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AP BIOLOGY 
 

4.3 Know that new heritable characteristics can 
only result from new combinations of existing 
genes or from mutations of genes in an 
organism’s sex cells; other changes in an 
organism cannot be passed on; 

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

the water cycle. 
 

4.4 Know that mutations and new gene 
combinations may have positive, negative, or 
no effects on the organism; 

Benchmarks 
None apply to Standard 1. •  

 4.5 Understand the concepts of Mendelian 
genetics:  

•  

EARTH AND SPACE SCIENCES 
Standard 2: 

Understands earth’s composition and 
structure. 

 

 Segregation; 
 Independent assortment; 
 Dominant and recessive traits; 
 Sex-linked traits. 

4.6 Know features of human genetics: 
Benchmarks  Most of the cells in a human contain two 

copies of each of 22 chromosomes; None apply to Standard 2. •  

•  

  In addition, one pair of chromosomes 
determines sex [XX or XY];   

EARTH AND SPACE SCIENCE 
Standard 3: 

Understands the composition and structure 
of the universe and the earth’s place in it. 

 

 Transmission of genetic information to 
offspring occurs through egg and sperm 
cells that contain only one representative 
from each chromosome pair;  

 Dominant and recessive traits explain 
how variations that are hidden in one 
generation can be expressed in the next. 

Benchmarks 
None apply to Standard 3 •  

•  

  
Performance Examples  
Examples of activities in which students might 
demonstrate the above include: LIFE SCIENCES 

Standard 4: 
Understands the principles of heredity and 
related concepts. 

 

•  Write essays on the topics such as: 
 DNA Structure and Replication 
 Ways genes are changed: Mutations, 

Meiosis, and Sexual Reproduction; 
Benchmarks  Inheritance Patterns in Organisms; 
Students will:  Sex Linked Conditions and the effect of 

Linked Genes on Inheritance; 4.1 Know the chemical and structural properties 
of DNA and its role in specifying the 
characteristics of an organism: 

 Mendel’s Work and Hypothesis  
•  Examine Inheritance Patterns Through Dry 

and Wet Laboratory Experimentation:  DNA is a large polymer formed from 
four kinds of subunits; genetic 
information is encoded in genes as a 
string of these subunits;  

 Perform Dry Lab Activities:  Pedigree 
Studies; Solving Genetics Problems; 
Using Chi Square Analysis to Predict 
Deviations from Expected Results.  Each DNA molecule in a cell forms a 

single chromosome and is replicated by a 
templating mechanism. 

 Perform Wet Lab Activities:  Crossing of 
Drosophilia in the Study of Autosomal 
or Sex Linked Inheritance;  Identify 
Inheritance Patterns within your own 
family and form a pedigree. 

4.2 Know ways in which genes (segments of 
DNA molecules) may be altered and 
combined to create genetic variation within a 
species: •  Research: Write abstracts on current research 

on genes and inheritance patterns.  Recombination of genetic material; 
 Mutations;   
 Errors in copying genetic material during 

cell division. 
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 Each cell retains the basic information 
needed to reproduce itself. 

LIFE SCIENCES 
Standard 5:  
•  Understands the structure and function of 

cells and organisms. 
 

5.7 Knows the structures of proteins: 
 Long, usually folded chain molecules 

made of specific sequences of amino 
acids coded by DNA;  

 The role of proteins in cell function. Benchmarks 
5.8 Understand the structure and functions of 

nervous systems in multicellular animals: 
Students will: 
5.1 Know the structures of different types of cell 

parts (eg: cell wall; cell membrane; 
cytoplasm; cell organelles such as the 
nucleus, chloroplast, mitochondrion, Golgi 
apparatus, vacuole) and the functions they 
perform (eg: transport of materials, storage of 
genetic information, photosynthesis and 
respiration, synthesis of new molecules, waste 
disposal); 

 Nervous systems are formed from 
specialized cells that conduct signals 
rapidly through the long cell extensions 
that make up nerves;  

 Nerve cells communicate with each other 
by secreting specific excitatory and 
inhibitory molecules. 

