 
understanding of the curriculum that may be taught the next year and she gets to explore areas of particular 
interest.  All of this will set her up to be more successful than me.”  Others revel in the experiences offered in this 
program and participate as much as their time will allow.  “I know I didn’t go to college when I was supposed to, 
but this program has encouraged me to think about maybe applying for my GED so I could maybe one day earn a 
college degree,” states a single-father of three girls.  The impact of this program extends beyond families to others 
involved with varying aspects of the program. 

The third level of success is defined as macro-level success.  At this level, the mere presence of 120 youth on 
a college campus, for four weeks, on an annual basis, impacts many people other than those admitted to the 
program. Additionally, as it relates to temporarily hired instructors, they too are affected by the youth so much so 
that there is a bilateral exchange of learning between students and instructors.  When commenting on the affect 
the program has had on individual instructors, one shared, “I feel confident to achieve any challenging 
opportunities in life.”  Whether this was the result of the structure of the program or being surrounded by 120 
youth for 160 hours in the summer is hard to determine.  One measureable outcome of MSL is when an instructor 
hired for the summer session became interested in the degree offerings at the Institute of Technology and, after 
applying and being accepted, has since begun a master’s program in Computing and Software Systems. 

5. CONCLUSIONS 

We began this discussion with highlighting a policy that was implemented in 2003 and what resulted from 
that policy. We discussed one particular outreach effort that grew out of then Governor Locke’s call to increase 
participation among women and minority South Sounders in STEM fields. We provided both quantitative and 
qualitative data that were produced at three levels of change: micro-; meso-; and macro-level. While an 
overarching goal has been to encourage readers to begin to think about the ways in which systemic oppression 
works against achieving epistemological pluralism in the sciences, the authors’ hope that by discussing the bases 
for our current model of knowledge production and dissemination, we have shed light on not only existing 
structures of power, but have also called into question how these very structures, once deconstructed, may be 
reconstructed. This paper will end just as it began: by offering a policy recommendation.

  A suggestion for building on the process of scientific knowledge is to encourage and include differentiated 
forms of knowledge in the pool of what is to be considered “worthy” knowledge. It is not enough that we 
investigate middle and high school course offerings, we must also look to the level of encouragement of 
marginalized students to enroll in STEM electives and the extent to which women and minorities interact with 
positive role models [10]. For example, according to Spencer and Liang’s findings, “successful female mentors 
can have a strong positive influence by providing emotional support, confidence building and stress relief to 
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girls.” [11]  The question of how to increase participation of more females and other minorities in STEM 
education and who are in leadership positions cannot be explained by the chicken and egg dilemma. Change must 
begin with policies that encourage differentiated knowledge to contribute to sciences’ successes. 

REFERENCES

1. Xianglei Chen and Thomas Weko, “Students Who Study Science, Technology, Engineering and 
Mathematics (STEM) in Postsecondary Education,” in Stats in Brief, U.S. Department of Education 
NCES 2009-161 (July 2009): 14.  According to federal definitions, Asians are not considered a minority 
group in STEM education. 

2. Margaret W. Rossiter.  “Invisibility and Underrecognition: Less and Less of More and More,” in Women

Scientists in America: Before Affirmative Action 1940 – 1972. (Baltimore, MD: The Johns Hopkins 
University Press): 304. 

3. Sandra Harding, “Women as Subjects of History,” in Sciences from Below: Feminisms, Postcolonialities, 

and Modernities. (Durham, NC: Duke University Press, 2008): 112. 

4. National Academy of Sciences, On Being a Scientist.  (Washington, D.C.: National Academy Press, 
1989).  This guide has since been updated to reflect new knowledge beginning with the second edition 
release in 1995 and the third edition to be released in 2009. 

5. Sandra Harding, “Feminism Confronts the Sciences: Reform and Transformation,” in Whose Science? 

Whose Knowledge?: Thinking from Women's Lives.  (Cornell University Press, Ithaca, New York, 1991): 
31.

6. See: Sue Rosser, Teaching Science and Health from a Feminist Perspective. (New York: Pergamon Press, 
1986); and Joan Rotheschild, Teaching Technology from a Feminist Perspective.  (New York: Pergamon 
Press, 1988). 

7. Londa Scheibinger, “The Pipeline,” in Has Feminism Changed Science. (Cambridge, Massachusetts: 
Harvard University Press, 1999): 54. 

8. The list of benefits to members is not intended to be read as a rank-ordered list, with the most important 
being listed first.  Indeed, the summer session is the most concentrated learning opportunity, but learning 
occurs during all activities. 

9. See: Diana F. Steele, “Learning mathematical language in the zone of proximal development,” in Getting

into the mathematics conversation: valuing communication in mathematics classrooms. Readings from 
NCMT’s school-based journal, eds. Portia C. Elliott, Cynthia M. Elliott Garnett. (Reston, VA: National 
Council of Teachers of Mathematics, 2008). 

10. For an article on a successful 16-year old program, see: Robert Koenig, “U.S. Higher Education: Minority 
Retention Rates in Science Are Sore Spot for Most Universities,” Science, Vol. 324, No. 5933 (June 
2009): 1386-1387. 

11. Renée Spencer and Belle Liang, “She Gives Me a Break from the World: Formal Youth Mentoring 
Relationships Between Adolescent Girls and Adult Women,” Journal of Primary Prevention, Vol. 30, 
No. 2 (March 2009): 109-130. 



                   Synergy in STEM: Bringing Mathematics, Physics and Engineering Together
                           New York City College of Technology, The City University of New York 

                  New York, October 30, 2009

2009

PROJECT ESTEEM:  A COLLABORATION ON GENDER EQUITY 

EDUCATION IN STEM FIELDS 

Theresa Vecchiarelli, Joanne Taormina, Nicole Simon and Marynita Anderson

Nassau Community College, One Education Drive, Garden City NY 11530-6793 
Theresa.Vecchiarelli@ncc.edu, Joanne.Taormina@ncc.edu,

Nicole.Simon@ncc.edu, Marynita.Anderson@ncc.edu

ABSTRACT 
To be competitive in a global economy that relies heavily on technology, it is important 
for our nation to develop a workforce that can compete.  Those seeking such careers will 
need to study Science, Technology, Engineering and Mathematics (STEM).  While the 
need to increase overall participation in STEM fields is important, part of the solution 
may lie in recruiting individuals from underrepresented groups, namely women.  
Extensive research has been conducted on how to create a favorable learning 
environment for women.  The ESTEEM Project, a collaborative endeavor between 
Nassau Community College, Queensborough Community College and Hofstra 
University, has developed a pedagogical framework, based on this research, which can be 
used to create positive experiences for women in STEM courses.  This framework has 
been tested in several community college classrooms over the past two years with 
favorable results.  Details of these results are forthcoming as the work referenced in this 
paper is currently undergoing evaluation. 

1. INTRODUCTION

In 2005, the Business Roundtable predicted that if the United States wants to remain competitive in a global 
economy and remain as the world’s most technically advanced nation, it would have to double the current number 
of Science, Technology, Engineering and Mathematics (STEM) graduates by 2015.  This seems to be a difficult 
task as proven by a study done in 1995-1996 that tracked college students who entered STEM fields.  Of those 
students who majored in STEM fields, only 40.7 percent received degrees in a STEM field.  According to Elaine 
Seymour, author of Talking About Leaving: Why Undergraduates Leave the Sciences, the underlying problem is 
in teaching; students perceive that their professors do not give priority to their teaching.  This leads to frustration, 
discouragement and ultimately the student not pursuing a STEM field.  

Further reasons for the relatively small numbers of women in the STEM fields can be traced historically to the 
gender roles defined by the social order which placed women in the domestic sphere of society and specifically 
restricted women’s access to institutions of education.   The first attempts to give women access to education in 
America began in the colonial period with the creation of all female seminaries, the equivalent of secondary 
schools.  Not until the nineteenth century was this educational barrier successfully attacked and the great disparity 
between the education of females and males began to diminish in England and America.  Some of the early 
female seminaries evolved into institutions of higher education, the most notable being Mount Holyoke College, 
the first and oldest of the “Seven Sisters.”  Georgia Female College (now Wesleyan College) is the oldest and the 
first school which was established from inception (chartered in 1836) as a college exclusively for women.  Yet, 
the concept of educating women was still not a popular one. 
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John Stuart Mill, an influential English philosopher, was a strong advocate of equality of the sexes.  In 1869 he 
published his famous essay on the “Subjection of Women” and asserted that  

the principle which regulates the existing social relations between  the two sexes –  

the legal subordination of one sex to the other is wrong in itself, and now one of  

the chief hindrances to human improvement. 

While his concept was not easily accepted in society, it was shared by others who took action to eradicate 
these differences.  The most influential attempts were the creation of coeducational colleges and universities in 
mid-nineteenth century America.  The first of these was Oberlin College in 1837; then others followed - in 1852 
Antioch College, in 1860 the Normal School at the University of Wisconsin, in 1866 the University of Wisconsin, 
in 1869 Boston University, in 1870 the University of Michigan, in 1874 Cornell University (originally Sage 
College),and in 1890 the University of Chicago.  This proved highly successful as the number of women in 
coeducational colleges and universities increased from 3,044 in 1875 to 19,959 in 1900.  These numbers 
continued to grow over the next century and women in higher education reached parity with men.  According to 
the Department of Labor, in 2008, 29 percent of women and 30 percent of men of the age 25 years and older in 
the United States, had attained a bachelor’s degree or higher. In the 21st centuries women are on par with men in 
terms of access to primary, secondary and tertiary education in the United States. 

