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The geosciences have an important role to play in addressing
whether humans can live sustainably on Earth. From water to
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Share of 25-34 year-olds with a tertiary degree across OECD and G20 countries (2000, 2010, 2020)
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Projected Supply and Demand of Geoscientists in the
Petroleum Industry
~20,000
2024
~5000 ( )
(2014) == Current Workforce

(industry-profile)

== Current Workforce +
US New Entries

== Total Demand

Current Workforce
with US & non-US
new entries




Sectors of Geoscience Employment, 2010
Data from the Bureau of Labor Statistics

& Architectural, engineering, and
related services

& 0Oil and gas extraction

“ Management, scientific, and
technical consulting services

W State government, excluding
education and hospitals

“ Federal government, excluding
postal service

“ Other




College Majors and Occupations: A focus on STEM
i College Majors Occupation Groups
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Based on 2012 data.
Data & image from US Census Bureau: http://www.census.gov/dataviz/visualizations/stem/stem-html/



COOPERATIVE DEVELOPMENTAL ENERGY PROGRAM (CDEP)

is hosted by the Fort Valley State University (FVSU), an HBCU
and a part of the 29 University System of Georgia institution
and located in middle Georgia, 100 miles south of Atlanta, GA.

It was founded with the vision to alleviate the deficit of females
and minorities in the energy industry.

At the core of CDEP lies its 3+2 dual degree academic
excellence program
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RECRUITMENT

2. Directly from High School (noniMISEA)

RECRUITIMIENT

1. Through 9% -1 2T grade home growvwmn
Ppipeline program (MISEA)
CDEP’s PRECOLLEGIATE
PIPELINE PROGRAM :
MATHEMATICS, SCIENCE,
ENGINEERING ACADEMY
(M-SEA):
- an academic excellence
program that recruits 9th
graders nationally & 4
summers bring them back
to expose the students to
subjects like GEOLOGY and
ultimately serves as the
feeder program to the 3+2
dual degree CDEP
Programs.

> 9t Grade M5 0 Ay
i n *Recruited across US from ¥
! ) Alaska to Georgia
+Fort Valley State
*Penn State
S *Georgia Tech
| *Washington D.C. (USGS)
*Harper’s Ferry, WV
*Geology and Engineering

10t Grade

*University of Nevada,
Las Vegas
*Engineering, Math and
Geology
*Hoover Dam
*Grand Canyon
*Yucca Mountain

11 Grade

*University of Texas,
Austin
*Geosciences
*Field Studies throughout

Central Texas
+Devil's Waterhole
*Enchanted Rock

12t Grade

+Fort Valley State
*SAT Prep

+Visit Major Oil Companies
in Houston, TX

*BP, Exxon Mobil, Conoco,

Marathon, Shell Oil

* Mentoring by peers




National Association of Black Geoscientists (NABG)
Student Chapter atthe Fort Valley State University
President: James Pippin Vice President: Jessica Clark Secretary: Maya Kedem
Treasurer: Filmore Thomas Parliamentarian: Mercy Browder
Faculty Advisor & Founding Member: Dr. Aditya Kar, Associate Prof of Geo, FVSU




Field, citizenship, and race/ethnicity

2001-2010

ALL FIELDS U S CITIZENS WHITES BLACKS HISPANICS | ASIANS AM.INDIANS OTHERS [ TEMP. RES.

Non-S&E 10,041,436 70% srrorr| 70% 6929596 70% W 909235) 70% [l 798183 | 70% B 494167 50% [l e0087 | 70% [ 5705806 | 70% [l 270359 | 60%
S&E asroes2l 30% as0a81s| 30% 302153 30% [l 300851 30% [l sce0es| 30% W 234674 50% W 22071 | 30% N 250655 30% [ 174906 | 40%
Earth sciences 33,623 33024 98% 20,247 84% 539 1.60% 0 125 | 4% 84| 2% 2s | 0.80% | 1201 | 5% s | 1.8%
Mathematics 137,776 95% 99,7671 TO% 8230 5.68% | == | 6% 13,326) 9% o5 | 0.45% ] 757 | 5% 7071 | 4.9%
Astronomy 3035 96% 2316| 75% 43(1.35% Q] = | 6% 2280 7% 20 |0.63%Q 22 | 7% 192 (4.5%
Chemistry 106,257 102046 96% e8276) 65% 8300 7.81% | 72°¢ | 7% 12661 12% @l 3 |0.65% ] +s | 4% 4211 | 4.0%
Physics 43,494 41400 95% s2.208| 75% 1564{ 3.60% |l 20 | 5% 2562| 6% 25 | 0.56% | 2%%¢ | 7% 2014 | 4.6%
Other 5942 ss52| 93% 4224) 70% 36| 5.82% fl 227 | 5% a8 6% 3 10.66%Q 3 | 5% 30 1 6.6%
Engineering e21.743( 93% 430778| 65% 310511 4.66% [l s2¢0 | 7% 79428 12% [l 3281 | 0.49% [ 2893¢ | 4% [ 44195 (6.6%




Source:
NSF 2013




URMs and Traditional VS. Non-traditional subjects

National average for traditional (Engineering) degrees
vs. hon-traditional (Earth Science) is 95:5;

NATION

BLACKS

B ENGG

.as8s883888

B GEO

MSEA

B ENGG
B GEO

FVSU graduates (Engg & Geo) chose non-traditional de'gree
by 28% more than the National average for Blacks (2%).
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% of MSEA graduates in cach profession who

" were mentored by Dr. Kar

100%
= ﬂ 100%
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Active role of advisement and mentoring Figure Role of mentoring in retentionand
in student’'s on-ime graduation graduation withthe 2" degree.

OVERALL
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FVSU’s PRECOLLEGIATE PIPELINE PROGRAM:

9th Grade

e ‘ '»11 *Recruited across US from
MATHEMATICS, SCIENCE RN — B N Alaska to Georgi
. ? . ’ B o - ! -Fo?tsVZII:y State
ENGINEERING ACADEMY ey Penn State

: *Georgia Tech
3 *Washington D.C. (USGS)
] *Harper’s Ferry, WV

*Geology and Engineering

10t Grade

(M-SEA):
M-SEA, like CDEP is an academic

excellence program that targets University o Nevads,
and recruits nationally minority Etgifeing e aid

*Hoover Dam
*Grand Canyon
*Yucca Mountain

and female students at the
9th grade year.

11th Grade

*University of Texas,
Austin
*Geosciences
*Field Studies throughout

Central Texas
*Devil's Waterhole
+Enchanted Rock

Provided the students maintain
high academic standards during
school year, they are then invited
back over the next 4 years
(9th-12th grade) for weeklong
summer experiences at FVSU
and its partnered universities.

12% Grade

+Fort Valley State
*SAT Prep

*Visit Major Oil Companies
in Houston, TX

*BP, Exxon Mobil, Conoco,

Marathon, Shell Oil

* Mentoring by peers
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MSEA’s STEM-ulating journey
starts at
The National Gem Collection

™ Smithsonian

HOPE DIAMOND

The necklace chain contains 45 white diamonds.
Weight: 45.52 carats
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M-SEA GEOLOGY CURRICULAR MAP - Created by Dr. A. Kar, Ass. Prof, FVSU

QTH 414 TH

WHAT IS GEOLOGY? WHAT DOES GEOSCIENTIST DO? HOW MUCH DO GEOSCIENTISTS EARN? ;-)
PLANETARY GEOLOGY GLOBAL CLIMATE CHANGE

MATTER MATTER ATOMS ELEMENTS COMPOUNDS MINERALS
ROCK CYCLE IG ROCKS PLATE TEC GEO TIME & AGE DATING

ATOMS
ELEMENTS
COMPOUNDS
MINERALS

ROCK CYCLE &
PLATE TECTONICS

IGNEOUS ROCKS

GEO TIME SCALE
& AGE DATING

HAND SAMPLE ANALYSIS
OF MINERALS

HAND SAMPLE ANALYSIS
OF IG ROCKS

STONE
MOUNTAIN
FIELD TRIP

EVOLUTION
GAME
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Question 2.7: Fill in the following GC diagrams with appropriate names
for the “Rims” and “Canyons / Gorges.”

