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Abstract - STARS (Students, Teachers and Resources in the Sciences) is a National Science Foundation GK-12 funded project whose objective is to foster systemic change in elementary curricula and enrich math, science and long-term professional development of teachers.  The program aims to decrease the current educational gap in science and math present in schools within the same school district, as reflected in the Florida Comprehensive Assessment Test (FCAT).  One challenging task is the development of new and innovative modules that introduce advanced science and engineering concepts to third, fourth and fifth grade students from diverse backgrounds.  The modules have been designed by graduate Fellows (resources) with knowledge in science, engineering, math and technology.  This paper discusses the methodology for module development, formatting and design of the lessons, and implementation in the classroom.  A discussion regarding the modules from the viewpoint of teachers, students and Fellows is also provided.  
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Introduction

Development in advanced technologies, such as micro-electronics and nanotechnology has rapidly increased during the second part of the twentieth century.  The impact of these advances has left an enormous imprint on every day life, especially in developed countries.  As a result of such advances, certain adjustments to the current GK-12 science and mathematics curricula must take place in order to prepare future generations to face the challenges presented by the “high-tech” era.  

Recent studies across the United States have demonstrated that students' achievement in science and mathematics lags behind that of students from other developed countries in Europe and Japan, and has not improved significantly over time [1,2].  Moreover, research indicates that science education is a concern for everyone--from business leaders to scientists to educators [3]. Some reasons for this concern are the absence of teacher content knowledge, amount of time for teaching science in the classroom, and availability of resources [4,5].  Consequently, the National Science Foundation (NSF) has developed a program that provides fellowships and training in educational pedagogy that allow graduate and advanced undergraduate students in science, technology, engineering, and mathematics to serve as knowledgeable resources to K-12 schools [6].   

The University of South Florida (USF), Tampa, Florida, was awarded the GK-12 grant in 2001. The USF/NSF STARS program has a target population in the Hillsborough County, FL, USA school district.  As a result, a strong partnership between USF, and five area elementary schools in Hillsborough County, has been established for collaboration.  

The participating schools include:  two urban schools with a high percentage of underrepresented students; two suburban schools and one private school.  These schools were selected based on their achievement and the diversity in the ethnicity and socio-economic background of the students.  Florida public schools’ achievement is based on the Florida School Grading System [7].  The two suburban schools carry an A grade, one of the urban schools carries a F grade and the other has not been graded in several years.  Private schools are not evaluated by the State system. 

One of the main goals of the program is to infuse engineering and science principles through cutting edge modules in areas such as nanotechnology, robotics, simulation, and advanced manufacturing into third through fifth grade science curriculum.  The major component in the delivery of this information is done through graduate and undergraduate students (fellows). 

The modules are based on the State of Florida’s Sunshine State Standards for science instruction and are designed to meet grade level expectations.  The State Standards for science are divided into the following eight topics or strands, which provide introductory material to basic scientific principles:  (1) The Nature of Mater, (2) Energy, (3) Force and Motion, (4) Processes that Shape the Earth, (5) Earth and Space, (6) Processes of Life, (7) How Living Things Interact with their Environment, (8) The Nature of Science. Each strand is structured around several general standards and specific benchmarks that students should master at the end of 2nd, 5th, 8th and 12th grade.  
This paper discusses the methodology that was adopted by the USF/NSF STARS program in developing science modules based on the county adopted science text as well as original innovative modules.  The expertise of the graduate fellows in areas of science and engineering such as chemistry, physics, mechanical and industrial engineering was used to enhance these modules. 

The following sections of this paper discuss how the modules were designed, developed, formatted, and how the lessons were  implemented in the classrooms.  Finally, feedback regarding the implementation phase from the participating teachers and Fellows are discussed.
Module Development

The USF/NSF STARS has developed two series of modules.  Both series coincide with the Florida Sunshine State Standards (SSS) for science.  The first series of modules was designed to complement each SSS strand and was referred to as pilot modules.  Many of the lessons in the pilot modules were extensions of the activities found in the county adopted text.  The second series of modules, known as the advanced module, was designed to meet the high level of cognitive thinking that was truly expected from the SSS and the teachers. 

Each module was designed to provide the teachers with ample background information on the subject as well as other resources necessary to enhance their understanding and to present the concepts more clearly.  Table 1 outlines three of the pilot modules, the designed lessons, objectives and benchmark according to the SSS.  Figure 1 shows the format followed in the module design.

Each Fellow was assigned a module according to their area of expertise and their science background.  Further, each module was written on a fifth grade level and consistency was maintained despite the diversity of the targeted population.  The Fellow and his/her partnered teacher were responsible for adapting the lessons to the style and ability of the students at each grade and performance level.  