This access to education encouraged women to work outside the home, and gradually women were present in 
many fields in the American economy.  According to the Department of Labor: in 2008, of the 68 million women 
were employed in the United States:—75 percent of employed women worked on full-time jobs, while 25 percent 
worked on a part-time basis.  The largest percentage of employed women, 39 percent worked in management, 
professional, and related occupations; 33 percent worked in sales and office occupations; 21 percent in service 
occupations; 6 percent in production, transportation, and material moving occupations; and 1 percent in natural 
resources, construction, and maintenance occupations.  The 10 most prevalent occupations for employed women 
in 2008 were: 1) Secretaries and administrative assistants, 2)  Registered nurses, 3)  Elementary and middle 
school teachers, 4)  Cashiers, 5)  Retail salespersons, 6)  Nursing, psychiatric, and home health aides, 7)  First-line 
supervisors/managers of retail sales workers, 8)  Waiters and waitresses, 9)  Receptionists and information clerks, 
10)  Bookkeeping, accounting, and auditing clerks, Obviously, women appear to be choosing non-STEM 
employment opportunities with increasing frequency. 

According to industry data, for example, the percentage of women in the IT workforce declined from a high 
of 41 percent in 1996 to 32 percent in 2004, even as the percentage of women in the workforce as a whole 
remained steady at around 46 percent during that period (Information Technology Association of America 2005). 

On July 22, 2009, Dr. Alan Leshner, CEO of the American Association for the Advancement of Science 
(AAAS), testified before the Congressional Subcommittee on Research and Science Education hearings on 
encouraging the interest of girls in STEM fields and said: 

Although the story of women in STEM fields is one of tremendous gains over the past 40 years, it is a 
bittersweet story that is coupled with uneven progress and sometimes loss of ground—a discipline-
specific program here, a department there, but seldom an institution-wide effort. 

Similar sentiments have led to the ESTEEM Project.  ESTEEM (Equitable Science, Technology, 
Engineering, Education and Mathematics) is a three-year Advanced Technological Education (ATE) project that 
is working towards enhancing women’s opportunities to succeed in STEM courses.  The project is a collaborative 
endeavor between Nassau Community College, Queensborough Community College and Hofstra University.  The 
ESTEEM group has developed a pedagogical framework, based on current research in gender equity education 
that can be adapted and used in a wide variety of classes taught at the college level. 
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2. PEDOGOGICAL MATERIAL DEVELOPED BY THE ESTEEM PROJECT 

The adaptable framework developed by the ESTEEM project focuses on two categories:

(1) Criteria or aspects that a lesson should contain.  The specific criteria that the project group selected which 
has been shown to positively influence women’s experiences in STEM class are group work, 
social/personal relevance, self-efficacy and a student-centered environment. 

(2) Classroom Practices or how a lesson will be delivered.  Classroom practices of interest include strategies 
to increase self-efficacy, opportunities to develop social skills to build peer interactions, strategies to 
establish cooperative groups and being mindful to equally include men and women in all activities. 

2.1 Criteria:  Group Work 

Group work, or peer instruction, is an opportunity for students to engage in their own learning.  Students are 
often more relaxed when working with peers.  Group work is an opportunity for the student with difficulty to get a 
different perspective or explanation about the topic while the stronger student can reinforce what they already 
know by offering these different perspectives or explanations.  Oftentimes, we learn through someone else’s 
questions.  A student may feel that they comprehend the given material but, given the opportunity to work with 
other students and hear of their difficulties, may feel the need to strengthen their own understanding.  

Group work can take many forms.  Groups can be used to:  review homework, work on a challenging 
problem, work on a multi-layered project, or work on a project that needs diverse expertise.  It is important that 
the precedent for Group work be established early in the semester and be a consistent mode of instruction.  
Students will also need to be instructed in how to work in groups as well as have the end product of the 
collaboration be clearly defined. 

2.2 Criteria: Social/Personal Relevance 

Choosing applications and/or themes for a lecture need to be carefully considered.  In order to engage 
students in the learning process, they need to feel connected to the material.  For this reason, it has been shown 
that women are drawn to information that has a social or personal relevance.  This idea has been implemented by 
many participants of the ESTEEM project. Some examples include: 

In a biology class learning about genetics, discussing genetically modified food. 

In engineering and environmental science classes, utilizing service learning projects. 

In a statistics class learning about hypothesis testing, using data from the Tuskegee Syphilis Experiments. 

In a pre-calculus class learning about trigonometry, using sinusoidal curves to model biorhythms. 

In a general science class learning about water pollution, investigating ways to reduce water pollution and 
investigate other issues that involve water quality (i.e. regional incidence of breast cancer, use of water 
bottles, affects on the regional fishing industry) . 

2.3 Criteria: Self-Efficacy 

Self-Efficacy is defined as “the belief in one’s capabilities to organize and execute the courses of action 
required to manage prospective situations.”  In 1976, sociologist Lucy Sells from The University of California at 
Berkley found mathematics to be a “critical filter” that prevents women from pursuing STEM fields.  When asked 
about their lack of achievement in mathematics courses, young women from the study cited a “perceived lack of 
ability” while young men cited a “lack of work ethic.”   Since mathematics is a gateway to many STEM areas, 
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women’s attitudes about doing mathematics needs to be addressed.  In addition to mathematics, aspects of doing 
other STEM activities, such as the use of power tools in a physics lab or the use of computers to create 
simulations in a chemistry lab must also be addressed.  Women need to feel comfortable and confident that they 
can master and use all the necessary tools to be successful in a STEM class.   

2.4 Criteria:  Student Centered Environment 

Students need to feel part of the learning process; it gives them a feeling of empowerment and ownership over 
the knowledge obtained.  Activities where students are given a choice of topics should be incorporated whenever 
possible.  Assigning different problems with a similar theme to different students and asking the students to 
present solutions is another strategy that can be used.  Incorporating differentiated instruction, a pedagogical 
technique that takes into account particular students learning styles and uses this information to alter the way 
material is presented or assessed is also a strategy that can be used to make the classroom a student-centered 
environment. 

2.5 Classroom Practice:  Increase Self-Efficacy 

Increasing self-efficacy is a delicate task.  One needs to design experiences where a student is successful, yet 
challenge the students so they learn how to cope with mistakes and failed attempts.  Incorporating the following 
ideas into a lesson can help to increase self-efficacy: 

Social Persuasion:  Students are given the opportunity to get positive feedback from others in order to 
complete the task.  This can come in the form of peer feedback or individualized feedback by the 
instructor.

Positive Vicarious Experiences:  Students need to know that others have successfully done what they are 
being asked to do. Keeping examples of student work from past classes to share may convince students 
that they, too, can complete the task.  Including readings, videos or guest speakers to discuss their 
experiences can also motivate students to want to persevere. 

Positive Mastery Experiences:  Students need sufficient practice to master a concept.  Obviously, this 
cannot occur solely in the classroom.  Students need support outside the classroom.  They should be 
directed to supplemental materials; help centers on campus and encourage seeking out the instructor for 
clarification.  Having them form a network of peers is also a helpful way to get needed assistance. 

Positive Emotional States:  Students should always feel comfortable in the classroom.  This can be 
accomplished by publically recognizing when students have made a useful contribution to class 
discussion, teaching students to learn from mistake and not be embarrassed by them as well as equipping 
them with the basic skills needed to meet any challenges. 

2.6 Classroom Practice: Social Skills to Build Peer Interaction 

In order for Group work to be successful, students need to be able to interact with each other and feel 
comfortable doing so.  For this reason, some of the first day of class should be dedicated to an “icebreaker” 
activity.  This activity could be content based (such as having students discuss with their neighbors and make a 
list of the top 5 environmental issues they hope to become more knowledgeable about at the end of an 
Environmental Science Course) or simply social (such as creating a Tic-Tac-Toe game where students have to 
locate other students in the room with the specific attribute named on their Tic-Tac-Toe sheet).  Opportunities for 
interaction should be consistently available to the students so that they can create that support system they will 
need to be successful. 
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2.7 Classroom Practice:  Strategies to Establish Cooperative Groups 

Creating groups is always a challenge.  What strategy you use depends on the make-up of the class.  It is 
important to keep in mind that the group of students that you are trying to empower should not be the minority in 
a group, if at all possible.  For example, in an engineering class with a small number of women, you should not 
form a group of 3 men and 1 woman.  If this is unavoidable, other characteristics of the students need to be taken 
into consideration such as personality, work ethic and ability to socialize. 

Some strategies may include: 

Gender-balancing the groups.  Have equal numbers of men/women. 

Ability balancing the groups.  Each group should be a microcosm of the class:  there should be a strong 
student, a weak student and middle-of –the-road students. 

Self-selection of groups.  The students can choose their own groups. 

Rotating groups.  New groups are assigned for each project. 

All female/All male groups.  Research has indicated that women often excel in situations where they are 
not in a position to compete with their male counterparts. 

In order for the groups to work well, specific expectations of each group member need to be defined.  
Timelines, deliverables and grading policies must be clear and presented at the beginning of each group session. 

2.8 Classroom Practice:  Male/Female Equally Included in all Activities 

As an instructor, it is important to be mindful of who is chosen to participate in activities.  If a student feels 
prepared and successful, they are more willing to participate.  Students should be given the necessary support to 
master concepts and skills so that they will be able to participate at a later date. 