1

In the above diagram the Inner Canyon
S has been outlined by Dr. Kar in white.
Two most popular trails are marked in
red. On Left of the diagram is the South
Kaibab Trail whereas on the right hand
side of the diagram is the trail we are
about to embark on. Which trail are we
going to hike on ?

2.2: When you will be climbing back up after lunch, is
it recommended that you TALK while you WALK? Y or N?
Whyy or why not?

m&& Not only running is NOT ALLOWED at any time during this hike, during steep climb
“baby-sized” steps are WHY?

rock

3.7: What kind of rock Is this? What kind of environment did
this rock form at?

Answer:

bmdh-u: Do you see any difference between the different layers
within the rock?

Answer: y

Mumm does this obvious difference of rocks within the
same layer suggest?

Question 3.4: There are some inclusions in the rock. What minerals are
the inclusions made of? What kind of paleo-environment does it
indicate?

\Question 2.4:hich Canyon | Gorge is a desert? .
Mmu. July Temperature of this part of Grand Canyon is ; in comparison the
temperature of the Rim ( the rim we are standing on) is.

STOPS. Just after out of the

ust as you come out of the arch, look up on the wall (to your left); look
carefully and you will see some red markings; if you look thoroughly
you will be able to make out shapes drawn in red.
5.1: What are these drawings called? Who do you think made
these drawings, when and why?

Question 5.2: Draw some of these what
you see in the space below.
List what you see.

Question 3.5: How old is this layer?

Question 3.6: What is the app here?
Summary (3.7-3.6), the top layer of GC which is at feet at the
time, million years ago was at the bottomofa

10.1: Just before you enter the Second Arch, note the rock.
What kind is it?

Answer:

10.2: Just as you exit from the Second Arch, note the rock.
What kind is it?

wer:
70.3: If there is a difference in the rock type, what does it
suggest?

10.4: Look at the cliff section facing you. Which rock layer is at
your eye-level on the cliff section (you are also standing on this rock
layer now)?

nswer:

| Which rock layers in the Grand Canyon area are cliff formers? Why?

STOP4. Inside the First Arch

Question 4.1: In the box below, draw a diagram of the wall of the arch

(from roof to the floor) pointing out the differences you just noticed in
Stop 3.

1. Label your diagram
2. Provide horizontal and
vertical scales

‘-ﬂ Draw the top 4 stratas of GC beiow

Environment of Deposition

Answer:

|Lets get back to the Stop 1 Question.

Questiom We are standing on the south rim, how far do you think is the
north rim? Mow wide is the Colorado River? Does these two widths.
match? i not, why?




Sedimentary Rocks

Clastic / Detrital Chemical
Identified by grain size _~"|ldentified by mineral pro ertle

Inorganic (Evaporites)

Rock Rock
Salt Gypsum

formed?

ranstional || Ocean |
Plant dies, | Dissolved ions secreted f§ Dissolved ions carried by

organic matter by living organisms to @rivers to enclosed basin;
upon burial (P&T) | make shells. When during hot summer months
over millions of organisms die shell Water Evaporates T
years forms Coal (calcite) deposited & Salt precipitates

formed?

@
L~
= £
£ £
s £
-~
=

SEDIMENTARY ROCKS (8x8GRID)

2. BROAD
CATEGORY&
how are the rocks
identified?

/TR
MENT OF FM

8. MINERALS
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How long does it take a 9™ grader to finish
high school, dual STEM degrees & a MS degrees?

2016 - 9" grade
2017 - 10th grade
2018 - 11th grade

fuy 2019 - 12th grade
Q‘; 2020 - FVSU 1* year
Q) 2021 - FVSU 2" year
T 2022 - FVSU 3™ year
9
&y
Q)
N

(1% BS degree In Chem, Blo or Math)

2023 - Partnering Unlversity 1 yr

2024 - Partnering Unlversity 2n yr
(2nd BS degree In Geology)
2025- Master’s cdegree Year 1

2026 - Master’s clegree Year 27




TOTAL NUMBER OF STEM DEGREES EARNED
BY CDEP DUAL DEGREE GRADUATES

GEOSCIENTISTS 36 24 | 12 EEYS
PETROLEUM ENGINEERS 6 1 5 GEWA
HEALTH PHYSICISTS 8 4 4
ENGINEERS

MATHEMATICIANS

CHEMISTS

BIOLOGISTS 11 3 8

TOTAL STEM DUAL

DEGREES EARNED 339 | 238 101
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CURRENT TOTAL GRADUATED
Underrepresented Minority (URM)
GEOSCIENTISTS

nonMSEA " MSEA

 nonMSEA
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By 2020
TOTAL A171/#7%) GRADUATED URM GEOSCIENTISTS

nonMISEA
31
1912




ENGINEERING DEGREE VS. GEOSCIENCE DEGREE
98% 95°/ 100%

5% 80%

L)
70% P
| 60%

/ ﬁ 40%

30% 35% 20%

zW
-~ 0%

ENGG

GEO

BLACKS
(NSF) A""NRS‘:CES non-MSEA
(NSF) FVSU TOTAL MSEA




GRADUATED GEOSCIENTISTS
ARE EMPLOYED IN:

Environ-
o mental

C
10%

[ Oil & Gas /o

559% Academia

25%
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2001-2010: FVSU’s contribution to the
Nation’s URM Geoscientists

As a result of this astoundingly low number,

FVSU partnered with its dual degree
universities in geosciences, nhamely

Univ. of Oklahoma, Univ. of Texas (Austin) &
Penn State,

has graduated approximately

3.15%

of all black earth scientists in the nation in
the decade spanning 2001-2010.
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What do pre-service teachers
need to know to be successful
teaching Earth science

1.THE CONTENT

2.THE EXAM: GACE

3.THE STANDARDS: BOTH
NATIONAL & STATE



K — 12 Education

Earth Science in Grades 6-8: Full-year or Integrated Curriculum

.FuII Year
(] Integrated

M Both - |
[ Decided by the distric

SourcE: AGI Geoschen oe Workloros Program, data derived o AGH Pulse of Fonth Scence Wational Simlus of Earth Solemdr Education, Suote by Stale, 2007,

- J 5] GEOSCIENCE WORKFORCE PROGRAM



-« | Subareas

Approx. Percentage
Subarea of Test
= ific Inquiry, , and Society 30%
Il. Physical Science 70%
Test | Objectives ¥
i: Sci Inqulry.‘, , and Society

Objective 1: Understands the nature of scientific inquiry and processes, inciuding the coilection
and analysis of data
The beginning Science teacher:
A. Understands methods of scientific inquiry and design
= Identifying problems based an qbservations
= Forming and testing hypotheses
* Development of theeries. madels, and laws

« Experimental design, including i and
sources of efror

controls, and

" | GACE SCI Study Companion Sci Inquir & Earth & Space Sci.pdf - Adobe Acrobat Reader DC

Subarea Ii: Earth and Space Science

bjective 1: L geology, ir ing Earth's rocks, minersls. plate tectonics,
and historical geology
The beginning Science teacher:

A. Understands the types and basic characteristics of rocks and minerals and their
formation processes

= The rock cycle

= C ics of
processes

« Characteristics of minerals and their formation processes

y. igneous, and rocks and their formation

B. Understands the processes invaived in erasion, weathering, and sedimentation of
Earth’s surface materials

+ Erosion and sedimentation
« Chemical and physical weathering
* Characteristics of soil
« Porosity and permeability
C. L Earth’s basic structure and internal processes

* Process skills i i »
and concluding

B. Understands the history and nature of scientific knowledge
= Subject to change
* Consistent with evidence
= Based on reproducibie evidence

inferring.

