
A. Results from Prior NSF Work 

Since June 2003, NSF grant # 0231768 has funded the “A Lehigh Valley Partnership to Enhance 
STEM Education through G4-12 Teaching Fellows.” The objectives of the project were 
threefold: (1) to increase interest and learning in STEM disciplines, especially among women 
and under-represented minority students in G4-12; (2) to instill a life-long awareness and 
appreciation for K-12 educational issues in the Teaching Fellows; and (3) to provide teachers 
with training and resources to incorporate inquiry-based learning methods in STEM disciplines. 

All of these objectives were achieved. Based on written rubrics and focus groups, our 
evaluator found that participating K-12 students learned from hands-on presentations and were 
more motivated and enthusiastic to learn about STEM, because of fellows’ activities. Fellows in 
surveys and focus groups report that they learned how to develop lesson plans at the appropriate 
level, growing in their ability to deal with diverse cultures, socioeconomic levels, and academic 
abilities. Almost all of the fellows report that they hope to continue outreach or act as an 
advocate for schools when they embark on their own careers. STEM teachers reported in surveys 
that they expanded their knowledge through the fellows’ expertise, increased the number and 
type of hands-on projects they use in their classrooms, and that having a fellow in the class 
allowed them to focus more on students who needed assistance. STEM teachers and Lehigh 
faculty reported learning how to teach students with different learning styles and using more 
open-ended questions that require critical thinking. 

Nine outreach teams each consisting of Lehigh faculty in seven STEM disciplines as 
team leaders, NSF Graduate Fellows (one per team), STEM teachers (typically two per team), 
undergraduate fellows (one or two per team), and volunteers from industry partners, engaged 
nearly 10,000 students in seven different schools, spanning grades 4 through 12 across two 
school districts. Five schools have minority populations at or exceeding 70%. Nearly 70% of the 
Fellows were female and/or of minority status. The outreach teams have created many novel 
curricula. The Physics team, working with 4th and 5th graders at two Bethlehem elementary 
schools, created a curriculum using aviation as a theme inspiring instruction in a wide range of 
physical sciences, technology and mathematics and including demonstrations and hands-on 
activities that interweave technological and mathematical topics. A complete teacher’s guide is 
available on the STEM project web site. This team also developed a large scale thematic learning 
adventure called “Timeline: Planet Earth!” for K-5 students. Four schools have participated so 
far, involving over 2,000 students, with well over half of these from two STEM schools. 

At the behest of administrators of the Allentown School District (ASD), three outreach 
teams went to Harrison Morton Middle School (HMMS). Then at greatest risk in the district, 
HMMS is now the first NASA Explorer School in the region and has attracted considerable local 
and national media attention. 

The Earth Science and Biology Team developed lab activities to supplement the ASD-
mandated science curriculum for 8th grade. The activities were developed to illustrate the utility 
of the scientific concepts in the everyday life of the students. Topics covered included forensic 
science, genetic mapping, pollution, and data analysis for weather prediction. Dr. Frank 
Petrocelli from Air Products worked in collaboration with the Teaching Fellows and STEM 
teachers to develop two labs on miscibility. Students applied their understanding of “why oil and 
water do not mix” to the need for corporate responsibility for environmental protection, most 
notably in the oil industry. Undergraduate teaching fellow turned Graduate Teaching Fellow 
Melodie Kent helped organize two successful Science Nights and Family Banquets where 
students demonstrated to parents and siblings their knowledge and enthusiasm for STEM. 



The Mathematics Team at HMMS engaged 6th graders in a series of hands-on activities to 
supplement the highly structured mathematics curriculum. The team’s approach of “mathematics 
in context” is consistent with standards set forth in state mandated achievement tests. Most of 
these activities are designed with a science theme, utilizing a multidisciplinary teaching 
approach, and fostering the use of mathematical skills in other areas. In one activity, the concept 
of proportions was applied to the discussion of the atmospheric composition of the planets in our 
solar system. The two STEM teachers are now members of the Mathematics and Science 
Curriculum committees for ASD and in collaboration with the rest of the team are preparing 
lesson plans for these activities for circulation throughout the district as appendices to the official 
curriculum. This team has two corporate partners: Air Products has provided expertise in 
developing presentations and activities highlighting the importance of mathematics in a 
technological society. Suntex Intl has facilitated the school-wide adoption of the “First in Math” 
web-based game as a vehicle for improving students’ basic arithmetic skills. 

A most exciting development has involved the collaboration of several teams at HMMS. 
The IT Team, in cooperation with the Earth Science and Mathematics teams, created integrated 
curricula spanning three disciplines. The IT Team also spearheaded the design, development and 
implementation of fantastic and nationally-unique resources for a: simulated Mars Yard and 
Mission Control environments in a basement room of the school. Accurately representing the 
known environment on the surface of Mars, the Mars Yard has been a communal effort, from the 
pro bono architectural designs from Gouck Architects, to the scaffolding by the principal, staff, 
and volunteers from HMMS, to the concrete-like ground provided by Rohrbach Concrete, to the 
surrounding vista of Martian landmarks painted by local artists including Mr. LaDuca, inspired 
by photographs and images from NASA. ER1 robot “rovers” traverse this landscape under tele-
operation from the HMMS Technology Teacher’s classroom. The classroom will soon be 
revamped into an environment that accurately represents NASA’s Mission Control, providing the 
look and feel of the Apollo missions, complete with display wall technology, multiple video 
feeds, enhanced wireless and wired Internet access, and teleconferencing capabilities. This 
environment will also fully incorporate about $1M of materials from Binney&Smith, consisting 
of various kiosks and workstations from a prior Martian Exploration exhibit. While the IT Team 
has been most active in these developments, these resources are applicable for any subject in the 
school. Teachers from across the school will utilize the rovers, Mars Yard and Mission Control 
to enhance their lessons. These resources have already been featured on the local Tempo! 

television program (show #340, accessible from www.wlvt.org/tempo/WebInfo.htm), an article 
in the Chronicle of Higher Education (March 10, 2006, Volume LII, Number 27, page A5), and 
soon to be included in a National Association of Physicists documentary. There is much interest, 
internal and external to ASD, in letting other schools and museums remotely control the 
technology in the Mars Yard (which is a capability of this robotic platform). According to 
HMMS’ NASA liaison, these educational resources are unlike anything else in the nation.  

