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How We Really Learn:

Micro-Spiral Method STEM Education Program (MSM SEP)
Implementing a Micro-Spiral Curriculum to prepare students, parents, pre-service, in-service, and informal educators working with  undergraduate students and Higher Education faculty teachers for STEM teaching.
Dr. Edith G. Davis
Telephone number (816) 678-6838

Spiral Science Curriculum
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Dr. Edith G. Davis
Spiral Curriculum:  The concept of a spiral curriculum is one in which there is an iterative revisiting of concepts, subjects or themes throughout the course.  A spiral curriculum is not simply the repetition of a concepts taught, but a deeper understanding of a concept with each successive encounter building on the previous encounter.


Hilda Taba’s version of the spiral curriculum built upon Ralph Tyler’s 1969 rationale of curriculum design.  Taba’s spiral curriculum contains multiple educational objectives versus Tyler’s single educational objective.  Taba’s multiple objectives enable basic knowledge, thinking skills, attitudes, and academic skills to each be addressed in the learning experiences of students (Krull, 2003).

Dr. Edith G. Davis characterized Taba’s spiral curriculum as a macro curriculum because it addressed K-12 grades and had multiple educational objectives.  Dr. Davis built upon Taba’s work and spiraled the concepts within lesson plans.  The researcher viewed the spiraling of concepts within lesson plans as a micro spiral.  Phase one of the micro spiral begins with a synopsis of previous concepts.  In phase two, the lesson progressed to a presentation of the current concept.  In phase three, a future concept is introduced.  The spiraling within the lesson progresses during the day adding more information to the concept.  The next day the previous concept becomes the past, and the new concept becomes the present concept taught that day, and another future concept is introduced.  The cycle continues throughout the week with information being added, deepening the knowledge base of the student in regards to the concept.  Below is a table showing the methodology of a week of micro spiral concepts. 

Table O.1 Micro Spiral of Concepts

	Phase
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday

	Past

(Phase One)
	Electromagnetic Spectrum
	Visible Light
	Reflection
	Refraction
	“Angle of Incident” (Reflection)

	Present

(Phase Two)
	Visible Light
	Reflection
	Refraction
	“Angle of Incident” (Reflection)
	Snell’s Law

(Refraction)

	Future

(Phase Three)
	Reflection
	Refraction
	“Angle of Incident” (Reflection)
	Snell’s Law

(Refraction)
	Indices of Refraction


Spiral Science Curriculum
[image: image2.wmf]
Dr. Edith G. Davis
A Study of the Effects of A Spiral Physics Curriculum For Sixth Grade Girls and Boys


The pilot study compared the effectiveness of using an experimental spiral physics curriculum to a traditional linear physics curriculum for sixth through eighth grades. The study also surveyed students’ parents and principals about students’ academic history and background as well as identified resilient children’s attributes for academic success.  The pilot study was used to help validate the testing instrument as well as help refine the complete study.  


The purpose of the complete study was to compare the effectiveness of using an experimental spiral physics curriculum and a traditional linear curriculum with sixth graders only; seventh and eighth graders were dropped in the complete study.  The study also surveyed students’ parents, teachers, and principals about students’ academic history and background as well as identified resilient children’s attributes for academic success.


Both the experimental spiral physics curriculum and the traditional linear physics curriculum increased physics achievement; however, there was no statistically significant difference in effectiveness of teaching experimental spiral physics curriculum in the aggregated sixth grade group compared to the traditional linear physics curriculum.  It is important to note that the majority of the subgroups studied did show statistically significant differences in effectiveness for the experimental spiral physics curriculum compared to the traditional linear physics curriculum.  The Grounded Theory analysis of resilient student characteristics resulted in categories for future studies including the empathy factor (“E” factor), the tenacity factor (“T” factor), the spiritual factor (“S” factor), and the relational factor (“R” factor).
Spiral Science Curriculum Intervention
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Dr. Edith G. Davis & Dr. K. Fred Curtis

Edith Davis, CASPER doctoral student in the School of Education, department of Curriculum and Instruction, recently completed a three month intervention study at Parkdale Elementary that investigated the effectiveness of teaching an experimental Spiral Science Curriculum (SSC) to 5th grade students.

The basic concept of a spiral curriculum is one in which there is an iterative revisiting of topics or themes throughout the course. A spiral curriculum is not simply a repetition of a topic taught; it requires a deeper understanding of the course material, with each encounter of course matter building on the previous topic. This provides for increased competence of students. 

The study involved teach​ing linear and spiral science curriculum to 5th grade students. In addition to the linear and spiral science classroom instruction, the study included surveys of school administrators, teachers, and par​ents to gather information about the current science curriculum, school demographic information, students’ academic and behavioral attributes, and the students’ academic progress.

