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Biology is a comprehensive Life 
Science course that includes Cell 
Biology, Genetics, Anatomy & 
Physiology, Plant Biology, 
Ecology, Evolution, and 
Investigation & Experimentation. 
This course is assessed locally 
using the materials contained 
within, and by the California 
Standardized Test. This class is a 
10 unit, year-long college-
preparatory course created by 
TRUSD teachers for use at the 
High School level.  

Included: 
 

♦ Biology Course Outline    
   [Syllabus] 
♦ Pacing Guide 
♦ Maps of Standards  
♦ District Assessment  
   Guide 
♦ Appendix Section  
     -Graphic Organizers 
    -Table of Prefixes and     
     Suffixes in Science 
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“To inspire students to extraordinary achievement everyday!” 
 
July 14, 2010 
 
 
Dear TRUSD Educator, 
 

Welcome to a new Academic Year!  
 

This curriculum package has been created to help teachers and other instructional 
support personnel plan instruction and prepare students for the subject area summative 
assessments. Additionally, this curriculum package was written to promote high quality, 
standards-based instruction in all core subject areas.  
 

Included you will find: Expected Learning Outcomes, Course Outline [may be printed 
and distributed to teachers], Unpacked Standards [to help establish the breadth and depth to 
which each content standard must be addressed], District Assessment Guides, Sample pacing 
calendars, and an appendix. The appendix at the end of the package contains a selection of 
helpful, subject-specific, instructional resources.  
 

Curriculum development is a continuous process. As such, these packages are subject to 
periodic revisions to reflect possible changes in student population and future amendments as the 
State Educational Frameworks are being rewritten. Through the hard work and commitment 
of passionate educators over many years, this curriculum package was made a reality. This 
document reflects the common vision of these dedicated educators.  
 

For questions about any section of this package, or to offer comments and suggestions for 
improvements, please contact the Curriculum and Instruction Office, Secondary Division. 
 

Thank you. 
 
Curriculum and Instruction 
Secondary Division 
Bay C, TRUSD District Office 
McClellan, CA 95652 
916-566-1600 
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1.0 COURSE DESCRIPTION: 
     This course fulfills the Life Science graduation requirements as well as the University of 
California’s ‘A G’ requirement as a Life Science Laboratory Course. This Comprehensive 
Biology course includes the topics of ecology, cell biology, genetics, evolution, anatomy and 
physiology, current research, and bioethics. Students will work individually and in small 
groups. Inquiry-based laboratories investigations are an integral part of the Course.  
 
2.0 COURSE GOALS: 
     At the end of this year-long course, students will… 

o achieve a practical knowledge of laboratory skills 
o be able to design experiments to solve problems solve using the scientific method 
o gain an understanding and appreciation of the relationship between organisms and 

their environment. 
o understand the relationship between structure and function at the cellular and 

organism levels 
o be able to explain the processes of photosynthesis, cellular respiration and protein 

synthesis 
o be able to explain how genetic traits are inherited 
o understand how evolution can explain the diversity of organisms on Earth, and 
o be able to explain how populations of species have changed over time  

  
3.0 Textbook:  
Biggs, A, Hagins, W., Holliday, W., Kapicka, C., Lundgren, L., MacKenzie, A., Rodgers, W., 

Sewer, M., and D. Zike [2007]. Biology. New York: McGraw-Hill/Glencoe.  
 

 
Department:            SCIENCE 
 
Course Title:   Biology  
 
Grade Level:  10-12 
 
Length:   1 Academic Year 
 
Number of Credits:      10 
 
Pre-requisite:   Please consult Site Councilor.  
                                                -Satisfies A  G Requirements  
                                                  [Lab-Type Science Course] 
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4.0 Supplementary Materials: 
Supplementary materials provided by the publisher including the lab manual and teacher’s 
edition of the textbook, and various electronic resources.  
Electronic Resources available at: www.ca.biologygmh.com  

 
5.0 California Content Standards 

Standard Cluster 1: Cell Biology 
1. The fundamental life processes of plants and animals depend on a variety of chemical reactions that 
occur in specialized areas of the organism’s cells. As a basis for understanding this concept: 
a. Students know cells are enclosed within semipermeable membranes that regulate their interaction with 
their surroundings. 
b. Students know enzymes are proteins that catalyze biochemical reactions without altering the reaction 
equilibrium and the activities of enzymes depend on the temperature, ionic conditions, and the pH of the 
surroundings. 
c. Students know how prokaryotic cells, eukaryotic cells (including those from plants and animals), and 
viruses differ in complexity and general structure. 
d. Students know the central dogma of molecular biology outlines the flow of information from 
transcription of ribonucleic acid (RNA) in the nucleus to translation of proteins on ribosomes in the 
cytoplasm. 

e. Students know the role of the endoplasmic reticulum and Golgi apparatus in the secretion of proteins. 
f.  Students know usable energy is captured from sunlight by chloroplasts and is stored through the 
synthesis of sugar from carbon dioxide. 
g. Students know the role of the mitochondria in making stored chemical‐bond energy available to cells by 
completing the breakdown of glucose to carbon dioxide. 
h. Students know most macromolecules (polysaccharides, nucleic acids, proteins, lipids) in cells and 
organisms are synthesized from a small collection of simple precursors. 
i.* Students know how chemiosmotic gradients in the mitochondria and chloroplast store energy for ATP 
production. 
j.* Students know how eukaryotic cells are given shape and internal organization by a cytoskeleton or cell 
wall or both. 

Standard Set 2: Sexual Reproduction and Meiosis 
2. Mutation and sexual reproduction lead to genetic variation in a population. As a basis for understanding 
this concept:  
a. Students know meiosis is an early step in sexual reproduction in which the pairs of chromosomes 
separate and segregate randomly during cell division to produce gametes containing one chromosome of 
each type. 
b. Students know only certain cells in a multicellular organism undergo meiosis. 

c. Students know how random chromosome segregation explains the probability that a particular allele will 
be in a gamete. 
d. Students know new combinations of alleles may be generated in a zygote through the fusion of male and 
female gametes (fertilization). 
e. Students know why approximately half of an individual’s DNA sequence comes from each parent.  

f.  Students know the role of chromosomes in determining an individual’s sex. 

g. Students know how to predict possible combinations of alleles in a zygote from the genetic makeup of 
the parents. 
 

http://www.ca.biologygmh.com/
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Standard Set 3: Mendelian and Modern Genetics 
3. A multicellular organism develops from a single zygote, and its phenotype depends on its genotype, 
which is established at fertilization. As a basis for understanding this concept:  
a. Students know how to predict the probable outcome of phenotypes in a genetic cross from the 
genotypes of the parents and mode of inheritance (autosomal or X‐linked, dominant or recessive).  
b. Students know the genetic basis for Mendel’s laws of segregation and independent assortment. 
c.*Students know how to predict the probable mode of inheritance from a pedigree diagram showing 
phenotypes. 
d.*Students know how to use data on frequency of recombination at meiosis to estimate genetic distances 
between loci and to interpret genetic maps of chromosomes. 

Standard Set 4: Molecular Genetics 
4. Genes are a set of instructions encoded in the DNA sequence of each organism that specify the 
sequence of amino acids in proteins characteristic of that organism. As a basis for understanding this 
concept:  
a. Students know the general pathway by which ribosomes synthesize proteins, using tRNAs to translate 
genetic information in mRNA. 
b. Students know how to apply the genetic coding rules to predict the sequence of amino acids from a 
sequence of codons in RNA. 
c. Students know how mutations in the DNA sequence of a gene may or may not affect the expression of 
the gene or the sequence of amino acids in an encoded protein. 
d. Students know specialization of cells in multicellular organisms is usually due to different patterns of 
gene expression rather than to differences of the genes themselves. 
e. Students know proteins can differ from one another in the number and sequence of amino acids. 
f.* Students know why proteins having different amino acid sequences typically have different shapes and 
chemical properties. 

Standard Set 5: Biotechnology/Genetic Engineering 
5. The genetic composition of cells can be altered by incorporation of exogenous DNA into the cells. As a 
basis for understanding this concept:  
a. Students know the general structures and functions of DNA, RNA, and protein. 
b. Students know how to apply base‐pairing rules to explain precise copying of DNA during 
semiconservative replication and transcription of information from DNA into mRNA. 
c. Students know how genetic engineering (biotechnology) is used to produce novel biomedical and 
agricultural products. 
d.*Students know how basic DNA technology (restriction digestion by endonucleases, gel electrophoresis, 
ligation, and transformation) is used to construct recombinant DNA molecules. 
e.*Students know how exogenous DNA can be inserted into bacterial cells to alter their genetic makeup 
and support expression of new protein products. 

