
SINGAPORE AMERICAN SCHOOL  
HIGH SCHOOL SCIENCE STANDARDS 

AP ENVIRONMENTAL SCIENCE 
 

Case studies on air quality standards and the 
Clean Air Act on controlling carbon 
monoxide and lead levels; 

EARTH AND SPACE SCIENCES 
Standard 1: 
•  Understands atmospheric processes and 

the water cycle. 
 
 
Benchmarks 
Students will: 
1.1 Know how winds and ocean currents are       

produced on the Earth’s surface: 
 Effects of unequal heating of the earth’s 

land masses, oceans, and air by the sun; 
 Effects of gravitational forces acting on 

layers of different temperatures and 
densities in the oceans and air; 

 Effects of the rotation of the earth. 
1.2 Understand heat and energy transfer in and 

out of the atmosphere and its involvement in 
weather and climate: 

 Radiation; 
 Conduction; 
 Convection/advection. 

1.3 Know how the evolution of life on earth has 
changed the composition of the earth’s 
atmosphere through time: 

 The evolution of photosynthesizing 
organisms produced most of the oxygen 
in the modern atmosphere. 

1.4 Know the cause, effects, reduction, control 
and remediation of major air pollutants such 
as: 

 SO2, NOx, CO, Lead, CH4, Troposheric 
O3 particulates; 

 Acid precipitation; 
 Point and nonpoint sources (domestic, 

industrial, agricultural). 
1.5 Know higher-order interactions and their 

consequences of global atmospheric 
pollution: 

 Global warming; 
 Increasing ultraviolet radiation due to 

loss in Stratospheric O3. 
 
Performance Examples 
Examples of activities in which students might 
demonstrate the above include: 
•  

•  

•  

•  

•  

•  
•  

•  

Acid Deposition Lab Investigations to 
collect water samples from various sources 
and measure pH levels.  Identify sources of 
pollutants that can affect pH.  Describe ways 
to reduce the amounts and types of pollutants 
produced.  Explain the role of the water cycle 
in acid deposition.  Analyze the relationship 
between acid deposition and weather patterns; 
View program by NOAA research on Ozone 
depletion in Antarctica; 
Global Warming temperature and carbon 
dioxide data analysis; 
Sick Building Syndrome case study; 
Interpretation of remote sensing data, maps 
and graphic models of climate, weather, 
ocean currents, tides; 
Lab activities on wind and the atmosphere 
including: Coriolis Effect, Global winds, 
Humidity, Weather, Atmospheric Chemistry, 
Greenhouse Effect, Ozone Layer. 

 
 

•  

EARTH AND SPACE SCIENCES 
Standard 2: 

Understands earth’s composition and 
structure. 

 
 
Benchmarks 
Students will: 
2.1  Understand the concept of plate tectonics: 

 The outward transfer of the earth’s 
internal heat and the action of 
gravitational forces on regions of 
different density drive convection 
circulation in the mantle; 

 These convection currents propel the 
earth’s crustal plates, which move very 
slowly, pressing against one another in 
some places and pulling apart in other 
places. 

2.2 Know effects of the movement of crustal 
plates: 

 Earthquakes occur along the boundaries 
between colliding plates; 

Air Pollution Investigations to collect and 
measure airborne particulate matter and 
vehicle emissions.  Compare data collected to 
the EPA National Ambient Air Quality 
Standards and determine the effects of 
airborne particulate matter on human health; 

 Sea floor spreading occurs where plates 
are moving apart; 

 Mountain building occurs where plates 
are moving together; 
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 Volcanic eruptions release pressure 
created by molten rock beneath the 
earth’s surface. 

2.3 Know that elements exist in fixed amounts 
and move through the solid earth, oceans, 
atmosphere, and living things as part of 
geochemical cycles: 

 Carbon cycle; 
 Nitrogen cycle; 
 Phosphorous cycle; 
 Sulphur cycle; 
 Hydrologic cycle; 
 Carbonate-Silicate Cycle. 

2.4 Know that throughout the rock cycle (eg: 
formation, weathering, sedimentation, 
reformation), the total amount of materials 
stays the same as its form changes; 

2.5 Know the conditions of earth that enable it to 
support life: 

 Force of gravity that enables the planet 
to retain an adequate atmosphere, 
intensity of radiation from the sun that 
allows water to cycle between liquid and 
vapor. 

2.6 Know the major external and internal sources 
of energy on the earth: 

 The decay of radioactive isotopes and 
gravitational energy from the earth’s 
original formation are primary sources of 
internal energy; 

 Solar energy is the primary source of 
external energy. 

