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Learning Theory and National Standards Applied to Teaching
Clay SCIENCE. ...ttt Audrey C. Rule

INTRODUCTION
LEARNING THEORY

Constructivism and Piaget’s Concepts of Learning
The Learning Cycle
Vygotsky’s Zone of Proximal Development

SCIENCE EDUCATION STANDARDS

Origin of the Standards

The Benchmarks for Scientific Literacy

The Benchmarks for Understanding the Nature of Science
Themes of Science Suggested by the Benchmarks

National Science Education Standards

Science Content Standards of the National Science Educations



Standards
REFERENCES

Using a Discrepant Event to Teach the Coagulation and

Flocculation of Colloids........................ Shobha B. Parekh and Audrey C. Rule
INTRODUCTION
USING THE LEARNING CYCLE TO TEACH STUDENTS ABOUT
COLLOIDS
Piaget’s Concepts of Learning
The Learning Cycle

Exploration phase of the learning cycle

Directions for preparing the discrepant event

Explanation phase of the learning cycle

The chemistry of colloids

Coagulation and flocculation

Expansion phase of the learning cycle

Industrial use of bentonite

Directions for preparing the expansion phase activity
USING ANALOGIES TO TEACH STUDENTS ABOUT COLLOIDS

Exploration phase

Explanation phase: Bridging and pictorial analogies

Expansion phase: Generative analogies’

ACKNOWLEDGEMENTS
REFERENCES

Cooperative Learning Techniques: Applications to
Clay SCIeNCe......vvuviiiieiiiiiiiiiiiiea, Stephen Guggenheim and Sharon Kane

INTRODUCTION
COOPERATIVE LEARNING AND TEACHING CLAY SCIENCE

Cooperative learning
Clay science

GROUP INVESTIGATION
Applications to secondary school classes
Applications to college students
Applications to clay science classes

JIGSAW STRATEGIES
Applications in secondary schools
Applications to clay science classes

PREPARING STUDENTS TO WORK COLLABORATIVELY
CONCLUSIONS

ACKNOWLEDGMENTS

REFERENCES



Rubrics in Teaching Assessment............ccoevueiiiiiiiiinninnnnn Richard W. Berry

INTRODUCTION
RUBRICS

Exercise #1, chocolate chip cookies
Subjective Evaluation
Objective Evaluation
Exercise #2, evaluation of landfill material
Exercise #3, evaluating reports

CONCLUDING COMMENTS

REFERENCES

SUGGESTED ADDITIONAL INFORMATION ABOUT RUBRICS AND
ASSESSMENT

Using Analogies to Enhance Learning in Clay Science............... Audrey C. Rule

INTRODUCTION
USEFULLNESS OF ANALOGIES

The Importance of Making Connections in Memory and Learning
Characterizing Analogies

Analogies in Teaching and Creativity

Improving Student Understanding with Analogies

IMPROVING STUDENT UNDERSTANDING WITH ANALOGIES

Exploration Phase
Explanation Phase
Expansion Phase

ACKNOWLEDGEMENTS
REFERENCES

Kaolin Mineralogy and Commercial
Utilization...........ocoviiiiiiiiiiiiinn, Jessica Elzea Kogel and Audrey C. Rule

INTRODUCTION
LABORATORY EXERCISE

Part I: Kaolin utilization

Part II: Kaolin type and grade

Part III: Grading kaolin for mining
Part IV: Prepare cross-sections
Part V: Final Report

INFORMATION FOR INSTRUCTORS



Purpose
Exploration phase
Explanation phase
Expansion phase
Organizing the exercise
Required background information
Materials
Possible modifications
Answers/solutions to the exercise
Answers to questions in Part II
Comments on cross-sections
Kaolin Layer #1
Kaolin Layer #2
Authentic Assessment with scoring rubric

REFERENCES
DATA SHEETS

Use of Multimedia to Enhance Clay Mineralogy Laboratory
Activities............oeeueenn. Ray E. Ferrell, Johan Forsman, and Wanda S. LeBlanc

INTRODUCTION

POWERPOINT METHODS
EXTRACTION OF CLAY FRACTION
SMEARED-SLIDE PREPARATION
SUMMARY

Determination of Illite Crystallite Thickness Distributions by X-ray

Diffraction, and the Relationship of Thickness to Crystal Growth Mechanisms by the
use of MudMaster, GALOPER, and Related Computer