«  Unifying concepts and processes, such as systems, modeis, constancy and change,

equilibrium; form and function
* Peerreview
C. the major of science
« Accepted principles and models deveiop over time
s Major developments in science, such as atomic theory and plate tectonics
= Contributions of major historical figures such as Darwin and Newton

D. L the involved in data ion and
« Common uni English), ing unit and
prefixes sudl as mllll and kilo-
= Laboratory notebook praclices
- notation and figures in data
- O izaati and i af data, using tools
- Basic data and error analysis, i i ining mean, and

sourcas of error
E. Understands how to interpret and draw conclusions from data presented in tables,
graphs, maps, and charts
« Trends in data
+ Relationships between variables
- Predictions based on data
« Drawing valid conclusions based on data.

" L the pi for correct storage, use, and disposail of
laboratory materials
. iate and safe use of such as and lab

= Safe disposal of materials
« Appropriate storage

« Preparations for classroom or field use of ials, such as
staining slides
G how to use in the laboratory and the field
. and safe use of such as Bunsen burner, glassware, and
microscopes
« Appropriate storage of equipment such as pH probes and dissection equipment
. and ion of equi such as mi and

« Preparation for classroom or field use, such as preiaboratory setup, classroom
demonstrations, and field research

H. safety and in the
= Location and use of standard safety equipment such as eyewash stations and
showers

= Laboratory safety rules for students
« Appropriate apparel and conduct in the laboratory
+ Emergency procedures for events such as fires, chemical spilfs, and injuries

Objective 2: Understands the relationship of science and tochnology to sociely and tho
environment

The beginning Science teacher.
A.  Understands that science and

* Acid rain

« Air and water poliution

* Greenhouse gases

+ Ozone layer depletion

« Waste disposal and recydling

L * Green chemistry
- imigation

impact the and soclety

« Reservoirs and levees

+ Earth's layers, such as the crust, mantle, and core

+ Shape and size of Earth

« Geographical features

« Earth’s magnetic field
D. Understands plale tectonic theory

« Folding and faulting

= Processes at plate boundaries, such as seatloor spreading

« Basic characteristics of various typee of volcances

= Basic of seismic waves and triangulation
E. Understands histerical geology

* Prncple of uniformitarianism

+ Basic principles of relative age dating, i
comrelation, and fossil succession

= Absolute (radiometric) dating
* Geologic time scale (era and periods)

+ TFossil record as evidence of the origin and of life, i ing fossilizal
methods, mass extinctions, ice ages, and meteor impacts

Objective 2: L the hy ) and , il
water, weather, and climate

watler cycle, bodies of

The beginning Science teacher:

A. Understands the water cycle
= Evaporation and condensation

* Precipitation
« Runoff and infiltration
* Transpiration

= Properties of water that affect Earth systems such as density, changes on freezing,
high heat capacity. and solvent properties

B. L the istics and of Earth's oceans and olher bodies

« Distribution and location of Earth’s water
« Seawater composition

=« Coastiine topography and topography of ocean floor

- Tides, waves, and currents

+ Estuaries, barrier islands, istands, reefs, and atolis

« Polar ice, icebergs, and giaciers

s iLakes, ponds, and wetiands

= Streams, rivers, and river deltas

- Groundwater, water table, wells, aquifers, geysers, and springs

©. Understands the basic structure and of Earth's
e Layers
- Composition of atmosphere
- P and

DL basic of weather

= Relative humidity
= Dew point
* Wind

+ Cloud types and formation
« Types of precipitation
« Air masses, fronts, storms, and severe weather, such as hurricanes and tornadoes
« Development and movement cf weather patterns
E. Understands the major factors that affect climate and seasons
«- Effects of fatitude, location, and
« Effects of stmospheric circulation, such as trade winds andjet'siseams
= Effects of ocean circulation
» Characteristics and locations of climate zones, such as the Tropics and the Arctic

= Effectof the tit of Easth’s axis on seasons
PR £t PR B3 . L Lk Sl pe-ini Tiaiqarent - SR (BURpRy pupepesipr -ye 1




Unifying concepts and processes, such as systems, models, constancy and change,
equilibrium; form and function

* Peerreview
C. the major of science
* Accepted principles and models develop over time
» Major developments in science, such as atomic theory and plate tectonics
= Contributions of major historical figures such as Darwin and Newton
D. L the involved in data ion and
« Common uni English), i unit and
prefixes sud! as mllll» and kilo-
= Laboratory notebook practices
= Scientific notation and significant figures in collected date
- 0 izati and of data, using tools
= Basic data and error analysis, i ining mearn, and
sourcas of error
£. Understands how to interpret and draw conclusions from data presented in tables,
graphs, maps, and charts
« Trends in data
+ Relationships between variables
= Predictions based on data
« Drawing valid conclusions based on data
el the for correct ion, storage, use, and disposal of
laboratory materials
« Apprepriate and safe use of such as and lab
= Safe disposal of materials
. Anpmpnate slmage
or field use of such as
staining slldes
G. Understands how to use standard equipment in the laboratory and the field
. and safe use of such as Bunsen burner, glassware, and
microscopes
« Appropriate storage of equamenl such as pH probes and dissection equipment
- and of i such as and
« Preparation for classroom or field use, such as preiaboratory setup, classroom
demonstrations, and field research
H. safety and in the

Location and use of standard safety equipment such as eyewash stations and
showers

Laboratory safety rules for students
Appropriate apparel and conduct in the laboratory
Emergency procedyres for events such as fires, chemical spifis, and injuries

Objective 2: Understands the relationship of science and technology to society and the

environment

The beginning Science teacher.

A

Understands that science and
* Acid rain
« Air and water poliution
+ Greenhouse gases
« Ozone layer depletion
Waste disposal and recycling
o Green chemistry
= limigation

impact the and soclety

= Reservoirs and levees
+ Depletion of aquifers
«  Loss of biodiversity

Understands major issues
natural resources
L and nonr
. Ci 12 and

« Pros and cons of power generation based on various sources, such as fossil and
nuclear fuel, hydropower, wind power, solar power, and geothermal power

« Issues associated with the use and extraction of Earth's resources (e.g., mining, land
reclamation, and defarestation)

Understands applications of science and technology in daily life
« Chemical properties of household products
+ Communication (e.g., wireless devices, GPS, sateliites)

= Science princi apphied in used products such as batteries,
lasers, polarized sunglasses, and fiber optic cables

= Water purification

« Commeon agricultural practices, such as the use of insecticides, herbicides, and
genetically modified crops

« DNA evidence in criminal investigations

with energy and the

energy

Understands the impact of science on public heaith issues

= Nutrition, disease, and medicine

« _Biotechnaology, such as genelic engineering

« Medical technologies, such as medical imaging, X rays, and radiation therapy

m

Folding and fautting

Processes at plate boundaries, such as seafloor spreading
Basic characteristics of verious types of volcanoes

Basi 3

of

seismic waves and triangulation

. Understands historical geology
Principle of uniformitarianism

.