3. SPECIFIC LESSONS DEVELOPED AND IMPLEMENTED USING THE ESTEEM 

MATERIALS

The following is a collection of lessons developed under the ESTEEM project.  These lessons show how the 
ESTEEM principles are exhibited in a community college classroom.  They were developed for courses taken by 
the general liberal arts student.  

3.1 An Interdisciplinary Lesson:  Math meets History

The two classes involved in this project are MAT 114 – Foundations of Mathematics for the Elementary 
School Teacher and HIS 250 – Era of the American Revolution.  The history students learn about secret codes and 
how they affect war.  The mathematics students learn basic number theory concepts, one application of which is 
creating secret codes.  Therefore, the joint project between these two classes will involve each group bringing 
their expertise to the other group of students.  Communication will happen via college email. 

Each instructor will give their respective students the necessary background to complete the project.  The 
instructors will then pair students, one from each class.  The history student will research a British or Patriot spy 
and learn about the kinds of messages that were sent as well as the method for sending the messages.  Meanwhile, 
the mathematic students will learn the necessary background to create modular codes.  The history student will 
contact the mathematics student with a summary of their research as well as a code message to be encoded.  The 
mathematics student will encode the message communication and send it back to the history student, along with 
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directions on how to decode it.  The history students will decode the message using these instructions to see if the 
correct message was sent.   

3.2  A Multidisciplinary Scientific Lesson:  Air Pollution:  Local and Global Awareness

A section of MDS 101 - Multidisciplinary Science was involved in this project.  The students learned about air 
pollution and both the local and global effect that this may have.  The science students were encouraged to study 
the local aspect of how air pollution affects them on a daily basis.  We discussed possible solutions that may ease 
air pollution on campus and in our local communities.  By giving the students a voice and self-efficacy, there 
existed a sense of ownership over their discussions, possible awareness, and most importantly their learning basis.  
Each student was asked to research a different aspect of air pollution and present their findings to the class, 
choosing based upon their interests within any element of scientific discipline.  Each laboratory group was asked 
to present their findings based upon a global awareness campaign and sound scientific reasoning.   

3.3  Discovering Correlations Among Earth Trends Using Linear Regression  

The class involved in this project was a MAT 102 – Introduction to Statistics class.   In this statistics lesson on 
correlation, students will discover just how significant certain global variables are in influencing various global 
conditions, either positively or negatively. The instructor will design groups of four students based on gender 
and/or ability.   Each group will be assigned a different correlation question similar to the two presented above, 
with each question involving two global variables.  The global variables will involve the environmental, 
population, and political conditions of a country. Students will research their countries’ global variables on the 
World Trends website of the Earth Resources Institute http://earthtrends.wri.org.  Once the data has been 
gathered, students will combine their research and perform a regression analysis to discover if there is a 
correlation between the two variables, and if so how strong the correlation is. After the initial correlation question 
is analyzed, students will return to the Earth Trends web site and develop their own questions from any of the 600 
variables available and then conduct additional statistical analysis.   

4. CONCLUSIONS 

The authors have found the ESTEEM project to be a rewarding experience.  By providing students with the 
necessary tools for an equitable education, the students have found this experience to be equally as rewarding.  
The female students have found a voice to which they can offer their knowledge and be provided with an 
educational environment that encourages them in the STEM areas.  The male students additionally, have 
recognized that their perceived dominance in the STEM areas is merely that, perceived.  These lessons have 
provided a sampling of the everyday STEM virtues that have been extolled by the faculty associated with the 
ESTEEM Project. 
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ABSTRACT 

The electronic Portfolio (e-Portfolio) is a relatively new concept and its uses, 
advantages and disadvantages are still not fully evaluated. This paper is exploring modern 
teaching techniques for students of different majors taking same mathematics classes. The 
method proposed is investigating the efficiency of combining e-Portfolio, oral presentation 
and video recording of the group projects assigned by discipline. In this sense it is 
presented here a collection of e-Portfolio uses in college along with questions that rise from 
employing e-Portfolio in classes. 
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1. INTRODUCTION.

 The drive of the research presented in this paper was given by my aspiration to cross boundaries and explore 
new teaching techniques. In this regard I tried to create an interactive class environment and encourage student 
involvement. To be able to achieve this goal I taught the class material in compelling contexts and also tried to 
help students create a professional image about themselves while still in college. My attitude vis-a vis student 
involvement is strongly related to the student’s ability to critically think about the material covered in the class 
and capability to self evaluate and reflect on their progress. Therefore the professor’s support offered to students 
in the critical thinking process is crucial and the effort that both the student and the teacher put into this process is 
measurable and  performance parameters are analyzed and presented in section 5. 

My first questions that raised when talking about e-Portfolio was: is e-Portfolio useful to students? What is 
the impact of e-Portfolio on the student learning, organizational skills and self-evaluating process? Does the e-
Portfolio process along with its assigned projects help students percept mathematics in a more compelling 
context? How does e-Portfolio help students in the process of creating a professional image about themselves 
while still in college? Considering these what classes and student levels are more suitable for e-Portfolio 
implementation? Does e-Portfolio improve teaching ability? How does e-Portfolio help the students to apportion 
professionalism from non-professionalism? Among the questions raised here I am also concerned about the 
support that e-Portfolio can bring into the student assessment process and if it does or does not help professors to 
evaluate students in a more efficient way. Another question that could be asked when talking about e-Portfolio is 
what methods are more appropriate in the process of in class e-Portfolio approach (introduction, work deposition, 
etc). And finally my last question: how does this process affect the student professor interaction. Is it improving or 
not the professors teaching ability? The answers to some of the raised questions are found through statistical 
analyses performed over several semesters of using e-Portfolio in mathematics classes. Student reports, class 
rosters and in class surveys are compared to similar data obtained from classes where e-Portfolio was not 
implemented. 
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2. WHEN AND HOW  

As in most cases building an image about oneself takes time and work. The e-Portfolio itself requires a lot of 
thought, of critical thinking and effort. It absorbs information from various fields of one’s occupation and 
education and it offers the opportunity of putting together not only work but feelings, emotions and the self 
imprint of its creator. We could also say that the e-portfolio starts from the stage of an egg then slowly with a lot 
of deposited work it turns into a tadpole and finally as the author is adding to the plethora of knowledge, the e-
Portfolio is expanding, transforming through the continuous critical thinking, undergoing metamorphosis to 
become the image of its creator. The motivation and toil that has to be put in the creating process cannot escape 
anyone (being that a colleague, family, professor or employer) proving the dedication and hard work that went 
into the conception of ones e-Portfolio. 

With this in mind the professorial team that is dedicated to guiding students through the process of building 
and filtering the information that goes into e-Portfolio, should introduce their disciples to the e-Portfolio concept 
from their very first year of higher education (meaning not only undergraduate students but high school students 
too).

The frame work of my experimental design is presented in the flow chart in Fig. 1.  
The hereby presented research focused on collecting student reflections on the e-Portfolio assignments and 
mathematics in general. These reflections are summarized, analyzed and discussed here in detail. To assure the 
efficacy of the e-Portfolio into the student learning process and ability to quantize this, the class assignments were 
split by the e-Portfolio assignments and graded separately (e-Portfolio weights 10% of the final grade). In 
addition, at the end of the semester the students were asked if they considered they improved as a result of the e-
Portfolio.

Fig. 1. The framework of the experiment design 

At the beginning of the semester the students attending the first weeks of mathematics classes should be 
involved in the creation of the “welcome” and “about me” pages. So even thou there are no mathematics related 
projects to be deposited at this early stage the students are still introduced to the new concept of  e-Portfolio with 
the purpose of  making them conscious  about themselves as students, members of an elite society of higher 
education that has something to say about itself. In these early stages the students have to ask themselves: ’Who 
am I?’,’ What are my interests?’, ’ What are my values?’, ‘Why am I in this class?’, ‘What are my expectations 
from this class?’ beginning this way the essential self assessment process.  

As students got more information about the material in the class, the author assigned group or individual  
projects for 4/5 different majors: engineering, education, economics, medical sciences or simply encourage 
students to connect their every day  interests to mathematics and use the outline for designing their project.  This 

Collect student feedback 
on mathematics in general 
and precalculus or 
statistics in particular . In 
this stage students are also 
involved in creating e-
Portfolio “welcome” and 
”about me” pages. 

e-Portfolio 

Weeks 1-3 Weeks 3-9 Weeks  9-10 Weeks 10-12 

Assign group projects for 4/5 
different majors: engineering, 
education, economics, medical  
sciences or simply encourage 
students to connect their every day  
interests to mathematics and use the 
outline for designing their project

Gather information 
regarding student 
reflections on: project 
connection to 
precalculus or statistics 
and their field, group 
assignments, e-Portfolio 
experience, opinion on 
oral  presentation and 
videotaping of their 
presentations. 
        (see questionnaire)

Videotaping of the 
project oral presentations 
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projects that later are to be orally presented by means of view graphs or any other presenting tools and videotaped. 
This process lasts about 6-7 weeks. The recordings are then made available to the students and after reflections on 
the quality of the presentations they are further deposited on the e-Portfolio. The final reflections, projects and 
video recordings go through a final critical thinking process and then deposited by students in their individual e-
Portfolios within the last 3 weeks of the semester. 

Some of the characteristics of the conducted research are: 

To obtain unbiased e-Portfolio participation, students did not know they were being studied (blind 
experiment, the students do not know they are being studied). 

The student groups are self selected and it is their choice to be part of a group or work individually. 

