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FOREWORD

Between December 1966 and June 1967, the State Education Department
convened several meetings of an Earth Science Syllabus Revision Committee.
The purpose of this committee was to develop 'guidelines that could be used
as a basis for revising the New York State earth science program. .-

The guideTines that were developed by.the commitfee described a philos-
ophy and approach for a new course of study in earth science that would be;

1. student activity oriented - Students should be exposed to a learn-
ing environment in which they would be active participants. Labor-
atory and field experience should be:the focal point of this program

2. investigatory in approach - The learning activities should be
oriented toward an inquiry approach, placing the student in the
rote of investigator;

3. interdisciplinary in content - The course content organization
should integrate the traditional earth science subject areas.
Emphasis should be placed on the analysis of the environment,
ahd the processes affecting it.

Under the direction of Roger W. Ming, then Associate in the Bureau of
Science Education now Supervisor, Education for the Gifted, and through the
efforts of a writing team, a format, an outline, and implemental materials
evolved which were consistent with the Revision's Committee's initial
guidelines.

During the summer of 1967, a first edition of the experimental sylla-
bus was written. A supplement containing suggested learning activities and
separate test items for a terminal examination were developed concurrently.
During the 1967-68 school year, 75 teachers used the first edition. These
teachers were organized into regional centers which held frequent meetings
to assemble feedback on the course of study. The centers also provided
training for their members and prepared inservice programs for teachers who
were not yet using the experimental materials.

During the summer of 1968, second editions of the experimental syllabus
and suppiement were developed incorporating changes suggested in the feed-
back from the participating teachers. A second terminal examination was
also prepared. During the 1968-69 school year, 110 teachers used the second
edition of the syllabus. The regional centers were expanded in number and
more specific functions and responsibilities were assumed by the center
teachers.

A third edition of the refined syllabus materials and an examination
were prepared during the summer of 1969. This edition was tested by 110
teachers in the 1969-70 school year.

The final editions of the new earth science syllabus and supplement
were prepared during the summer of 1970.

A total of 155 teachers representing 96 school districts throughout
New York State were directly involved in the process of developing and
evaluating the new course of study. These, along with others who contributed,
are listed on page vi.



The overall project was developed under the general direction of
Hugh B. Templeton, Chief, Bureau of Science Education. During the 1967-69
period of development and field-testing, Mr. Ming was mainly responsible
for the steps taken that resulted in the extensive involvement of feachers
across the State. Robert F. Zimmerman, Associate in Secondary Curriculum,
was the curriculum liaison person during the total period.

The final edition of this syllabus was prepared under the direction
of Douglas S. Reynolds, Associate in Science Education. A special
acknowledgment is made to the leadership role on the writing teams played
by W. John Higham, Vestal Central School, and to the special services that
his school performed in publishing experimental editions of the syllabus
and supplement.

Gordon E. Van Hooft
Chief, Bureau of Secondary
Curriculun Development

William E. Young

Director, Curvriculum
Development Center
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INTRODUCTION TO TEACHERS

Student Scheduling

Earth science is most frequently offered to selected and able ninth
grade students who display an 1nterest in science.

Some schools have found that success in earth science can be achieved
by very high ability students in the eighth grade, and by Regents caliber
senior high school students. In the 17th or 12th year some students with a
strong science interest and high ability that did not have this course in
Junior high school may elect to enroll in two sciences simultaneously.

Time Requirement

The minimum time vrequired for this course is six 45-minute periods per
week, although seven periods are recommended.  The time allotment should
include at least one double period for 1aboratory work each week.

Laboratory

One of the requirements of this course is that the pupil shall have
successfully completed at least 30 periods performing laboratory work, and
shall have prepared a written record verifying this work.

State Diploma Credit

This course may be used as one unit of the group II major science
sequence or for group III credit as an elective toward a State Diploma.

Changes in Syllabus

Corrections or changes in the syllabus that become necessary will be

brought to the attention of school principals by means of supervisory letters
from the Department.

