
 

Biology  
SL1 
 
 
Standard 1: The student develops effective problem -solving strategies.  
 
1.1 Designs and conducts scientific investigations by: formulating testable hypotheses; identifying and 
clarifying the method, controls, and variables; organizing and displaying data (graphs, tables, units, 
uncertainties, curve-fitting, etc.); revising methods and explanations; presenting the results and receiving 
critical response from others 
 
1.2 Knows how to select, apply and use key equations in both experimental and theoretical situations. 
(algebraic, numerical, unit analysis, etc.) 
 
1.3 Knows how to use technology (calculators, hand tools, measuring instruments, computers) and 
mathematics (measurement, formulas, charts, graphs) to perform accurate scientific investigations and 
communications 
 
Standard 2: The student understands the nature of scientific knowledge.  
 
2.1 Knows ways in which science distinguishes itself from other ways of knowing and from other bodies of 
knowledge (e.g., use of empirical standards, logical arguments, skepticism) 
 
2.2 Knows that scientific explanations must meet certain criteria to be considered valid (e.g., they must be 
consistent with experimental and observational evidence about nature, make accurate predictions about 
systems being studied, be logical, respect rules of evidence, be open to criticism, report methods and 
procedures, make a commitment to making knowledge public) 
 
2.3 Understands how scientific knowledge changes and accumulates over time (e.g., all scientific 
knowledge is subject to change as new evidence becomes available; some scientific ideas are 
incomplete and opportunity exists in these areas for new advances; theories are continually tested, 
revised, and occasionally discarded) 
 
2.4 Knows that from time to time, major shifts occur in 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 
 
Standard 3: The student understands the nature of scientific inquiry.  
 
3.1 Understands the use of hypotheses in science (e.g., selecting and narrowing the focus of data, 
determining additional data to be gathered; guiding the interpretation of data) 
 
3.2 Designs and conducts scientific investigations by: formulating testable hypotheses; identifying and 
clarifying the method, controls, and variables; organizing and displaying data; revising methods and 
explanations; presenting the results; and receiving critical response from others 
 
3.3 Knows that a wide range of natural occurrences may be observed to discern patterns when conditions 
of an investigation cannot be controlled 
 
3.4 Uses technology (e.g., hand tools, measuring instruments, calculators, computers) and mathematics 
(e.g., measurement, formulas, charts, graphs) to perform accurate scientific investigations and 



communications 
 
3.5 Knows 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 
 
3.6 Knows that scientists conduct investigations for a variety of reason (e.g., 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) 
 
3.7 Knows that investigations and public communication among scientists must meet certain criteria in 
order to result in new knowledge and methods (e.g., 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) 
 
Standard 4: The  student understands the science as a human endeavor.  
 
4.1 Knows that throughout history, diverse cultures have developed scientific ideas and solved human 
problems through technology 
 
4.2 Understands that individuals and teams contribute to science and engineering at different levels of 
complexity (e.g., an individual may conduct basic field studies; hundreds of people may work together on 
a major scientific question or technological problem) 
 
4.3 Understands the ethical traditions associated with the scientific enterprise (e.g., commitment to peer 
review, truthful reporting about the methods and outcomes of investigations, publication of the results of 
work) and that scientists who violate these traditions are censored by their peers 
 
4.4 Knows that science and technology are essential social enterprises, but alone they can only indicate 
what can happen, not what could happen 
 
4.5 Understands that science involves different types of work in many different disciplines (e.g., scientists 
in different disciplines ask different questions, use different methods of investigation, and accept different 
types of evidence to support their explanations; many scientific investigations require the contributions of 
individuals from different disciplines; new disciplines of science, such as geophysics, and biochemistry, 
often emerge at the interface of older disciplines) 
 
4.6 Knows that creativity, imagination, and a good knowledge base are all required in the work of science 
and engineering 
 
Standard 6: The student u nderstands the basic earth processes.  
 
6.1 Knows that elements exist in fixed amounts and move through the solid Earth, oceans, atmosphere, 
and living things as part of geochemical cycles (e.g., carbon cycle, nitrogen cycle)  
 
6.2 Knows that throughout the rock cycle (e.g., formation, weathering, sedimentation, reformation), the 
total amount of material stays the same as its form changes  
 
6.3 Knows how the evolution of life on Earth has changed the composition of the Earth's atmosphere 
through time (e.g., one-celled forms of life emerged more than 3.5 billion years ago; evolution of 
photosynthesizing organisms produced most of the oxygen in the modern atmosphere)  
 
Standard 6: The student knows about the diversity and unity that characterizes life.  
 
6.1 Knows how organisms are classified into a hierarchy of groups and subgroups based on similarities 



that reflect their evolutionary relationships (e.g., shared derived characteristics inherited from a common 
ancestor; degree of kinship estimated from the similarity of DNA sequences)  
 
6.2 Knows 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 
 
Standard 9: The student understands the geneti c basis for the transfer of biological 
characteristics.  
 