For video recordings of their oral presentations the students are asked to fill in consent forms. The students 
can deny video recordings of their presentations. 

The creation of e-Portfolio and deposition of project and reflection is mandatory and part of the final grade.  

The reflection questions are asked before and after the use of e-Portfolio tools. 

3. E-PORTFOLIO AS A TEACHING INSTRUMENT 

E-portfolio is practically novel in the educational and career world. It is definitely neither a signature 

pedagogy nor a common practice in the traditional mathematics or engineering classes.  

I have to agree that the signature pedagogy is the type of pedagogy I practice, but as well I must admit I am in 

the process of liberalizing my teaching method. The newly used practice was having the students from all the 

classes I was teaching stand up in front of the class and defend their work deposited on their e-portfolio’s or on 

any other digital form (I am talking about the students that do not have the e-Portfolio opportunity of storing their 

work). Like Tom in John Merrow’s documentary [3], I spent all my efforts in involving ALL my students in an 

interactive process during the class sessions. My efforts go towards bringing the students from the back of the 

class (where they hide in the last rows of the class thinking sometimes that they are less likely to be asked to come 

and solve problems on the board) and engage them in the studying process. 

Their work defended in front of the class will then be deposited on their e-Portfolios. By using the e-portfolio 

I want the students to become aware of their surrounding, about the fact that others can see and interpret their 

work as well as their colleagues work; they will become conscious that their work will be evaluated by the whole 

group. In conclusion due to all of ours efforts (professors and students) the e-portfolio will soon become a 

signature pedagogy [1] or at least a practice that will not miss from any signature pedagogy within colleges. Since 

e-portfolio is an exquisite tool in engaging the students and bringing their work to a point where they can improve 

it through comparisons and self evaluation I think e-Portfolio will soon be a necessity and become a part of the 

teaching methodology. I still have students that 6 months after the end of the semester are still not understanding 

why they got a C- in the class and not a B or some other grade since their work was the best in their own eyes. In 

conclusion, peer review is most important in the evaluation process.  

From previous classes experience the projects assigned to groups of students would have on average better 

results than the individually assigned projects. The results obtained were visibly improving and instead of 20 

average and poor projects and 3 good or very good ones I would record 9-10 good and very good projects and 3-5 

average or poor ones. Therefore I decided to assign group projects that will be presented by the entire team (or 

one selected member of the team) in front of the class. The decision to let students expose their work in front of 

their colleagues was made for three reasons.  

The first reason was to create an interactive atmosphere where students would ask and answer each other. The 

second motive was to allow me, as a professor, to correctly evaluate the amount of work and effort each team 

member put in the assignment. 

 The third purpose raised from the concern about what should the students add to their collection of written 

assignments and projects to fully prove the achievements in the field covered in the course. This actually 

constituted the novelty of this project. The innovation was the fact that the students were video recorded though 

the entire presentation and afterwards they had the chance to self evaluate, learning from their own mistakes. The 

enthusiasm among the students finding out about being recorded was great and it encouraged me to use it as a 

teaching method in the future semesters. While one of the students was so impatient waiting for the recordings to 
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be deposited in the digital drop box and consequently after editing into her e-portfolio she wrote me: ”to ask you 

if you have copies of our presentations or where can I get it? I really would like to see mine, to see what do I need 

to work on to improve my speech”. 

This innovative way of approaching a mathematics class in which students have to use speech abilities by 

alternatively presenting data view graphs with their team partners enriched both the students and me. Since the 

project  topics were picked by the students from their fields of interest, the video recordings of their presentations 

would be more than useful as a future component of their e-portfolios. 

4. SELF EVALUATION AND STUDENT LEARNING 

As stated in section 3, the first motivation of the project oral presentation was to create an interactive 
atmosphere where students would ask and answer each other. At the beginning of the class many students were 
confused about the connection between real world and statistics (mathematics in general). The answer that 
mathematics came as a necessity to explain the real life phenomena is obviously not enough for a beginner but 
when the students had to work on their own group projects and seen their colleagues different applications and 
discussed them intensively the mathematics-real world connection was established and my mission accomplished.  

The projects were presented as data view graphs allowing the group members to switch places and complete 
each others. In this stage students interactively participate in the class and have the ability to compare their own 
performances with their colleagues, ask questions and respond each others.  

The majority of students upon entering college have well determined paths towards their careers but a few of 
them (and is not unusual among colleges at all levels) are not sure about their vocations. So not surprisingly, even 
PhD graduates find very hard to decide the path they have to take at the end of their study. As Peter Fiske is 
quoting the clinical psychologist, Frederick Eigenbrod, in his book “People often don’t know how to think about 
their carriers, or they felt like they hit a brick wall. We use tests to break the brick walls down to building 
blocks”[2]. The e-Portfolio is built by such “blocks” and compels the students to go through a decision process of 
making choices of which blocks go in and where and therefore it gives them a sense and a direction towards 
career and professionalism. 

One method of evaluating the outcome of the e-Portfolio is by examining the students reflections about e-
Portfolio. Here is a reflection of one of my students in a statistics class that is more than relevant: “In the future, I 
will use my e-Portfolio work as a personal reference of my initial college experience to see how I have developed 
through the years”. Another student appreciates the e-Portfolio and says: “For now I’m thinking to develop my e-
Portfolio and step forward beyond the basics. In the future I’ll try to use it for all my classes and even suggest it to 
professors if they are not using it.” 

However, I do not intend to brainwash anyone and pretend that all the students were happy about e-Portfolio 
process. For example, one of my precalculus students is not fully convinced by the advantages in using e-Portfolio 
in the future but sees the kernel in it by  saying: “I am not entirely convinced I will be using my e-portfolio in the 
future....I am using this experience to expand my critical thinking skills and try to strengthen my math skills.”  
Another method of measuring the outcome of the e-Portfolio is by analyzing the student evaluation reports in e-

Portfolio versus non e-Portfolio classes. As it can be seen in Fig. 2 the students apreciate the effort and the support 
a professor puts in this process. One of my students is writing in her refelctions that “I feel more closer to all my 
work and through it I feel closer to my professor, who supported all my work very much”. 

In the e-Portfolio classes versus no e-Portfolio classes students passing rate  is also higher, not by much but is 
higher as it is shown in Fig. 3. 

5. CREATING A PROFESSIONAL IMAGE  

The e-Portfolio built as student is supposed to illustrate the skills developed while in college and not only and 

their applicability to the myriad of problems in theory and practice. As students find themselves applying for 

different jobs the existence of an e-Portfolio at hand is most valuable.  
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Since the e-Portfolio can be used as an electronic version of a CV and it is the image of its creator it “should 

indicate at least as much ‘where you are going’ as much as it does ‘where you have been’ “ as Peter S. Fiske is 

saying [2]. He was also pointing out that one should invest 80% into the work assigned, 10% into self 

development and 10% should be spent on showing others how good one is at what is doing. Therefore the work 

one is putting in the creation of e-Portfolio is justified by the outcomes. Having a fine collection of ones work, 

structured in a professional manner, and being able to successfully display it in a proficient way, it should 

improve the chances of being seen as a qualified individual in the competition for a job. 

Several educational centers like LaGuardia Community College of the City University of New York, Penn 

State University, University of Maine and many others insist on the importance of e-portfolios for job-seekers. 

Penn State University. is stating that “Nearly 80% of the responding school administrators stated that a job 

seeker's portfolio can be a significant selection tool along with references, credentials, transcripts, résumé, cover 

letter, and personal interview. A well-prepared portfolio can contribute to your success. However, hiring officials 

caution that a poorly-constructed portfolio can diminish your chance of employment” [4].  

Applied to the modern employment trends the job applicants can be located all over the world and the 

employers are neither always satisfied with over the phone interviews nor travel related expenses unless the 

applicant is a promising asset for the company. Therefore, "portfolios that reflect standards and recognized 

proficiencies can increase job chances” [5].  
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6. CONCLUSIONS  

To summarize we can state that the results clearly indicate improvement in quality of teaching. As mentioned 
above the amount of work put in by the professor is appreciated by students who show it in the evaluation reports. 
Also student passing rate show better results in the e-Portfolio vs. non e-Portfolio classes, which can be due to a 
higher involvement in the class work. In this process students interactively participated in the class and had the 
ability to compare their own performances with their colleagues 

 In the future more efforts should be oriented towards monitoring student portfolios over the semesters and 
include e-Portfolio in the evaluation of the students overall achievements during their undergraduate years. As 
part of my future work I intend to implement e-Portfolio in my engineering classes and since ABET 
(Accreditation Board for Engineering and Technology) considers portfolio as an excellent assessment tool I also 
intend to use e-Portfolio for accreditation purposes [6]. 
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ABSTRACT 

During the spring of 2009 several mechanical engineering technology students at 
Penn State Erie, The Behrend College (PSB) were involved in an independent study 
course with the goal of designing and implementing four STEM hands-on activities 
which could be adapted for use with students from fourth grade through high school.  The 
activities each addressed a different aspect of engineering.  They include alternative 
energy, vibration and earthquake design, pulley systems, and thermoelectric cooler 
applications.  Three of the four projects were successfully completed and the fourth is 
being finished now.  The three activities that have been completed were tested as part of a 
PSB STEM program known as PEPP (Penn State Educational Partnership Program).  A 
group of high school students were brought onto campus to try them out and give 
feedback. 