Topic Seguence

Recommendations from the participating teachers in the experimental
program have resulted in the development of the sequence of topics presented

in this syllabus that leads to a successfu] compietion of the course
objectives. .

vii



INSTRUCTIONAL OBJECTIVES

If the objectives of any course of study are not clearly defined, it will be difficult to evaluate
what has been learned. Without such clearly defined objectives, there can be no sound basis for select-
ing appropriate course content or instructional methods and materials. Clearly defined‘objectives‘shou!d
provide the student with a means to evaluate his own progress at any time and to help him organize his
afforts into relevant activities.

In this syllabus, the focus is upon the identification and formulation of appropriate objectives
which have been behavioralized. These are classified into two groups: those related to the process of
inquiry {PI0's), and those related to subject matter or course content {CCO's). Both grounps of obiec-
tives have been specifically related to the understandings in each topic.

Process-of-Inquiry ijecti&es (PI0)

At the compietion of the course, the student should be able to:

T. demonstrate the following skills in mathematics:

a. determine relative error in percent, d. use proportions in establishing scale,

b. use scientific notation correctly, e. measure dimensions using metric system
and convert from one metric unit to

c. solve for unknowns in simple another metric unit;

aigebraic equations {e.g., D = %)

2. a) vread the scales on standard measuring apparatus, such as rulers, protractors, balances,

graduated cylinders, barometers, or compasses, to an accuracy of 1/2 of the smallest
scale calibration of the apparatus;

b) demonstrate a degree of precision with standard measuring apparatus by collecting 3 trial
measurements that vary nc more than /2 of the smallest scale calibrations of the apparatus;

c) demonstrate an ability to determine map measurements, such as directions, locations,
distances, and other quantities designated on special maps. which are appropriate to the
Timitations of the map;

3. a} devise a classification system that can be used to interpret natural phencmena;
b) create models that can be used to interpret natural phenomena;

4, T1ist possible sources of error in an investigation when given a description of the data,
procedure, and instrumentation;

5, a) collect and organize data; ¢) extrapolate from and interpolate within
b} construct graphs using scales which a set of data: :
are appropriate for the data; d) interpret models which have been created

te represent natural phenomena.

Course-Content Objectives {CCO)

At the completion of the course, the student should be able to jdentify examples from cbservations
of his environment which ilTustrate that:

1. <(hiange is universal and results from energy flow across an interface.
‘Mass-energy is conserved as change occurs.

The sun is the major source of energy which drives earth systems.
Natural systems. tend to move toward a state of dynamic equilibrium,
Many earth processes reflect cyclical changes.

[+ IR 7 I A
S T .

Changes or events reflect interactions between physical, chemical, and hiological aspects of an
environment, and are described within the frames of reference of space and time.

7. The properties of the envirorment and the materials of which it is composed indicate how they
were formed and how they may change.

The study of present environments may be used to predict the future and to explain the past.

'9. Data derived from a microenvironment may be used as a guide to the interpretation of a macro-
environment, -

10. Observations occur when one or more of the senses are focused on an aspect of the environment.

11. Powers of observation are limited by the senses, and can be extended by the use of instruments,

12. There is a difference between information based on sensory perception and inferences made from
these observations

*Mager, R.F. Preparing Instructional Chjectives. Palo Alto, California. Fearon, 1962, pp. 3-4.
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THE EARTH SCIENCE SYLLABUS FORMAT

The format has been designed fo facilitate teaching by the investigative method. The materials
consist of three pubiications:

The Sytlabus
The main body of the syllabus consists of three columns:

column t: Topic Outline
column 2: Major Understandings
column 3: Information to Teachers

The Topic Abstract of each topic Tists the Major Behavioral Objectives that are to be attained
as a result of the experiences gained during the topic and provides, in the Approach, general information
about the fopic and its relationship to other topics.

The Topic Outline (column 1) is a statement of fhe course content in outline form. Each section of
a topic begins with the significant Section Question which fnitiates the learning experience. It is
intended that the investigations, activities, and discussions for the section will provide the student
with the major undersiandings Tisted in the section.