 
Performance Examples 5.2 Understand the chemical reactions involved 

in cell functions: •  Write Essays on the following topics: 
 The Role of Signal Transduction 

Pathways in Metabolic Processes; 
 Food molecules taken into cells are 

broken down to provide the chemical 
constituents needed to synthesize other 
molecules;  

 Factors that Affect Enzymatic Reactions; 
 The Role Membranes in Transport 

Across and Within the Cell.  Enzymes facilitate the breakdown and 
synthesis of molecules. •  Dry Laboratory Experimentation: Simulate 

meiosis and mitosis using bead models to 
demonstrate the process. 

5.3 Understand the processes of photosynthesis 
and respiration in plants: 

•  Wet Lab Experimentation:   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. 

 Cross and examine Sordaria in the Study 
of Meiosis; 

 Examine and prepare slides showing the 
stages of Mitosis:  Onion root tips or 
Whitefish blastula; 5.4 Know how cell functions are regulated 

through changes in the activity of the 
functions performed by proteins and through 
the selective expression of individual genes, 
and how this regulation allows cells to 
respond to their environment and to control 
and coordinate cell growth and division; 

 Predict and Measure the Effects of 
Molarity on Diffusion and Osmosis; 

 Determine the Molarity in Potato Cells 
and Evaluate the effects of Hypotonic 
and Hypertonic Environments on Water 
Potential in Potato Cells. 

•  Research:  Find an article on Cell 
Metabolism and discuss the merits and 
future applications of the research 
findings; 

5.5 Know that the complexity and organization of 
organisms accommodates the need for 
obtaining, transforming, transporting, 
releasing, and eliminating the matter and 
energy used to sustain the organism;  •  Design Laboratory Experiments:  Rate of 

Respiration and Factors that Affect 
Photosynthesis. 

5.6 Understand the processes of cell division and 
differentiation: 

  Meiosis; 
  Mitosis; 
  Embryo formation; 
  Cellular replication and differentiation 

into the many specialized cells, tissues, 
and organs that comprise the final 
organism; 
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 LIFE SCIENCES 
Standard 6:  
•  Understands relationships among 

organisms and their physical environment. 
 

•  Perform Wet Laboratory Experiences: 
 Determine the population size of a 

particular species through simulating the 
Mark-Recapture Method using:  insects 
or meal worms;  

 Measure the Primary Productivity of a 
Singapore Reservoir; 

Benchmarks 
Students will: 

 Simulate the Effects of Decreased Light 
Intensity on Productivity. 

6.1 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: 

•  Observations: 
 Observe Community interactions on a 

video and classify them as: mutualism, 
commensalisms, parasitism, sexual 
selection, predator-prey or other; 

 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. 

 Observe the effects of poaching / over 
harvesting on population dynamics by 
interpreting graphs and watching videos 
on the topics. 6.2 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; 

•  Interpret Data on Population Growth and 
make inferences from studying Life Tables. 

 
 6.3 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; 

LIFE SCIENCES 
Standard 7:  
•  Understands biological evolution and the 

diversity of life. 
 

6.4 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; 

 
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; 

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

 Human population growth, technology, 
and consumption; 

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

inherited characteristics become more or 
less advantageous or neutral; 

 Human destruction of habitats through 
direct harvesting, pollution, and 
atmospheric changes.  Change alone can result in characteristics 

having no survival or reproductive value;  
Performance Examples  This process results in organisms that are 

well suited for survival in particular 
environments; 

Examples of activities in which students might 
demonstrate the above include: 
•  Write Essays on topics such as: 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; 

 The Geochemical Cycles; 
 Logistic and Exponential Population 

Growth; 
 Effects of Man’s Impact on Ecosystems; 
 The Roles of Organisms in each Trophic 

Level; 
7.4 Know that the basic idea of evolution is that 

the earth’s present-day life forms have 
evolved from earlier, distinctly different  Primary Productivity.  
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species as a consequence of the interactions 
of: 

 Hardy Weinberg Experiment and Natural 
Selection Experiment;  

 The potential for a species to increase its 
numbers; 

 Observe changes in organisms through:  
videos, current research articles 

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

 
 

 A finite supply of the resources required 
for life; 

PHYSICAL SCIENCES 
Standard 8:  
•  Understands the structure and the 

properties of matter. 
 