2.7 Know the fundamental principles of the soil: 
 Formation; 
 Soil types; 
 Erosion and conservation; 
 Effects of pollution. 

 
Performance Examples 
Examples of activities in which students might 
demonstrate the above include: 
•  Construct and teach Biogeochemical Cycles 

drawings focusing on internal and external 
processes including lithospheric, atmospheric, 
biospheric and hydrologic and human-spheric 
components, and anthropogenic interventions 
that disrupt the dynamic equilibrium; 

•  The Dynamics of Plate Tectonics: 
Earthquakes and volcanic Activity: 
divergent plate boundaries and transform 
faults, convergence, subduction and mountain 
building, geometric fit of continents; 

•  The Rock Cycle and Soil Formation:  
Analysis of models on sedimentary rock 

masses, igneous rock masses, metamorphic 
rock masses, structures and deformation, 
rocks in a cross section; 

•  Soil Analysis Lab:  Soil profiles and 
horizons, soil characteristics (color, texture 
and porosity, permeability, water-holding 
capacity), chemical composition of soil (pH, 
nitrogen, phosphorous, and potash), suitable 
land use options. 

 
 
EARTH AND SPACE SCIENCE 
Standard 3: 
•  Understands the composition and structure 

of the universe and the earth’s place in it. 
 
 
Benchmarks 
•  None apply to Standard 3 
 
 
LIFE SCIENCES 
Standard 4: 
•  Understands the principles of heredity and 

related concepts. 
 
 
Benchmarks 
Students will: 
4.1 Know that mutations and new gene 

combinations may have positive, negative, or 
no effects on the organism. 

 
Performance Examples 
Examples of activities in which students might 
demonstrate the above include: 
•  Analysis of the ethical issues involved in 

transgenic plants and animals; 
•  Readings about GMO debates in agriculture, 

genetic engineering technology and 
ecological effects; 

•  Critique article on the Precautionary 
Principle. 
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 The atmosphere; LIFE SCIENCES 
Standard 5:  
•  Understands the structure and function of 

cells and organisms. 
 

 The biosphere; 
 The population dynamics. 

6.2 Know how the interrelationships and 
interdependencies among organisms generate 
stable ecosystems that fluctuate around a 
state of rough equilibrium for hundreds or 
thousands of years: 

 
Benchmarks 
Students will: 

 Growth of a population is held in check 
by environmental factors such as 
depletion of food or nesting sites, 
increased loss due to larger numbers of 
predators or parasites. 

5.1 Understand the processes of photosynthesis 
and respiration in plants: 

 Chloroplasts in plant cells use energy 
from sunlight to combine molecules of 
carbon dioxide and water into complex, 
energy-rich organic compounds and 
release oxygen to the environment. 

6.3 Know how the amount of life an environment 
can support is limited by the availability of 
matter and energy and the ability of the 
ecosystem to recycle materials: 

5.2 Know that the complexity and organization of 
the organisms accommodates the need for 
obtaining, transforming, transporting, 
releasing, and eliminating the matter and 
energy used to sustain the organism. 

 In the biosphere, organisms are 
adapted to their environments and 
ecosystems change in biomass, 
energy transfer and succession;  

6.4 Know that as matter and energy flow through 
different levels of organization in living 
systems and between living systems and the 
physical environment, chemical elements (eg: 
carbon, nitrogen) are recombined in different 
ways; 

Performance Examples 
Examples of activities in which students might 
demonstrate the above include: 
•  Aquatic primary productivity investigation 

and measurement of dissolved oxygen (DO), 
and biochemical oxygen demand (BOD), and 
determine the relationship between DO and 
BOD; 

6.5 Know that because all matter tends toward 
more disorganized states, living systems 
require a continuous input of energy to 
maintain their chemical and physical 
organizations; 

•  Analysis of primary productivity in regional 
and global ecosystems; 

•  Fieldwork to measure abiotic components of 
the environment (temperature, relativity 
humidity, water and soil pH, nutrient levels, 
salinity) to determine tolerance limits for 
organisms in the mangrove and tropical 
rainforest environment; 

6.6 Know ways in which humans can alter the 
equilibrium of ecosystems, causing 
potentially irreversible effects: 

 Human population growth, technology, 
and consumption; 

 Human destruction of habitats through 
loss of earth capital by direct harvesting, 
degradation of ecological integrity of air, 
water and soil, by pollution, solid waste, 
regional atmospheric and long-term 
global climate changes, loss of 
biodiversity and biomagnification of 
toxins. 