9.1 Knows the chemical and structural properties of DNA and its role in specifying the characteristics of 
an organism (e.g., DNA is a large polymer formed from subunits of four kinds [A, G, C, and T]; genetic 
information is encoded in genes as a string of these subunits, and replicated by a templating mechanism; 
each DNA molecule in a cell forms a single chromosome) 
 
9.2 Knows ways in which genes (segments of DNA molecules) may be altered and combined to create 
genetic variation within a species (e.g., recombination of genetic material; mutations; errors in copying 
genetic material during cell division) 
 
9.3 Knows 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 
 
9.4 Knows that mutations and new gene combinations may have positive, negative, or no effects on the 
organism 
 
9.5 Knows features of human genetics (e.g., most of the cells in a human contain two copies of each of 
22 chromosomes; in addition, one pair of chromosomes determines sex [XX or XY]; 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) 
 
Standard 10: The student knows the general s tructure and function of cells in organisms.  
 
10.1 Knows the structures of different types of cell parts (e.g., cell wall; cell membrane; cytoplasm; cell 
organelles such as the nucleus, chloroplast, mitochondrion, Golgi apparatus, vacuole) and the functions 
they perform (e.g., transport of materials, storage of genetic information, photosynthesis and respiration, 
synthesis of new molecules, waste disposal)  
 
10.2 Understands the chemical reactions involved in cell functions (e.g., food molecules taken into cells 
are broken down to provide the chemical constituents needed to synthesize other molecules; enzymes 
facilitate the breakdown and synthesis of molecules) 
 
10.3 Understands cell differentiation (e.g., the progeny from a single cell form an embryo in which the 
cells multiply and differentiate to form the many specialized cells, tissues, and organs that comprise the 
final organism; each cell retains the basic information needed to reproduce itself) 
 
10.4 Knows that the genetic information stored in DNA provides instructions for protein synthesis in cells.  
 
10.5 Knows the structures of proteins (e.g., long, usually folded chain molecules made from 20 different 
types of smaller amino acid molecules that are arranged in different sequences) and the role of proteins 
in cell function 
 
Standard 11: The student understands how species depend on another and on the environment 
for survival.  
 
11.1 Knows how the interrelationships and interdependencies among organisms generate stable 



ecosystems that fluctuate around a state of rough equilibrium for hundreds or thousands of years (e.g., 
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)  
 
11.2 Knows ways in which humans can modify ecosystems and cause irreversible effects (e.g., human 
population growth, technology, and consumption; human destruction of habitats through direct harvesting, 
pollution, and atmospheric changes)  
 
Standard 12: The student understands the cycling of matter and flow of energy through the living 
environment . 
 
12.1 Understands how the processes of photosynthesis and respiration in plants transfer energy from the 
Sun to living systems (e.g., 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) 
 
12.2 Knows 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 
 
12.3 Knows 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  
 
Standard 13: The student unde rstands the basic concepts of the evolution of species.  
 
13.1 Knows 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 
 
13.2 Knows that natural selection leads to organisms that are well suited for survival in particular 
environments, so that when an environment changes, some inherited characteristics become more or 
less advantageous or neutral, and chance alone can result in characteristics having no survival or 
reproductive value 
 
13.3 Knows how natural selection and its evolutionary consequences provide a scientific explanation for 
the diversity and unity of past and present life forms on Earth (e.g., recurring patterns of relationship exist 
throughout the fossil record; 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)  
 
13.4 Knows 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 (1) the potential for a species to 
increase its numbers, (2) the genetic variability of offspring due to mutation and recombination of genes, 
(3) a finite supply of the resources required for life, and (4) the ensuing selection by the environment of 
those offspring better able to survive and leave offspring  
 
Standard 14: The student understands the basic concepts about the structure and properties of 
matter.  
 
14.1 Knows 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 
 
14.2 Knows the structure of an atom (e.g. negative electrons occupy most of the space in the atom; 
neutrons and positive protons make up the nucleus of the atom; protons and neutrons are almost 2000 
times heavier than an electron; the electric force between the nucleus and electrons holds the atom 
together) 
 
14.3 Knows that the number of electrons in an atom determines whether the atom is electrically neutral or 
an ion 



 
14.4 Knows that chemical reactions can be accelerated by catalysts (e.g. some chemical reactions may 
be catalyzed by metal surfaces; chemical reactions in living systems are often catalyzed by protein 
molecules called enzymes) 
 
14.5 Knows 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 
 
14.6 Knows that a large number of important reactions involve the transfer of either electrons 
(oxidation/reaction reactions) or hydrogen ions (acid/base reactions) between reacting ions, molecules, or 
atoms 
 
Standard 15: The student understands e nergy types, sources, and conversions, and their 
relationship to heat and temperature.  
 
15.1 Understands that chemical reactions either release or consume energy (i.e. some changes of atomic 
or molecular configuration require an input of energy; other release energy) 
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