The alternative energy activities have been used several times with different age 
groups.  Two groups of seventh and eighth grade girls participated in this activity as part 
of a PSB program known as Math Options.  A portion of the activities was used at a 
Pennsylvania Industry Club Expo, a science and engineering activity day for middle 
school students.  Elementary school students have been involved twice with this project.  
One was at a local school that invited PSB to bring interactive STEM activities, including 
a portion of the alternative energy activities, into their sixth grade classrooms for a day.  
The other was the Warren Forest Higher Education Council, which held a session for 
fourth thru sixth graders using a portion of the alternative energy activities. 

This paper gives a brief overview of all of the independent study projects with a 
particular emphasis on the alternative energy one.  This project consists of two parts.  
First, a bicycle connected to a generator is used to demonstrate how energy is created and 
consumed.  The second part is to build an actual solar car and discuss the potential of that 
energy source.  To finish off the activity students participate in a solar car race.  The 
primary focus of this paper is on the solar car activity and future plans to enhance this 
activity. 

1. INTRODUCTION

It is well known that the United States faces a shortage of engineers and scientists in the workforce.  A 
particular problem is convincing women and minorities to enter these fields.  Colleges and universities across the 
nation are looking at ways to increase the supply of qualified students coming out of high school through a variety 
of STEM outreach programs.  One example of a universities involvement is the AIM project at the University of 
Texas[1].  This project was designed to assist public schools with their science and engineering programs.  Several 
areas that were examined by this project include how to work with local schools, how to develop appropriate 
classroom ready activities and how to sustain the effort. 

Several national organizations have developed programs and activities to help in this effort.  Project Lead The 
Way is a program promoting engineering in middle and high schools through a variety of partnerships with 
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industry, universities and public schools[2].  IEEE is developing a program to teach teachers to use simple hands-
on exercises in K-12 science classrooms[3].  These are just two of many possible examples. 

One question that arises is what is an appropriate activity to develop for K-12 outreach?  At a recent 
workshop conducted by IEEE several public school teachers pointed out a number of key components for these 
activities.  First and foremost, the activity needs to be aligned with their educational standards, content area and 
standard tests the students may have to take.  The activity should be rich in terms of educational potential and 
teaching points.  Activities should keep students actively engaged and be tiered so that everyone in the class can 
participate in a meaningful way.  It is very possible that an activity might be fun for the students but not contribute 
to the overall goals for the course.  Activities of this kind might not be worth the time spent doing them.  Crouch, 
etal[4] discuss just this issue.   

In order to conduct K-12 STEM outreach activities there is a need to develop these appropriate hands-on 
activities.  One approach taken at universities is to involve undergraduate students in designing them.  There are 
many examples of this being done.  The National Science Foundation funded a project led by The University of 
Cincinnati to develop simple demonstrations for K-12 students to learn about seismic design.[5].  A team of 
professors and three undergraduate engineering students from the University of North Dakota, University of 
Oklahoma and the University of Cincinnati participated in the project.  Another approach for getting 
undergraduate student involvement is by including activity design in the senior capstone project.  Michigan State 
partnered with a local elementary school to develop several scientific demonstrations for the school through the 
use of senior design projects[6].  Projects included a wind power demonstrator, solar heated worm compost bin and 
a global warning demonstrator, among others.   Another possible avenue for engaging undergraduate students is 
through the use of an independent study course offered as a technical elective.  That is the approach taken by the 
authors to develop the activities described below. 

2. PENN STATE ERIE STEM OUTREACH OVERVIEW 

Penn State Erie, The Behrend College (PSB) runs several programs designed to promote STEM education 
among K-12 students.  The involvement by the college began with two programs, Math Options and College for 
Kids.  Math Options began thirteen years ago as a program for seventh and eighth grade girls.  In 2009, close to 
250 girls from over 40 regional schools visited the campus and participated in three one-hour long hands-on 
workshops, out of thirty that were offered, introducing them to math, science, engineering and technology careers.  
Examples of workshops that were included in the program in 2009 were “Zoo Math”, “CSI”, “Bridge in a Bag” 
and others.

The other pioneer program is known as College for Kids.  This program, which is for kids from 6-16 years 
old, has been held on campus for 16 years, in one-week sessions throughout the summer. Between 500 and 600 
students participate each year.  Sessions are hands-on and fun for the kids.  Typical sessions include “Discovering 
Dinosaurs” (ages 6-8), “Engineering Mythbusters” (8-10), “Beginner Model Rocketry” (10-12) and “Computer 
Programming With C++” (12 and up). 

 Many other programs have been started since the Math Options and College for Kids programs first began.  
Minority College Experience/Women in Science and Engineering is an eight week summer program looking at 
careers in science, engineering and technology.  “Women in Engineering” introduces high school girls to various 
engineering fields with hands-on activities.  21st Century Kids is a series of hands-on workshops for middle 
school students in Erie and nearby counties.  PLASTCar is a program organized by the Plastics Engineering 
Technology department (PLET).  Elementary school students participate in a year-long project to design and build 
plastic cars, with PLET students acting as advisors.  Cars are designed, prototyped, tested, molded and ultimately 
raced.  The elementary school students name their cars with such names as Banana Split Mobile, Duck and 
Furious Fish.  This race is a way to explain the field of engineering to sixth graders.  Another very successful 
program is the Penn State Educational Parnership Program (PEPP).  This program brings together tutors, 
volunteers and Erie School District students from middle high schools for after school activities aimed at 
academic and social enrichment.  Part of the program involves introducing the students to possibilities in science  
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and engineering education.  Volunteers come from local industry and from the PSB 
student population.  Figure 1 shows PSB students working with a high school student at 
a local school. 

In addition to these formal programs, several of the Science and Engineering faculty 
participate in many K-12 outreach activities throughout the year, including going to 
local schools, clubs, etc. to lead hands-on activities for kids.  The latest addition to this 
effort is participation in the IEEE teacher in-service program, a program designed to 
teach science teachers how to bring various hands-on activities into their classrooms. 

3. INDEPENDENT STUDY COURSE 

Given the workload of most of the faculty it is a challenge to design enough hands-on activities to support the 
various STEM outreach programs.  To assist in this effort an independent study course was offered as a technical 
elective in the spring of 2009 for MET juniors and seniors.  The objective of the course was to design, build and 
test four hands-on activities for use in the STEM programs.  Eight students signed up for the course so teams of 
two were assigned to each of the projects.  The general topics for the activities were alternative energy, pulley 
systems, vibrations and thermoelectric devices.  The four projects were completed and a group of high school 
students from the PEPP program were brought on campus for a day 
to try them out.   

The poster (Fig. 2) is designed in four sections.  One section 
describes the operation of the human powered generator.  One of the 
goals of the human powered generator is to give the students a sense 
how hard it can be to generate enough energy to power various 
devices.  Another section gives an overview of alternative fuels for 
vehicles.  Hybrid cars, ethanol, and biodiesel are all described.  
Biodiesel is particularly interesting to students in Erie because Erie 
has a relatively new facility for making biodiesel fuels from various 
materials.  Natural energy sources are described in another section of 
the poster.  These include nuclear power, wind power, hydro power 
and solar power.  Lastly, the poster contains a section showing various facts about energy such as world and U.S. 
energy consumption, energy availability by type, energy consumption in a typical U.S. home and others.  Several 
fun facts are also included, such as “the largest wind turbine in the world, located in Hawaii, stands 20 stories tall 
and has rotors the length of a football field.”[7]  As part of the overall alternative energy activity students spend a 
little time filling out a questionnaire (scavenger hunt) based on facts from the poster. 

The second activity is the human powered generator.  This is comprised of a bicycle which is connected to a 
DC generator through a belt.  The output of the generator powers a leaf blower which blows a ball up a clear 
acrylic tube.  The tube is labeled at various 
levels with common appliances that can be 
powered at that level.  The power required for 
the ball to reach the top of the tube is 350 
watts, which is achievable but not easy.  
Figure 3 shows the device and Figure 4 
shows a high school student trying it out.  
This has proven to be a very popular activity.  
Students tend to come back to the bicycle 
repeatedly to try to get the ball to the top of 
the tube.  The combination of the visual ball 
in the tube and the sense of the effort required 
to generate the required power result in a 

Fig 1.  PEPP Tutors

Fig. 2.  Alternative Energy Poster 

Fig. 3  Human Powered Generator Fig. 4  Student on the Bicycle 
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good learning experience for the students.  

An interesting challenge that arose for the undergraduate students in designing the generator activity was 
getting the ball to hover at various levels in the tube which correspond to the riders’ effort.  When the students 
first tried this the ball would either sit on top of the leaf blower or would go all the way to the top of the tube with 
nothing in between.  The problem was solved by putting a series of slots along the tube allowing an increasing 
amount of air to escape as the ball rose in the tube.  The end result was a non-linear relationship between the 
riders input effort and the ball height.  This turned out to be good because most riders could get the ball to rise to a 
fairly high level giving them a sense of accomplishment even if they did not reach the top.  The last 6” (8%) of 
rise takes almost 15% of the total effort.  This gives the best athletes only a little more visual accomplishment 
than the average rider. 

The final activity is a solar powered car race.  The remainder of this paper focuses on the activities involved 
with the race. 

4. SOLAR POWERED CAR RACE 

The solar powered car race is intended to provide a fun, hands-on activity for students from fourth grade all 
the way through twelfth grade.  The activity currently consists of three parts: a brief background on solar energy, 
assembly of solar cars, and the actual race.  A fourth activity is planned for the future during which the students 
will test the solar panels before the car assembly.  The plans for the solar panel test will be discussed at the end of 
this section. 