The Chemistry Team developed 22 active Learning Kits for 9th grade physical science 
students, three in conjunction with Binney&Smith (Crayola) scientists (e.g. chromatography). 
These Kits all support regular curricula; many have been refined for wider dissemination and 
adopted by all teachers teaching this science curriculum. The team also sponsored a Science Fest 
for students of all ages and their families, with 150 students and family members attending.  

With the goal of seamlessly integrating technology into classroom activities, the project 
cosponsored the purchase of site licenses for the Macromedia Development Suite at HMMS and 
Broughal Middle Schools and trained teachers in the use of Dreamweaver™ and Flash™. The IT 



Team at Broughal Middle School created a curriculum in which 7th grade students learn how to 
create multimedia presentations using Flash™ animations. As one Broughal Middle School 
student wrote: “I created a web page for each stage of mitosis and linked all my web pages 
together using Dreamweaver. I also animated the stages of mitosis. I inserted buttons that 
instructed the animation to stop and go. To make the animation, I used an application called  
Flash MX. When I grow up I hope to become a mechanical engineer. I predict that creating this 
web page will help me in the future.” The Broughal team also developed a 6th grade curriculum 
for designing and testing bridges using West Point Bridge Design software and an 8th grade 
curriculum programming robots to navigate tours across an Industrial Arts classroom.  

The IT Team at Dieruff High School created a “Design first with Java” curriculum, in 
which students learn object-oriented analysis and design as problem-solving skills. Students 
learn how to develop use cases to analyze problems, then design solutions using Unified 
Modeling Language (UML), before implementing any code in Java. Graduate Fellow Sally 
Moritz coauthored papers describing the successful results in an international conference (Moritz 
et al. 2005) and in SIGCSE Bulletin (Moritz and Blank 2005). Teacher Chad Neff, who had 
never been exposed to Java before, presented the curriculum at a National Academy Foundation 
conference. 

The Dieruff team has benefited from partnerships with Agere and PPL. Agere has agreed 
to finance a new computer networking lab, to be installed this summer. PPL has sponsored in 
class demonstrations, field trips and “shadowing" PPL employees. Students toured the computer 
center and learned how the company's servers are maintained and how test servers are used to 
reproduce bugs and stage software upgrades. A Geographic Information Systems specialist 
explained how PPL computer systems track all of the company's electrical lines, equipment and 
customers and how that data identifies the location of power outages so crews can be sent 
directly to the failed device. Each student was then paired with an employee mentor, who 
answered questions as the student “shadowed” him at work for the rest of the day. 

As an offshoot of IT team activities, the PI and Graduate Fellow Sally Moritz organized 
the first meeting of the Lehigh Valley Computer Science Teachers Association on April 24, 
2006, held at Lehigh University, for middle, high school, and college teachers. HMMS STEM 
Teacher Don Stahl gave a demo of remotely controlled robots in the HMMS Martian Landscape; 
Dieruff STEM Teachers Chad Neff and Tom Derhammer introduced Dieruff’s AOIT (Academy 
of Information Technology); and Sally Moritz explained the “Design-First with Java” 
curriculum.. Teachers from three other high schools presented projects. All 24 participating 
educators enthusiastically encouraged planning at least two LVCSTA meetings per year.  

The PI for this proposal was also PI of the CIMEL project (Constructive, collaborative, 
Inquiry-based Multimedia E-Learning) began in October 2000 (grant # EIA-0087977 for 
$578,000). The PI and graduate students built and evaluated a multimedia framework and 
content for an introductory graduate level course, Object-Oriented Software Engineering, two 
upper level undergraduate courses, Software Engineering and Programming Languages, and two 
introductory level courses, for majors (CS1) and non-majors (CS0). Multimedia content has been 
developed to complement a new textbook for CS0 or CS1 (Blank, Barnes and Kay 2003). Our 
preliminary results are promising. Our papers and other documents, evaluation materials and a 
demo version of the multimedia are available at www.cse.lehigh.edu/~cimel. CIMEL multimedia 
was adapted for use in Broughal Middle and Dieruff High School curricula. 

 
 



B. Goals and Objectives 

Our first GK-12 project, the Lehigh Valley Partnership for STEM education, has laid a pipeline. 
Our continuing project (LV STEM) will widen the pipeline of PhDs who are advocates for K-12 
education and of K-12 students who can communicate complex concepts of STEM disciplines 
through  writing and multimedia. STEM teachers and administrators, industrial partners, and 
Lehigh faculty and undergraduate students, who have all helped to create this pipeline, will work 
together with NSF Graduate Fellows to widen it.  Here is how: 
1. Novel curricula and resources, already gaining national attention, will be made available to 
more schools in the region and nationally. 
2. Outreach students will broaden the impact on graduate students, teachers and K-12 students. 
Full time Fellows, faculty and STEM teachers will mentor Outreach students, as members of 
Fellow teams; outstanding Outreach students will then deploy units at other schools in the 
region.  The Pennsylvania Infrastructure Technology Alliance (PITA), school districts, and 
corporate sponsors will provide funds to support Outreach students (at no cost to the NSF). 
3. Fellows and Outreach students will provide pre- and in-service training to STEM teachers 
through Lehigh's Graduate College of Education Integrated Professional Development Schools, 
using curricula and Learning Kits developed by outreach teams anchored by Fellows. 
4. Corporate partners will expand their current participation on outreach teams, by contributing 
Outreach student supplement funds and participating in our plans to widen the pipeline. Parents, 
who are also crucial partners, will have expanded opportunities to learn with their children. 
 