Before implementing the pilot modules into the classroom, a meeting to showcase the lessons and experiments designed by the Fellows was held.  Teachers provided direct feedback in terms of their expectations and were able to assess the content of the lessons and the designed activities.  Table 2 lists some of the comments from the teachers for module 1.  The pilot modules were implemented into the classroom after teachers’ comments were incorporated.  

Pilot modules Implementation

Each teacher was responsible for selecting which module(s) were going to be implemented in their classroom; thus not all modules were taught in all schools.

TABLE 1

Format Designs of Three Pilot Modules
	Module
	Lesson Title
	Objectives
	Benchmark

	Module 1:  

Earth and Space
	Lesson 1:  What’s Out There
	   Learn the planets in the solar system.
	SC.E.1.2.4

SC.E.1.2.5

	
	Lesson 2:  The Moon’s Craters
	Understand the composition of the moon
	

	
	Lesson 3:  The Moon’s Orbit
	Understand how the moon revolves around the Earth
	

	
	Lesson 4:  How far is Pluto?
	Understand the planets relationship to each other and the sun.
	

	Module 2:  

How living things interact with their environment
	Lesson 1: Our Classroom Ecosystem
	Understand the way plants and animals interact in their environment
	SC.G.1.2.1

SC.G.1.2.3

SC.G.1.2.5

SC.G.1.2.2

SC.G.1.2.7

	
	Lesson 2:  The Assistant Zookeeper
	Understand that all animals are important for maintaining an ecosystem
	

	
	Lesson 3: Water Drop Travels
	Understand the water cycle
	

	Module 3: 

Force and Motion
	Lesson 1: The Cart Table
	The purpose of this lab is to encourage students to examine Newton’s Second Law of motion.
	SC.C.2.2.2



	
	Lesson 2: The Force Table
	The purpose of this lesson is to explore the different components of a force
	

	
	Lesson 3: Friction characteristics of three different materials
	To identify and understand friction
	


	Structure of the Module
All of the modules share the same set-up and format.  Each Module is divided into two packets: a teacher packet and a student packet.  The teacher packet includes an extended background, a background, an explanation of the lessons for the teacher.



	   Teacher Packet 

Background 

A summary of the Module Background. The aim is refresh the teachers knowledge on the covered material. If more information is needed, the teacher can refer to the Module Background. 

Extended  Background
Detailed explanation of the specific field of science being covered in that module.  

Lesson

Each module contains several lesson activities.  Each lesson has been designed to last a minimum of 50 minutes. However, some lessons may take up to 5 days if all suggested post-activities are considered.

The Lessons are in the following set-up:



	· Module Name

· Topic Area

· Benchmark/Lesson Name – according to the Florida Sunshine State Standards

· Objective

· Lesson Background – gives a detailed summary of the science concepts being taught in that particular lesson

· Bloom’s Taxonomy

· Math Skills

· Science Skills

· Materials Needed

· Engaging Questions – provides the teacher with questions to ask when introducing the lecture and/or activity.  Questions for the student to think about before and during the activity.

· Pre-Lab Activity – an explanation or statement of the pre-activity the students should complete before doing the activity


	· Teacher’s Procedure- gives suggested task that the teacher should follow before the start of the activity. This may even indicate task to do several days before the activity is done in class.

· How to Manage the Experiment- suggests the group or class dynamic for conducting the activity.

· Student Procedure – provides the teacher with what is required of his/her students during the activity.

· Drawing Conclusions/Discussion Questions- provides the teacher with suggested  questions to ask  at the conclusion of the activity. 

· Post Lab Activity – an explanation or statement of the post lab activity the students should complete after doing the activity

· Extended Activities

· Interdisciplinary Activities

· Suggested Sources/Websites



	   Student Packet

The student’s packet includes all the forms and activities to be performed by the students. The student packet is located in the section entitled “ Student Packet.”  The Student Packet with answers is provided for the teacher.  This is located in the section entitled “ Teacher Packet.”  The following items are located in the Student Packet:

Pre-Lab Activity Sheet

Activity:  Hypothesis , Materials, Procedure, Drawing Conclusions/Discussion Questions
Post-Lab Activity Sheet




FIGURE 1:

Format for the Design of Modules

There were two main approaches for implementing the pilot modules in the classrooms.  On the first approach, the Fellow and teacher collaborated and co-taught both the background and the lessons.  This approach allowed the Fellows to gain confidence while teaching the lessons and conducting the experiments at the same time the teachers were provided with an opportunity to clarify doubts regarding the experiments. 

On the second approach the Fellows were responsible for teaching the lessons and conducting the experiments. This approach was taken when the teacher felt that the Fellow was more qualified in the subject area.  Both approaches proved to be effective, since either way teachers were provided with the necessary guidance for independently conducting the lessons and experiments in the future.