Before the students begin assembling the cars they are given a brief background on solar energy.  The 
material is delivered in such a way as to try to get the students to think about the potential for solar energy and to 
stimulate discussion among them.  For example, solar energy accounts for around one percent of our total energy 
consumption in the United States, but has virtually unlimited potential.  Why only one percent?  What are some of 
the current popular uses for solar energy?  How is solar energy converted to electricity or other useful form?  
These can be thought provoking questions, and hopefully the students go away with a better understanding of the 
information.  One topic that always comes up is how solar energy can be used at night.  One of the ways that is 
discussed is charging batteries during the day to use at night.  Some solar power panels may not be used to 
generate electricity at all.  For example, they might be used for heating liquids, particularly water.  At a home, 
water can be heated during the day and stored for use at night. 

For the students, the most popular activity is building and racing the cars.  Figure 5 shows an assembled car.  
The car kits were purchased from PITSCO Education[8].  The stock kits contain 
double sided tape to permanently attach the motor to the base.  The kits were 
modified to use small magnets in place of the tape to allow the motors to be 
removed.  The magnets have the added advantage of making it possible to adjust 
the motor position on the base.  All the individual pieces for each car were 
packaged so that each team could be given a complete kit.  Student teams, which 
generally consist of two to three students, are each given one of the unassembled 
kits.  The level of detail in the assembly instructions varies depending on the age of 
the students.  For elementary school kids, a very detailed, one page set of 
instructions including photographs showing each step of construction is provided.  

Middle school students are shown an assembled car and it is up to them to figure out how to put it together.  For 
high school students the instructions are minimal giving them only the basic function of the pieces.  It is then up 
to them to figure out how to make the final assembly.  There are a couple of fine points the students need to figure 
out on their own.  First, there is a gear on the motor meshes with a gear on the back axle.  This can be seen in 
Figure 5.  The amount that the gears mesh needs to be adjusted for optimum performance.  They must test their 
cars before they race them to assure that the wheels are turning (if the gears are too tight or not properly aligned 
the motor does not have sufficient power to turn the wheels).  They must also check that the wheels are turning in 
the right direction.  If they are turning backwards the wires need to be reversed.  Another common problem is that 

Fig. 5  Assembled Car 
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the motor wires can end up rubbing on the wheel causing poor performance.  It is interesting to observe the 
assembly, particularly among the middle and high school groups.  It is not uncommon for the cars to be assembled 
wrong.  For example, the front and back wheels might be reversed or in some cases the gear on the motor might 
be on the opposite side of the car from the gear on the wheels.  This provides an opportunity to talk a little bit 
about why the gears are there, how they transfer the energy from the motor and why they need to be properly 
aligned and not too tight. 

 Once the cars are assembled they are raced in a double elimination tournament 
format.  This assures that every group gets to race their car at least twice.  The cars are 
raced along the top of a banquet table using a trouble light as the “sun”.  They learn 
quickly that it is important to have the light constantly shining perpendicular to the 
solar panel for best performance.  Figure 6 shows a high school girl racing her car. 

In order to demonstrate the importance of the angle of the light hitting the solar 
panel and additional element to this activity is being designed.  A solar panel will be 
mounted in a rotating fixture with a light shining on the panel.  Before the race a plot 
will be made of the output of the panel vs. the angle of the panel. Hopefully students 
will be able to transfer the information they learn from this test to the practical ramifications for success in the 
race.

5. ACADEMIC STANDARDS 

As discussed earlier it is important to align activities with academic standards.  The Pennsylvania Department 
of Education has a code of academic standards[9].  The alternative energy activities described above are designed 
to align with several of those standards.  Standard 3.1.10A deals with concepts of systems and feedback in 
technological problems.  Standard 3.1.10B involves the ability to distinguish between different types of models 
and modeling techniques.  Standards 3.4.10 B&C deal with conservation of energy and the relationship between 
electricity and magnetism.  All of these standards are listed at a tenth grade level, however, the activities are 
sufficiently tiered to also align with similar standards for lower grade levels.  

6. CONCLUSIONS 

The alternative energy activities described in this paper have been used on several occasions at a variety of 
grade levels.  High school students that were part of the PSB PEPP program were the first to try them.  They were 
all very engaged with the bicycle.  The solar car race was a definite “hit” with them.  Students informally 
commented that it was fun and that it really made them interested in engineering. 

Three groups of middle school girls who participated in the PSP Math Options program also had a lot of fun 
with the activities.  All of the feedback was positive.  Some commented that it was the best activity they attended 
during the day. 

The Pennsylvania Industry Club conducted a technology expo at a nearby college for regional middle school 
students.  The bicycle was set up as one of the displays at the expo.  It seemed to be very popular with all of the 
students, and was in use most of the day.  Many students tried it multiple times to try to improve on their 
performance.  Not only were students interested in riding the bicycle, but many stayed around the booth to ask 
questions about how it worked. 

The Warren Forest Higher Education Council and the Harborcreek Rolling Ridge Elementary school invited 
the lead author to bring the solar car activity to their facilities for 4-6 grade students.  In both cases the students 
were very engaged in the activity.  There were many questions about how solar power works, how it can be used 
at night and just general questions about the design of the cars.  Feedback from the teachers in both cases was 
very positive. 

Fig. 6  Car Race 
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This demonstrates that this activity can be tiered for all grade levels and still be meaningful.  Several things 
remain to be done to improve the activities.  The solar panel tester needs to be completed giving the solar car race 
a little more science content.  Lesson plans and building instructions need to be revised and finalized.  There are 
also plans to build a second bicycle generator.  But, overall the activities seem to hold a lot of promise. 
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ABSTRACT 

STEM education in these early years of this new century is at a critical crossroads. 
Strapped with a failed and even shameful legacy of the past and riddled with present 
anemic programs and unfounded posits, there is an urgent need for STEM educators to 
apply due diligence to STEM’s survival and advancement in the future. The STEM 
education system needs a bold approach that is inclusive and revolutionary. This paper 
not only highlights the past and present obstacles to the expansion of STEM, but, more 
importantly, it also provides a fresh perspective, a new paradigm, and a holistic approach 
to this vexing problem. Tried-and-true methodologies and new modalities of STEM 
engagement are discussed and opportunities for improving STEM education are explored. 

1. INTRODUCTION

The viability, prosperity, and indeed security of any nation are eventually predicated upon a sustainable, 
foundational yet “envelope-pushing”, first rate STEM educational system that is not elitist but is available to all 
members of the society. Historically, nations thrive or falter in relation to their strength in STEM. Their 
advancement and dominance are all ultimately powered by a strong STEM base. After responding valiantly, 
courageously, and successfully to President Kennedy’s “Moon Challenge” of May 25, 1961, this country has 
undergone a steady decline in STEM education. For almost fifty years, the clarion call to reinvest in and to 
revolutionize STEM education in the United States has, for the most part, either gone unheard or unmet. With the 
dawning of a new century and a new millennium, and with intense global competition from both developed and 
developing countries, the U.S. finds itself at a very critical period of its existence, and choices made about STEM 
education will determine its fate. That is exactly why on April 27, 2009, President Obama gave a stirring STEM 
speech at the 146th Annual Meeting of National Academy of Sciences. In that speech the President issued a 
“STEM Challenge” which was indeed analogous to President Kennedy’s “Moon Challenge”. The impetus then 
for President Kennedy was primarily beating the Soviets to the moon; the impetus now for President Obama is the 
very security and prosperity of this nation! We rallied as a nation to meet President Kennedy’s challenge. Many 
wonder if we will do the same for President Obama’s.  

2. THE ORTHOGONALITY CONCEPT 

The concept of orthogonality as expressed in the title of this paper and shown below in figure 1 has to do with 
the issue of assessing STEM success and the issue of diversity and inclusiveness in STEM. As a STEM word, 
orthogonality refers to right angles and may find its highest purpose when used to express STEM education in 
terms of the Cartesian plane and the Cardinal directions. At least two salient issues arise from this orthogonal 
system: 1. two coordinates are needed to represent any point in its Cartesian plane, and 2. the Cardinal directions 
and their intermediate points extend in all directions. The first orthogonal issue underpins the idea that STEM 
education needs two coordinates. It simultaneously needs both top-down (an organized STEM educational system 
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that is fundamental and challenging – what the educational system needs to provide) and a bottom-up (the 
aptitude or proper attitude of the student – what the student needs to bring to the STEM table) coordinates. If the 
x-axis represents STEM provisions by the educational system and the y-axis represents the student’s aptitude or 
attitude towards STEM, then STEM success (or the lack thereof) in this orthogonal system can be determined by 
the quadrant in which the coordinates lies.  Optimum STEM success would be found in the first quadrant. The 
second orthogonal issue underpins the idea that STEM education needs to extend in all directions. It must be all-
encompassing and broad enough to include and invite diversity and its often necessary support systems and safety 
nets.