The following subsections explain each of the above objectives. 
B.1. Novel curricula will be disseminated regionally and nationally 

The successful curricula of our first GK-12 project are ready for wider dissemination. For 
example, our integrated science, technology and mathematics through aviation curriculum for 4th 

and 5th graders, our Bridge Design curriculum for 6th graders, our Web and Flash animation 
curriculum for 7th graders, our Mars Yard and Mission Control for 8th graders, and our Design-
First with Java curriculum for 10th through 12th graders are all ready to be deployed at other 
schools in the region, with the help of Fellows or Outreach students. They will also be 
downloadable nationally from www.lehigh.edu/stem (with several already available). With 
experience and changes in science and technology, these curricula will be updated and enhanced, 
and new curricula and materials made available. 

ASD, now that our programs have gained the attention and admitted envy of other 
principals, wants to deploy our curricula in other district schools. The Mars Yard at HMMS has 
been implemented so that the robots can be tele-operated across the Internet. Access and 
curricular support will be provided to other middle schools in Allentown, Bethlehem and Easton. 
Nationally, Liberty Science Center in New Jersey and the DaVinci Discovery Center in 
Allentown plan to provide tele-operated access to the Mars Yard robots from their museums 
(and/or a similar landscape locally). We will offer access to other schools (prioritizing HMMS 
and Allentown schools, then schools or programs whose audiences have a high impact on 
underrepresented minorities).  

The Design-First with Java curriculum will be supported by an integrated learning 
environment featuring multimedia, the open source Eclipse development environment with 
novice-oriented plug-ins (DrJava and LehighUML), and an intelligent tutoring system (ITS) 
which observes student work in the LehighUML plug-in and multimedia and provides hints and 
lessons to students who are having trouble, taking into account their individual learning style 



(Wei 2005, Moritz 2005, Wei 2006, Parvez 2006). As a result of our first Lehigh Valley 
Computer Science Teacher’s Association meeting, several other high schools in the region have 
already expressed interest in learning how to use Eclipse with our enhancements and curriculum.  

The ITS architecture has been designed to be general enough to support other learning 
applications. The First in Math® Online program (see www.firstinmath.com) has a proven track 
record helping students in grades 1-8 acquire and master fundamental math skills. Through a 
series of progressively more difficult games and Skill Sets, students are challenged and 
motivated to complete each game using a specific fundamental math skill (from one step addition 
to multi-step algebra) as well as critical thinking and problem solving skills. In partnership with 
SunTex Intl, the STEM project has donated site licenses of the First in Math™ program to two 
elementary and two middle schools participating in the project. At last summer’s STEM 
workshop, SunTex’s President noted that there is a need to help students who get stuck and stop 
playing the game, by diagnosing their difficulties and connecting them with math learning 
strategies that are already supported on the web site. As a result, a PITA-sponsored project has 
begun, to study the behavior of 3rd graders playing the game, with the goal of developing an ITS 
to diagnose difficulties and connect students to math strategies as they “play,” taking into 
account each individual student’s understanding level and learning style. 
B.2. Outreach Students 

Outreach students will enhance and extend the impact of Teaching Fellows on Lehigh Valley 
schools,  graduate students, teachers and K-12 students. Outreach students will enhance teams 
with Fellows by providing additional mentors for K-12 students, helping to develop curricula and 
lesson plans.  After a semester apprenticing as a member of team with a Fellow, outstanding 
Outreach students will then be able to deploy units at other schools in the region. Former fellows 
may serve as Outreach students, with supplements supplement Research Assistantships. (We 
have tested this model shortly as two of our former Teaching Fellows, Melodie Kent and Chris 
Janneck, received PITA-funded supplements as Outreach students, so they could remain 
involved in developing outreach programs at HMMS.) In yet another model, Outreach students 
will emerge from undergraduate programs, such as Lehigh University Presidential Scholars. 

Outreach student supplements will broaden the impact on graduate students, teachers and 
K-12 students. Fellows and their advisors will be recruited from computer, physical and 
biological sciences, engineering and mathematics. Outreach student supplements will be offered 
to graduate or undergraduate students in Lehigh’s programs in the College of Arts and Sciences 
and the College of Engineering and Applied Science in STEM disciplines. Because they are 
relatively low-cost, Outreach students are a way to sustain the impact beyond the grant period, 
from various sources.  PITA, school districts and other partners will fund Outreach students 
during this period of this project. (Outreach students are no cost to the NSF). 
B.3. Industrial corporate participation 

Due to co-PI Odi’s long-term established relationships with several major international industries 
headquartered in the Lehigh Valley, we have engaged several such partners including Agere, Air 
Products, Binney & Smith, PPL, and Suntex Intl. Corporate partners will contribute volunteer 
staff to provide inquiry-based lessons and role models, provide opportunities for “workplace 
shadowing” for students to learn what STEM workers do on the job, summer internships for 
promising high school students, and provide financial support for additional Outreach students 
and special projects, during the grant and beyond. Corporate sponsors will also assist in the 
development of STEM Learning Kits based on applications in industrial labs, in collaboration 
with STEM outreach teams (Fellows or Outreach students). 



B.4. Pre- and in-service training for STEM teachers 

The continuing LV STEM project will provide K-12 teachers with resources to develop 
professionally by participating on outreach teams and through pre- and in-service training in 
collaboration with Lehigh's Graduate College of Education. Our Fellows consistently attribute 
the friendships formed with teachers, students and other Fellows as an important factor in 
motivating their continued participation on the project. As a result, our continuing proposal 
includes plans to match each Graduate Fellow with two STEM teachers, one of whom will be 
designated as the lead teacher. The model of matching a Fellow with two teachers was very 
successful in our original project, enhancing the impact of the Fellow on K-12 schools.  
Identifying one teacher as the lead teacher will help focus and prioritize the Fellow’s activity. A 
natural fit would be for an Outreach student to work closely with a STEM teacher using a 
Learning Kit developed by Teaching Fellow outreach team. Fellows or Outreach students  will 
aid in pre- or in-service training of teachers to enable them to use Learning Kits. Our school 
district partners have committed to work with us to fund Outreach students who provide the 
districts with pre- and in-service training through workshops. (Please see the letters of support 
from the Allentown and Bethlehem Area School District Superintendents for details.)  