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

7.5 Know the history of the origin and evolution 
of life on earth:  

Benchmarks  Life on earth is thought to have begun 
3.5 – 4 billion years ago as simple, 
unicellular organisms; 

Students will: 
8.1 Know that atoms may be bonded together into 

molecules or crystalline solids, and 
compounds are formed from chemical bonds 
between two or more different kinds of 
atoms; 

 Cells with nuclei evolved about a billion 
years ago, after which increasingly 
complex multicellular organisms 
evolved; 8.2 Know that the physical properties of a 

compound are determined by its molecular 
structure (e.g., constituent atoms, distances 
and angles between them) and the interactions 
among these molecules; 

7.6 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; 8.3 Know that the number of electrons in an atom 

determines whether the atom is electrically 
neutral or an ion:  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; 

8.4 Know that most elements have two or more 
isotopes (i.e., atoms that differ in the number 
of neutrons in the nucleus); although the 
number of neutrons has little effect on how 
the atom interacts with others, it does affect 
the mass and stability of the nucleus; 

7.7 Know how organisms are classified into a 
hierarchy of groups and subgroups based on 
similarities that reflect their evolutionary 
relationships: 8.5 Know that some changes of atomic or 

molecular configuration require an input of 
energy; others release energy;  Shared derived characteristics inherited 

from a common ancestor; 8.6 Know that chemical reactions can take place 
at vastly different rates and reaction rates 
depend on a variety of factors that influence 
the frequency of collision of reactant 
molecules (e.g., shape and surface area of the 
reacting species, temperature, pressure, the 
presence or absence of a catalyst); 

 Degree of kinship estimated from the 
similarity of DNA sequences. 

 
Performance Examples 
Examples of activities in which students might 
demonstrate the above include: 
•  Write Essays on topics such as: 8.7 Know that chemical reactions can be 

accelerated by catalysts:  Macroevolution and Microevolution; 
 Hardy Weinberg and Evolution within 

Populations; 8.8 Know the variety of structures that may be 
formed from the bonding of carbon atoms 
(e.g., synthetic polymers, oils, the large 
molecules essential to life) and their roles in 
various chemical reactions, including those 
required for life processes; 

 The Origin of Life;  
 Evidences of Evolution; 
 Allopatric and Sympatric Speciation. 
 Simulations: Simulate a population 

undergoing change and measure the 
change in allelic frequencies over several 
generations:   

8.9 Know that a large number of important 
reactions involve the transfer of either 
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Performance Examples electrons (oxidation/reduction reactions) or 
hydrogen ions (acid/base reactions) between 
reacting ions, molecules, or atoms;  

Examples of activities in which students might 
demonstrate the above: 

8.10 Understand radical reactions and their role in  
natural and human processes: 

•  Answer multiple choice questions about 
thermodynamics of matter; 

 Ozone and green house gases in the 
atmosphere;  

•  Explain to another student the characteristics 
of catabolic and anabolic reactions as applied 
to the laws of thermodynamics;  Burning and processing of fossil fuels; 

•  Write an essay on the laws of 
thermodynamics ; 

 Formation of polymers; explosions. 
 

•  Measure visible light waves with a 
spectophotometer. 

Performance Examples 
Examples of activities in which students might 
demonstrate the above include:  

 •  Write Essays on topics such as: 
 Properties of Water, Properties of 

Carbon; 
PHYSICAL SCIENCES 
Standard 10: 
•  Understands forces and motion. 
 

 The Role of Exergonic Reactions 
Coupled with Endergonic Reactions; 

 Significance of Functional Groups in the 
Function of Monomers and Polymers. 