•  Lab Activity on Carbon Cycle. 
 
 
LIFE SCIENCES 
Standard 6:  
•  Understands relationships among 

organisms and their physical environment. 
 6.7 Know the impact on human health of 

chemical and biological agents, effects, both 
acute and chronic, dose-response relationship 
and relative risks: evaluation and response. 

 
Benchmarks 
Students will: 
6.1 Know the interdependence of Earth’s systems: 
fundamental principles and concepts: 

 
 

 The flow of energy;  
 The cycling of matter; 
 The solid earth; 
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Performance Examples LIFE SCIENCES 

Standard 7:  
•  Understands biological evolution and the 

diversity of life. 
 

Examples of activities in which students might 
demonstrate the above include: 
•  Data Based Questions on trophic level 

interactions, pyramids of energy, biomass and 
numbers;  

•  Interpretation of energy budgets for human 
consumption, primary production and energy 
inputs into agriculture; 

Benchmarks 
Students will: 
7.1 Know that heritable characteristics, which can 

be biochemical and anatomical, largely 
determine what capabilities an organism will 
have, how it will behave, and how likely it is 
to survive and reproduce; 

•  Lab Activity: Construction of Eco-
Columns to explore several types of 
ecosystems, the components of these 
ecosystems, the conditions required for their 
sustainability, and the interconnections 
between ecosystems; 

7.2 Understand the concept of natural selection: 
 When an environment changes, some 

inherited characteristics become more or 
less advantageous or neutral; 

•  Water Quality Testing to measure coliform 
levels, dissolved oxygen (DO), and BOD, to 
measure temperature, total phosphates, 
nitrates, turbidity and total solids using 
appropriate water-quality tests.  Compare test 
results to EPA water-quality standards; 

 Change alone can result in characteristics 
having no survival or reproductive value; 

 This process results in organisms that are 
well suited for survival in particular 
environments; •  Environmental Influences on Population 

distribution fieldwork to isolate several 
abiotic environmental variables and measure 
the effect of environmental variables on the 
distribution of a population and compare test 
results to a control; 

7.3 Know how variation of organisms within a 
species increases the chance of survival of the 
species, and how the great diversity of species 
on earth increases the chance of survival of 
life in the event of major global changes; 

•  Population studies in the Laboratory to 
graph and interpret data obtained from the 
growth of a population, calculate doubling 
time define carrying capacity in terms of 
limiting factors; 

7.4 Know that the basic idea of evolution is that 
the earth’s present-day life forms have 
evolved from earlier, distinctly different 
species as a consequence of the interactions 
of: 

•  Population studies in the field to determine 
the organism in a field community using the 
quadrant or transect sampling method to 
calculate population density, identify states of 
succession and construct a food web for the 
community; 

 The potential for a species to increase its 
numbers; 

 The genetic variability of offspring due 
to mutation and recombination of genes; 

 A finite supply of the resources required 
for life; 

•  Human Population Demographics to 
determine the population growth rte of 
different human populations by calculating 
percent growth rate and doubling time. To 
construct and interpret population age 
structure histograms for several countr5ies.  
To descibe human populations in terms of age 
distribution, birth rates, death rates, and 
male/female ratios; 

 The ensuing selection by the 
environment of those offspring better 
able to survive and leave offspring; 

7.5 Know how natural selection and its 
evolutionary consequences provide a 
scientific explanation for the diversity and 
unity of past and present life forms on earth: 

 Recurring patterns of relationship 
exist throughout the fossil record; 

•  Toxicity Testing to measure the effect of 
various toxic materials on a laboratory 
population.  To determine the LD50 for 
various toxic materials.  To relate toxicity test 
results to environmental degradation and 
human health. 

 Molecular similarities exist among 
the diverse species of living 
organisms. The millions of different 
species living today appear to be 
related by descent from common 
ancestors. 
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7.6 Know how organisms are classified into a 

hierarchy of groups and subgroups based on 
similarities that reflect their evolutionary 
relationships: 

Performance Examples 
Examples of activities in which students might 
demonstrate the above include: 
•  The Greenhouse Effect activity to construct a 

model that demonstrates the greenhouse 
effect and explain the greenhouse effect.  
Identify the major greenhouse gases and their 
sources and explain the relationship between 
greenhouse gases and global warming.  
Analyze the environmental impact of global 
warming.  Describe how greenhouse gas 
emissions may be reduced; 

 Shared derived characteristics 
inherited from a common ancestor; 

 Degree of kinship estimated from the 
similarity of DNA sequences. 