These new pre- and in-service programs will benefit through cooperation with Lehigh 
University’s nascent Integrated Professional Development School (IPDS). This connection with 
the IPDS program will allow us to magnify the reciprocal benefits flowing between partner 
schools, including teachers, students and administrators, and Lehigh University, including 
Fellows and faculty. It also has the virtue of multiplying the effectiveness by including another 
critical stakeholder: the pre-service teacher. Furthermore, IPDS will become part of the 
University’s educational and research structure, thereby including mechanisms for sustaining 
long-term resource acquisition and sustainability. 

 
C. Project Plan 
In this section we address the implementation of the activities, or program components, 
associated with each of our six objectives. Each subsection, while focusing on different aspects 
of this project, remains true to the overarching theme of widening the pipeline and learning how 
to communicate complex concepts of STEM through writing and multimedia. 
C.1 Developing and disseminating novel curricula regionally and nationally 

In our first project, we deployed eight outreach teams, four each in the Allentown School District 
(ASD) and Bethlehem Area School District (BASD). Teams reached Fountain Hill Elementary 
(BASD, 45% minority, 55% low income), Spring Garden Elementary (BASD, 17% minority, 
14% low income), the Regional Academic Standards Academy (BASD, 80% minority, 95% low 
income), Broughal Middle (BASD, 82% minority; 84% low income), Harrison-Morton Middle 
(ASD, 76% minority, 86% low income), Dieruff High (ASD, 68% minority, 61% low income), 
and Freedom High (ASD, 15% minority, 18% low income) schools. Our continuing LV STEM 
project will continue and expand outreach to these schools. Our program at Broughal Middle 
School (adjacent to Lehigh University) will expand from the successful IT programs to support 
science, in conjunction with BASD plans to build an entirely new building in 2007, making it a 
magnet school for science and technology. We will also widen the pipeline in BASD and ASD 
by creating new outreach teams in other schools, for a total of about six schools each in ASD and 
BASD. In year two, we will begin outreach in the third city in the Lehigh Valley—the Easton 
Area School District (EASD)—in a middle and high school. We will be able to extend our reach 



without increasing the number of full-time Teaching Fellows, with Outreach students, which we 
anticipate expanding with supplementary funding from PITA and other partners. 

STEM curricula, lesson plans and Learning Kits each generally consist of a material and 
informational component. Material components will package all necessary physical materials 
into kit containers (to be shipped to various classrooms) or a materials list will be provided for 
each kit in a curriculum, with appropriate specifications to allow classrooms and districts to 
procure these materials themselves. Dissemination of information has become practically cost-
free and instantaneous with the maturation of digital communication technologies. We plan to 
reify as much content as possible in digital formats to facilitate dissemination with minimal cost. 
We will also sponsor annual workshops, inviting teachers to learn about our novel curricula and 
share ideas. We have already begun sponsoring a Lehigh Valley chapter of the Computer 
Science Teachers’ Association. Similar workshops of best practices will be coordinated for 
STEM teachers. Participation will also be encouraged by other educators associated with other 
GK-12 projects. We will also offer workshops at regional and national conferences, such as the 
Consortium for Computing Sciences in Colleges (for which we present a tutorial on the Design-
First curriculum this fall), SIGCSE, the National Academy Foundation, and others.  

This summer, the PI will teach part of the Design-First curriculum at a summer camp for 
high school students in Memphis, in partnership with another GK-12 project at the University of 
Memphis. Data gathered from this camp will help evaluate the curriculum and ITS as part of the 
dissertation for one of our Graduate Fellows, Sally Moritz, as well as two other female PhD 
students working on different parts of the ITS. The data will also enable us to study the impact of 
our work on a primarily Afro-American audience. We look forward to continuing our partnership 
with the University of Memphis as well as forge partnerships with other schools interested in 
evaluating and disseminating our approach, as well as learning from them. 
C.2 Graduate Teaching Fellows 

Graduate Fellows and STEM teachers and faculty team leaders will participate in a one week 
training workshop held each summer. During the workshop, graduate students will be introduced 
to K-12 teachers, begin to understand the issues that K-12 teachers face in STEM education, and 
generate ideas for the development of inquiry-based instruction techniques to improve problem 
solving and critical thinking skills. Teams will be formed, each combining a faculty team leader 
and Fellow with two STEM teachers. 

In addition, Graduate Fellows will take one of three possible courses about how to 
develop in hands-on, inquiry-based methods in STEM instruction. The first course, “Developing 
and Using Student-Based STEM Teaching Activities,” to be taught by Professor and Co-PI 
DeLeo, will feature three components that include teacher centered discussion and demonstration 
of selected current learning activities, a lab focused on development of new or improved STEM 
Learning Kits, and outreach time serving in school classrooms. The second course, “Teaching 
and Learning through Guided-Inquiry Experimental Activities,” to be taught by Co-PI Columba 
in the College of Education, will feature three components: (1) exposition and discussion of 
current understanding of learning paradigms, learning styles, incorporation of technology in the 
classroom, and other related topics, (2) a laboratory involving the students in modeling these 
learning activities, and (3) outreach time serving in school classrooms. The third course, 
“Multimedia Design and Development,” to be taught by PI Blank, will introduce software 
engineering and cognitive principles of e-learning, along with Flash™ programming in labs.  

 
 



C.3 Teacher Training and Science Coordinators 

Our professional development will focus on Instructional Design, Team Building, and Writing 
Across the Curriculum. For Instructional Design, the workshops will include an overview of the 
elements in an instructional design plan. Learner characteristics that influence instructional 
decisions will be examined. Instructional objectives, subject content, goals, and purposes are 
related components, along with strategies so that each learner can master the objectives. 
Evaluation instruments with rubrics will be developed for the instruction. Also, resources will be 
identified to support instruction and learning activities. Appropriate use of technology in the 
classroom will be integrated into each area of instructional design.  