Standard Set 6: Ecology 
6. Stability in an ecosystem is a balance between competing effects. As a basis for understanding this 
concept:  
a. Students know biodiversity is the sum total of different kinds of organisms and is affected by alterations 
of habitats. 
b. Students know how to analyze changes in an ecosystem resulting from changes in climate, human 
activity, introduction of nonnative species, or changes in population size. 
c. Students know how fluctuations in population size in an ecosystem are determined by the relative rates 
of birth, immigration, emigration, and death. 
d. Students know how water, carbon, and nitrogen cycle between abiotic resources and organic matter in 
the ecosystem and how oxygen cycles through photosynthesis and respiration. 
e. Students know a vital part of an ecosystem is the stability of its producers and decomposers. 
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f.  Students know at each link in a food web some energy is stored in newly made structures but much 
energy is dissipated into the environment as heat. This dissipation may be represented in an energy 
pyramid. 
g.*Students know how to distinguish between the accommodation of an individual organism to its 
environment and the gradual adaptation of a lineage of organisms through genetic change. 

Standard Set 7: Evolution [Variation in the Gene Pool] 
7. The frequency of an allele in a gene pool of a population depends on many factors 
and may be stable or unstable over time. As a basis for understanding this concept: 
a. Students know why natural selection acts on the phenotype rather than the genotype of an organism. 
b. Students know why alleles that are lethal in a homozygous individual may be carried in a heterozygote 
and thus maintained in a gene pool. 
c. Students know new mutations are constantly being generated in a gene pool. 
d. Students know variation within a species increases the likelihood that at least some members of a 
species will survive under changed environmental conditions. 
e.* Students know the conditions for Hardy‐Weinberg equilibrium in a population and why these 
conditions are not likely to appear in nature. 
f.* Students know how to solve the Hardy‐Weinberg equation to predict the frequency of genotypes in a 
population, given the frequency of phenotypes. 

Standard Set 8: Evolution [Natural Selection and Speciation, Evidences] 
8. Evolution is the result of genetic changes that occur in constantly changing 
environments. As a basis for understanding this concept:   
a. Students know how natural selection determines the differential survival of groups of organisms. 
b. Students know a great diversity of species increases the chance that at least some organisms survive 
major changes in the environment. 
c. Students know the effects of genetic drift on the diversity of organisms in a population. 
d. Students know reproductive or geographic isolation affects speciation. 
e. Students know how to analyze fossil evidence with regard to biological diversity, episodic speciation, 
and mass extinction. 
f.* Students know how to use comparative embryology, DNA or protein sequence comparisons, and other 
independent sources of data to create a branching diagram (cladogram) that shows probable evolutionary 
relationships. 
g.* Students know how several independent molecular clocks, calibrated against each other and combined 
with evidence from the fossil record, can help to estimate how long ago various groups of organisms 
diverged evolutionarily from one another. 

Standard Set 9: Physiology [Homeostatic Controls] 
9. As a result of the coordinated structures and functions of organ systems, the internal environment of 
the human body remains relatively stable (homeostatic) despite changes in the outside environment. As a 
basis for understanding this concept: 
a. Students know how the complementary activity of major body systems provides cells with oxygen and 
nutrients and removes toxic waste products such as carbon dioxide. 
b. Students know how the nervous system mediates communication between different parts of the body 
and the body’s interactions with the environment. 
c. Students know how feedback loops in the nervous and endocrine systems regulate conditions in the 
body. 
d. Students know the functions of the nervous system and the role of neurons in transmitting 
electrochemical impulses. 
e. Students know the roles of sensory neurons, interneurons, and motor neurons in sensation, thought, 
and response. 
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f.* Students know the individual functions and sites of secretion of digestive enzymes (amylases, proteases, 
nucleases, lipases), stomach acid, and bile salts. 
g.*Students know the homeostatic role of the kidneys in the removal of nitrogenous wastes and the role of 
the liver in blood detoxification and glucose balance. 
h.*Students know the cellular and molecular basis of muscle contraction, including the roles of actin, 
myosin, Ca+2, and ATP. 
i.* Students know how hormones (including digestive, reproductive, osmoregulatory) provide internal 
feedback mechanisms for homeostasis at the cellular level and in whole organisms. 

Standard Set 10: Physiology [Immune System] 
10. Organisms have a variety of mechanisms to combat disease. As a basis for understanding the human 
immune response: 
a. Students know the role of the skin in providing nonspecific defenses against infection. 
b. Students know the role of antibodies in the body’s response to infection. 
c. Students know how vaccination protects an individual from infectious diseases. 
d. Students know there are important differences between bacteria and viruses with respect to their 
requirements for growth and replication, the body’s primary defenses against bacterial and viral infections, 
and effective treatments of these infections. 

e. Students know why an individual with a compromised immune system (for example, a person with AIDS) 
may be unable to fight off and survive infections by microorganisms that are usually benign. 
f.* Students know the roles of phagocytes, B‐lymphocytes, and T‐lymphocytes in the immune system. 

Standard Set 11: Investigation and Experimentation 
1. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a 
basis for understanding this concept and addressing the content in the other four strands, students 
should develop their own questions and perform investigations. Students will: 
a. Select and use appropriate tools and technology (such as computer‐linked probes, spreadsheets, and 
graphing calculators) to perform tests, collect data, analyze relationships, and display data. 
b. Identify and communicate sources of unavoidable experimental error. 
c. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions. 
d. Formulate explanations by using logic and evidence. 
e. Solve scientific problems by using quadratic equations and simple trigonometric, exponential, and 
logarithmic functions. 
f.  Distinguish between hypothesis and theory as scientific terms. 
g. Recognize the usefulness and limitations of models and theories as scientific representations of reality. 
i.  Analyze the locations, sequences, or time intervals that are characteristic of natural phenomena (e.g., 
relative ages of rocks, locations of planets over time, and succession of species in an ecosystem). 
j.  Recognize the issues of statistical variability and the need for controlled tests. 
k. Recognize the cumulative nature of scientific evidence. 
l.  Analyze situations and solve problems that require combining and applying concepts from more than 
one area of science. 
m. Investigate a science‐based societal issue by researching the literature, analyzing data, and 
communicating the findings. Examples of issues include irradiation of food, cloning of animals by somatic 
cell nuclear transfer, choice of energy sources, and land and water use decisions in California. 

Note: Standards marked with [*] are not assessed in SASA. 
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6.0 Suggested Instructional Strategies and Alternative Assessment Options 
 

Instructional Strategies Assessment Strategies 
 

 Computer assisted learning 
 Cooperative Learning Groups 
 Debates  
 Demonstrations 
 Discussion 
 Explicit Direct Instruction 
 Field trips 
 Graphic organizers 
 Guest speakers 
 Independent practice 
 Individual and or group projects 
 Interactive media [e.g. 

Videoconferencing] 
 Internet activities 
 Jigsaw activities 
 Laboratory Investigations 
 Manipulative activities 
 Modeling 
 Oral presentation  
 Pair-share activities 
 Peer teaching 
 Posters/displays  
 Projects 
 Reciprocal teaching 
 Research projects  
 Role playing and dramatization 
 Whole Group Instruction and 

discussion 

 

 Assignments/Homework 
 Class participation 
 Graded discussion  
 In-class essays  
 In-class participation  
 Interactive notebooks  
 District Assessments [SASA] 
 Laboratory Reports 
 Oral presentations 
 Peer Evaluation 
 Portfolios 
 Projects  
 Publications 
 Research papers  
 Self evaluation  
 Posters/Scientific Poster Papers 
 Student publications and 

newspapers  
 Web-based tests and quizzes 

 
 
 
 
 
 
NOTE: A list of varied formative assessments with 
descriptions and examples can be found in the 
Appendix Section.  
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Biology Calendar 2010-11  

Unit Title Standards Chapters TESTING WINDOWS:   

1 Introduction to Science and Ecology 1a-1d Ch 2-5 September 16-17  
2 Cell Biology 2a-2c Ch 6-8 November 4-5  
3 Molecular Genetics 3a-3b Ch 9 & 12 December 17-18  
4 Genetics (Inheritance) 4a-4e Ch 10 & 11 February 17-18  
5 Evolution 5a-5d Ch 14 & 15 March 30-31  
6 Anatomy and Physiology 6a-6e Ch 32-37    

              
   M T W T F M T W T F M T W T F M T W T F M T W T F  

2 3 4 5 6 9 10 11 12 13 16 17 18 19 20 23 24 25 26 27 30 31         
August 

        Introduction to Science and Ecology        
    1 2 3 6 7 8 9 10 13 14 15 16 17 20 21 22 23 24 27 28 29 30     