 
Performance Examples 
Examples of activities in which students might 
demonstrate the above include: 
•  Case Studies on short term evolution 

(Peppered Moth and Galapagos Finches); 
•  Nonrenewable energy sources, coal types, oil, 

natural gas composition and combustion 
emission analysis; •  Peppered Moth Lab Activity; 

•  Readings from: Beak of the Finch (Jonathan 
Weiner) and Darwin’s Finches and Desert 
Pupfish; 

•  Solid-Waste management to determine the 
types and amounts of solid waste generated 
by students and their families, to compare 
student data to the US Municipal Solid Waste 
and Singapore Waste data.  Conduct an on-
site inspection of a municipal solid waste 
facility.  Identify the method(s) of disposal 
currently employed in the local municipality.  
Evaluate methods of disposal and their 
effectiveness. 

•  Videos on Evidence for Evolution and 
Natural Selection; 

•  Field Trip to Tropical Rainforest (Bukit 
Timah Nature Reserve and Mandai Forest) to 
learn local flora and fauna. 

 
 

 PHYSICAL SCIENCES 
Standard 8:  
•  Understands the structure and the 

properties of matter. 
 

 
PHYSICAL SCIENCES 
Standard 9:  
•  Understands the sources and properties of 

energy. 
 

 
Benchmarks 
Students will:  
8.1 Know the Law of Conservation of Matter, 

that matter can never be created nor 
destroyed, but may change from high quality 
matter to low quality matter; 

Benchmarks 
Students will: 
9.1 Understand the concept of entropy: 

 Although the total energy of the universe 
remains constant, matter tends to become 
steadily less ordered as various energy 
transfers occur; 

8.2 Understand implications of the phrase: 
“There is no away” in regards to resource use 
and solid waste management; 

 The energy tends to spread out 
uniformly, thereby decreasing the 
amount of useful energy. 

8.3 Know the variety of structures that may be 
formed from the bonding of carbon atoms 
(eg: synthetic polymers, oils, the large 
molecules essential to life) and their roles in 
various chemical reactions, including those 
required for life processes; 

9.2 Know that all energy can be considered to e 
either: 

 Kinetic energy (energy of motion); 
8.4 Understand radical reactions and their role n 

natural and human processes: 
 Potential energy (depends on relative 

position); 
 Ozone and green house gases in the 

atmosphere; 
 Energy contained by a field 

(electromagnetic waves). 
  Burning and processing of fossil fuels; 
  Formation of polymers; 

 Explosions. 
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 Logical arguments; 9.3 Know that nuclear reactions convert a fraction 
of the mass of interacting particles into 
energy (fission involves the splitting of a 
large nucleus into smaller pieces; fusion is the 
joining of two nuclei at extremely high 
temperature and pressure) and release much 
greater amounts of energy than atomic 
interactions; 

 Skepticism. 
11.2 Know that scientific explanations must  

meet certain criteria to be considered valid: 
 Must be consistent with experimental 

and observational evidence about nature; 
 Make accurate predictions about systems 

being studied; 
 Be logical; 9.4 Know benefits and drawbacks of renewable 

and nonrenewable energy resources including 
distribution, ownership, use and degradation 
of conventional and alternative sources of 
energy. 

 Respect the rules of evidence; 
 Be open to criticism; 
 Report methods and procedures; 
 Make a commitment to making 

knowledge public.  
11.3 Understand how scientific knowledge 

changes and accumulates over time: 
Performance Examples 
Examples of activities in which students might 
demonstrate the above include:  All scientific knowledge is subject to 

change as new evidence becomes 
available; 

•  Alternative Energy Project: Mock UNEP 
proposal for a given nation’s alternative 
energy production.  Research conventional 
energy sources (coal, oil, natural gas, nuclear) 
employed by country present an alternative 
plan using non-conventional energy sources 
(solar, wind, fuel cells, geothermal, wave, 
tidal etc); 

 Some scientific ideas are incomplete and 
opportunity exists in these areas for new 
advances; 

 Theories are continually tested, revised, 
and occasionally discarded. 

11.4 Know that from time to time, major shifts 
occur in the scientific view of how the world 
works, but usually the changes that take 
place in the body of scientific knowledge 
are small modifications of prior knowledge. 