The Major Understandings {column 2) consist of concepts related to the section question. It
includes concepts that can be derived directly from the suggested activities as well as ideas which
would be derived indirectly. It is mot intended that this column 1ist 477 the understandings which can
be related to the guestion.

The Information to Teachers column contains suggestions for approaching the material within a
topic, appropriate cross references to understandings appearing in other topics, and the listing of
process-of-inguiry and course-content objectives which relate to the understandings.

The Supplement

The supplement contains the investigations indexed by topic and section, and contains lists of
multimedia and other reference materials.

Fach set of topic investigations is preceded by the Investigations-Understandings Matrix which is
designed to iliustrate the relationship of the investigation to the major understandings. It can also
be used to relate multimedia materiais to the topic.

The descriptions of the student laboratory investigations are presented in two forms:

1. Teacher laboratory Guide Sheet - provides orientation and approach for teacher use.

2. Student Laboratory Guide Sheet - provides a structured procedure for the student.
The sheet can be easily duplicated at the discretion of the feacher.

Some investigations require special waps, charts, diagrams, or other items not readily available
elsewhere. These appear on separate pages to facilitate duplication.

Long-Term Investigations (L.T.I.) and Field Experiences (F.E.}, have been grouped together in
topic I1 of the supplement even though many of these are used in other topics, The individual activi-
ties are listed in a special matrix sheet which shows the topics to which they apply. In addition,
each activity is listed in the matrix sheet for the specific topics where the activity applies.

Both types of investigations may be conducted by individual students or with an entire class.

The twp categories of investigations are not mutually exclusive. Many of the long-term investi-
gations are intended to be performed in the field, and many of the procedures described in the field
experiences may be treated as long-term investigations.

Additiona? suggestions for the Yong-term investigations and field experiences appear in topic II
of the suppiement.

ix



While the investigations have been placed in a “supplement," it should be clearly understood that
they are not supplementary — they ave essential, and comprise the core of the course.

The supplement also contains a glossary of some terms which are used throughout the syllabus. It
s not intended that these terms be memorizad by the student. Vocabulary testing s nmot an appropriate
activity for this course. The glossary should be used by the student as another reference source.
Thus, the teacher can include terminology in discussions or laboratory activities and not feel obligated

to "teach" definiticns.

The Reference Tables

The reference tables, which are available in quantity, contain useful information such as charts,
scales, tables of constants, and graphs, which can be used by the student at any time throughout the

year,

It is not intended that the information in the table be memorized.

The tables are provided for use on the state-prepared examination and may be used during classroom
testing at teacher discretion,
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of the question,
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to accomplish the
appropriate Major
Behavioral Objective.

& number in fenths:
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ANNOTATED FORMAT EXAMPLE

Investigations«Understandings Matrix

The Blocks in o horisontal column designate which
investigations will support and explain a single

Inyestigation number understanding, For C=1,12, (The amount of energy
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B-1.,12,

xii

Vs



ANNOTATETSD

Topic vumber
Investigation V-A-2a

Topic section
Section Number
Laboratory number

Question focuses on the
theme of the {nvestigation,

A Uist of materials
requived for the 4
inpestigation.

A motation of any special
problems concerning the
investigation,

Suggestions for changes
or extensions in thisg
areq of itnvestigation,

FORMAT
Teacher Laboratory Guide Sheet

o Investigution Title
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EXAMPLES

Student difficulty

e Bstimated number of periods

requived, This will indi-
cate the depth of coverage,
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that a homework assignment
will expedite completion.
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one possible approach
a teacher might use in
this investigation,

‘“ﬁqkéhmple of gtudent-obtained
data.

4 listing of sources for
=™ gveater in-depth treqiment.

Student iaboraﬁory Guide Sheet

This will be available for each investigation for duplication and
distribution to students if the teacher chooses.