 
Benchmarks 

•  Experimentation:   •  None apply to standard 10 
 Measuring the Rate of a Reaction;   
 Examine molecular drawings and 

recognize functional groups, monomers, 
and various polymers from examination 
of their structural formulas; 

 
NATURE OF SCIENCE 
Standard 11: 
•  Understands the nature of scientific 

knowledge. 
 

•  Complete practice take-home tests. 
 
  
PHYSICAL SCIENCES 
Standard 9:  
•  Understands the sources and properties of 

energy. 
 

Benchmarks 
Students will: 
11.1 Know that scientific explanations must meet 

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

and observational evidence about nature;  
Benchmarks  Make accurate predictions about systems 

being studied; Students will: 
9.1 Understand the concept of entropy:  Be logical; 

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

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

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

11.2 Understand how scientific knowledge 
changes and accumulates over time: 

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

 All scientific knowledge is subject to 
change as new evidence becomes 
available;  Kinetic energy (energy of motion); 

 Potential energy (depends on relative 
position); 

 Some scientific ideas are incomplete and 
opportunity exists in these areas for new 
advances;  Energy contained by a field 

(electromagnetic waves).  Theories are continually tested, revised, 
and occasionally discarded.  

Standards. High School Science. AP Biology                                  2002      page 5 of 7  



SINGAPORE AMERICAN SCHOOL  
HIGH SCHOOL SCIENCE STANDARDS 

AP BIOLOGY 
 
11.3 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. 

 
Performance Examples 
Examples of activities in which students might 
demonstrate the above: 
•  Write formal lab reports including 

applications in the scientific world; 
•  Design labs for a testable hypothesi;s 
•  Compare changes in scientific theories over 

time on various topics such as:  The Role and 
Function of Genetic Study; 

•  Predict outcomes on various lab experiences; 
•  Write essays showing a lab designed 

experience; 
•  Examine the changes of scientific knowledge 

on a given topic:   
 Cellular Membrane Structure; 
 Determining the Hereditary Material of 

the Cell; 
 The Origin of Life. 

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

inquiry. 
 
 
Benchmarks 
Students will: 
12.1 Understand the use of hypotheses in science: 

 Selecting and narrowing the focus of 
data; 

 Determining additional data to be 
gathered; 

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

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

and variables; 
 Organizes, display, and analyze data; 
 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; 

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; 

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; 

12.6 Know; that scientists conduct investigations 
for a variety of reasons: 
 To discover new aspects of the natural 

world; 
 To explain recently observed 

phenomena; 
 To test the conclusions of prior 

investigations; 
 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: 
 Arguments must be logical and 

demonstrate connections between natural 
phenomena, investigations, and the 
historical body of scientific knowledge; 

 The methods and procedures used to 
obtain evidence must be clearly reported 
to enhance opportunities for further 
investigation. 

 
Performance Examples 
Examples of activities in which students might 
demonstrate the above include: 
•  Design several laboratory experiences over 

the year; 
•  Complete a long term study of a testable 

hypothesis over several weeks; 
•  Write formal lab reports ; 
•  Use the Chi Square Analysis to determine the 

probability of outcomes and the possible 
deviation from expected results; 

•  Use the Hardy Weinberg Formula to 
determine changes in allelic frequencies; 

•  Use the dissolved oxygen probes to determine 
the oxygen concentration in a solution. 
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NATURE OF SCIENCE 
Standard 13:  
•  Understands the scientific enterprise. 
 
 
Benchmarks 
Students will: 
13.1 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: 

•  Students will explain the reasons Gregor 
Mendel was successful in interpreting his 
hypothesis correctly; 

•  Write Essays on topics such as: 
 The collective works of Watson, Crick, 

Franklin, Chargaff in the understanding 
of the DNA structure; 

 Gregor Mendel’s Experiments and 
Conclusions; 

 Designing an experiment for a testable 
hypothesis. 
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