W

N

S

E

Fig. 1.  The Orthogonal STEM System 

3. STEM CRISES

The nation’s STEM talent pool has been dwindling. For the past decade or so, more and more foreign 
students (particularly Asians) remained in their own countries to pursue STEM PhD’s. This has resulted in the 
U.S. awarding fewer STEM PhD’s than both Asia and Europe over that time period. To exacerbate the STEM 
debacle, the STEM global achievement gap between students in the U.S. and students around the world continues 
to widen in favor of the foreign students. This is partly due to an anemic, inadequate, and often inept approach to 
STEM education that can be traced back to this country’s Middle school education. Moreover, in many cases 
STEM education in this country has been elitist and non-inclusive. A whole generation of underrepresented 
minorities (URMs) and women has been excluded from full and sometimes even partial participation in STEM. 
STEM education has been polarized, and a generation talent pool’s worth of URMs and women has been left 
untapped and sidelined. Projections by the National Science Foundation (NSF, 2004) show that by 2050, fifty-
percent of students between the ages 18 – 24 year old will be URMs.  Therefore, our future student population 
will become more and more diverse. If we are to advance in STEM, our educational system (at all levels) must 
begin to embrace the current and impending demographic changes in its student population. It was Dr. William 
Wulf (past President, National Academy of Engineering) who declared that “as a consequence of a lack of 
diversity we pay an opportunity cost, a cost in designs not thought of, in solutions not produced.” Test scores from 

the National Assessment of Educational Progress (NAEP, 2004) show that girls have as much aptitude 
for STEM as boys do; however, girls do not have the same attitude towards STEM as boys do. The 
study also shows that the STEM progress made by Hispanic and African American students in the 1980s 
has leveled off since 1992. The common practice of using unqualified instructors for STEM classes (ex. 

Social Science teachers teaching Mathematics or Physics) in urban areas and lower socioeconomic areas may be 
the chief culprit for this retardation in STEM growth among these URM groups. A relatively recent study (BEST 
2004), reported that since the 1960’s, over fifty percent of America’s sustained economic growth was fueled by 
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engineers, scientists and advanced-degree technologists, a mere 5% of America’s 132 million-person workforce. 
The same study also reported that twenty-five percent of this nation’s scientists and engineers will reach 
retirement age by the year 2010. The National Science Foundation (NSF, 2007) concluded that by the year 2050, 
eighty-five percent of the entrants into the workforce will be URMs. According to the STEM Workforce Data 
Project (SWDP, 2006), women were 26.1% of all STEM occupations in 2003. In 2004, African Americans and 
Hispanics were 6.2% and 5.3% of all STEM occupations respectively. It is imperative, therefore, that STEM 
educators make diversity a centerpiece of their plans for the nation’s STEM survival and advancement.

4.  STEM BARRIERS 

The barriers/obstacles to STEM success are as many as they are varied. These barriers include the following: 

Lack of qualified STEM teachers and inept systems of recruiting and retaining them; 

Insufficient STEM instruction;

Students (and sometimes educators) are unaware of the critical role and relevance of a STEM education;  

An elitist and exclusive belief about STEM – that STEM should only be engaged in by the few and not 
by all groups of the society; 

 Women and URM students are often redirected or “lost” along the STEM Corridor;  

 Demands of family responsibilities, particularly for women and URMs; 

 Lack of role models, particularly for women and URMs; 

 Lack of mentoring, (Seymour and Hewitt, 1977); 

 Under-preparedness freshmen 

 First generation students, particularly among women and URMs; 

Contextual Barrier: Despite aptitude, many URMs are discouraged by prejudice and discrimination from 

pursuing STEM, (Brown, et.al, 2004);   

 Cultural Barrier: Lack of ethnic identity, (Gushue & Whitson, 2006) 

Cognitive Barrier: Academic-related self-perceptions and Academic self-efficacy, (Kahn and Nauta, 

2001)

5.  STEM OPPORTUNITIES  

The news about STEM education in this country, though it is currently dire and ominous, is that STEM 
education is not only salvageable, but it can also have a bright and thriving future. Opportunities and innovative 
ideas abound. What may be lacking are the will and the desire to move beyond a failed legacy of STEM 
perception and attitudes and a move towards embracing equity and fairness on the part of some and sacrifice and 
hard work on the part of others. The STEM problem, then, may well be one of maintaining dominance for some at 
the expense of the whole. The academic problem may then be embedded in a societal quagmire. The problem may 
be societal and not merely academic. With that said, here then are some opportunities and new approaches that 
need to be fully implemented if we are to stem the STEM hemorrhage and chart a new course of STEM success 
and sustainability in this country:  

The STEM curriculum must be driven not only by its content but also by its clear relevance to daily 
living. According to Partnership for 21st Century Skills, STEM education needs to integrate 
interdisciplinary themes and promote cooperative learning in  real-world contexts. It needs to take 
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advantage of advanced technologies, adopt effective assessment strategies, and provide a pathway for 
learning to help students succeed in college, work, and life; 

The STEM curriculum must be imbued with the concepts of Active Learning. That is, students need to do 
more than just listen in class. They need to analyze, synthesize and evaluate ideas in in-class discussions 
with their peers and their instructors. The students need to be engaged in activities that will force them to 
reflect on STEM concepts and how these ideas and concepts apply in the real world;

The STEM curriculum must provide rich, foundational, and new content knowledge among all student 
subgroups. Substantive learning of STEM concepts, critical thinking and problem solving skills, 
teamwork, responsibility sharing, overcoming the fear of failure, improved student self-efficacy and self-
esteem in science learning, and thinking “outside the box” – that is thinking in unconstrained ways, must 
all be packaged and made part and parcel with the STEM curriculum; 

The STEM curriculum must build and utilize new and reinforce old research environments in 
undergraduate STEM education. Simultaneously, it needs to promote the integration of research within 
undergraduate STEM courses. Students need to be stimulated, challenged, and actively involved in high 
quality research whether via paid internships or as part of STEM class projects;  

STEM educators need to design and implement a STEM evaluation plan that includes both quantitative 
and qualitative data collection methods and analyses;  

The STEM curriculum must include clear, measurable, and explicit student outcomes; 

The STEM curriculum must be infused with expectations that are clear, consistent and high;  

STEM educators need a holistic approach to STEM education. An approach that includes, on one hand, 
safety nets like early warning systems, intrusive advising/mentoring, and frequent contacts with students, 
and, on the other hand, support systems like academic, social, financial, and language supports; 

STEM educators must design and implement STEM programs that culminate with STEM capstone 
learning experiences; 

STEM educators must develop and implement PEER led teaching/learning programs. 

STEM educators must develop and implement active undergraduate research programs and activities and 
even offer credits for research activities; 

STEM educators must develop and implement programs that promote graduate school and careers in 
STEM research; 

STEM programs must provide STEM resources – adequate and well equipped study space, and spaces 
that are “homely” and inviting for the commuter STEM student; 

STEM educators must provide adequate support for faculty to implement active learning strategies, to 
share their teaching experiences, and to promote teaching as a scholarly activity. 

Many of the elements above have been successfully implemented at various institutions nation-wide. 
However, they have not yet entered mainstream STEM education as a viable, new paradigm and as the way to 
move forward towards STEM success. The University of Texas at El Paso (UTEP), for example, has embraced 
this new philosophy to STEM education, and they have experienced tremendous results. Over an eleven year 
period of implementation of these bold STEM ideas, UTEP has had  

Improved student retention; 

Improved average first year GPA to B- ; 

Reduced average years to graduation by 1.5 years; 

Increased URM degree production by 41%. 
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 The question, therefore, is not whether as a nation this country has the tools to maintain its dwindling global 
dominance and thereby ensure its security and prosperity, but rather the question is whether or not this country is 
aware of the acute STEM crises it faces and will, therefore,  rise to the occasion and accept President Obama’s 
“STEM Challenge”.
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ABSTRACT 

Beginning fall 2009, a five-year secondary school, the City Polytechnic High School of 
Engineering, Architecture and Technology (City Poly) will be welcoming its first cohort 
of freshman.  These students will not only receive a high school diploma in three years 
but can also continue on to an associate degree in their chosen STEM field at New York 
City College of Technology (City Tech).  City Poly will be the first high school to allow 
students to take college-level courses in areas such as construction management, 
architectural technology and information technology.  During their first few years at City 
Poly, students will take a series of integrated courses focused on interactive, project-
based learning developed by an interdisciplinary team of architecture and civil 
engineering professors from New York City College of Technology, a part of the City 
University of New York (CUNY).  The approach is to utilize project-based learning to 
serve as a vehicle for teaching concepts related to STEM curricula.  

1. INTRODUCTION

An interdisciplinary team was created to design the Integrated Projects curriculum. The team is led by a 
licensed architect and licensed civil engineer with feedback provided by City Poly faculty, City Poly’s interim 
acting principal, and curriculum consultants.  This paper focuses on the development of the project-based learning 
model, STEM applications, implementation and revision of the Integrated Projects curriculum. 

2. THE CITY POLY – CITY TECH PARTNERSHIP 

2.1  Introduction to City Poly High School 

City Poly was created as one of four State-approved Career and Technical Education (CTE) demonstration 
sites in New York City and has been named as one of 10 schools in New York City Chancellor Joel Klein’s 21st

Century Schools Initiative. The unique format of this CTE school is a 3 + 2 program in which students complete a 
full 4 years of high school learning during the first three (3) years and will then continue on for two (2) more 
years of college level work at City Tech, earning a 2-year associates degree. 

With no scholastic admissions requirements, City Poly serves a predominantly minority and disadvantaged 
cross section of New York City high school students providing opportunities for college study and career 
pathways in engineering, architecture and technology related fields. City Poly opened its doors to its first 130 
students in September 2009 and by the fall of 2010 will have completed its first full year, run two summer 
programs and will be welcoming its second group of incoming freshman.. 

The City Tech–City Poly collaborative consists of members of the City Tech administration including the 
provost, City Poly faculty and interim acting principal, architectural technology and civil engineering technology 
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department chairpersons and faculty; CUNY’s Early College Initiative; and the National Academy Foundation, 
which operates over 500 career academies in high schools nationwide.  Funding for the project is through the 
Department of Education (DOE), CUNY and the Tortora Sillcox Family Foundation. 