Investigation numbe
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which this investigation
ie structured,

4 euggested procedure
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some investigations,
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Some questions are
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Found in the syllabus.
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investigation theme,
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AREA 1

AREA 2

AREA 3

AREA 4

AREA 5

AREA TIME EMPHASTIS

INVESTIGATING PROCESSES GF CHANGE

Topic | Observation and Environment
Topic II The Changing Environment

THE EARTH MODEL

Topic III  Measuring the Earth
Topic IV Earth Motions

THE EARTH'S ENERGY BUDGET

Topic V tnergy in Earth Processes

Topic VI Insolation and the Earth's
Surface

Topic VII  Energy Exchanges in the
Atmosphere

Topic VIII Moisture and Energy Budgets
and Environment Change

THE RGCK CYCLE

Topic IX The Erosional Process
Topic X The Depositional Process
Topic XI The Formation of Rocks
Topic XII  The Dynamic Crust

THE HISTORY OF THE EARTH

Topic XIII Interpreting Geologic History

Topic XIV  Landscape Development and
Environmental Change

CHART

10

o ~J

16
10

12
13

15
15

days
days

days
days

days
days

days
days

days
days
days
days

days

days -

Total Instructional Time

Xiv

Time Emphasis

10 days

20 days

38 days

37 days

30 days

135 days



AREL 1

TOPIC

INVESTIGATING PROCESSES OF CHANGE

TOPIC 1 - CBSERVATION AND MEASUREMENT

A.

OF THE ENVIRONMENT
The local environment

A-1 Observation
A-1.1 Sensory perception
A-1.2 Sensory limitations
A-1.3 Inferences’
A-2 Classification '
A-2.7 A system of c1ass1f3cat1on
A-2.2 Purpose

. Properties of the environment

B-1 Measurement
B-1.1 Dimensional guantities
B-1.2 Comparison
B-1.3 Errer
B-2 Density
B-2.1 Variations

TOPIC IT - THE CHARGING ENVIRONMENT

A.

AREA 2

The nature of change

A-1 Characteristics of change
A-1.1 Occurrence of events
A-1.2 Frames of reference
A-1.3 Rate of change
A-1.4 Cycles ~- noncycles
A~1.5 Predictability of change
A-1.6 Occurrence of change

. Energy and change

B-1 Relationship between energy and change
B-1.1 Energy filow and exchange

. Environmental change

C-1 Man's influence on the envircnment
C-1.Y Environmental balance
£-1.2 Environmental pollution

THE EARTH MODEL

TOPIC IiI - MEASURING THE EARTH

A.

Earth dimensions

A-1 Shape
A-1.7 Evidence

A-2 Size
A-2.1 Measurement techniques
A-2.2 Measurement determination

OUTLINE

A-3 Extent of the atmosphere hydrosphere,
and 11tﬁosphere
A-3.1 Atmosphere
A-3,2 Hydrosphere
A-3.3 Lithosphere

8. Positions on the earth

B-1 Position determiration
B-1.1 Coordinate systems

8-2 Position description
B-2.1 Vector-scalar properiies
R-2.2 Fields

TOPIC IV - EARTH MOTIONS '

A, Celestial observations

A-T1 Motion of objects in the sky
A-1.1 Star paths
A-1.2 Planetary motions
A-1.3 Sateilite motion

A-1.4 Sun motion

B. Terrestrial observations

B-1 Moticn at the earth's surface
B-T.1 Foucault pendulum
B-1.2 Coriolis effect

. Time

£-1 Frames of reference for time
C-1.1 Earth motions

. Solar system modeis

D-1 Geocentric and heliocentric models
D-T.1 Geocentric model
D-1.2 Heliocentric model
D-2 Simple celestial model
D-2.7 Geometry of orbits
D-2.2 Force and energy transformations