For Team Building, workshops will adapt principles and materials from Dr. Roy 
Herrenkohl’s Becoming a Team: Achieving a Goal (2004). Each outreach team member will 
define the team’s goal, a team consensus on the definition of its goal, individual goals of each 
team member, and goals for participating on the team.. Each team member will list his or her role 
in carrying out the team plan and the specific role they would like to perform. Each team will 
define the values they believe are central to their team’s activities. Lastly, each team will define 
and come to a consensus on their operating principles. The products of teamwork are team 
products, team development and learning, and effective team performance. 

For Writing Across the Curriculum, workshops will use Writing for Learning: Writing as 

a Way of Knowing. Writing for learning demands participation of the student; helps  the student 
to summarize, organize, relate, and associate ideas; provides opportunities for students to define, 
discuss, or describe an idea or concept; encourages the personalization, assimilation, and 
accommodation of STEM concepts; and, provides an appropriate vehicle for the student to 
express and focus on negative feelings and frustrations as will as to emote and rejoice in the 
beauty of mathematics/science (Azzolino, 1990). Journal writing and The One Minute Paper will 
be introduced as methods for making writing an effective tool for learning and evaluation. 

Another source of professional development is through Teacher Apprentice Schools or 
Professional Development Schools. John Goodlad and the National Network for Educational 
Renewal recommend building new linkages with the public schools in the form of “professional 
development schools” that are analogous to “teaching hospitals” in the medical profession 
(Goodlad, 1990). The intent is to bring pre-service teachers, teacher educators, and practicing 
school teachers together in symbiotic partnerships to improve the preparation of teachers 
(Lunenberg, 1995). The College of Education will work to improve teachers’ ability to retool 
teaching, update curricula, integrate new research methodologies into instruction, meet the 
growing list of the sociopolitical needs of students, and raise test scores.  

In recent years, there have been movements throughout the nation to focus and enhance 
the effectiveness of this multitude of cooperative university-school relationships. The 
organizations designed to accomplish these goals are called Professional Development Schools 
(PDS) or, as in Lehigh’s Program, IPDS. Each IPDS involves a partnership between Lehigh 
University and an area school, collection of schools, or entire school district. Lehigh’s IPDS 
programs have received strong support from various school/district leaders. 

Each IPDS—each collaboratively planned and implemented partnership—is unique; each 
addresses specific needs and specific benefits of both schools and university. Where an element 
of an IPDS program involves science, technology, engineering or mathematics instruction, there 
is an opportunity for content-area faculty, Fellows and Outreach students to enhance the learning 
experience of K-12 students and the professional development of K-12 teachers. Fellows in our 
current project develop significant teaching and team building skills through their interactions 



with K-12 students and teachers. Within the framework of an operating IPDS program, their 
experiences and contributions will have added value. 

Operating within an established IPDS, Fellows, Outreach students and STEM faculty will 
work with CoE faculty to couple inquiry-based learning methods with content-based activities 
and demos brought into classrooms. Since many of our partner schools are in low income areas 
with large underrepresented populations, Fellows will learn methods for management of difficult 
situations involving language, race, and socioeconomic status. For faculty and Fellows on our 
current project who have spent many hours in the classroom, it is clear that the impact we have 
on student teachers is extraordinary. Their presence, however, is coincidental and only 
occasional. Therefore, we propose in our continuing project to selectively include pre-service 
teachers as partners in our program. This would be a natural connection point involving the 
overlapping missions of the IPDS and Continuing programs. Upon graduation, these “STEM 
Pre-Service Teachers” will move to locations throughout the country, having achieved the 
important GK-12 goal of establishing cooperation between STEM practitioners and teaching 
professionals. 

To maximize the effectiveness of in-service training days, Fellows and STEM teachers 
involved in the program will provide to other teachers on implementing and incorporating STEM 
Learning Kits into their classroom. These in-service training days will benefit the teachers by 
having the ability to work with the kits, first hand, before the students arrive, and will benefit the 
Fellows by requiring them to communicate their ideas and knowledge to educationally oriented 
participants. Fellows will explain how to utilize the kits, providing background knowledge 
necessary so that teachers feel comfortable using and incorporating them (including: background 
and relevant theory, setting up and putting away, potential breaking points and fixes).  

A lesson learned from our first project is that Science and Mathematics Coordinators are 
crucial players when it comes to ensuring that new curricula conform to district, state and 
national science and mathematics standards and then readily accepted for use in other district 
schools. For this reason, our continuing grant will recruit science coordinators from the 
Allentown, Bethlehem Area and Easton Area School Districts as active participants, providing 
$1000 stipends for each coordinator as incentive for their active participation. They will work 
with outreach teams to ensure that novel curricula and Learning Kits meet standards, and help 
plan in- and pre-service training for district teachers in connection with the IPDS program. 
 

C.4 Corporate partners and parents 

Corporate and university collaborations are becoming increasingly critical in enhancing and 
advancing STEM education. Co-PI Odi has developed a productive infrastructure to foster 
industry engagement and collaborations. Based on recent conversations with industry executives, 
this project proposes to engage industries in STEM curricula development, implementation and 
evaluation and other areas that are mutually beneficial to all the partners involved. Specifically, 
the R&D Division and Corporate Science and Technology Center with participating industry 
partners will work with University Scientists and Engineers and School District Science and 
Mathematics Coordinators to develop science, math and technology curricula for the districts 
involved in the project. The developed curricula will be intended to meet the state and federal 
standards and as well as prepared the students for STEM degree programs in college or 
university. The other important goal for industry collaboration is to bridge the gap between 
school teachers and industries and strengthen the relationships. As a result, teachers will be 



equipped so that they will be more comfortable and confident in incorporating the STEM content 
into their own teaching. 

The proposed working collaboration will occur through planning meetings that will be 
organized by the Project Management Team and hosted at participating School District and 
industry sites to be determined. Several working groups will be formed with a facilitator. Each 
working group will include teachers, faculty, graduate student, industry representative, and 
district science or mathematics coordinator. Each will be charged with a focus area to develop 
and a deadline to complete the task. 