3. INTEGRATED PROJECTS  

3.1  Integrated Projects Overview 

The implementation of the ideas generated through this collaboration is embodied in a new course entitled 
“Inter-Academy Integrated Projects”. Starting with a series of smaller team building and analytical exercises 
Integrated Projects (IP) works to develop the skills and knowledge needed to complete a year-long design based 
project. Courses which run concurrent with Integrated Projects courses, and an Integrated Mathematics course in 
the third trimester, are complimentary as they use exercises and assignments that link the courses together. 

In the Global Achievement Gap, Tony Wagner sites the lack of the development of what he terms “The New 
Survival Skills our Children Need”.1 IP address the development of these skills including collaboration, critical 
thinking and problem solving by introducing them into the project-based learning environment. 

The mission of the IP courses is to develop the skills needed in order for the students to successfully transition 
into college or directly into the workforce.  The architecture and engineering disciplines are the medium for this 
learning.  Students are taught basic STEM principles to solve problems, not to memorize solutions.  Over the 
course of each trimester, as well as over the course of each year, students will be introduced to a concept, repeat a 
concept, and finally master a concept.   

Through individual assignments IP helps students to see their unique backgrounds and interests as assets to 
the learning process while group assignments encourage them to see the advantages of being part of a diverse 
team. So as to encourage a more open, creative and less restrictive learning environment grading is on a pass fail 
basis. A rubric for each trimester is being developed to assess each student’s learning and skills development. 

In addition to the development of a valuable skill set, students also need to be made aware of the variety of 
career paths that they can choose from.  The interdisciplinary learning experience provided by the IP courses 
exposes students to various subjects and fields of study early on in their educational experience. 

3.2  Learning Communities at City Tech 

 In the spring of 2009, the team participated in 8th Annual Summer Institute for Learning Communities. The 
typical learning community pairs two different courses and professors in two different subjects with the same 
cohort of students. For example, Mathematics is paired with English or a course in Architecture is paired with 
Photography. Creating a supportive environment for first year college students, assignments flow back and forth 
between the two courses supported by professors with different expertise. 

The Integrated Projects model is similar to the Learning Communities model in that the Integrated Projects 
courses pair the expertise of professors in architecture and civil engineering, two professions that readily 
collaborate in the real world.  This was a natural fit. 

The Learning Communities Summer Institute provided an opportunity to present the Integrated Projects 
concept to City Tech faculty in a forum that provided valuable feedback and exposed the team to potential 
methods for implementing curriculum. One outcome of the Learning Communities was a directive to focus on the 
skill set that was to be developed and strengthened during the high school years at City Poly in order for the 
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students to successfully transition into college.  Additionally, the team decided on an approach which utilizes 
project-based learning and serves as a vehicle for teaching concepts related to STEM curricula. 

3.3 The Skill Set of the City Poly Student 

The skill set developed through the IP courses is designed to be applicable to a wide range of future career 
choices.  These skills include: leadership, teamwork, familiarity with technology, effective communication skills, 
analysis, problem solving, critical thinking, creativity, time management, and respect for others.  Additional skills 
specific to the architecture and engineering disciplines are: drawing, applying concepts of mathematics and 
science to solve problems, understanding material properties used in construction, site planning, and conceptual 
structural analysis and design.  While it is anticipated that students will pursue careers in these or other related 
fields, the mission of the IP courses is to successfully transition students into any chosen career. 

3.4  Project Based Learning

The initial concept derived from the Learning Communities asks for students to work in teams to study and 
propose possible solutions to a site split by a river.  Spanning over multiple trimesters the project asks the teams 
to answer four basic questions: a) how to get across the river, b) how to select a building site, c) how to develop a 
program of building spaces and d) how to share resources in a community. 

Each of these questions further breaks down into a series of smaller tasks that are written up as shorter 
assignments.  Combined together, these assignments lead students through the process of solving the larger 
problem posed by the four basic questions.  Each of these smaller assignments follow a similar format that require 
students to study the problem, develop solutions, draw and write about their solutions and then present their 
findings back to the class as a whole for critique and input. 

In the first year, the first trimester focuses on investigation of the site, followed by analysis of conditions 
along the river to determine the best location and method of crossing.  As the project proceeds, constraints are 
added to the problem. For example, the need for an approach road for a bridge solution would ask the students to 
re-evaluate and then eliminate inappropriate sites.  After crossing the river, students further study the other side of 
the river to begin evaluation of various building sites.  At the end of the first semester, a more formal presentation 
of each group’s work is presented and discussed by the class. 

The second trimester continues the project by assigning different building types to each of the teams who then 
research the programmatic space needs of each building.  As the number of available sites is limited the project 
further asks the teams to work together as a community to interact and negotiate for the use of shared resources.  
Additional lessons make comparisons between their design solutions for an ideal community to the realities of 
how these issues are managed in a real environment like New York City. 

For the second and third years, this process would be repeated with other real world applications.  This 
reinforces the pedagogy of introducing a concept, repeating, and then mastering a concept.  Repetition of process 
occurs multiple times in each trimester, and also continues throughout the series of Integrated Projects courses. 

4.   SYNERGY IN STEM: AN INTERDISCIPLINARY APPROACH TO STEM STUDIES 

4.1 Stem Application 

As a basic model, all problems are intended to generate other opportunities for investigation that would 
engage other areas of study including: mathematics, science, and technology as well as non-STEM disciplines 
such as art and history.  Projects and problems are interdisciplinary in nature and require the skill set that City 
Poly students would need in the architecture and engineering fields. 
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By working as a community to negotiate and compromise on the use of shared and limited resources, many 
problems require students to think objectively and to view things from each other’s perspective. Most assignments 
require the students to present their findings to the class in a graphic, written and oral presentation format which 
builds effective communication skills.

4.2 Curriculum Brainstorming Process 

The team’s curriculum development process typically begins with one simple idea.  The following two case 
studies show how one idea generates multiple lesson plans that map to various subject areas.   In Case Study 1 
(Fig. 1.), the initial concept of the Vitruvian Man, a drawing by Leonardo de Vinci based on the writing of 
Vitruvius, was explored. This concept led to lessons on the Golden Section, Fibonacci’s sequence, proportions 
and ratios, and the artistry behind the Mona Lisa, to name a few. These lesson plans map directly to the subject 
areas of architecture, engineering, science, music, art, philosophy, mathematics, culture and sociology.  

Fig. 1.  Case Study 1 - Vitruvian Man Permutations

Case Study 2 (Fig. 2.), began with the idea of pattern recognition, a 4th generation idea from the first case study 
(Fig. 1.) and further develops this into a second series of lessons which touch on many of the same subjects.  The 
goal of the brainstorming process is to develop a logical sequence of concepts that are engaging to high school 
students.  Additionally, by touching upon multiple subject areas, the hope is that all the students will find a subject 
of interest and explore possible career paths based on this subject.  This is directly in line with the goal of 
providing students with diverse career path opportunities. 
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Fig. 2.  Case Study 2 – Pattern Recognition Permutations

4.3  The Design Feedback Loop

In the fields of Architecture and Engineering a common process that is an integral part of our problem solving 
mechanism is the “Design Feedback Loop” (Fig. 3.). This loop teaches us to identify problems, understand and 
quantify relevant conditions, develop solutions, present these for feedback and to modify our solutions 
accordingly.  This sequence relies on the development of core soft skills, including: creativity, problem solving, 
observation, communication, and critical path thinking. Developing student awareness and understanding of this 
process and its application to a wide range of problem solving situations is an underlying goal of the IP course. 

.

Fig. 3.  Design Feedback Loop



164

5. IMPLEMENTATION OF STEM IN THE CLASSROOM 

In the fall of 2009 the first trimester began and materials were handed off to the City Poly High school 
teachers.  The team of college professors has visited with the students, and participated in both teaching and 
lecturing and the concept of Integrated Projects has been introduced to both the faculty and the students. 

In response to these experiences the team has begun to modify and adapt their curriculum development to 
both the environment of a high school classroom and to the audience of high school educators and students.  The 
focus has shifted from the larger project based model to a shorter activity based model and has rescheduled the 
large project to the third year while soft skills are developed. 

6. CONCLUSIONS AND MOVING FORWARD 

As Architects and Engineers, each problem is approached with different sets of skills, experiences and 
problem solving techniques. As such, much of the teams brainstorming is its own STEM experience as each 
problem diverges into to discussions of design, engineering, mathematics, physics and many other fields of study. 
It has become clear that the success of this process and of the collaboration is based on sharing some core soft 
skills that include creativity and imagination, listening, negotiation and compromise and effective drawing, 
written and oral communication skills.  While possessing contrasting styles of working the team is able to foster a 
complementary working relationship. 

As a new learning environment, the Integrated Projects approach and philosophy will require both teachers 
and students to adapt to a different way of thinking about how learning occurs and they will need to be given the 
time to develop their own prerequisite soft skills. 

This experience has brought us back to a simple question, “Who needs soft skills?”  

While the answer “We all do” is clear, the task remains to design the best environment for their development.  
It has become clear to us that we need to begin to see that certain soft skills are pre-requisites for learning many of 
the subjects we wish to teach and further that some soft skills need to be seen as pre-requisites for others.  As we 
continue to work with City Poly we are looking to develop a clearer sense of this flow and to look to chart out the 
soft skills sequentially.  We have three years to get there.  
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