The results from the intervention showed a statistically significant increase in TAKS achievement for those students being taught using the spiral science curriculum. 
TAKS passing rates
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Spiral Science Curriculum Intervention
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Dr. Edith G. Davis Micro Spiral Earth Science

	Table 1 Micro-Spiral of Concepts Earth Science
Phase

Monday

Tuesday

Wednesday

Thursday

Friday

Past

(Phase One)
Earth and Space Science  

(A.H. & L)
Lithosphere
crust
mantel
Present

(Phase Two)
Atmosphere, Hydrosphere, Lithosphere  & Biosphere

(A.H. & L)
Lithosphere
crust
mantel
core
Future

(Phase Three)
Lithosphere
crust
mantel
core
inner core..



	Table 1 Micro-Spiral of Concepts Ecology
Phase

Monday

Tuesday

Wednesday

Thursday

Friday

Past

(Phase One)
Ecology Overview (OV)
Biosphere &Biomes
Producers, Consumers, & Decomposers
Producers
Consumers
Present

(Phase Two)
Biosphere & Biomes
Producers, Consumers, & Decomposers
Producers
Consumers
Decomposers
Future

(Phase Three)
Producers, Consumers, & Decomposers
Producers
Consumers
Decomposers
Biosphere



	Table 1 Micro-Spiral of Concepts Environmental Science
Phase

Monday

Tuesday

Wednesday

Thursday

Friday

Past

(Phase One)
Environmental Science Overview

Renewable and Nonrenewable
Renewable
Nonrenewable
Renewable Solar
Present

(Phase Two)
Renewable and Nonrenewable
Renewable 
Nonrenewable
Renewable Solar
Renewable Wind
Future

(Phase Three)
Renewable 
Nonrenewable
Renewable Solar
Renewable  Wind
Renewable  Water



 I believe he needs it all.  If possible we can schedule him for all of these class and he would then be ready for his Sophomore year.  Place value ( Operations with whole numbers ( Fluency with all math facts (0-12) ( Multiplication & division with 1- and 2-digit divisors ( Finding equivalent fractions / ordering ( Operations with fractions and mixed numbers ( Measurement units and conversions ( Measurement and data problems ( Geometry: lines, angles, and shapes

Place value ( Operations with decimals, dividing with 2- digit divisors ( Operations with fractions & mixed numbers ( Finding volume of 3D shapes ( Working with various units of measure ( Data analysis ( Estimating and rounding ( Classifying plane figures ( Coordinate geometry ( Order of Operations 

Deepening Number Sense ( Fractions & Decimals ( Algebraic expressions ( Distributive property ( Areas of polygons ( Ratios, rates, percents, decimals, fractions ( Comparing and ordering integers, fractions, decimals, absolute values ( Writing and solving equations ( Writing and solving inequalities ( Surface area and volume ( Measures of central tendency ( Reading and creating Stem-and-Leaf plots and Box-and-Whisker plots \

Operations with integers and absolute values ( Operations with rational numbers ( Writing and solving equations ( Writing and solving inequalities ( Writing and solving proportions ( Working with ratios and rates ( Comparing, ordering, and converting decimals, percents, and fractions ( Determining percents increase / decrease and discounts and markups ( Calculating simple interest ( Angles: Adjacent, vertical, complimentary, and supplementary ( Area, surface area, and volume ( Probability and statistics 

Solving simple and multi-step equations ( Writing and graphing linear equations ( Graphing linear equations various forms ( Writing and graphing one-, two-, and multi-step linear inequalities ( Solving systems of equations by graphing, substitution, and elimination ( Solving systems of linear inequalities ( Functions: Domain & range, discrete & continuous domains, linear function patters, function notation, comparing linear & nonlinear functions, sequences ( Working with and simplifying square roots ( Properties of exponents ( Exponential functions: growth, decay

Polynomials: Adding, subtracting, multiplying, special products, writing and solving polynomial equations ( Factoring polynomials ( Quadratic functions: Graphing, focus of parabola, comparing linear, exponential, and quadratic functions ( Solving quadratic equations using square roots and by graphing ( Completing the square, the Quadratic Formula ( Solving systems of linear and quadratic equations ( Graphing & solving square root equations ( The Pythagorean Theorem ( Direct & indirect variation

Angles and intersecting lines ( Congruence and similarity ( Perimeter, area, and volume ( Radius, diameter, and circumference ( Circles ( Special properties of triangles ( Right triangles & trigonometry ( Quadrilaterals ( Transformations ( Analytic geometry ( Nets & 3D figures ( Geometric constructions 

Systems of equations and inequalities ( Parabolas ( Functions and their graphs ( Multiplying binomials ( Approximating & estimating square roots ( Polynomial and rational functions ( Rational expressions ( Logarithms ( Exponential and logarithmic functions ( Imaginary and complex numbers ( Conic sections ( Operations with matrices