THE EARTH'S ENERGY BUDGETS

TOPIC V - ENERGY IN EARTH PROCESSES

A. Electromagnetic energy and energy transfer

A-1 Electromagnetic energy

A-1.1 Properties
. A-1.2 Sclar energy

A-1.3 Earth energy

A-2 Energy transfer

A-2.1 Conduction

A~2.2 Convection

A-2.3 Rad1at1on



B. Energy transformation

B-1 Transformation in earth processes

B-1.1 Latent heat

B-1.2 Movement of matter

B-1.3 Wavelength absorption and
radiation

B-1.4 Fricticn

C-2 Moisture and energy transfer
C-2.1 Density differences
C-2.2 Wind speed and direction
C-2.3 Adiabatic changes

C-3 Release of moisture and energy within
the atmosphere
C-3.1 Condensation and sublimation
€-3.2 Cloud formation

C-4 Release of moisture and energy from the
atmosphere
C-4.1 Precipitation
C-4.2 Wind-water interaction

C. Ernergy relationships in earth processes

C-1 Conservation of energy
C-1.1 Closed system

) TOPIC VIII - MOISTURE AND ENERGY BUDGETS AND
TOPIC VI - INSOLATION AND THE EARTH'S ENVIRONMENT CHANGE
SURFACE
A. Earth's water
A. Insolation at the earth's surface
A-1 Ground water

A-1 Insolation factors A-1.7 Infiltration

A-1.7 Angle A-1.2 Permeability

A-1.2 Duration A-1.3 Porosity

A~1.3 Absorpticn A-1.4 Capillarity

A-1.4 Reflection A-2 Surface water

A-1.5 Scattering A-2.1 Runoff

A-1.6 Energy conversion A-3 Pollution of the earth's water

A-3.1 Sources of pollutants’

B. Terrestrial radiation A-3.2 Types of pollutants
A-3.3 Concentration of pollutants
B-1 Radiation factors A-3.4 Long-range effects

B-1.1 Material radiation
B-1.2 Gases B. The local water budget
B-1.3 Balance
B-T Water budget variables
© g-1.1 Precipitation (P)

TOPIC VII - ENERGY EXCHANGES IN THE B-1.2 Potential evapotransp1rat1on (Ep)
ATMOSPHERE B-1.3 Moisture storage
B-1.4 Moisture utilization
A. Atmospheric variables B~1.5 Moisture deficit
B-1.6 Moisture recharge
A-1 Local atmospheric variables : B-1.7 Moisture surplus
A-1.1 Probabitity of occurrence B-2 Streams
A-1.2 Temperature variations B-2.1 Stream discharge and the water
A-T.3 Pressure variations budget
A-1.4 Moisture variations B-3 Climates and the local water budget
A~1.5 Air movement B-3.1 Climatic regions
A-1.6 Atmospheric transparency ‘
A-1.7 Other variables C. Climate pattern factors
B. Synoptic weather data C-1 Factors
£-1.1 Latitude
B-1 Synoptic analysis C-1.2 Elevation
B-1.1 Airmass characteristics C-1.3 Large bodies of water and ocean
B-1.2 Airmass source regions currents
B-1.3 Airmass tracks C-1.4 Mountain barriers
£-1.5 Wind belts
€. Atmospheric energy exchanges C-1.6 Storm tracks

C-1 Input of moisture and enérgy

C-1.1 Evaporation and transpiration
c-1. 2 Vapor pressure

C-1.3 Saturation vapor pressure
C-1.4 Other input energy

xvi



ARE4A 4  THE ROCK CYCLE

TOPIC IX - THE EROSIONAL PROCESS
A. Weathering

A-~1 Evidence of weathering
A-~1.1 Weathering processes
A-1.2 Weathering rates
A-1,3 Spil formation
A-T.4 Soil solution

B. Erosion

B-1 Evidence of erosion

B-1.1 Displaced sediments

8-1.2 Properties of transported

materials

tors affecting transportation
1 Gravity
2 Water erosion
3 Wind and ice erosion A
4 Effect of erosicnal agents
5 Effect of man

Fac
B-2
B-2
B-2
B-2
B-2
B~2.6 Predominant agent

.
.
+
+
.