September 
    Ecology Ecology Tests Cell Biology    
        1 4 5 6 7 8 11 12 13 14 15 18 19 20 21 22 25 26 27 28 29  

October 
  Cell Biology Cell Biology Cell Biology  

1 2 3 4 5 8 9 10 11 12 15 16 17 18 19 22 23 24 25 26 29 30      
November 

Cell Biology Tests Molecular Genetics Thanksgiving Break          
    1 2 3 6 7 8 9 10 13 14 15 16 17 20 21 22 23 24 27 28 29 30 31  

December 
    Molecular Genetics Molec Gen'ics Tests Winter Break Winter Break  
3 4 5 6 7 10 11 12 13 14 17 18 19 20 21 24 25 26 27 28 31          

January 
  Genetics of Inheritance Genetics of Inheritance Genetics of Inheritance          
  1 2 3 4 7 8 9 10 11 14 15 16 17 18 21 22 23 24 25 28          

February 
  Genetics of Inheritance Tests Presidents' Week            
  1 2 3 4 7 8 9 10 11 14 15 16 17 18 21 22 23 24 25 28 29 30 31    

March 
  Evolution Evolution Evolution Evolution Tests    
        1 4 5 6 7 8 11 12 13 14 15 18 19 20 21 22 25 26 27 28 29  

April 
        Anatomy and Physiology Spring Break Anatomy & Physiology  
2 3 4 5 6 9 10 11 12 13 16 17 18 19 20 23 24 25 26 27 30 31        

May 
CST TESTING Anatomy and Physiology Sci Fair Tests    

  1 2 3 6 7 8 9 10 13 14 15 16 17 20 21 22 23 24 27 28 29 30    
June 

  Closure          
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PACING AND ASSESSMENT CALENDAR 
B I O L O G Y 

Academic Year 2010-2011 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Unit Topic Number of Weeks 
Introduction to Biology and 
the Scientific Method 1 
Ecology 

August 12- Sept 17 
5 weeks 

SASA Unit 1: September 16-17 

2 Cell Biology 
Oct  1– November 5 
5 weeks 

SASA Unit 2: November 04-05 

3 Molecular Genetics 
November 08 – Dec 17 
5 weeks 

1st Semester Finals: 60% U3 and 40% U1 & U2 

4 Genetics of Heredity 
Jan 4 – Feb 18 
6.6 weeks 

SASA Unit 4: Feb 17 – Feb 18 

5 Evolution 
Feb 28 – Mar 31 
23 days 

SASA Unit 5: Mar 30 – Mar 31 

6 Anatomy & Physiology 
April 01 –May 31 
6.6 weeks  
[includes CST Week] 

2nd Semester Finals: May 17 – June 04 
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Unit 1 Map of Key and Unpacked Standards 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Unit 1: Ecology 
# of Days of Instruction-18 

6a. Students know biodiversity is 
the sum total of different kinds of 
organisms and is affected by 
alterations of habitats. 

A. Students can explain the 
meaning of biodiversity and 
discuss its importance in 
terms of an ecosystem’s 
stability and resiliency.  
 
B. Students can compare 
ecosystems in terms of their 
biodiversity. 
 
C. Students can identify the 
different factors that 
influence the biodiversity of 
a habitat.  

6b. Students know how to 
analyze changes in an 
ecosystem resulting from 
changes in climate, human 
activity, introduction of 
nonnative species, or 
changes in population size. 

A. Students can pinpoint the 
different factors that can 
cause changes in an 
ecosystem over time.  
 
B. Students can identify 
examples of how certain 
human activities have 
impacted living 
communities.  
 
C. Students can explain how 
the introduction of a non-
native species can adversely 
affect an ecosystem and give 
examples.   
 
D. Students can analyze 
ecosystem changes and 
hypothesize on possible 
causes.   

6c. Students know how 
fluctuations in population 
size in an ecosystem are 
determined by the 
relative rates of birth, 
immigration, emigration, 
and death. 

A. Students can enumerate 
the various factors that can 
affect population growth. 
 
B. Students can draw, 
explain, and analyze 
different population growth 
[curve] models.   
 
C. Students can explain the 
concept of carrying capacity 
and the different factors that 
affect its size.  
 
D. Students can differentiate 
between emigration and 
immigration.    

6d. Students know how water, 
carbon, and nitrogen cycle 
between abiotic resources 
and organic matter in the 
ecosystem and how oxygen 
cycles through 
photosynthesis and 

A. Students can analyze any 
of the biogeochemical 
pathways, and trace the flow 
of nutrients from one form to 
another. 
 
B. Students can identify the 
different processes that 
convert an element [C, N] 
from one form to another.  
 
C. Students can identify the 
various reservoirs of Carbon, 
Nitrogen, and Water in an 
ecosystem.  
 
D. Students can explain how 
matter is recycled [with the 
input of energy] and why 
this recycling is important.    

6e. Students know a 
vital part of an 
ecosystem is the 
stability of its 
producers and 
decomposers. 

6f. Students know at each 
link in a food web some 
energy is stored in newly 
made structures but much 
energy is dissipated into 
the environment as heat. 
This dissipation may be 
represented in an energy 
pyramid. 

A. Students can 
draw/analyze a 
food chain and 
identify the 
different organisms 
that occupy each 
trophic level. 
 
B. Students can 
explain the 
important role/s of 
decomposers and 
producers in a food 
chain/web.  
 
C. Students can 
pinpoint the Sun as 
the ultimate source 
of energy that 
supports all food 
chains.  

A. Students can discuss 
the efficiency of energy 
transfer [10%] from one 
trophic level to the next. 
 
B. Students can explain 
how energy is “lost” from 
one level to another. 
 
C. Students can analyze a 
food web, and identify the 
roles [producer, consumer, 
decomposer] each 
organism plays in the web. 
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Unit 2 Map of Key and Unpacked Standards 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1a. Students know cells are enclosed 
within semi-permeable membranes 
that regulate their interaction with 
their surroundings. 

Unit 2: Cell Biology 
# of Days of Instruction-21 weeks 

1. Student can describe the 
structure of the cell membrane 
[as well as the different 
molecules making it up] using 
the fluid mosaic model. 
 
2. Students can explain the 
processes of passive transport 
[diffusion and osmosis] and 
contrast it with active 
transport processes. 
 
3. Students can identify a 
cellular environment as 
hypertonic, hypotonic or 
isotonic and predict the net 
diffusion of water, as well as 
cell outcomes [cytolysis or 
plasmolysis].  
 

1b. Students know enzymes are 
proteins that catalyze 
biochemical reactions without 
altering the reaction equilibrium 
and the activities of enzymes 
depend on the temperature, ionic 
conditions, and the pH of the 
surroundings.  

1. Student can explain what 
catalysts [and enzymes] are 
and discuss their mechanism 
of action.  
 
2. Students can identify the 
different factors that affect 
enzymatic rate of action.  
 
3. Students can analyze a 
graph describing enzymatic 
rate of action, identifying 
different parts of the curve 
[activation energy, for e.g.]. 
 
4. Students can discuss how 
denaturation alters an 
enzyme’s shape as well as its 
function.  

1c. Students know how 
prokaryotic cells, 
eukaryotic cells (including 
those from plants and 
animals), and viruses differ 
in complexity and general 
structure.   

1. Students can compare 
and contrast between 
prokaryotic and eukaryotic 
cells, as well as between 
plant and animal cells. 
 
2. Students can describe 
the structure, location, and 
function of each cell 
organelle. 
 
3. Students can relate an 
organelle’s structure with 
its function. 
 
4. Students can explain 
why a virus is considered 
as non-living and describe 
its basic structure.  
 
 

1e. Students know the 
role of the endoplasmic 
reticulum and Golgi 
apparatus in the 
secretion of proteins.  

1. Students can 
differentiate between 
rough and smooth 
endoplasmic 
reticulum. 
 
2. Students can trace 
the path of proteins 
from manufacture to 
transport to 
modification to 
packaging to 
secretion.   

1f. Students know usable 
energy is captured 
from sunlight by 
chloroplasts and is 
stored through the 
synthesis of sugar 
from carbon dioxide.  

1. Students can write 
the general equation of 
photosynthesis and 
identify the reactants 
and products.  
 
2. Students can 
describe the internal 
structure of the 
chloroplast. 
 
3. Students can discuss 
the important events 
that happen during the 
light reactions and 
Calvin-Benson Cycle. 
 
4. Students can explain 
the role of ATP and 
energy-carriers such as 
NADP and NADH.   

1g. Students know the 
role of the 
mitochondria in 
making stored 
chemical-bond energy 
available to cells by 
completing the 
breakdown of glucose 
to carbon dioxide.  