Parents are also crucial partners for the success of our outreach programs. As is clear 
from the high number of minority and low-income students in our partner schools, our outreach 
is being conducted in a challenging environment. A critical factor lacking in these populations is 
support from the family. To address this concern, we plan to continue outreach to parents in 
special programs designed to engage parents in their children’s learning. In our current project, 
the Earth Science and Biology outreach team has developed a successful Science Fair event at 
HMMS. This Fair provides a special night and environment for students to set up and 
demonstrate projects they have been working on, as a result of collaboration with the STEM 
teams. The Fair begins with presentations (given by Dr. Smith of the DaVinci Discovery Center, 
this year) and a raffle (where many prizes were distributed, including various science kits, a 
Playstation Portable (PSP) and a new IBM Thinkpad laptop computer), and then student 
demonstrations (throughout the school) and also a complete meal with dessert (for this last Fair, 
the dessert was ice cream made using liquid nitrogen). While the event is open to everyone, 
participating students are especially encouraged to invite their parents to the event. We estimate 
that approximately 250 to 300 parents attended the Science Fair this year. We will build on our 
success at HMMS to encourage successful science fairs at other schools. We will also use the 
Web and email to get parents connected with our outreach programs, increase awareness of 
short-and long-term opportunities for their children in STEM, and provide opportunities for them 
to visit the schools to see our Teaching Fellows and Outreach students in action. 

 
D. Recruitment of Graduate Fellows, Outreach students, and STEM Teachers 

Our recruitment and selection strategies are designed to attract and retain high-quality 
Graduate Fellows who have strong communication skills and exhibit academic excellence in core 
STEM disciplines and can bring innovative STEM research into K-12 classrooms.  An emphasis 
will be placed on recruiting women, underrepresented minorities, and students with disabilities. 
Students who have made progress toward their own STEM research at Lehigh University will be 
recruited.  Master's students and incoming graduate students with prior relevant research (such as 
REU experience) will be considered.  Co-PI Henry Odi and other PIs will recruit minority 
students with Masters degrees in STEM disciplines form Historically Minority Schools as well 
as promising female students with Masters degrees in STEM disciplines from regional 
universities. Graduate Fellows will be supported for at most two years on GK-12 grants (original 
and continuing) and all Graduate Fellows must be U.S. citizens or permanent residents. 

Outreach students will be recruited from the following student organizations and/or 
groups at Lehigh: student tutors/mentors from the S.T.A.R. Academies; student members of the 
Women in Engineering Programs & Advocates Network (WEPAN); student members of the 
National Society of Black Engineers (NSBE), the Society of Hispanic Professional Engineers 
(SHPE), and the Society of Women Engineers (SWE), especially those with previous outreach 



experience; Lehigh Presidential Scholars and other graduate students in STEM disciplines, 
attracted to the STEM program’s web site and/or research activities at Lehigh.    

Currently, there are over 100 student tutors/mentors in the S.T.A.R. Academies, with 
approximately 50% women and 10% minorities. Each tutor/mentor has already shown significant 
commitment to K-12 education by serving 150 to 200 hours each year as volunteer mentors and 
tutors to S.T.A.R. Academies K-12 students. At Lehigh, there are approximately 150 students in 
NSBE, SHPE, and SWE, with approximately 70% women and 65% minority. Several of these 
students are already involved in educational activities through the NSBE Community Outreach 
Program and the Agere Systems Education Program. In addition, Lehigh’s Presidential Scholars 
Program allows students with a GPA of 3.75 or higher and at least 90 credits at Lehigh to take 12 
months of classes at the graduate or undergraduate level without paying tuition. Each year there 
are roughly 60 Presidential Scholars in STEM disciplines, with 40% women.  

Graduate Fellows will be selected by project PIs. Candidates will be required to complete 
an application form, followed by an interview with project participants working in the discipline 
area of interest to the applicant. Since several of the project faculty participants are already 
actively involved in K-12 outreach, there is an existing pool of highly qualified candidates with 
whom the faculty participants work on a regular basis. Graduate Fellows candidates will be 
evaluated and selected based on their academic excellence in their STEM disciplines, ability to 
bring research results into K-12 classrooms, past involvement with community outreach, and 
communication skills. The PIs will place these Graduate Fellows based on need, student 
background, and student preference in consultation with principals at partner schools. 

The K-12 STEM teachers will be those continuing or new teachers identified by their 
principals, department heads, and/or district science and mathematics curriculum coordinators. 
Criteria for STEM teachers include reputation for commitment to excellent teaching, leadership 
and organization skills, creativity and openness to innovative curricula, and willingness to 
mentor Graduate Fellows or Outreach students.  Because of the positive impact of the first LV 
STEM project on their classrooms and schools, most of the continuing teachers have expressed 
an interest in continuing with the project.  With the enthusiastic support of district administrators 
and science and mathematics coordinators, we do not expect to have difficulty recruiting 
additional teachers. 

 
E. Organization and Management 

Dr. Glenn Blank and Dr. Henry Odi will act as Co-Projector Directors. Dr. Blank will be 
responsible for the administration of the award and interactions with the NSF. He will work 
closely with Dr. Odi and the Office of Academic Outreach and Special Projects to manage the 
project and coordinate all the educational activities of the Fellows. The management style that 
will be used will involve Co-PIs and Senior Personnel in implementation of the project’s 
objectives through bi-weekly leadership team meetings. This is an effective management model 
that has worked effectively in other grant projects. An administrative assistant, reporting to the 
Co-Project Directors, will be housed in the Office of Academic Outreach and Special Projects 
and will be responsible for setting up meetings for outreach teams, schedules for Fellows, 
assisting with budget management, keeping track of students and work hours, updating the 
project web site, and in general helping coordinate project related activities. 
 The PI, Co-PIs and Senior Personnel, representing seven different academic disciplines, 
will meet bi-weekly.  This leadership team will review project coordinate project activities in 
order to achieve project goals, including recruiting of Fellows, Outreach students and STEM 