 I believe he needs it all.  If possible we can schedule him for all of these class and he would then be ready for his Sophomore year.  Place value ( Operations with whole numbers ( Fluency with all math facts (0-12) ( Multiplication & division with 1- and 2-digit divisors ( Finding equivalent fractions / ordering ( Operations with fractions and mixed numbers ( Measurement units and conversions ( Measurement and data problems ( Geometry: lines, angles, and shapes

Place value ( Operations with decimals, dividing with 2- digit divisors ( Operations with fractions & mixed numbers ( Finding volume of 3D shapes ( Working with various units of measure ( Data analysis ( Estimating and rounding ( Classifying plane figures ( Coordinate geometry ( Order of Operations 

Deepening Number Sense ( Fractions & Decimals ( Algebraic expressions ( Distributive property ( Areas of polygons ( Ratios, rates, percents, decimals, fractions ( Comparing and ordering integers, fractions, decimals, absolute values ( Writing and solving equations ( Writing and solving inequalities ( Surface area and volume ( Measures of central tendency ( Reading and creating Stem-and-Leaf plots and Box-and-Whisker plots \

Operations with integers and absolute values ( Operations with rational numbers ( Writing and solving equations ( Writing and solving inequalities ( Writing and solving proportions ( Working with ratios and rates ( Comparing, ordering, and converting decimals, percents, and fractions ( Determining percents increase / decrease and discounts and markups ( Calculating simple interest ( Angles: Adjacent, vertical, complimentary, and supplementary ( Area, surface area, and volume ( Probability and statistics 

Solving simple and multi-step equations ( Writing and graphing linear equations ( Graphing linear equations various forms ( Writing and graphing one-, two-, and multi-step linear inequalities ( Solving systems of equations by graphing, substitution, and elimination ( Solving systems of linear inequalities ( Functions: Domain & range, discrete & continuous domains, linear function patters, function notation, comparing linear & nonlinear functions, sequences ( Working with and simplifying square roots ( Properties of exponents ( Exponential functions: growth, decay

Polynomials: Adding, subtracting, multiplying, special products, writing and solving polynomial equations ( Factoring polynomials ( Quadratic functions: Graphing, focus of parabola, comparing linear, exponential, and quadratic functions ( Solving quadratic equations using square roots and by graphing ( Completing the square, the Quadratic Formula ( Solving systems of linear and quadratic equations ( Graphing & solving square root equations ( The Pythagorean Theorem ( Direct & indirect variation
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Dr. Edith G. Davis Micro Spiral Mathematics
	Table 1 Micro-Spiral of Concepts Mathematics
Phase

Monday

Tuesday

Wednesday

Thursday

Friday

Past

(Phase One)
Place value 

Operations with whole numbers
Fluency with all math facts (0-12)
Multiplication & division with 1- and 2-digit divisors
Finding equivalent fractions / ordering
Present

(Phase Two)
Operations with whole numbers
Fluency with all math facts (0-12)
Multiplication & division with 1- and 2-digit divisors
Finding equivalent fractions / ordering
Finding equivalent fractions / ordering
Future

(Phase Three)
Fluency with all math facts (0-12)
Multiplication & division with 1- and 2-digit divisors
Finding equivalent fractions / ordering
Finding equivalent fractions / ordering
Operations with fractions and mixed numbers



	Table 1 Micro-Spiral of Concepts Ecology
Phase

Monday

Tuesday

Wednesday

Thursday

Friday

Past

(Phase One)
Ecology Overview (OV)
Biosphere &Biomes
Producers, Consumers, & Decomposers
Producers
Consumers
Present

(Phase Two)
Biosphere & Biomes
Producers, Consumers, & Decomposers
Producers
Consumers
Decomposers
Future

(Phase Three)
Producers, Consumers, & Decomposers
Producers
Consumers
Decomposers
Biosphere



	Table 1 Micro-Spiral of Concepts Environmental Science
Phase

Monday

Tuesday

Wednesday

Thursday

Friday

Past

(Phase One)
Environmental Science Overview

Renewable and Nonrenewable
Renewable
Nonrenewable
Renewable Solar
Present

(Phase Two)
Renewable and Nonrenewable
Renewable 
Nonrenewable
Renewable Solar
Renewable Wind
Future

(Phase Three)
Renewable 
Nonrenewable
Renewable Solar
Renewable  Wind
Renewable  Water



Teaching and learning are the crux of every nation on earth.  The issue is how can we teach Science, Technology, Engineering, and Mathematics (STEM) to the future scientists, technologists, engineers, mathematicians, and STEM Educators.  This raises the question as to what are the best methods that will result in super accelerated learning, particularly within the constructs Best Practices and 21st Century Learning.
This proposal advocates the Micro-Spiral Methodology (MSM) as a method to teach STEM Education at all levels. MSM is a spiral way of learning which uses a series of iterations that improves student retention of any concept or skillset. MSM employs phases (past, present and future) and instructional percentages regarding time within a given timeframe.  Each iteration within this method adds levels of depth and understanding to the knowledge and skills desired by the faculty.  The concepts are encoded on both the right and left sides of the brain and stored in long-term memory with use of a pneumonic retrieval mechanism. 