1. Students can 
write the general 
equation of cell 
respiration and 
identify the 
reactants and 
products.  
 
2. Students know 
that cell respiration 
happens in both 
plants and animal 
cells. 
 
3. Students can 
describe the 
internal structure of 
the mitochondrion 
[cristae]. 
 
4. Students can 
identify the 
different stages 
involved in cellular 
respiration.  

1. Students can compare and contrast the different classes of biomolecules in terms of 
composition, structure, and cellular function/s. 
 
2. Students can explain how organic molecules commonly exist as polymers, made up of 
repeating units called monomers.  

1h. Students know most macromolecules 
(polysaccharides, nucleic acids, proteins, 
lipids) in cells and organisms are 
synthesized from a small collection of 
simple precursors.  
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Unit 3 Map of Key and Unpacked Standards 
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1. Students know that all cells 
contain the molecule DNA which 
stores and transfers genetic 
information.  
 
2.  Students can describe the 
structure of DNA as a double-
stranded molecule consisting of 
nucleotides. The backbone of the 
DNA molecule consists of “sugar-
phosphate” units while the “rungs” 
consist of nitrogen-containing bases. 
[A, G, C, & T]. 
 
3. Students can describe the structure 
of RNA as a single-stranded 
molecule consisting of the same A, 
G, and C nucleotides but with Uracil 
instead of Thymine.  
 
5. Students can identify the two 
different types of RNA [mRNA and 
tRNA] and describe their functions.  

1. Students know that DNA makes 
a copy of itself through a process 
called DNA replication, regulated 
by a set of enzymes [e.g. DNA 
polymerase]. 
 
2. Students can explain why DNA 
Replication is described as “semi-
conservative.” 
 
3. Students can describe the initial 
step in DNA replication as 
involving “unzipping” of the DNA 
to form two separate strands. 
 
4. Students can explain why a 
lagging and leading strand is 
produced during DNA replication. 
 
5. Students can describe the idea of 
“complementary base pairing” and 
how this allows for ‘faithful’ 
replication and transcription.  

1. Students know that DNA 
does NOT leave the nucleus 
but is instead used as a 
template to make a type of 
RNA molecule called 
“mRNA.”  
 
2. Students can explain that 
transcription starts when 
freely-floating amino acids 
[bonded to specific tRNA 
molecules] in the cytoplasm 
are transported to ribosomes, 
the site of translation.  
 
3. Students can describe how 
the codons in mRNA specify 
which amino acid gets 
incorporated into the new 
polypeptide chain. 
 
4. Students can define a 
‘codon’ as a sequence of 
three nucleotides found on 
an mRNA chain.  

1. Students can explain how the sequence 
of bases in DNA dictates the kind and 
sequence of amino acids that will 
assembled in the new polypeptide chain.  
 
2. Students can differentiate between 
DNA transcription in prokaryotes and 
eukaryotes  [In prokaryotes, an mRNA 
chain is transcribed as a continuous chain 
while in eukaryotes, non-coding sequences 
called “introns” -as opposed to “exons”-
exist.]. Before translation, the mRNA 
transcript is processed to remove all 
introns.  
 
3. Students know that a “start” and “stop” 
codon exists to signal the start and end of 
translation. 
 
4. Students know how to use a table of 
genetic codes [containing ‘start and stop’ 
codons] to determine the amino acid 
sequence specified by a given mRNA 
strand [or a DNA strand].  
 
6. Alternatively, using a table of genetic 
codes, a polypeptide chain with a known 
sequence of amino acids can be used to 
reconstruct the mRNA base sequence that 
was used for translation. 

1. Students define mutations 
are permanent changes in the 
sequence of nitrogen-
containing bases in DNA. 
 
2. Students know that 
mutations can occur in somatic 
cells [often undetected] or in 
gametes.  
 
3. Students can describe how 
mutations can occur [insertion 
or deletion of a base in DNA 
or when bases are incorrectly 
matched].  
 
4. Students can give examples 
of the results of mutations 
[cancers or such diseases and 
syndromes as Tay-Sachs, sickle 
cell anemia, and Duchenne 
muscular dystrophy]. 
 

Molecular Genetics 
# of Days of Instruction = 25 days 

5a. Students know the chemical structure 
of   DNA, RNA, and protein. 

5b. Students know how to apply base-pairing 
rules to explain precise copying of DNA 
during semi-conservative replication and 
transcription of information from DNA 
into mRNA 

1d, 4a. Students know the general 
pathway by which ribosomes 
synthesize proteins, using tRNAs to 
translate genetic information in 
mRNA.  

4b. Students know how to apply 
the genetic coding rules to 
predict the sequence of amino 
acids from a sequence of 
codons in RNA.  

4c.. Students know how mutations in the 
DNA sequence of a gene may or may 
not affect the expression of the gene or 
the sequence of amino acids in the 
encoded protein.   
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Unit 4 Map of Key and Unpacked Standards 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Students will discuss the role of meiosis, segregation, and 
independent assortment of chromosomes within gametes 
during sexual reproduction and how this leads to genetic 
variation in populations [CCS 2a, 2b, 2c, 3b].  

1. Students should be able to create a flow chart 
identifying and describing the different stages of meiosis. 
 
2. Students should be able to apply the laws of  
segregation and independent assortment to the steps in 
meiosis and explain the reduction in chromosome 
number.  
 
3. Students should be able to explain how sexual 
reproduction results in genetic variation.  

Students will explain how genotype influences 
phenotype and predict probable outcomes of 
crosses involving various modes of inheritance 
using Punnett Squares and pedigree charts. 
[CCS 2g, 3a, 3c].  

a. Students will differentiate genotype 
from phenotype and give examples 
using common traits. 
 
b. Students will predict the genotypic 
and phenotypic outcomes [F1 and F2] 
of monohybrid and dihybrid crosses 
using Punnet squares [in various modes 
of inheritance: autosomal dominance, 
sex-linked, etc]. 
 
c. Students will create [and analyze] 
pedigree charts that describe inheritance 
of certain traits [or diseases such as 
PKU, Tay-Sachs].  

Students will explain how the union of 
gametes during fertilization generates a zygote 
that can develop into a multi-cellular organism. 
[CCS 2d, 2e]  

a. Students can create a diagram [or 
analyze one] describing the event of 
fertilization. 
 
b. Students can discuss how a zygote 
derives half of its DNA from each 
parent. 
 
c. Students can explain how all the 
specialized cells in a multi-cellular 
organism originated from the zygote.  

Students know the role of chromosomes 
in determining an individual’s sex. 
[CCS 2f] 

a. Students can identify the two 
kinds of chromosomes present in 
human somatic cells [homologous 
and sex chromosomes].  
 
b. Students can describe that 
human somatic cells in females 
carry the XX pair while males 
carry the XY pair.  

Mendelian and Modern Genetics 
# of Days of Instruction = 30 days 
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Unit 5 Map of Key and Unpacked Standards 
 
 
                                                                                                                                                                                                                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Evolution and Natural Selection 
-Standard Sets 7 &8- 

7a. Students know why natural 
selection acts on the phenotype 
rather than the genotype of an 
organism.  

1. Students can recall 
the difference between 
genotype and 
phenotype. 
 
2. Students can explain 
that natural selection 
works on the organisms’ 
expressed traits 
[phenotypes] and not 
on the gene 
combinations they 
possess. 

7b. Students know why 
alleles that are lethal in a 
homozygous individual may 
be carried in a heterozygote 
and thus, maintained in the 
gene pool.  

1. Students can recall the 
difference between a 
heterozygous and 
homozygous combination 
of genes. 
 
2. Students can explain 
what recessive lethal 
alleles are and give 
examples [e.g. Tay 
Sachs]. 
 
3. Students can explain 
how lethal alleles can 
remain in a population, 
“hidden” by heterozygous 
individuals or carriers.  

7c. Students know 
new mutations are 
constantly being 
generated in a gene 
pool.  

1. Students can 
explain how 
mutations occur by 
recalling the processes 
of additions, deletions, 
and substitutions of 
nucleotides during 
DNA/chromosome 
replication.   
 
2. Students can 
distinguish between 
mutations that are 
beneficial and those 
that are harmful. 
 
3. Students can 
discuss how selective 
breeding cannot 
totally eliminate 
harmful mutations or 
undesirable traits 
because the trait will 
constantly reappear 
from new mutations.  

7d.Students know 
that variation 
within a species 
increases the 
likelihood that at 
least some members 
of a species will 
survive under 
changed 
environmental 
conditions. 