TOPIC X - THE DEPOSITIONAL PROCESS
A. Deposition

A-1 Factors
A-1.1 Size
A-1.2 Shape
A-1.3 Density
A-1.& Velocity

B. Erosional-depositional sysiem

B-1 Characteristics

B~1.1 Erosional-depositional change
B-1.2 Dominant process
B-1.3
B-1.4 Dynamic equitibrium
B~1.5 Energy relationships

TORIX XI - THE FORMATION OF ROCKS
A. Rocks and sediments

A-T Comparative properties
A-1.7 Similarities
A-1.2 Differences

B. Minerals

B-1 Relation fo rocks
B-1.1 Composition
B-2 Characteristics
B-2.1 Physical, chemical properties
B-2.2 Chemical composition
B-2.3 Structure

Erosional-depositional interface

. Rock formation

C-1 Sedimentary rocks
C-1.7 Compression cementation
C-1.2 Chemical processes
C-1.3 Biological processes
C-2 Nonsedimentary rocks
C-2.1 Solidification process
£-2.2 Recrystallization process
C-3 Environment of formation
£-3,1 Inferred characteristics
£-3.2 Distribution

. Rock cycle

B-1 Evidence
B~1.1 Transition zecnes
D-1.2 Rock composition

TOPIC XIT - THE DYNAMIC CRUST

A, Evidence for crustal movement

A-1 Minor crustal changes
A-1.1 Deformed rock strata

A-1.2 Displaced fossils
A-1.3 Displaced strata
A-2 Major crustal changes

A-2.1 Zones of crustal activity
A-2.2 Geosynclines
A-2.3 VYertical movements
A-2.4 Qcean floor spreading
A-2.5 Continental drift
A-2.6 Magnetic poles

. Earthguakes

8.1 Wave properties
B-1.1 Types of waves
B8-1.2 Velocities
B-1.3 Transmission

B-2 Location of an epicenter
B-2.1 Epicenter
8-2.2 Origin time

. Model of the sarth's crust and interjor

C-1 Properties
C-1.7 Solid and 1iquid zones
1.2 Crustal thickness
1.3 Crustal composition
1.4 Density, temperature, and pressure
1.5

C-
C-
C-
C- Interior compositicn

. Theories of crustal change

D-1 Inferred processes
D-1.1 Mantle convection cells
D-1.2 Geosynclinal development
D-1.3 Isostasy
D-1.4 Process relationships



AREA &

THE HISTORY OF THE EARTH

TOPIC XII! - INTERPRETING GEQLOGIC HISTORY
A. Geologic events

A-1 Sequence of geologic events
A-1.1 Chronology of layers.
A-1.2 Igneous intrusions and extrusions
A-1.3 Faults, joints, and folds
A-1,4 Internal characteristics

»

B. Correlation techniques

B-1 Correlation
B-1.1 Continuity

B-1.2 Similarity of rock

B-1.3 Fossil evidence

B-1.4 Volcanic time markers

B-1.5 Anomalies to correlation

C. Determining geologic ages

¢-1 Rock record
C-1.7 Fossil evidence
C-1.2 Scale of geologic time -
¢-1.3 Evrosional record
¢-1.4 Geologic history of an area
adioactive decay '
~-2.1 Decay rates
-2.2 Half-lives
-2.3 Decay product ratios

¢-2 R
C
¢
c

xviti

B. The fossil record

D-1 Ancient Tife
D-1.1 Variety of 1ife forms
D-1.2 Evolutionary development

TOPIC XIV - LANDSCAPE DEVELOPMENT'AND ENVIRON-
MENTAL CHANGE - : - :

A. Landscape characteréstics—l

A-1 Quantitative observations
A-1.T1 Hillslopes
A-1.2 Stream patterns
A-1.3 Soil associations
A-2 Relationship of characteristics
A-2.1 Landscape regions :

B. Landscape devetopment

B-1 Environmental factors -
B-1.1 Uplifting and leveling force

B-1.2 Climate

B-1.3 Bedrock

B-1.4 Time

B-1.5 Dynamic equilibrium
B~1.6 Man