The MSM instructional approach consists of three phases. Phase one begins with eliciting students’ prior knowledge about a specific concept (e.g. from the previous grade or students’ home cultural experiences). Further, the instructor assesses student’s existing schema or conceptual anchors. 
In Phase two, the concept for that day is discussed. In this phase, the instructor extends the existing conceptual anchor or extends learning. In the case where students maintain science misconceptions, the instructor may provide a demonstration, reveal discrepant phenomena, or set up a demonstration experiment or lab for students to test their current conception or engage in inquiry based discourse to assist students in moving from a misconception to accurate science knowledge. During phase two, hands-on activities; assessments and other instructional strategies are completed. These activities reinforce the science concept under consideration. 
In Phase three, a future concept is introduced. The Micro-Spiraling of concepts within the lesson progresses during the week layering new information to an existing conceptual framework. Unlike the global linear curricula, the MSM approach is deliberately designed to teach under serve as well as underrepresented participants and Higher Education faculty teachers how to enact recursive science and technology learning through the posing of questions and through deliberately connecting content. The following table depicts using MSM in an Earth Science lesson. 

Micro-Spiral of Concepts

Earth Science – The Four Spheres

	Phase
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday

	Past 25%
(Iteration One)
	Earth and Space Science  


	(A.H. L & B)
	Lithosphere
	crust
	mantel

	Present 50%
(Iteration Two)
	Atmosphere, Hydrosphere, Lithosphere  & Biosphere  (A.H. & L)
	Lithosphere
	crust
	mantel
	core

	Future 25%
(Iteration Three)
	Lithosphere
	crust
	mantel
	core
	inner core..


Research regarding the MSM resulted an entire year's curricula compressed into three months. A pilot school within Central Texas was used in the study and the state science test scores of middle schoolers. The results are as follows: African-Americans scores increased by 45%; Hispanic scores increased by 36%; Economically Disadvantaged scores increased by 32%, and Anglos scores increased by 28% percent.  Additionally, Gifted and Promising, Above Average, Average and Special Education student’s science scores all went up.  

MSM engaged these students because it easily transferred concept, knowledge and skills so the students could easily retrieve the information. Additionally, this was applied to real world problems in which the students could relate. The student’s get excited because they have true understanding of a concept and they can have true application to the world that they live in. Further, the faculty gets excited because the student’s are learning at an accelerated rate, and are able to retain the information. 
Abstract

The global importance of STEM has increased while U.S. dominance in science and engineering has declined. While the rest of the world has increased their investment in research and education, investments in education budgets are decreasing across the United States.   This trend has most recently been documented in the National Academies’ 2005 report on competitiveness, Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future which indicates - that for the U.S. to maintain global leadership and competitiveness in science and technology, the U.S. must invest in research, encourage innovation, and develop a strong, talented, and innovative science and technology workforce.
  The passage of the America COMPETES Act in 2007 authorized many of the recommendations from the, Rising Above the Gathering Storm…report, and emphasized the need to broaden participation in STEM by developing a strong and diverse workforce in STEM. Historically Black Colleges and Universities (HBCUs) and other minority-serving institutions (MSIs), with business and industry support, have a major role in broadening minority participation in STEM fields to a minimum 

	THE SCIENCE & TECHNOLOGY OF COLLABORATIVE CHANGE TOPICS (sample)

	· Overview of  STEM (Science and Technology infused with the STEM and State of State STEM Education standards)

	· What is STEM ?

	· What does G.R.I.N mean?

	· STEM and it convergence of Science and Technology

	2.0 Collaborative Change and You 

	· Human Activity and STEM

	· How does STEM impact  Planet Earth?

	· Human Activity and Collaborative Change

	Laboratory Experiences

	· Lab Activity-STEM with emphasis in Technology

	· Lab Activity-STEM and a overview of  State of the Art Technology
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	Table 1 Micro-Spiral of Concepts :
Phase

Monday

Tuesday

Wednesday

Thursday

Friday

Past

(Phase One)
Present

(Phase Two)
Future

(Phase Three)
.
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� National Academies, Rising Above the Gathering Storm: Energizing and Employing America for a     


  Brighten Economic Future, 2007.  


2 National Science Board, Science and Engineering Indicators, 2008.