1. Students can 
discuss how variation 
is produced via 
mutation or genetic 
recombination. 
 
2. Students can 
explain how some 
traits enable 
organisms to adapt 
more successfully to 
their environment.  
 
3. Students can define 
survival in terms of 
capacity to adapt, 
avoid predation, and 
leave offspring. 
 

8a/8b. Students know how 
natural selection determines the 
differential survival of groups of 
organisms. Great diversity 
increases the chance that some 
organisms survive major changes 
in the environment 

1. Students recognize that 
variety and diversity exists 
in the living world. 
 
2. Students can explain 
how natural selection 
favors the organisms that 
are better adapted to their 
environment.  
 
3.  Students recognize that 
environments change and 
thus, adaptive traits are 
constantly being realigned 
with the change.   
 
4. Students can explain 
how moth evolution in 
Post-Industrial Revolution 
England illustrate natural 
selection at work.  
 
5. Students can discuss 
how diversity between 
species increases the 
chance that some 
organisms survive a major 
environmental change.  
 

8c. Students know the 
effects of genetic drift 
on the diversity of 
organisms in a 
population. 

1. Students can 
describe what 
genetic drift is and 
give examples as to 
how it occurs 
[bottleneck effect 
and founder effect].  
 
2. Students can 
explain the different 
effects of genetic 
drift.  
 

8d. Students know 
that reproductive 
and geographic 
isolation affects 
speciation.  

1. Students can 
explain how 
reproductive 
isolation of the 
same species can 
cause new species 
to appear.  
 
2. Students can 
distinguish 
between pre-
zygotic and post-
zygotic barriers 
to reproduction.  
 
3. Students can 
differentiate 
between 
sympatric and 
allopatric 
speciation.  
 
4. Students can 
explain why 
polyploidy has 
different effects in 
the reproductive 
capacities of 
plants and 
animals.  

8e. Students know how 
to analyze fossil 
evidence with regard to 
biological diversity, 
episodic speciation and 
mass extinction. 

1. Students can explain 
how fossil records can 
describe how 
macroevolution occurred 
on Earth. 
 
2. Students can pinpoint 
explosive “radiations” of 
life in Earth’s history. 
 
3. Students can identify 
reasons for episodes of 
mass extinctions.  
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Unit 6 Map of Key and Unpacked Standards 
 

                    
 

                                                                                                                    
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9a. Students know how the complementary 
activity of major body systems provide cells 
with nutrients and oxygen and removes toxic 
waste products such as CO2.  

1. DIGESTIVE SYSTEMS: Students can 
identify the different organs of the digestive 
system and their functions.  
 
2. DIGESTIVE SYSTEM: Students can explain 
how the concentration of sugar in the blood is 
monitored and controlled through the 
production and breakdown of glycogen in the 
liver and muscles.  
 
3. EXCRETORY SYSTEM: Students can 
describe the structure of the kidneys and describe 
its function, especially in the production of 
harmless urea from toxic ammonia.  
 
4. RESPIRATORY SYSTEM: Students can 
identify the different organs of the respiratory 
system and describe their structure and function.   
 
5. RESPIRATORY SYSTEM: Students can 
describe how gas exchange occurs in the 
capillaries of the alveoli. 
 
6. CIRCULATORY SYSTEM: Students can 
explain how the circulatory system delivers O2 
and nutrients to each cell of the body via blood 
and vessels and also facilitate the removal of 
wastes. 

9b. Students know how the 
nervous system mediates 
communication between 
different parts of the body and 
the body’s interaction with the 
environment [NERVOUS 
SYSTEM and ENDOCRINE 
SYSTEM]. 

1. Students can identify the 
structure, location, and specific 
functions of the various sense 
organs and body receptors.  
 
2. Students can differentiate 
between stimuli and response 
and can describe the nature of 
the reflex arc.   
 
3. Students know the role of 
hormones [and give examples] in 
the body and the mode of 
hormonal action.  
 
4. Students know how such 
hormones as insulin and the 
growth hormone act to regulate 
bodily responses and functions. 
 
VOCAB ALERT: ACTH, 
pituitary gland, TSH, LH, 
hypothalamus 

9c. Students know how 
feedback loops in the nervous 
and endocrine systems 
regulate conditions in the 
body [NERVOUS SYSTEM 
and ENDOCRINE 
SYSTEM]. 

1. Students can explain the 
nature of a feedback loop and 
state its importance to the 
maintenance of homeostasis.  
 
2. Students should be aware of 
an example of feedback loop 
in the body [suggested 
example: leptin and regulation 
of body fat storage and 
appetite]. 
 

9d. Students know the 
functions of the nervous 
system [NS] and the role 
of neurons in transmitting 
electrical impulses. 

9e. Students know the roles of 
sensory neurons, interneurons, and 
motor neurons in sensation, 
thought, and response.  
 

1. Students can identify the 
different parts of a neuron and 
explain how its structure relates to 
its functions. 
 
2. Students can explain how a 
nerve impulse is transmitted 
through the initiation of an action 
potential generated by gated ion 
channels. 
 
3. Students can identify the role of 
sodium and potassium ions in the 
generation of a nerve impulse. 
 
4. Students can explain the role of 
neurotransmitters present at 
synapses in initiating and or 
continuing nerve impulse 
transmission.  

1. Students can identify the 
different types of neurons 
and explain their similarities 
and differences.  
 
2.  Students can diagram the 
chain of events that 
constitute a reflex action, 
identifying the locations of 
the different types of 
neurons in this pathway. 
 
3. Students should be able 
to identify gray and white 
matter in the CNS. 
 
4. Students can explain the 
difference between a reflex 
action and a conscious 
action.   

Standard Set 9: Physiology- Homeostasis 
Part I 

# of Instructional Days: 15 days 
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Unit 6 Map of Key and Unpacked Standards 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10a. Students know the 
role of the skin in 
providing non-specific 
defenses against infection.  

1. Students can 
differentiate between 
the specific and 
nonspecific defenses of 
the immune system 
against infections.  
 
2. Students can 
describe how the skin 
offers non-specific 
defenses against 
infections by primarily 
functioning as a 
defensive barrier.  

10b. Students know the role of 
antibodies in the body’s response 
against infection. 

1. Students can explain 
what antibodies are, and 
how they exhibit 
specificity for antigens. 
 
2. Students can describe 
how and why antibodies 
are produced.  
 
3. Students can explain 
how antibodies can 
inactivate pathogens 
directly and indirectly.  

10c. Students know how 
vaccination protects an 
individual from infectious 
diseases.  

1. Students can explain how 
vaccination works by providing 
the body with an early 
“warning” as to how a pathogen 
may “look”. 
 
2. Students can identify the 
components of a vaccine and 
the immune responses that 
follow a vaccination. 
 
3. Students can explain the 
importance of vaccination, 
especially in children and the 
elderly. 
 
4. Students can recount the 
history of vaccine use, starting in 
the 1700 with Edward Jenner’s 
pioneering work with small pox 
antigens and subsequent work 
by Pasteur, Salk, and Sabin. 

10d. Students know there are important 
differences between bacteria and viruses, with 
respect to their requirements for growth and 
replication, the body’s 1o defenses vs. bacterial 
and viral infections, and effective treatments 
of these infections. 

10e. Students know why an 
individual with a compromised 
immune system may be unable to 
fight off and survive infections by 
microorganisms that are usually 
benign.   

1. Students can explain the similarities 
and differences between viruses and 
bacteria in terms of the way they grow 
and replicate. 
 
2. Students can explain why treatment 
options for bacteria and viruses are 
different and why viruses should not 
be treated with antibiotics.  
 
3. Students are aware that some 
protists can also cause infections in 
humans. 
 
4. Students can explain the dangers of 
overusing antibiotics in the generation 
of drug-resistant bacteria. 

1. Students know the different 
ways by which the immune 
system may be compromised 
[Example: HIV]. 
 
2. Students can explain how a 
compromised immune system 
is rendered incapable of 
fighting off infections.  
 
3. Students can give  examples 
of how usually harmless 
organisms can be fatal in 
individuals with compromised 
immune systems.  

Standard Set 9: Physiology [Part II]: 
Nervous and Endocrine Systems 
# of Instructional Days: 15 days  
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Subject Area Standards Assessment [SASA] Guide 
COURSE: BIOLOGY ● UNIT:1 ● TOPIC: ECOLOGY  
 

California Content Standard Clarification [Science Frameworks] 
Key Ideas & 

Vocabulary** 
Sample Test Item 

6a. Students know biodiversity is 
the sum total of different kinds of 
organisms and is affected by 
alterations of habitats. 