Objective 2: L y

Basic principles of relative age dating, if
coession

comelation, and fossil su
Absolute (radiometric) dating
Geologic time scale (era 2nd periods)

Fossil record as evidence of the origin and

of life, i ing fossilizali

methods, mass extinclions, ice ages, and meteor impacts

and , i watler cycle, bodies of

water, weather, and wmate

The beginning Science teacher:

A

DL

Undarstands the water cycle

Evaporation and condensation
Precipitation

Runoff and infiltration
Transpiration

Properties of water that affect Earth systems such as density, changes on freezing,
h&gh_@eat capacily. and solvent properties

the of Earth's oceans and olher bodies

and

of water

Understands the basic structure and

Distribution and location of Earth’s water

Seawater composition

Coastline topography and topography of ocean floor

Tides, waves, and curents

Estuaries, barrier islands, islands, reefs, and atolis

Polar ice, icebergs, and giaciers

Lakes, ponds, and wetlands

Streams, sivers, and river deltas

Groundwater, waler table, wells, aquifers, geysers, and springs
of Earth's

Layers
Composition of atmosphere
i and

pr
of weather

-

.

basic
Relative humidity
Dew point
Wind
Cloud types and formation
Types of precipitation
Air masses, fronts, storms, and severe weather, such as hurricanes and tornadoes
Development and movement cf weather patterns

Understands the major factors that affect climate and seasons

Effects of latitude, geographical location, and elevation

Effects of atmospheric circulation, such as trade winds and-jet'sseams

Effects of ocean circulation

Characteristics and locations of climate zones, such as the Tropics and the Arctic
Effect of the tit of Fasth's axis on seasons

Effects of natural phenomena, such as volcal
variations

E! Nifio, La Nifla, and monssons

ic eruptions and solar radiation

Objective 3: Understands astronomy, including solar system, stars, and other features of
the universe

The beginning Science teacher:

A

o

Ui

-
.
.
-

inderstands the major features of the solar system
Structure of the solar system
Effects of motion and gravity
Characteristics of the Sun, Moon, and planets
Cl ics of ids. comets. and dwarf/minor planets
Thecries of the origin of the solar system

. Understands the interactions of the Earth-Moon-Sun system

Effect on seasons

Effect on tides

Earth’s rotation and orbita! ravolution around the Sun
Phases of the Moon

Solar and lunar eclipses

Time 20nes

Effect of solar wind on Earth

Understands maijor Teatures of the universe

Galaxies

« Characteristics of stars and their life cycles
= Dark matter
« Theories of the origin of the universe

S | and aren i usedto

the universe, such as

telascopes, speckascopes, and probes



Subarea II: Earth and Space Science
Objective 1: Understands geology, including Earth's structure, rocks, minerals, plate tectonics, and historical geology
The beginning Science teacher:

A.

m

Understands the types and basic characteristics of rocks and minerals and their formation processes

. Understands the processes involved in erosion, weathering, and sedimentation of Earth's surface materials

Understands Earth’s basic structure and internal processes

. Understands plate tectonic theory

. Understands historical geology

The rock cycle
Characteristics of sedimentary, igneous, and metamorphic rocks and their formation processes
Characteristics of minerals and their formation processes

Erosion and sedimentation
Chemical and physical weathering
Characteristics of soil

Porosity and permeability

Earth's layers, such as the crust, mantle, and core
Shape and size of Earth
Geographical features

Earth's magnetic field

Folding and faulting
Processes at plate boundaries, such as seafloor spreading
Basic characteristics of various types of volcanoes

Basic characteristics of earthquakes, including seismic waves and triangulation

Principle of uniformitarianism

Basic principles of relative age dating, including superposition, stratigraphic correlation,
and fossil succession

Absolute (radiometric) dating
Geologic time scale (era and periods)

Fossil record as evidence of the origin and development of life, including fossilization methods,
mass extinctions, ice ages, and meteor impacts

GACE

Objective 3: Unde ds astronomy, including solar syst

The beginning Science teacher:

A. Understands the major features of the solar system
« Structure of the solar system
« Effects of motion and gravity
« Characteristics of the Sun, Moon, and planets

* Theories of the origin of the solar system
B. Understands the interactions of the Earth-Moon-Sun system
« Effect on seasons
« Effect on tides
« Earth's rotation and orbital revolution around the Sun
* Phases of the Moon
« Solar and lunar eclipses
« Time zones
« Effect of solar wind on Earth
C. Understands major features of the universe
* Galaxies
« Characteristics of stars and their life cycles
* Dark matter
« Theories of the origin of the universe

telescopes, spectroscopes, and probes

, stars, and other features of the universe

« Characteristics of asteroids, meteoroids, comets, and dwarf/minor planets

« Technology and measurement techniques used to investigate the universe, such as

Objective 2: Understands the hydrosphere and atmosphere, including water cycle, bodies of water, weather, and climate

The beginning Science teacher:

A

m

(2]

o

m

Understands the water cycle

s Evaporation and condensation
s Precipitation

* Runoff and infiltration

» Transpiration

= Properties of water that affect Earth systems such as density, changes high heat capacity, and sclvent properties

Understands the characteristics and processes of Earth's oceans and other bodies of water,
« Distribution and location of Earth’s water

s Seawater composition

s Coastline topography and topography of ocean floor

+ Tides, waves, and currents

« Estuaries, barrier islands, islands, reefs, and atolls

* Polar ice, icebergs, and glaciers

« Lakes, ponds, and wetlands

+ Streams, rivers, and river deltas

« Groundwater, water table, wells, aquifers, geysers, and springs

. Understands the basic structure and composition of Earth’s atmosphere

* layers

» Compaosition of atmosphere

+ Atmospheric pressure and temperature

Understands basic concepts of weather development

« Relative humidity

« Dew point

+  Wind

+ Cloud types and formation

+ Types of precipitation

« Air masses, fronts, storms, and severe weather, such as hurricanes and tornadoes

+ Development and movement of weather patterns

. Understands the major factors that affect climate and seasons

= Effects of latitude, geographical location, and elevation

= Effects of atmospheric circulation, such as trade winds and jet streams

+ Effects of ocean circulation

+ Characteristics and locations of climate zones, such as the Tropics and the Arctic

+ Effect of the tilt of Earth’s axis on seasons

« Effects of natural phenomena, such as volcanic eruptions and solar radiation variations

« El Nifo, La Nifia, and monsoons




What do pre-service teachers need to know to be successful teaching Earth science

. The exam: GACE

OFFICIAL EXAMINEE SCORE REPORT

Georgia Assessments for the Certification of Educators®

Georgia Cert. ID: 1178495
Test Date: 12/18/2013
ETS ID No.: 10487475

Your Score
i i Assessment Passed at
014 - Middle Grades Science Induction Level
Your Scaled
Score | 246
100 Induction Professional 300
Passing  Passing
Scora Score
220 250
0 our Score Report

Scores for other assessments taken on this date are in separate score reports.
Please see Unu’srslandmg Your GACE® SCDJ’ES and the _‘Iudy Ci for this for detailed ion about this and how fo

interpret and to most
www.gace ets.org

y use the i in this score report. Both are available as free downloads on the GACE website at

The GaPSC is in the process of raising the passing standard for educator content knowledge in Georgia. As a beginning step in this process, your score
report shows information about passmg scores at two levels: an induction passing score and a professional passing score. At this time, examinees
passing a GACE ion level or the p i level have met the Georgia Special Requirement to pass the content
knowledge assessment(s) appropmte to the field of cenlfcallon See Understanding Your GACE® Scores for additional information.