PrOGIAMS ....eviiiiiiie ettt et et D. D. Eberl

INTRODUCTION
EXERCISES

Explanation
Exploration
Exercise A: MUM’s the word
Exercise B: Determination of CTD’s for natural illites
Expansion
Exercise C: Simulation of illite growth with GALOPER
Exercise D: Statistical comparison of calculated
and measured CTD’s
Exercise E: Decomposition of illite CTD

CAUTION AND CONCLUSION
ACKNOWLEDGEMENTS
REFERENCES



An Introduction to the Analysis of Clay Minerals by Laser and X-ray Diffraction

TechnIqUes. ..o Stephen Guggenheim
PART 1. MEDICAL X-RAY FILMS AND ANALYTICAL X-RAY
FILMS
PART 2. THE NATURE OF DIFFRACTION
Background

Unit spacings in diffraction
The intensity of diffraction

Experimental Procedure
A. Initial set up: the magnification factor
B. Projection vs. diffraction?
C. The effect of the wavelength of light
D. Calculation of various grating sizes
E. One-dimensional diffraction

PART 3. X-RAY DIFFRACTION OF CLAY MINERALS

Background
Experimental

COMMENTS TO THE INSTRUCTOR

Required materials
Discussion

ACKNOWLEDGMENTS
REFERENCES

Interlayer Reactions in Expandable Clays: Exchange, Solvation, and Intercalation
Experiments............cooeviiiiiiiiiiiiiiiin. Brenda Ross and Stephen Guggenheim

PART 1. EXCHANGE AND SOLVATION

Introduction
Layer charge
Exploration
Expandable clays
Explanation: Identification of vermiculite vs. smectite
Required materials
Step 1. Exchange of Mg
Step 2. Preparing an oriented clay-aggregate slide
Step 3. Glycerol solvation
Ethylene glycol solvation: Alternative approach
Step 4. X-ray diffraction procedures
Expansion

PART 2. INTERCALATION AND CHEMICAL INTERCALATION



Introduction

Exploration

Experimental Design: The benzidene blue reaction

Intercalation of the organic amine: Step 1A. 1 ,4-phenylenediamine

Intercalation of the organic amine: Step IB. N,N,N’ N’-
Tetramethylbenzidene

Step 2. Preparing an oriented clay-aggregate slide

Step 3. X-ray diffraction procedures

NOTES TO THE INSTRUCTORS

Introduction
Materials
Safety
Additional comments
Part 1. Exploration
Other notes
Part 2. Experimentation
Overview
Answers to exploration questions

ACKNOWLEDGMENTS
REFERENCES

Infrared Spectroscopy in Clay Science...............ccoeevvinn... Paul A. Schroeder

INTRODUCTION
BACKGROUND
Structure
Theory
Molecular and crystal vibrations
Exploration Phase Activity 1
Exploration Phase Activity 2
Instrumentation and sample preparation
for IR experiments

RESULTS AND DISCUSSION

Explanation Phase Activity
Hydroxide sheets
JR spectra of layer silicates
1:1 layer silicates
2:1 layer silicates with zero layer charge
2:1 layer silicates with layer charge
SUMMARY
ACKNOWLEDGEMENTS
REFERENCES
LABORATORY EXERCISE IN INFRARED
SPECTROSCOPY



Required materials Procedures
Analysis and discussion after completing the experiments
Questions for discussion

Structure and Chemistry of Clay Minerals: Learning through
APPlICAtioN. ...o.vii i Jean Hemzacek Laukant

INTRODUCTION
A Note about Nomenclature
COMPARISON OF WATER AND OIL SORPTION

Exploration
Explanation
Expansion

COMPARISON OF SWELLING CAPACITY

Exploration
Explanation
Expansion

APPARENT VISCOSITY OF CLAY DISPERSIONS:
RHEOLOGY WITHOUT THE CALCULUS

Exploration
Explanation
Expansion

INSTRUCTOR’S NOTES

Exploration

Materials and Preparation

General Comments

Water and Oil Sorption

Swelling capacity

Apparent viscosity of clay dispersions

REFERENCES
APPENDIX I
APPENDIX II