   Biodiversity refers to the collective variety of living 
organisms in an ecosystem. This structure is influenced 
by alterations in habitat, including but not limited to 
climatic changes, fire, flood, and invasion by organisms 
from another system. The more biodiversity in an 
ecosystem, the greater its stability and resiliency. The 
best way for students to learn about ecology is to 
master the principles of the subject through careful 
study and then to make firsthand observations of 
ecosystems in action over time. 
   Although field trips are the ideal way to implement 
this process and should be encouraged, even career 
scientists often use models to study ecology. Local 
ecologists from government, private industry, or 
university programs may also be willing to serve as 
guest speakers in the classroom. Viewing the Internet’s 
many virtual windows that show actual ecological 
experiments can also help students understand the 
scientific basis of ecology. 

Biodiversity 
Species 
Populations 
Communities 
Ecology 
Succession 
Primary succession 
Secondary 
succession 
Habitat 
Climate 
 

A student created the following graphic organizer: 

BIODIVERSITY 

A. 
Genetic variation 
within individual 

populations 
 

B. 
Total collection 
of the different 

kinds of 
organisms found 

in a given area 
 

C. 
 Sum total of the 

climatic 
conditions 

characterizing 
the region 

D. 
Distribution of 
species in the 

different 
populations 

 

 
Which box contains inaccurate [wrong] information? 
1. A                       2. B                       3. C                   4. D          
 
DOK LEVEL: 2 [Analysis]*             

6b. Students know how to analyze 
changes in an ecosystem resulting 
from changes in climate, human 
activity, introduction of nonnative 
species, or changes in population 
size. 

   Analysis of change can help people to describe and 
understand what is happening in a natural system and, 
to some extent, to control or influence that system. 
Understanding different kinds of change can help to 
improve predictions of what will happen next. Changes 
in ecosystems often manifest themselves in predictable 
patterns of climate, seasonal reproductive cycles, 
population cycles, and migrations. However, unexpected 
disturbances caused by human intervention or the 
introduction of a new species, for example, may 
destabilize the often complex and delicate balance in an 
ecosystem. 
   Analyzing changes in an ecosystem can require complex 
methods and techniques because variation is not necessarily 
simple and may be interrelated with changes or trends in 
other factors. Rates and patterns of change, including trends, 
cycles, and irregularities, are essential features of the living 
world and are useful indicators of change that can provide 
data for analysis. Often it is important to analyze change over 
time, a process called longitudinal analysis. 

Non-native species 
Population cycles 
Migrations 
 

  The atmospheric carbon dioxide concentration over time is shown below: 

 
Scientists are investigating the cause of the large increase in atmospheric carbon 
dioxide concentration since about 1800. Which of the following provides the best 
explanation for the increase? 
a. Large volcanic eruptions c. Natural fluctuations in climate 
b. Fossil fuel burning by humans d. Active photosynthesis by planktons 

DOK LEVEL: 2 [Analysis]                              Source: CST Released Test Questions  
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California Content Standard Clarification [Science Frameworks] 
Key Ideas & 

Vocabulary** 
Sample Test Item 

6c. Students know how 
fluctuations in population size in 
an ecosystem are determined by 
the relative rates of birth, 
immigration, emigration, and 
death. 

Fluctuations in the size of a population are often difficult 
to measure directly but may be estimated by measuring 
the relative rates of birth, death, immigration, and 
emigration in a population. The number of deaths and 
emigrations over time will decrease a population’s size, 
and the number of births and immigrations over time 
will increase it. Comparing rates for death and 
emigration with those for birth and immigration will 
determine whether the population shows a net growth 
or a decline over time.  

Birth [natality] Rate 
Death [mortality]  
   Rate 
Emigration Rate 
Immigration Rate 
Population Growth     
  Curves 
Population     
  Distribution 
[random, clumped, 
uniform]  
 

Study the population growth curve below: 

 
The lag phase, characterized by slow population growth, occurs at which 
point of the graph? 
a. A                    b. B                  c. C                   d. D 
 
DOK Level: 2 [Analysis] 

6d. Students know how water, 
carbon, and nitrogen cycle 
between abiotic resources and 
organic matter in the ecosystem 
and how oxygen cycles through 
photosynthesis and respiration. 
 

Living things depend on nonliving things for life. At the 
organism level living things depend on natural 
resources, and at the molecular level, they depend on 
chemical cycles. Water, carbon, nitrogen, phosphorus, 
and other elements are recycled back and forth between 
organisms and their environments. Water, carbon, and 
nitrogen are necessary for life to exist. These chemicals 
are incorporated into plants (producers) by 
photosynthesis and nitrogen fixation and used by 
animals (consumers) for food and protein synthesis. 
Chemical recycling occurs through respiration, the 
excretion of waste products and, of course, the death of 
organisms. 
 
 
 
 
 
 
 
 
 

Abiotic vs. biotic   
  Factors 
Biogeochemical 
cycles: 
  -Nitrogen Cycle 
  -Carbon Cycle 
  -Water Cycle 
Reservoirs 
Photosynthesis 
Respiration 
Carbon dioxide 
Oxygen 
Nitrogen fixation 
N2-fixing bacteria 
 
 
 
 
 

Which of the following is an abiotic factor in an ecosystem? 
 

A. Grass 
B. Fox 
C. Rock 
D. Worm 
 
DOK Level: 1 [Recall & Reproduction]  
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California Content Standard Clarification [Science Frameworks] 
Key Ideas & 

Vocabulary** 
Sample Test Item 

6e. Students know a vital part of 
an ecosystem is the stability of its 
producers and decomposers. 

An ecosystem’s producers (plants and photosynthetic 
microorganisms) and decomposers (fungi and 
microorganisms) are primarily responsible for the 
productivity and recycling of organic matter, 
respectively. Conditions that threaten the stability of 
producer and decomposer populations in an ecosystem 
jeopardize the availability of energy and the capability 
of matter to recycle in the rest of the biological 
community. To study the interaction between producers 
and decomposers, students can set up a closed or 
restricted ecosystem, such as a worm farm, a 
composting system, a terrarium, or an aquarium.  

Food chain 
Trophic levels 
Producers 
Consumers  
    [1o and 2o] 
Decomposers 
Nutrients 
Microorganisms 
Fungi 
Organic matter 
 

Which of the following desert organisms is a producer? 
 

A. fox 
B. lizard 
C. cactus 
D. scorpion  
 

From: Texas State Assessments 
http://www.tea.state.tx.us/student.assessment/resources/online/2002/eoc/biology.html

 
DOK Level: 2 [Application] 

6f. Students know at each link in a 
food web some energy is stored in 
newly made structures but much 
energy is dissipated into the 
environment as heat. This 
dissipation may be represented in 
an energy pyramid. 

   The energy pyramid illustrates how stored energy is 
passed from one organism to another. At every level in 
a food web, an organism uses energy metabolically to 
survive and grow, but much is released as heat, usually 
about 90 percent. At every link in a food web, energy is 
transferred to the next level, but typically only 10 
percent of the energy from the previous level is passed 
on to the consumer. 

Food Web 
Energy transfer 
Heat energy 

What is the maximum percentage of food energy available to a wolf that 
consumes a herbivorous mouse? 
 

A. 0.1% 
B. 1% 
C. 10% 
D. 100% 

From: Texas State Assessments 
http://www.tea.state.tx.us/student.assessment/resources/online/2002/eoc/biology.html 

 
DOK Level: 3 [Evaluation and Synthesis] 

    

 

NOTE: DOK Levels refer to the Depth of Knowledge Assessment tags. This represents the kind/s of thinking process a student must engage to be able to answer a question correctly. DOK levels 
correlate with Bloom’s taxonomy of thinking skills. Check the Appendix Section [pages 56-57] for an explanation of each DOK Level.  
       **This list is by no means an exhaustive list.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.tea.state.tx.us/student.assessment/resources/online/2002/eoc/biology.html
http://www.tea.state.tx.us/student.assessment/resources/online/2002/eoc/biology.html
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Subject Area Standards Assessment [SASA] Guide 
COURSE: BIOLOGY ● UNIT: 2 ● TOPIC: CELL BIOLOGY 
 

 

California Content Standard Clarification [Science Frameworks] 
Key Ideas & 

Vocabulary** 
Sample Test Item 

1a. Students know cells are 
enclosed within semi permeable 
membranes that regulate their 
interaction with their surroundings 

The plasma membrane consists of two layers of lipid molecules 
organized with the polar (globular) heads of the molecules forming 
the outside of the membrane and the non-polar (straight) tails 
forming the interior of the membrane. Protein molecules embedded 
within the membrane move about relative to one another in a fluid 
fashion. Because of its dynamic nature the membrane is sometimes 
referred to as the fluid mosaic model of membrane structure. 
Cell membranes have three major ways of taking in or of regulating 
the passage of materials into and out of the cell: simple diffusion, 
carrier-facilitated diffusion, and active transport. Osmosis of water 
is a form of diffusion. Simple diffusion and carrier-facilitated 
diffusion do not require the expenditure of chemical bond energy, 
and the net movement of materials reflects a concentration 
gradient or a voltage gradient or both. Active transport requires 
free energy, in the form of either chemical bond energy or a 
coupled concentration gradient, and permits the net transport or 
“pumping” of materials against a concentration gradient.  