Score information in this score report is reported to the Georgia Professional Standards Commission (GaPSC), the program provider that authorized you to
take this assessment, and any other score recipients you indicated during registration

This score report will be accsssible to you for 50 years from the test date. Please save a copy of this PDF and print and rstain a copy of it for your futurs.
reference

Your Highest Score to Date*

Your
Scaled
Score

Professional
Passing
Score

Induction
Passing
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Code - Test Name Scaled Score
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014 - Middle Grades Science Passed Induction 1211812013 (100-300) 220 250 246
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Georgia Assessments for the Certification of Educators®

Georgia Cert. ID: 1178495
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ETS ID No.: 10487475

014 - Middle Grades Science

erformance Analysis for Selected-Response (SR) Questions”

Number Correct
of SRs

Detailed Perfor

e Analysis for Selected-Response (SR) Que

Subareas and Objectives Qi‘;';;ie:ns %“Dr:}zec:
Subarea |. Scientific Inquiry, Processes, Technology, And Society 12 9
1. Understands the nature of scientific inquiry and p 3 ding the coll 1 and analysis of data 6 5
2. Understands the relationship of science and technology to society and the environment 4
Subarea Il. Physical Science 18 8
1. Understands the organization of matter, the atomic model, and relationships invelving energy and matter 5 3
2. Understands chemistry, including periodic table, compounds, formulas, bonding, reactions, and solutions 6 4
3. Understands physics, including mechanics, electricity and magnetism, and wave properties 6 1
Subarea lll. Life Science 18 10
1. Understand the structure of cells and cellular processes, basic genetics, and the mechanisms of evolution 8 4
2. Understands characteristics of organisms and principles of ecology 10 6
Subarea IV. Earth And Space Science 12 11
‘1. Understands geology, including Earth's structure, rocks, minerals, plate tectonics, and historical geclogy 13 13
2. Understands the hydrosphere and the atmosphere, and astronomy 6 5

*This does not include guestions that were included for research purposes and are not scored.

Copyright 2013 by Educaton) Testng Senie A rightsreserve ETS and the ETS logo are register radems of Education) Tesing Servoe (ETS) inthe Unied States
and other countres throughout the worl z for the Ceniication of Educators, (GACE. and the GACE logo istered trademans of e Georpa
Professional Standards Commession.
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conammcamene G\ M)l Gracdes Science Standares

S6E1. Students will explore current scientific views of the universe and how those views evolved.

a. Relate the Nature of Science to the progression of basic historical scientific models (geocentric, heliocentric) as they describe our solar
system, and the Big Bang as it describes the formation of the universe.

b. Describe the position of the solar system in the Milky Way galaxy and the universe.

c. Compare and contrast the planets in terms of Size relative to the earth Surface and atmospheric features Relative distance from the sun
Ability to support life

d. Explain the motion of objects in the day/night sky in terms of relative position.

e. Explain that gravity is the force that governs the motion in the solar system.

f. Describe the characteristics of comets, asteroids, and meteors.

S6E2. Students will understand the effects of the relative positions of the earth, moon and sun.

a. Demonstrate the phases of the moon by showing the alignment of the earth, moon, and sun.

b. Explain the alignment of the earth, moon, and sun during solar and lunar eclipses.

c. Relate the tilt of the earth to the distribution of sunlight throughout the year and its effect on climate.

S6E3. Students will recognize the significant role of water in earth processes.

a. Explain that a large portion of the Earth’s surface is water, consisting of oceans, rivers, lakes, underground water, and ice.

b. Relate various atmospheric conditions to stages of the water cycle.

c. Describe the composition, location, and subsurface topography of the world’s oceans.

d. Explain the causes of waves, currents, and tides.

S6E4. Students will understand how the distribution of land and oceans affects climate and weather.

a. Demonstrate that land and water absorb and lose heat at different rates and explain the resulting effects on weather patterns.

b. Relate unequal heating of land and water surfaces to form large global wind systems and weather events such as tornados and
thunderstorms.

c. Relate how moisture evaporating from the oceans affects the weather patterns and weather events such as hurricanes.

S6ES5. Students will investigate the scientific view of how the earth’s surface is formed.

a. Compare and contrast the Earth’s crust, mantle, and core including temperature, density, and composition.

b. Investigate the contribution of minerals to rock composition.

c. Classify rocks by their process of formation.

d. Describe processes that change rocks and the surface of the earth.

e. Recognize that lithospheric plates constantly move and cause major geological events on the earth’s surface.

Explain the effects of physical processes (plate tectonics, erosion, deposition, volcanic eruption, gravity) on geological features
including oceans (composition, currents, and tides).

g-. Describe how fossils show evidence of the changing surface and climate of the Earth.

h. Describe soil as consisting of weathered rocks and decomposed organic material.

i. Explain the effects of human activity on the erosion of the earth’s surface.

j- Describe methods for conserving natural resources such as water, soil, and air.

S6EG6. Students will describe various sources of energy and with their uses and conservation.

a. Explain the role of the sun as the major source of energy and its relationship to wind and water energy.

b. Identify renewable and nonrenewable resources.

)
0



ANAS Midelle Grades Sclence Standareds

Properties of Earth Materials

Earth materials are solid rocks and soils, water, and the gases of the atmosphere. The varied materials have
different physical and chemical properties, which make them useful in different ways, for example, as
building materials, as sources of fuel, for growing the plants we use as food. Earth materials provide many
of the resources that humans use.

Soils have properties of color and texture, capacity to retain water, and ability to support the growth of
many kinds of plants, including those in our food supply.

Fossils provide evidence about the plants and animals that lived long ago and the nature of the environ-
ment at that time.

Objects in the Sky

The Sun, Moon and Stars, clouds, birds, and airplanes all have properties, locations, and movements that
can be observed and described.

The Sun provides the light and heat necessary to maintain the temperatures of the Earth.

Changes in the Earth and Sky

The surface of the Earth changes. Some changes are due to slow processes, such as erosion and weathering,
and some changes are due to rapid processes, such as landslides, volcanic eruptions, and earthquakes.

Weather changes from day to day and over the seasons. Weather can be described by measurable quanti-
ties, such as temperature, wind direction and speed, and precipitation.

+ Objects in the sky have patterns of movement. The Sun, for example, appears to move across the sky in the
same way everyday, but its path changes slowly over the seasons. The Moon moves across the sky on a daily
basis much like the Sun. The observable shape of the Moon changes from day to day in a cycle that lasts
about a month.



ANAS Midelle Graces Sclence Standareds

Structure of the Earth System
* The solid Earth is layered with a lithosphere; hot, convecting mantle: and dense, metallic core.

+ Lithospheric plates on the scales of continents and oceans constantly move at rates of centimeters per year
in response to movements in the mantle. Major geological events, such as earthquakes, volcanic eruptions,
and mountain building, result from these plate movements.

« Landforms are the result of a combination of constructive and destructive forces. Constructive forces
include crustal deformation, volcanic eruption, and deposition of sediment, while destructive forces
include weathering and erosion.

* Some changes in the solid earth can be described as the “rock cycle.” Old rocks at the Earth's surface
weather, forming sediments that are buried, then compacted, heated, and often re-crystallized into new
rock. Eventually, those new rocks may be brought to the surface by the forces that drive plate motions, and
the rock cycle continues.

+  Soil consists of weathered rocks and decomposed organic material from dead plants, animals, and bacteria.
Soils are often found in layers, with each having a different chemical composition and texture.

-  Water, which covers the majority of the Earth’s surface, circulates through the crust, oceans, and atmos-
phere in what is known as the “water cycle.” Water evaporates from the earth’s surface, rises and cools as it
moves to higher elevations, condenses as rain or snow, and falls to the surface where it collects in lakes,
oceans, soil, and rocks underground.