TABLE 2
Comments From Teachers On Module 1 
	Comments/Suggestions



	Add a list of vocabulary especially for "The Light Side of the Moon" – All lessons

	Give handout so students can write definitions – Lesson:  The Moon’s Orbit

	Add instructions for constructing treasure chest – Lesson:  What’s out there

	Explain the activity that includes the treasure clues, treasure galaxy, and treasure Hunt Timeline more clearly -- Lesson:  What’s out there?

	Have internet activity in teachers procedure precede the homework activity – Lesson:  How far is Pluto?

	Where will students get info on distance of planets from the sun- Lesson:  How far is Pluto?

	Include use of calculators in the procedure- Lesson:  How far is Pluto?

	Create web-quest activity – Lesson:  What’s out there?

	Include activities with cooperative Learning groups – Lesson:  What’s out there

	For lesson 1 the end product does not have to be a report project, play, musical, food 

(cake representing the solar system) – Lesson: What’s out there


Although the pilot modules were well received by the urban schools, they did not meet the expectations of the suburban and private schools. For example, the Earth and Space module, which consisted of lessons that most teachers were very comfortable in teaching, did not meet the high level of cognitive thinking that they aimed for their students to be exposed.  This initiated the development of the advanced modules.

Development of Advanced Modules

The second series of modules contained more challenging and advanced lessons related to practical engineering and science applications.  As well as the pilot modules, the advanced modules were designed to meet the SSS.  The series consisted of the following modules: (1) Biosensors, (2) Material Science / Engineering and Nanotechnology, (3) Robotics, (4) Simulation, and (5) Genetic Engineering.  These modules are currently being implemented in the classrooms.  

Before module implementation, students were pre-assessed to evaluate their knowledge in the basic science required to understand the background information.  Table 3 provides a summary of the averages of the pre-module assessment given to the participating students in three (private, suburban, and urban) of the five participating schools.  
After one of the advanced modules was implemented students were reassessed.  The post-module assessment results are shown in Table 4.  Results were later compared using hypothesis testing to determine if the means (percent of correct answers) from the pre-assessment and post-assessment were or not statistically different.  A 95% confidence level was used ((=.05).  The interest was to test if both means were equal (Ho) versus the alternative (Ha) that both means were different.  Table 5 shows a comparative table from were it can be concluded that in the urban school the number of correct answers did not change significantly after the modules were implemented (do not reject Ho – that is, the means are equal).  On the other hand, for both the suburban and private schools, Ho was rejected (the means are not equal) and can be said with 95% confidence that after module implementation, students performed significantly better in the test.  A description of the advance modules is given in Table 6.  
TABLE 3

Summary of Averages for Pre-Module Assessment
	School
	Sample 

Size
	Average correct answers
	STD

	Urban
	11
	58%
	1.30

	Suburban
	20
	53%
	2.28

	Private
	19
	40%
	2.06


TABLE 4 

Summary of Averages for Post-Module Assessment
	School
	Sample 

Size
	Average correct answers
	STD

	Urban
	7
	53%
	2.83

	Suburban
	16
	71%
	1.93

	Private
	19
	53%
	2.88


TABLE 5 

Summary of Statistical values and analysis
Ho:  (1 - (2 =0  
Ha:  (1 - (2( 0 
Where (1 is the mean for the pretest and (2 the mean for posttest
	School
	T 
statistic
	Rejection 
Region
	Reject Ho?

	Urban
	1.11
	|T| > 2.12
	No

	Suburban
	- 5.09
	|T| >1.96
	Yes

	Private
	- 5.02
	|T| > 1.96
	Yes


In general, it found that teachers from both suburban schools and the private school preferred the advanced modules with the higher-level activities.  Many teachers from suburban schools expressed that the pilot modules were not sufficiently challenging and that the activities reflected those used in most of today’s elementary science books.  On the other hand, teachers from the urban schools welcomed the implementation of the pilot modules.  Although one of the urban schools was receptive in implementing the advanced modules, teachers from the other urban school felt that the advanced modules were too complex for their students.  
Challenges

There were some challenges encountered while implementing the modules.  For example, some of the teachers were preoccupied with the daily tasks that include FCAT preparation, student behavior, and other unexpected situations.  This limited their time to interact with the Fellows and appropriately plan the lessons. 

Most teachers were very concerned about their students’ FCAT performances.  The section of the FCAT that is administered to measure students’ mastery of concepts based on the states’ benchmarks is a criterion referenced test.  The results of the tests are reported in terms of five achievement levels ranging from high success rate to very low success rate.  FCAT components include reading, writing, and mathematics, but not science.  As a result, very limited time was allocated in teaching science fundamentals as well as advanced concepts. 