teachers, planning workshops, assessing Fellows, planning dissemination efforts, and developing 
reports for NSF and other sponsors and partners.  Each faculty member on the leadership team 
will lead one or two outreach teams, consisting of a Graduate Fellow and two STEM teachers, or 
an Outreach student and one STEM teacher, and corporate partners or undergraduates (supported 
by PITA funding). Graduate Fellow outreach teams will have as a goal the development and 
evaluation of novel curricula which can be deployed by Outreach student teams and made 
available for national dissemination via the LV STEM project web site.   
 Additional faculty members will be recruited (and supported with additional PITA 
funding) to serve as leaders of outreach teams.  They will also be invited to participate in faculty 
leadership team meetings and workshops. 
 Co-PIs DeLeo and Columba will spearhead the coordination of this project with the 
Integrated Professional Development School (IPDS).  Co-PI Columba will also lead the design 
and teaching of training workshops, incorporating inquiry-based and investigative techniques. 
Dr. Columba will also work the evaluator, Dr. M. Jean Russo, Senior Research Scientist and 
Scholar at the Center for Social Research at Lehigh University, as described below. 
. 
F. Evaluation Plan 

Evaluation will provide ongoing feedback to the LV STEM project administrators to determine 
the aspects of the project that are working well and to identify problems so they can be addressed 
promptly.  It will also measure the extent to which the project meets its goals. 

The evaluation employs both quantitative methods (in the form of feedback surveys, 
rating rubrics, and counts of participants, newly developed resources, and end-users) and 
qualitative methods (in the form of team and team leader meetings, telephone interviews, 
participant observation at workshops and general meetings, and informal interaction).  All 
information will be supplied to NSF for program-wide studies.  The project participants and 
evaluation methods for each group can be found in table 1 below. 
 

 STEM 
Fellows/ 

K-12 
Teachers 

Pre-
teachers 

STEM 
Faculty 

Industry 
Partner 

K-12 
Students 

K-12 
Admin-
istrators 

External 
adoptees 

On-line surveys X X X X  X  
Evaluation Team Meetings X X X X    
Workshop/Course  
Feedback 

X X      

Communication Rubric X       
Writing Assessment     X   
CurriculaAssessment Tool  X     X 
Team Leader Meetings   X     

There are three main thrusts of the evaluation:  1) assessing the impact on the various 
participants; 2) assessing the communication skills of the fellows, Outreach students, and K-12 
students; 3) documenting and assessing the newly developed resources, their dissemination and 
adoption, and the move toward sustainability.  Each thrust is discussed below. 

Assess the impact on participants will be done through on-line surveys for fellows and 
Outreach students, K-12 teachers, STEM faculty, and industry partners.  Participants will report 
on various relationships formed through the project, impacts on teaching, academics, and K-12 
students, and attitudes toward K-12 education, the university, and industry involvement. In the 
past, response rates have been very high, so on-line surveys proved to be an effective method of 



documenting the impacts of the program on participants.  These responses will be supplemented 
through face-to-face interactions at workshops, general meetings, and evaluation team meetings.  
In addition, the twice-a-year team meetings provide an opportunity for the teachers and fellows 
to report the results of their assessments of the new resources and fellows’ and students’ 
communication skills.  Feedback will also be collected after all workshops or parent-related 
activities or events. 

The second thrust of evaluation will study the goal of widening the pipeline of students 
who can communicate complex concepts of STEM disciplines through presentations, writing, 
and multimedia.  This goal applies to Teaching Fellows and Outreach students as well as K-12 
students.  Fellows and Outreach students will present new curricula and activities to K-12 
students and demonstrate new developments to pre-service and in-service teachers.  Their 
presentation skills will be scored by STEM teachers using a rubric.  To encourage K-12 students 
to write, they will be asked to keep a log of STEM-related activities or to write minute papers on 
newly developed activities or demonstrations.  These, too, will be rated using a rubric.  The 
rubrics will be developed with the help of Dr. Gregory Skutches, Lehigh’s Coordinator for 
Writing Across the Curriculum.  To develop the rubric, Dr. Skutches will confer with 
participating teachers, faculty members, and Dr. H. Lynn Columba, Associate Professor of 
Education and Human Services.  At the summer workshop, he will offer a session instructing the 
participants on how to use the rubric tools and offer suggestions on constructing appropriate 
assessment questions. 

The third thrust of evaluation will document the dissemination of the new materials and 
their impact on the teachers, schools, and school districts.  On-line surveys will be sent to district 
administrators and school principals.  In the past grant, such surveys were an effective strategy 
for gauging the impact on the adopting institutions; however, follow-up phone calls may be used 
to provide supplemental information.  Participating STEM teachers will assess the newly 
developed resources using a simplified rating mechanism based on established Classroom 
Observation Protocols, which the evaluator will develop with the help of Dr. Columba.  Other 
adopting teachers, such as those attending workshops or using the website to adopt new activities 
or curricula, will be asked to complete an on-line survey providing estimates of the numbers of 
teachers and students who will be exposed to the activity; they will also be given access to 
assessment tools to rate the resource and the level of learning by the K-12 students.  Finally, the 
evaluator will document the extent to which the program attains sustainability as NSF funds 
diminish, tracking support and funding from other sources. 

Details about how these three thrusts measure the specific goals stated in the proposal and 
the activities that will be used to measure each goal, are available from the evaluator or the PI. 

The evaluator will attend regularly scheduled team leader meetings and large group 
meetings.  Evaluation reports will be prepared annually and submitted to the NSF.  A final report 
will be completed at the end of the grant period that will summarize results, map the 
dissemination of resources and activities, and describe the sustainable aspects of the project. 

An external Advisory Committee composed of three or four individuals familiar with 
evaluation methods and assessment of academic programs will be formed to provide an external 
perspective on the evaluation methods and results (see discussion above).  The evaluator will 
prepare an annual evaluation report that will include a written report from the Advisory 
Committee.  A final report will be completed at the end of the grant period that will summarize 
results, map the dissemination of resources and activities, and describe the sustainable aspects of 



the project.  Dr. M. Jean Russo of the Center for Social Research at Lehigh University will 
conduct the evaluation. 