- Water is a solvent. As it passes through the water cycle is dissolves minerals and gases and carries them to
the oceans.

* The atmosphere is a mixture of nitrogen, oxygen, and trace gases that include water vapor. The atmosphere
has different properties at different elevations.

* Clouds, formed by the condensation of water vapor, affect weather and climate.

+ Global patterns of atmospheric movement influence local weather, because water in the oceans holds a
large amount of heat.

+ Living organisms have played many roles in the Earth system, including affecting the composition of the
atmosphere, producing some types of rocks, and contributing to the weathering of rocks.



AANAS Mlielclle Grades Science Stancdards

Earth’s History

« The Earth processes we see today, including erosion, movement of the lithospheric plates, and changes in
atmospheric composition, are similar to those that occurred in the past. Earth history is also influenced by
occasional catastrophes, such as the impact of an asteroid or comet.

» Fossils provide important evidence of how life and environmental conditions have changed.

Earth in the Solar System

» The Earth is the third planet from the Sun in a system that includes the Moon, the Sun, eight other planets
and their moons, and smaller objects, such as asteroids and comets. The Sun, an average star, is the central
and largest body in the Solar System.

* Most objects in the Solar System are in regular and predictable motion. Those motions explain such phe-
nomena as the day, the year, phases of the moon, and eclipses.

= Gravity is the force that keeps planets in orbit around the Sun and governs the rest of the motion in the
Solar System. Gravity alone holds us to the Earth’s surface and explains the phenomena of the tides.

» The Sun is the major source of energy for phenomena on the Earth’s surface, such as growth of plants,
winds, ocean currents, and the water cycle. Seasons result from variations in the amount of the Sun’s energy
hitting the surface, due to the tilt of the Earth’s rotation on its axis and the length of the day.



Energy in the Earth System

The outward transfer of Earth’s internal heat drives convection circulation the mantle that propels the

transfer is influenced by dynamic processes such as cloud such as cloud cover and the earth’s rotation, and

ANAS Midelle Grades Sclence Standareds

Earth systems have internal and external sources of energy, both of which create heat. The Sun is the major
external source of energy. Two primary sources of internal energy are the decay of radioactive isotopes and
the gravitational energy from the Earth's original formation.

plates comprising the Earth’s surface across the face of the globe.

Heating of the Earth’s surface and atmosphere by the Sun drives convection within the atmosphere and
oceans, producing winds and ocean currents.

Global climate is determined by energy transfer from the sun at and near the Earth’s surface. This energy

static conditions such as the position of the mountain ranges and oceans.

-
Geochemical Cycles

L]

The Earth is a system containing essentially a fixed amount of each stable chemical atom or element. Each
element can exist in several different chemical reservoirs. Each element on Earth moves among reservoirs
in the solid earth, oceans, atmosphere, and organisms as part of geochemical cycles.

Movement of matter between reservoirs is driven by the Earth’s internal and external sources of energy. These
movements are often accompanied by a change in the physical and chemical properties of matter. Carbon,
for example, occurs in carbonate rocks such as limestone, in the atmosphere as carbon dioxide gas, in water
as dissolved carbon dioxide, and in all organisms as complex molecules that control the chemistry of life.



ANAS Midelle Grades Sclence Standareds

The Origin and Evolution of the Earth System

* The Sun, the Earth, and the rest of the Solar System formed from a nebular cloud of dust and gas 4.6 billion
years ago. The early Earth was very different from the planet we live on today.

Geologic time can be estimated by observing rock sequences and using fossils to correlate the sequences
at various locations. Current methods include using the known decay rates of radioactive isotopes present
in rocks to measure the time since the rock was formed.

Interactions among the solid earth, the oceans, the atmosphere, and organisms have resulted in the
ongoing evolution of the Earth system. We can observe some changes such as earthquakes and volcanic
eruptions on a human time scale, but many processes, such as mountain building and plate movements
take place over hundreds of millions of years.

Evidence for one-celled forms of life—the bacteria—extends back more than 3.5 billion years. The evolution of life
caused dramatic changes in the composition of the Earth’s atmosphere, which did not originally contain oxygen.

The Origin and Evolution of the Universe

» The origin of the universe remains one of the greatest questions in science. The “big bang” theory places
the origin between 10 and 20 billion years ago, when the universe began in a hot, dense state; according
to this theory, the universe has been expanding ever since.

Early in the history of the universe, matter, primarily the light atoms hydrogen and helium, clumped
together by gravitational attraction to form countless trillions of stars. Billions of galaxies, each of which is
a gravitationally bound cluster of billions of stars, now form most of the visible mass in the universe.

Stars produce energy from nuclear reactions, primarily the fusion of hydrogen to form helium. These and
other processes in stars have led to the formation of all the other elements.




FVSU College of Education Mission Statement
We are in the process of designing cutting-edge educator
preparation programs that will meet and exceed the
standards of our accrediting agencies. The College of
Education is committed to the preparation of “proficient
educators” who are competent in content, pedagogy, and
technology, as well as educators who possess a caring
disposition while understanding and appreciating diversity.
This commitment is implemented through our partnerships
with the College of Arts and Sciences and area public
schools.

The following are the standards of a Proficient Educator, and
the core of our teacher preparation program:

The Proficient Educator demonstrates competence in content
knowledge;

The Proficient Educator uses effective pedagogical skills;
The Proficient Educator uses technology appropriately to
enhance learning;

The Proficient Educator evidences a caring disposition; and
The Proficient Educator has an understanding of and



Language Arts Concentration: (9 hours)

ENGL 3343 Contemporary American Literature OR

ENGL 2153 The Grammar of Literary Criticism;

ENGL 3500 Grammar for Teachers and Writers; and

ENGL 4520 Literature for Middle Grades

Mathematics Concentration:

MATH 3400 Geometry for K-8 Teachers;

MATH 3510 Algebraic Concepts; and

MATH 4000 Calculus Concepts OR

MATH 3100 Discrete Math and Statistics

Reading Concentration:

READ 3623 Differentiated Instruction for Reading and Writing in the Middle Grades;
READ 3723 Classroom Literacy Assessment and Instruction; and

READ 3924 Teaching Reading to Culturally Diverse and Special Needs Students

Science Concentration:

SCIE 3103 Principles of Environmental Science
SCIE 3102 Principles of Physical Science; and
SCIE 3121 Principles of Geology

Social Sciences Concentration:

HIST 3309 Survey of West Africa OR

GEOG 4405 Geography of Africa

HIST 3311 Georgia in American History

GEOG 4407 Geography of Asia

Pedagogy for Professional Educators:

EDMG 3131 Nature and Curriculum Needs of the Middle Grades Learner (60 clock hours)
EDMG 3132 Classroom Management Strategies

EDMG 3332 Methods of Teaching Language Arts/Reading in the Middle Grades
EDMG 3432 Methods of Teaching Social Studies in the Middle Grades

EDMG 3731 Middle School Practicum | (160 clock hours)

EDMG 3232 Methods of Teaching Science

EDMG 3532 Methods of Teaching Math

EDMG 3732 Middle School Practicum Il (160 clock hours)

EDMG 4895 Teaching/Seminar (Capstone clinical experience of 600 clock hours).