TABLE 6

Format Designs Of three Advance Modules
	Module
	Lesson Title
	Objectives
	Benchmark

	Module 1:  

Biosensors
	Lesson 1:  What’s in the Bag
	Understand the importance of formulating a  hypothesis
	SC.H.3.2.1

SC.A.1.4.5

SC.B.2.2.2

	
	Lesson 2: Atoms and Molecules
	Introduce the concepts of atoms and molecules
	

	
	Lesson 3:  pH Detection
	Learning how to measure the pH of several compounds
	

	
	Lesson 4:  Diabetes and Glucosemeter
	Video discussing diabetes and how to measure glucose levels
	

	
	Lesson 5: The Human Biosensor game
	Introducing biosensor and relating the knowledge from the previous lessons to developing a biosensor 
	

	Module 2:  

Simulation
	Lesson 1: Physical Simulation Of Sailboats
	Understand the importance of simulation and comparing designs based on different performance measures.
	SC.G.1.2.1

SC.G.1.2.3

SC.G.1.2.5



	
	Lesson 2:  Monte Carlo Simulation - Find The Area Of The Irregular Shape
	Understand the concept of a Monte Carlo simulation experiment.
	

	
	Lesson 3: The Canon – Projectile Motion Simulation
	Understand the need for a controlled experiment in order to determine the effect of variables on the results.
	

	Module 3: 

Material Science Engineering / Nanotechnology
	Lesson 1: Wonders of a Small World
	Introduce basic atomic theory, and discuss properties of materials.
	SC.A.1.2.1

SC.A.1.2.2

SC.A.1.2.3

SC.A.1.2.4

SC.A.1.2.5

SC.A.2.2.1



	
	Lesson 2: Edible microchip
	Introduced to the concept of polymer composites and their uses in microelectronics.
	

	
	Lesson 3: Concreation
	Students build concrete blocks using different mixtures and determine the importance of each material component 
	

	
	Lesson 4: Biomimetics
	Introduce basic concepts in biomimetics.
	


The behavior of students in classrooms was also an obstacle in some schools.  On many occasions the teachers and Fellows were diverted from lecturing to dealing with inappropriate student behavior; thus limiting proper science instruction.  Behavioral problems caused frustration and diminished the motivation of both the Fellows and the teachers to implement the modules.

Another common problem was gathering the necessary materials to conduct some experiments.  The main problem was to purchase the materials in a promptly manner to work with the schedules established by the teachers.  Delaying the experiments usually caused teachers, students, and Fellows to feel frustrated.

Impact of the Modules

Designing and implementing the modules had a positive impact on the Fellows, teachers and participating students.  

Designing the experiments helped the Fellows to enhance their creativity and research for effective ways to transmit complex concepts and theories on a level that could be understood by elementary school students.  The implementation phase of the modules allowed the Fellows to appreciate the art of teaching and learn pedagogical strategies while answer questions and clarifying doubts in the classrooms.  Moreover, the Fellow had an invaluable opportunity to promote higher thinking from the students; thus contributing to society. 
The modules impacted the teachers by introducing them to new areas in engineering and science.  The Extended Background (detailed explanation of the specific field of science being covered by the module) provided the teachers sufficient information to build confidence and knowledge in areas new to them.  Some modules were exciting enough to motivate teachers to search the Internet for topics learned during class experiments in order to further extend their knowledge. Overall, the modules provided the teachers with a powerful and effective tool to teach math, science and engineering concepts to elementary school students.  

The participating students were receptive not only to the new material presented, but to the presence of the Fellows in the classroom.  The excitement of new material, and anticipated hands-on activities facilitated a positive learning environment.  Independent from the schools that the students belonged to or the school grade, students were attentive and very interested in the presented material.
Conclusion
In this paper, two sets of creative modules, the pilot modules and the advanced modules, designed to enhance the elementary science curriculum have been discussed.   The task of developing relevant material in an appropriate format has been challenging yet productive. 

From the viewpoint of the teachers and students, this experience has been an eye opener regarding the importance of how science and engineering concepts affect their daily life.  Moreover, the modules have served as a catalyst to many teachers and students to overcome the belief that science and engineering are exclusive to a certain group of individuals.

Through this experience, Fellows have improved their communication skills which are transferable to a variety of occupations.  Working on the modules have allowed them to work in teams for a common goal.  

The remaining tasks include completing the implementation process of all the advanced modules as well as conducting and analyzing the assessment of each module at each school.  A detailed and structured schedule has been designed to ensure an effective delivery of the content and an efficient allocation of resources.  
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