  
G. List of Faculty Participants 

The PI and Co-PIs of this project will collectively oversee the overall project and will each 
continue as team leaders for one or more outreach teams. They include PI Glenn Blank 
(Computer Science), and Co-PIs Gary DeLeo (Physics) and H. Lynn Columba (Education), and 
Senior Personnel Jennifer Swan (Biology), Keith Schray (Chemistry), and Susan Szczepanski 
(Mathematics). As part of widening the pipeline, after the :LV STEM project starts, additional 
faculty participants will be recruited to lead sponsor Graduate Fellows, Outreach students and/or 
Undergraduate STEM Outreach Schools. For example, Prof. Noel Perreira of Industrial 
Engineering (and an expert in robotics) has expressed strong interest in participating, and with 
strong support from our university administration and the incentives of Teaching Fellowship, and 
Outreach students, it is anticipated that other faculty participants will follow. 
 
H. A partnership and institutional support for long-term sustainability 

Our partnership of industrial partners, local school districts, and Lehigh University’s 
undergraduate, graduate and academic outreach programs will sustain the Outreach student 
programs for years beyond this grant, ensuring the long-term impact of the LV STEM project on 
K-12 STEM education in the Lehigh Valley. We have already alluded to several of the 
components of our vision for sustainability. STEM teachers have already demonstrated that they 
value and continue to use curricula and Learning Kits beyond the life time of the project. 
Incorporation of science coordinators as full partners in the program along with STEM teachers 
will ensure that all curricular materials meet district, state and national standards and thus gain 
wider acceptability. School district partners will financially support pre- and in-service offerings. 
Corporate partners will continue to support the curricula with volunteer demonstrations, field 
trips, workplace shadowing, internships, and financial resources, including the support of 
Outreach students, in partnership with PITA. 

Lehigh is committed to broaden and sustain K-12 outreach as a part of Lehigh’s core 
research, teaching and service mission. Lehigh has significantly reduced the indirect cost 

requested in the budget for this project to 26%—a reduction of more than 50%. Lehigh’s Vice-
Provost for Research has committed another $20,000.00 in support of wireless networking or 

other technology needs at participating K-12 schools. Co-PI Henry Odi and the Academic Office 
of Outreach and Special Projects will support this project at no cost to the NSF.  Finally, the 
Dean of the Colleges of Engineering and Applied Science and the Dean of the College of Art and 
Sciences have pledged to provide the tuition for two Teaching Fellows for at least two years 

after the end of the continuing NSF grant.  (It is anticipated that PITA will match the tuition with 
support for stipends.)  These investments imply a commitment to integrate K-12 STEM outreach 
activities into the core research, teaching and service missions of Lehigh University. 

The long-term sustainability of the LV STEM project hinges on the interest and 
continued involvement of a wide array of people, sharing only a fraction of overlapping 
individual goals. We will foster graduate students’ sense of outreach for STEM education, while 
assisting their research careers and effectiveness. We will provide tools, techniques and training 
for teachers that enhance their pedagogy, to enhance their time in the classroom. We will provide 
new and effective curricula to school districts that meet squarely with their educational goals and 
standards. We will foster a mutually beneficial and growing relationship with corporate partners 



and parents. And of course, K-12 students will be equipped, both with the necessary cognitive 
and physical tools, to actively, effectively and excitedly pursue STEM careers, should they 
choose to do so.  

We believe that the program outlined in this proposal provides tools and incentives in 
maintaining these relationships. These outcomes are designed with sustenance and growth in 
mind: Outreach students are less expensive than the full Graduate Fellow model (PITA, 
corporate partners, school districts are possible sources of funding for Outreach students after the 
grant ends), and novel curricula and Learning Kits can be re-used and extended as needed. 

 
I. Summary: Intellectual Merit and Broad Impacts 

The intellectual merits of the proposal include the novel curricula which STEM outreach teams 
are creating and enhancing, as well as the novel curricula and Learning Kits developed in 
consultation with STEM teachers, district Science and Mathematics Coordinators, and Graduate 
Fellows and Outreach students in connection with their research. STEM curricula are already 
being disseminated to other schools via conferences and workshops and this continuing project 
will significantly widen the pipeline. 

The LV STEM project has and will support fundamental PhD level research in various 
STEM fields. In computer science, one Fellow has been developing and evaluation the “design 
first” curriculum and the expert evaluator component of the intelligent tutoring system designed 
to support this curriculum. A second Fellow will investigate the development of an ITS to help 
students who get stuck learning how to succeed with the web-based FirstInMath program. Both 
of these research projects will have useful applications and opportunities for further 
development, evaluation, and dissemination of results, in connection with the LV STEM project.  

The broad impacts include the growing impact on schools with high percentages of 
underrepresented minorities in all three cities of the Lehigh Valley and the plans for national 
dissemination of our results. The large involvement of under-represented groups in the project is 
also expected to result in an improvement in the recruitment and retention rates of females and 
minorities in STEM disciplines. 

Graduate Fellows and Outreach students will improve their communication, leadership, 
and teaching skills. They will gain appreciation for high quality STEM education and a better 
understanding of STEM pedagogy. STEM teachers will have new opportunities for professional 
development, gain a better understanding of the theory and applications of STEM principles, and 
have access to useful instructional materials and methods for delivering STEM subject matter. 
As a result of inquiry-based and problem-based learning experiences, K-12 students will improve 
their problem solving and critical thinking skills, as well as their understanding of and 
appreciation for STEM disciplines. They will also have excellent role models in the Graduate 
Fellows, and we expect will be more motivated to pursue degrees and careers in STEM 
disciplines. The project will also provide a better understanding of how the process of scientific 
discovery can be effectively communicated to K-12 students, and how STEM subject knowledge 
can be more effectively incorporated in K-12 curricula. A fundamental benefit of this project is 
that it will strengthen existing and cultivating new relationships between students, educators, 
professionals and parents that are enabling them to exchange ideas and to learn from, support and 
encourage one another. 
 