Revised Oct. 2013
The University of Georgia
Franklin College of Arts & Sciences/College of Education
BS Biology/BSED Science Education — Biology Emphasis

NAME

Graduation & Program Requirements

U.S. & Georgia Constitution Pre-professional Exp (50 hours) *Literature
U.S. & Georgia History GACE Basic Skills

*Multicultural (ENGL 1102M)

Physical Education *Biological Science *2 Social Sci (not HIST) 5
Environmental Literacy *Physical Science *2 FA/PHIL/RELI 3
Cultural Diversity (EFND 2120) *History *Foreign L hrough 3rd

FYOS 1001 (All freshman must complete this course within the first year of enrollment at UGA;

*See Franklin College website for specific courses that satisfy these requirements:
www.franklin uga edw/students/college_degree_requirements.php

GENERAL EDUCATION CORE (60-63 HOURS)

I. Foundation Courses (9-10 hours)

3 ENGL 1101 English Composition I
3 ENGL 1102/1102M  English Composition II
3 MATH 2250 preferred**
IL. Sciences (7-8 hours) 1 physical science and 1 life science
4 Physical Science CHEM 1211-1211L preferred**
4 Life Science BIOL 1107-1107L preferred*=

III. Quantitative Reasoning (3-4 hours)
4 PHYS 1111-1111L or 1211-1211L preferred**

IV. World Languages and Culture, Humanities and the Arts (12 hours)
World Languages and Culture (9); Humanities & Arts (3)

3 World L and Culture (Foreign Language recommended*)
3 World Languages and Culture (Foreign Language recommended*)
3 World Lang] s and Culture (ARHI, RELI recommended*)

3 H ities and the Arts (Literature course recommended®)

V. Social Sciences (9 hours)

3 POLS 1101 satisfies U.S. & GA Constitution requirements.
3 HIST 2111 or 2112 satisfies U.S. & GA History requirements.
3 (Social Science other than History recommended*)

VI. Courses Related to Program of Study (20 hours)

4 CHEM 1212-1212L Freshman Chemustry II

4 CHEM 2211-2211L Modern Organic Chemistry I

3 EDUC(EFND) 2110  Investigating Critical and Contemporary Issues in Education
3 EDUC(EFND) 2120  Exploring Social-Cultural Perspectives on Diversity

3 EDUC(EPSY) 2130  Exploring Learning and Teaching

3 SPED 4030 Survey of Special Education

*Fulfills Franklin College of Arts and Sciences requirements www.franklin uga edwstudents/college_degree_requirements.php

**Preferred courses are effectively required for this major as they satisfy prerequisites for upper-level courses.

NOTE: A grade of C or better is required in all science and professional education courses. The University policy states

that a grade of C- will not satisfy this grade requirement.

IMPORTANT: Dual degree students are required to meet with advisors from both colleges every semester.

MAJOR REQUIREMENTS (72-75 Hours)

Content Specialization 45-48 hours
4 BIOL 1108-1108L Principles of Biology II
4 PHYS 1112-1112L or PHYS 1212-1212L
4 CHEM 2212-2212L, STAT 2000, or MATH 2260
4 GENE(BIOL) 3000 Evolutionary Biology
4 BCMB(BIOL) 3100  Biochemustry & Molecular Biology or BCMB 4010
4 GENE(BIOL) 3200 Genetics
4 CBIO(BIOL) 3300 Developmental Biology or CBIO(BIOL) 3400 Cell Biology
4 ECOL(BIOL) 3500/l Ecology
3-4 BIOL Organismal Biology Course
4 BIOL Laboratory Course
3-4 BIOL Elective
3-4 BIOL Elective
Science Education 27 hours
3 ESCI 3450 Practicum in Science Education
3 ESCI 4450 Science Curriculum and Learning
3 ESCI 4460 Methods of Science Teaching
3 ESCI 4480 Technological Capabilities for Science Teaching
12 ESCI 5460 Science Education School Based Internship
3 ESCI 5470 Reflection on Science Teaching
P.E. 1 hour
1 PEDB Physical Education

Minimum semester Hours: 132-138 (not including PE)
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Geoscientists

Summary

2012 Median Pay @

Entry-Level Education &

Waork Experience in a Related Occupation i Mare

On-the-job Training & Nong

Number of Jobs, 2012 & 38,200

Job Outlook, 2012-22 & 15% (Faster than average)
Employment Change, 2012-22 £,000

What Geoscientists Do

Geosdentists study the physical aspects of the Earth, such as its composition, structure, and processes,  Geoscientists often work outdoors, sometimes in
to learn about its past, present, and future. remote areas and in both warm and cold cimates.,

Work Environment

Most geoscentsts spit ther tme between working n offices and laboratories, and working outdoors. Doing reseanch and nvestgations outdoors & commonly
caled heldwork and can require extensive travel to remote locabons and irregular working hours.,

How 1o Become a Geoscientist
Most geosdentist jobs require at least a bachelor’s degree. In several states, geosdentists may need a icense to offer therr services to the public.

Pay
The median annual wage for geoscentists was $90,890 in May 2012,

Job Outlook

Employment of geoscentists is projected to grow 16 percent from 2012 to 2022, faster than the average for all occupations. The need for energy,
ervironmental protection, and responsible land and resource management is projected to spur demand for geoscentists in the future,
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How to Become a Geoscientist

Geosdentists typically need at least a bachelor’s degree for most entrydevel positons. In several
states, geoscentists may need a Icense to offer their services to the publc.

Education

Geosdentists need at least a bachelor’s degree for most entry-evel positions. However, some
workers begn ther careers as geosoentists with a master’s degree. A Ph.D. is necessary for most
basic research and college teaching positions.

A degree in geosdences is preferred by employers, although degrees in physics, chemistry, biokogy,
mathematics, engineering, or computer scence are usually accepted if they indude coursework in
oeology.

Most geoscences programs include geology courses n mineralogy, petrology, and structural geclogy,
which are important for all geosdentists, In addition to dasses in geology, most programs require
students to take courses in other physical scences, mathematics, engineering, and computer

Laboratory experience is important for prospective
geoscientists.

soence, Some programs include training on spedfic software packages that will be useful to those seeking a career as a geoscentist,

Computer knowledge is essential for geosoentists, Students who have expenence with computer modelng, data analysis, and digital mapping will be the most
prepared to enter the job market,

Many employers seek appiicants who have gained field and laboratory experience while pursuing a degree. Summer field camp programs offer students the
oppor tunity to work dosely with professors and apply their dassroom knowledge in the field. Students can gain valuable experience in data collection and

QETIOg MApPNg.

Important Qualities
Communication skilfs. Geoscentists write reports and research papers. They must be able to present their findings dearly to dients or professionals who do
not have a background in geosciences.

Critical-thinking skills. Geosoentists base ther findngs on sound observation and careful evaluation of data.
Interpersonal skills. Most geoscentists work as part of a team with engneers, technicans, and other soentists.

Outdoor skills. Geoscentists may spend significant amounts of time outdoors, Familarity with camping skills, general comfort being outside for long periods of
time, and spedfic sdlls such as boat handing or even being able to pilot an araraft could prove useful for geoscentists.

Physical stamina. Geosgentists may need to hike to remote locations while carrying testing and samping equipment when they conduct fieldwork.

Problem-solving skills. Geoscentists work on complex projects filed with challenges. Geosdentists need to use and analyze complex sources of data.
Evaluating statistical data and other forms of information to make judgments and inform the actions of other workers requires a specal abiity to percetve and
address problems.