•  Energy Consumption Activity; Analyze 
energy-consumption data, such as for natural 
gas, electricity, and gasoline.  Calculate 
monthly and/or annual costs.  Identify 
renewable and nonrenewable energy 
resources and propose a plan of action to 
conserve and preserve energy resources. 

 
Performance Examples 
Examples of activities in which students might 
demonstrate the above:  
•  Bias exposure in textbooks, websites, news 

reports, newspapers; 
 
PHYSICAL SCIENCES 
Standard 10: 
•  Understands forces and motion. 
 

•  Readings in criticism and in support of Bjorn 
Lumborg’s book: The Skeptical 
Environmentalist; 

•  Science and Society role playing case studies; Benchmarks 
•  Analysis of the historical development of 

global warning, ozone depletion, biodiversity 
loss and desertification debates; 

•  None apply to standard 10 
 
 •  Paul Erlich, Population Bomb, the I=PAT 

Equation and Julian Simon debates. NATURE OF SCIENCE 
Standard 11: 
•  Understands the nature of scientific 

knowledge. 
 

 
 
 
 

Benchmarks  
Students will:  11.1 Know ways in which science distinguishes 

itself from other ways of knowing and from 
other bodies of knowledge, through use of; 

 
 
  Empirical standards; 
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 Arguments must be logical and 
demonstrate connections between natural 
phenomena, investigations, and the 
historical body of scientific knowledge; 

NATURE OF SCIENCE 
 Standard 12: 
•  Understands the nature of scientific 

inquiry. 
  The methods and procedures used to 

obtain evidence must be clearly reported 
to enhance opportunities for further 
investigation. 

 
Benchmarks 
Students will: 

 12.1 Understand the use of hypotheses in science: 
Performance Examples  Selecting and narrowing the focus of 

data; Examples of activities in which students might 
demonstrate the above include:  Determining additional data to be 

gathered; •  Student directed experimental design and 
investigation on the effect of soil salinization 
on the germination of seeds 

 Guiding the interpretation of data. 
12.2 Design and conduct scientific investigations: 

•  Critique of published scientific research 
papers. 

 Formulate testable hypotheses; 
 Identify and clarify the method, controls, 

and variables;  
  Organizes, display, and analyze data; 
NATURE OF SCIENCE 
Standard 13:  
•  Understands the scientific enterprise. 
 

 Revise methods and explanations; 
 Present results;  
 Receive critical response from others. 

12.3 Know that, when conditions of an  
investigation cannot be controlled, it may be 
necessary to discern patterns by observing a 
wide range of natural occurrences; 

 
Benchmarks 
Students will: 

12.4 Use technology (eg: hand tools, measuring 
instruments, calculators, computers) and 
mathematics (eg: measurement, formulas, 
charts, graphs) to perform accurate scientific 
investigations and communications; 

13.1 Know that, throughout history, diverse 
cultures have developed scientific ideas and 
solved human problems through technology; 

13.2 Understand that individuals and teams 
contribute to science and engineering at 
different levels of complexity; 12.5 Know that conceptual principles and 

knowledge guide scientific inquiries; 
historical and current scientific knowledge 
influence the design and interpretation of 
investigations and the evaluation of 
proposed explanations made by other 
scientists; 

13.3 Understand the commitment to truthful 
reporting and peer review; 

13.4 Know that science and technology are 
essential social enterprises, but alone they 
can only indicate what can happen, not what 
should happen; 

12.6 Know that scientists conduct investigations 
for a variety of reasons: 

13.5 Understand that science involves different 
types of work in many different disciplines: 

 To discover new aspects of the natural 
world; 

 Scientists in different disciplines ask 
different questions, use different 
methods of investigation and accept 
different types of evidence to support 
their explanations; 

 To explain recently observed 
phenomena; 

 To test the conclusions of prior 
investigations;  Many scientific investigations require 

the contributions of individuals from 
different disciplines; 

 To test the predictions of current 
theories. 

12.7 Know that investigations and public 
communication among scientists must meet 
certain criteria in order to result in new 
knowledge and methods: 

 New disciplines of science, such as 
geophysics and biochemistry, often 
emerge at the interface of older 
disciplines. 
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13.6 Know that creativity, imagination, and a 
good knowledge base are all required in the 
work of science and engineering. 

 
Performance Examples 
Examples of activities in which students might 
demonstrate the above include: 
•  Guest lecturers from SAS faculty and the 

community on economics, politics, 
agricultural economics, chemistry, botany, 
biodiversity, environmental issues in 
Singapore and the region. 
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