Cell Membrane 
Fluid Mosaic Model 
Transport Proteins 
Phospholipid Bilayer 
Polar vs. Non-polar 
Diffusion 
Osmosis 
Voltage-gradient 
Concentration 
Gradient 
Active vs. Passive  
   Transport 
Hypo-, Hyper-, and 
Isotonic Environment 
Carrier-facilitated 
diffusion 

1. Placing wilted lettuce in cold water will make it crisp 
again. Which statement best describes what 
happens to restore the lettuce to its original condition? 
 
A Water left the lettuce cells by diffusion. 
B Water entered the cells of the lettuce by osmosis. 
C Osmosis caused salts to enter the lettuce cells. 
D Salts in the leaf caused water to leave the cells.  
 
From: North Carolina Testing Program [Biology Released 
Questions] 
 
DOK LEVEL: 2 [Analysis]  

1b. Students know enzymes are 
proteins that catalyze biochemical 
reactions without altering the 
reaction equilibrium and the 
activities of enzymes depend on 
the temperature, ionic conditions, 
and the pH of the surroundings. 

Almost all enzymes are protein catalysts made by living organisms. 
Enzymes speed up favorable (spontaneous) reactions by reducing 
the activation energy required for the reaction, but they are not 
consumed in the reactions they promote. To demonstrate the action 
of enzymes on a substrate, the teacher can use liver homogenate 
or yeast as a source of the enzyme catalase and hydrogen peroxide 
as the substrate. The effect of various environmental factors, such 
as pH, temperature, and substrate concentration, on the rate of 
reaction can be investigated. These investigations should encourage 
student observation, recording of qualitative and quantitative data, 
and graphing and interpretation of data. 

Catalysts 
Enzymes 
Activation Energy 
Denaturation 
Substrate 
Lock and Key Model 

2. Most cellular activities are processes regulated by the 
action of — 
F carbohydrates 
G enzymes _ 
H lipids 
J polysaccharides 
 
From: Virginia 2005 Biology Released Test Questions 
 
DOK LEVEL: 1 [Recall & Reproduction]  

1c. Students know how 
prokaryotic cells, eukaryotic cells 
(including those from plants and 
animals), and viruses differ in 
complexity and general structure. 

All living cells are divided into one of two groups according to their 
cellular structure. Prokaryotes have no membrane-bound organelles 
and are represented by the Kingdom Monera, which in modern 
nomenclature is subdivided into the Eubacteria and Archaea. 
Eukaryotes have a complex internal structure that allows thousands 
of chemical reactions to proceed simultaneously in various 
organelles. Viruses are not cells; they consist of only a protein coat 
surrounding a strand of genetic material, either RNA or DNA. 

Prokaryotic vs.   
  Eukaryotic cells 
Viruses 
Plant vs. Animal Cells 
Genetic Material 

3. Which two cell structures are present in plant cells 
but lacking in animal cells? 
M. chloroplasts and mitochondria 
N. cell membrane and cell wall 
O. cell wall and chloroplasts 
P.  nucleus and cell membrane 
 
DOK LEVEL: 2 [Analysis] 
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California Content Standard Clarification [Science Frameworks] 
Key Ideas & 

Vocabulary** 
Sample Test Item 

1e. Students know the role of the 
endoplasmic reticulum and Golgi 
apparatus in the secretion of 
proteins. 

There are two types—rough and smooth—of endoplasmic reticulum 
(ER), both of which are systems of folded sacs and interconnected 
channels. Rough ER synthesizes proteins, and smooth ER modifies 
or detoxifies lipids. Rough ER produces new proteins, including 
membrane proteins. The proteins to be exported from the cell are 
moved to the Golgi apparatus for modification, packaged in 
vesicles, and transported to the plasma membrane for secretion.  

Rough vs. Smooth ER 
Golgi apparatus 
Vesicles 
Secretion 
Exocytosis 
Vesicle formation 
Protein modification 

4. Which cell organelle repackages proteins into forms 
the cell can use, expel, or keep stored? 
F Lysosomes 
G Mitochondria 
H Golgi bodies _ 
J Centrioles 
 
From: Virginia 2005 Biology Released Test Questions 
 
DOK LEVEL: 1 [Recall & Reproduction] 

1f. Students know usable energy 
is captured from sunlight by 
chloroplasts and is stored through 
the synthesis of sugar from 
carbon dioxide. 

Photosynthesis is a complex process in which visible sunlight is 
converted into chemical energy in carbohydrate molecules. This 
process occurs within chloroplasts and specifically within the 
thylakoid membrane (light-dependent reaction) and the stroma 
(light-independent reaction). During the light-dependent reaction, 
water is oxidized and light energy is converted into chemical bond 
energy generating ATP, NADPH + H+, and oxygen gas.† During the 
light-independent reaction (Calvin cycle), carbon dioxide, ATP, and 
NADPH + H+ react, forming phosphoglyceraldehyde, which is then 
converted into sugars. By using a microscope with appropriate 
magnification, students can see the chloroplasts in plant cells (e.g., 
lettuce, onion) and photosynthetic protists (e.g., euglena). 
Students can prepare slides of these cells themselves, an activity 
that provides a good opportunity to see the necessity for well-made 
thin sections of specimens and for correct staining procedures. 
Commercially prepared slides are also available. By observing 
prepared cross sections of a leaf under a microscope, students can 
see how a leaf is organized structurally and think about the access 
of cells to light and carbon dioxide during photosynthesis. The 
production of oxygen from photosynthesis can be demonstrated and 
measured quantitatively with a volumeter, which can collect oxygen 
gas from the illuminated leaves of an aquatic plant, such as elodea. 
By varying the distance between the light source and the plant, 
teachers can demonstrate intensities of the effects of various 
illumination. To eliminate heat as a factor, the teacher can place a 
heat sink, such as a flat-sided bottle of water, between the plant 
and light source to absorb or dissipate unwanted heat. 

Photosynthesis 
Carbohydrate  
   [Glucose] 
Chloroplast 
Thylakoid membranes 
Stroma 
Light-dependent  
   reactions 
Light-independent  
   Reactions 
ATP, NADP 
Oxygen gas 
PGAL 
Leaf structure 
 
 
 
 

5. In terms of ATP production, which process results in 
the most stored energy? 
 
A aerobic respiration 
B anaerobic respiration 
C fermentation 
D photosynthesis 
 
From: North Carolina Testing Program [Biology Released 
Questions] 
DOK LEVEL: 2 [Analysis] 
 
14. Bromthymol blue [BTB] is a chemical indicator that 
turns blue to yellow as the level of CO2 increases. What 
would happen over time to the experimental set up 
shown below? 

 
A. The solution will change from blue to yellow. 
B. The solution will change from yellow to blue. 
C. The solution will turn blue to colorless. 

Water & BTB 
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D. The solution will turn yellow to colorless. 
 
DOK LEVEL: 2 [Analysis] 

1g. Students know the role of the 
mitochondria in making stored 
chemical-bond energy available to 
cells by completing the breakdown 
of glucose to carbon dioxide. 

Mitochondria consist of a matrix where three-carbon fragments 
originating from carbohydrates are broken down (to CO2 and 
water) and of the cristae where ATP is produced. Cell respiration 
occurs in a series of reactions in which fats, proteins, and 
carbohydrates, mostly glucose, are broken down to produce carbon 
dioxide, water, and energy. Most of the energy from cell respiration 
is converted into ATP, a substance that powers most cell activities. 

Mitochondrion 
Cristae 
NADH 
Cell respiration 
 

6. Some cells, such as human nerve and muscle cells, 
contain many more mitochondria than do other cells, 
such as skin cells. Why do some cells have more 
mitochondria than others? 
A. The cells use more energy. 
B. The cells store more nutrients. 
C.  The cells break down more proteins. 
D. The cells divide more frequently. 
 
From: 2006 Massachusetts Biology Released Test Items 
DOK LEVEL: 2 [Analysis] 
 
12. The graph below shows the amount of ATP produced in a 
cell during a period of time. 

 
According to the graph, the availability of which 
molecule must have increased between points A and B? 
A. DNA                                          B. glucose 
C water                                          D. salt or NaCl 
 
From: Massachusetts Biology Released Test Questions 2006 

DOK Level: 2[Analysis] 
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California Content Standard Clarification [Science Frameworks] 
Key Ideas & 

Vocabulary** 
Sample Test Item 

1h. Students know most 
macromolecules (polysaccharides, 
nucleic acids, proteins, lipids) in 
cells and organisms are 
synthesized from a small 
collection of simple precursors. 
 