Licenses, Certifications, and Registrations
Geoscentists need a icense to practice in some states, Requirements vary by state but typically indude minimum education and expernience requrements and a
passing score on an exam,
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Geoscientists Job Outlook

Employment of geosdentists is projected to grow 16 percent from 2012 to Geoscientists

2022, faster than the average for all occupations. The need for energy, Percant change in employment, projectsd 2012-22

environmental protection, and responsible land and resource management is

projected to spur demand for geosdentists in the future, Geoscientists, except
hydrologists and

Horizontal drifing and hydraukc fracturing are examples of new technologies Oengrphiors

that are expected to increase demand for geosdentists. These technologies

allow for the extraction of previously inaccessible of and gas resources, and

geoscentists will be needed to study effects they have on the surrounding Total, all occupations

areas. As od prices remain high or increase into the future, even more

technologies will lkely be introduced that expand the ability to reach untapped

ol reserves or introduce alternative ways to provide energy for the expanding

population,

Geosdentists will be needed in planning for the construction of wind farms,
geothermal power plants, and solar power plants. Alternative energies such as Nets: All Ocoupations inchudes 8l ccopations in the US. Ecorormy.
wind energy, geothermal energy, and solar power can use large areas of land Source: US. Buresy of Lator Satistics, Employment Projections: program

and impact wildife and other natural processes, In addition, mmmnmmfumm”@s For example, geothermal energy
plants must be located near suffident hot groundwater, and one task for geoscientists would be studying maps and charts to decide if the site is suitable.

An expanding population and the corresponding increased use of space and resources may create a continued need for geosdentists.
Job Prospects

Joboppuunﬂesdnjdbeexoelmtfugeoedmﬁts mtmmmmaMsm Inaddﬁmhojobg'owlh anutbuofjoboperm
are expected as geoscientists leave the workforce due to retirement and other reasons.

Geosdentists with a doctoral degree will lkely face competition for positions in academia and research.

Fewer opportunities are expected in state and federal governments than in the past. Budget constraints are lkely to limit hiring by state governments and
federal agendes such as the U.S. Geological Survey. In addition, more of the work traditionally done by government agendes is expected to be contracted out
to consulting firms in the future. Most opportunities for geosdentists are expected to be related to resource extraction; in partiadar, gas and ol exploration and
extraction operations.

Employment projections data for geoscientists, 2012-22

m”'".ww-a
192022 s z
SOURCE: U.S. Buresu of Labor S
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Geosdentists study the physical aspects of the Earth, such as its compasition, structure, and
processes, to learn about its past, present, and future.

Duties
Geosdentists typically do the following:

Plan and conduct field studies, in which they visit locations to collect samples and conduct
SUrveys

Analyze aerial photographs, well logs (detailed records of geologic formations found during
drilling), rock samples, and other data sources to locate natural resource deposits and estimate
their size

Conduct laboratory tests on samples collected in the field

Make geologic maps and charts Petroleum geologists (a type of geoscientist) search for
Prepare written sdentific reports oil and gas deposits that are suitable for commercial
Present their findings to dients, colleagues, and other interested parties extraction.

Review reports and research done by other scentists

Geosdentists use a wide variety of tools, both simple and complex. During a typical day in the field, they may use a hammer and chisel to collect rock samples and
then use sophisticated ground-penetrating radar equipment to search for oil or minerals. In laboratories, they may use x-ray and electron microscopes to
determinge the chemical and physical composition of rock samples. They may also use remote sensing equipment to collect data and advanced geographic
information systems (GIS) and modeling software to analyze data.

Geosdentists often supervise the work of technidans and coordinate work with other sdentists, both in the field and in the lab.

Many geoscentists are involved in the search for and development of natural resources, such as petroleum. Others work in environmental protection and
preservation, and are involved in projects to dean up and redaim land. Some spedalize in a particular aspect of the Earth, such as its oceans.

Geoscientists Geoscientists
Pa\; Median annual wages, May 2012
The median annual wage for geoscientists was §90,890 in May 2012, The Geoscientists, except
. ; . hydrologists and £50.690
median wage is the wage at which half the workers in an oocupation earmed geographers

more than that amount and half earmed less. The lowest 10 percent earned
less than $48,270, and the top 10 percent more than $187,200.

Life, physical, and social $60,100

In May 2012, the median annual wages for geoscentists in the top five science potupations .
industries employing these sdentists were as follows:

Qil and gas extraction $137,750 Yotsl. s cecuoations N

Federal government, excluding postal service 94 830

Engineering semvices 74,360

Management, scientific, and technical consultng services 74,020 Heie: Al Oerupek St ol tiere: in the LLE. B i

State government, excluding educaton and hospitals 62,030 Soorce: US. Burmsy of Lator Ratistics, Oorupstonsl Erpioyment Ratntics

Most geasdentists work full me and may work long or irregular hours when doing fieldwork. Geasdentists travel frequently to meet with dients and to conduct
fieldweark.
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Climate Change




Earth 103 at Penn State-
Earth in the future

GEOL 3104 at Fort Valley State University-
Climate Change: Earth in the future
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INTEGRATE 2007 Teacher Education Workshop Outcome

As the focus on developing our nation's scientific workforce intensifies [National Academy of Sciences, 2007], more geoscience departments
are recognizing teacher preparation as an integral part of their work. Skilled geoscience teachers can excite and engage K-12 students in the
geosciences, present geoscience as a rewarding career path, and ultimately contribute to a better understanding of key geoscience problems
among the public. Our ability to achieve these goals starts with the quality of our teacher education programs.

To address the growing demand for better prepared Earth science teachers in the nation's middle and high schools, 23 geoscience faculty met
at Carleton College to compare geoscience courses designed for undergraduate students seeking to obtain certification as elementary,
middle, and high school teachers.

The workshop had three main goals:

(1) build a community of educators involved in K-12 geoscience teacher preparation,

(2) examine the spectrum of ways in which geoscience teacher preparation courses are designed, and

(3) compile and publish course descriptions and peer reviewed course activities in a format accessible to other educators.

Several common themes emerged that participants identified as particularly important in preparing future teachers:

- A central focus on understanding what science is and how it is done, through either course activities or authentic investigations.

- An emphasis on the relevance of geoscience learning. The importance of relevance as a motivator for learning is widely recognized
[National Research Council, 2000]. Teachers in particular need a deep understanding of relevance to motivate their own students.

- Focused course content that is purposefully chosen to align with state and/or national science standards so that future teachers become
aware of what they are expected to teach.

- Opportunities for students to reflect upon the process of their own learning (metacognition). Developing metacognition is a critical step in
enabling independent learning [National Research Council, 2000], a fundamental skill for teachers who need to stay current in both science
and pedagogy.

- A learning environment that increases students' confidence in their abilities to both learn and teach science. A lack of confidence is known
to hinder science teaching particularly at the elementary level [Tilgner, 1990].

- Instruction that allows students to make a connection between the content they are learning and the ways in which they will teach it in the
future.

Participants took steps to continue building a community of K-12 geoscience teacher educators. Priorities established by participants
included

- updating and maintaining the Teacher Preparation Web site and listserv,

- authoring a white paper and report on the importance of preparing future geoscience teachers,

- proposing a special issue of the Journal of Geoscience Education related to teacher preparation, and

- pooling resources to clearly ascertain best practices in geoscience teacher preparation



Like science, geoscience education is a
community endeavor. We can be most
effective if we share our insights and
successes, build on our collective
experiences, and work together to find the
most important, durable ideas. Just as every
mountain belt has a unique history, each
academic department is unique—but
geoscientists long ago discovered the power
and fun of working together to understand
them.

Volume 21 Issue 9 (September 2011); GSA TODAY; pp. 12-14
Improving undergraduate geoscience education—A community endeavor



http://www.geosociety.org/gsatoday/archive/21/9/

That’s ALL Folks!

ANY COMMENTS?
Direct it towards me

ANY QUESTIONS?
Ask Cheryl