Many of the large carbon compound molecules necessary for life 
(e.g., polysaccharides, nucleic acids, proteins, and lipids) are 
polymers of smaller monomers. Polysaccharides are composed of 
monosaccharides; proteins are composed of amino acids lipids are 
composed of fatty acids, glycerol, and other components; and 
nucleic acids are composed of nucleotides. 

Polymers 
Monomers 
Proteins 
Amino acids 
Carbohydrates 
Monosaccharides 
Lipids 
Fatty acids, glycerol 
Nucleic acids 
Nucleotides 
 

7. Lipids and carbohydrates are important in animal 
cells because both — 
A store energy _ 
B contain nitrogen 
C form cell walls 
D provide insulation 
From: Virginia 2005 Biology Released Test Questions  
 
DOK LEVEL: 1 [Recall & Reproduction] 

 

NOTE: DOK Levels refer to the Depth of Knowledge Assessment tags. This represents the kind/s of thinking process a student must engage to be able to answer a question correctly. DOK levels 
correlate with Bloom’s taxonomy of thinking skills. Check the Appendix Section [pages 56-57] for an explanation of each DOK Level.  
           ** Key Vocabulary List is not an exhaustive and complete list.  
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Subject Area Standards Assessment [SASA] Guide 
COURSE: BIOLOGY ● UNIT: 3 ● TOPIC: MOLECULAR GENETICS  
 
 

California Content Standard Clarification [Science Frameworks] 
Key Ideas & 

Vocabulary** 
Sample Test Item 

1d. Students know the central 
dogma of molecular biology 
outlines the flow of information 
from transcription of ribonucleic 
acid (RNA) in the nucleus to 
translation of proteins on 
ribosomes in the cytoplasm. 

DNA, which is found in the nucleus of eukaryotes, contains the 
genetic information for encoding proteins. The DNA sequence 
specifying a specific protein is copied (transcribed) into messenger 
RNA (mRNA), which then carries this message out of the nucleus to 
the ribosomes located in the cytoplasm. The mRNA message is then 
translated, or converted, into the protein originally coded for by the 
DNA. 

DNA, mRNA 
Central Dogma of 
Molecular Biology 
 

Four students are discussing the flow of information involved in protein 
synthesis: 
    Student 1: DNA directly dictates the joining of amino acids. RNA only helps in carrying 
the amino acids inside the nucleus. 
    Student 2: RNA dictates the manufacture of DNA, which then influences the sequence of 
amino acids in the protein to be made. 
    Student 3: DNA and RNA can both be used directly during translation. It depends on 
which one is present in abundance. 
    Student 4: DNA is used to manufacture a type of RNA, which then leaves the nucleus to 
dictate the kind of protein to be made. 
Which student has the correct explanation? 
a. Student 1                    b. Student 2 
c. Student 3                    d. Student 4 
 
DOK Level: [2] Analysis* 

5a. Students know the general 
structures and functions of DNA, 
RNA, and protein. 

Nucleic acids are polymers composed of monomers called nucleotides. Each nucleotide 
consists of three subunits: a five-carbon pentose sugar, a phosphoric acid group, and one 
of four nitrogen bases. (For DNA these nitrogen bases are adenine, guanine, cytosine, or 
thymine.) DNA and RNA differ in a number of major ways. A DNA nucleotide contains 
a deoxyribose sugar, but RNA contains ribose sugar. 
The nitrogen bases in RNA are the same as those in DNA except that thymine is 
replaced by uracil. RNA consists of only one strand of nucleotides instead of two as in 
DNA. The DNA molecule consists of two strands twisted around each other into a 
double helix resembling a ladder twisted around its long axis. The outside, or uprights, of 
the ladder are formed by the two sugar-phosphate backbones. The rungs of the ladder 
are composed of pairs of nitrogen bases, one extending from each upright. In DNA 
these nitrogen bases always pair so that T pairs with A, and G pairs with C. This pairing 
is the reason DNA acts as a template for its own replication. RNA exists in many 
structural forms, many of which play different roles in protein synthesis. The mRNA 
form serves as a template during protein synthesis, and its codons are recognized by 
aminoacylated tRNAs. Protein and rRNA make up the structure of the ribosome. 
Proteins are polymers composed of amino acid monomers (see Standard Set 10 for 
chemistry in this chapter). Different types of proteins function as enzymes and transport 
molecules, hormones, structural components of cells, and antibodies that fight infection. 
Most cells in an individual organism carry the same set of DNA instructions but do not 
use the entire DNA set all the time. Only a small amount of the DNA appropriate to the 
function of that cell is expressed. Genes are, therefore, 
turned on or turned off as needed by the cell, and the products coded by these genes are 
produced only when required. 
 

Nucleic acids 
Nucleotides 
Pentose sugar 
Phosphate group 
Deoxyribose sugar 
Uracil 
Thymine 
Guanine 
Adenine 
Thymine 
Double helix 
RNA vs. DNA 
 

The structure of DNA resembles a twisted ladder. Which part of the nucleotide is 
found comprising the “rungs” of the ladder? 
a. deoxyribose                   b. ribose sugar 
c. nitrogenous bases       d. phosphate groups 
 
DOK Level: [1] Recall & Reproduction* 
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California Content Standard Clarification [Science Frameworks] 
Key Ideas & 

Vocabulary** 
Sample Test Item 

5b. Students know how to apply 
base-pairing rules to explain 
precise copying of DNA during 
semiconservative replication and 
transcription of information from 
DNA into mRNA. 

Enzymes initiate DNA replication by unzipping, or unwinding, the 
double helix to separate the two parental strands. Each strand acts 
as a template to form a complementary daughter strand of DNA. 
The new daughter strands are formed when complementary new 
nucleotides are added to the bases of the nucleotides on the 
parental strands. The nucleotide sequence of the parental strand 
dictates the order of the nucleotides in the daughter strands. One 
parental strand is conserved and joins a newly synthesized 
complementary strand to form the new double helix; this process is 
called semiconservative replication. 
DNA replication is usually initiated by the separation of DNA strands 
in a small region to make a “replication bubble” in which DNA 
synthesis is primed. The DNA strands progressively unwind and are 
replicated as the replication bubble expands, and the two forks of 
replication move in opposite directions along the chromosome. At 
each of the diverging replication forks, the strand that is conserved 
remains a single, continuous “leading” strand, and the other 
“lagging” complementary strand is made as a series of short 
fragments that are subsequently repaired and ligated together. 
Students may visualize DNA by constructing models, and they can 
simulate semiconservative replication by tracing the synthesis of 
the leading and lagging 
 

Helicase 
DNA Polymerase 
Ligase 
Nucleotide sequence 
Complementary Base  
     Pairing 
DNA Replication 
Semi-conservative 
Replication bubble 
Okazaki fragments 
Continuous vs. 
Discontinuous 
synthesis 
Lagging vs. Leading 
strand 
Ligated 
Anti-parallel 
orientation 
Directionality 

A scientist analyzed the base composition present in a certain 
cell. He generated the incomplete data shown on the table 
below: 

Base Percent 

A 28 % 

G  

T  

C  
 
What would be the expected % Thymine content of the cell? 
a. 13%                c. 28%  
b. 14%                d. 56% 
 
DOK Level: 2 [Analysis] 

4a. Students know the general 
pathway by which ribosomes 
synthesize proteins, using tRNAs 
to translate genetic information in 
mRNA. 

DNA does not leave the cell nucleus, but messenger RNA (mRNA), 
complementary to DNA, carries encoded information from DNA to 
the ribosomes (transcription) in the cytoplasm. (The ribosomes 
translate mRNAs to make protein.) Freely floating amino acids 
within the cytoplasm are bonded to specific transfer RNAs (tRNAs) 
that then transport the amino acid to the mRNA now located on the 
ribosome. As a ribosome moves along the mRNA strand, each 
mRNA codon, or sequence of three nucleotides specifying the 
insertion of a particular amino acid, is paired in sequence with the 
anticodon of the tRNA that recognizes the sequence. Each amino 
acid is added, in turn, to the growing polypeptide at the specified 
position. 
After learning about transcription and translation through careful 
study of expository texts, students can simulate the processes on 
paper or with representative models. Computer software and 
commercial videos are available that illustrate animated sequences 
of transcription and translation. 

mRNA 
protein [polypeptide 
chain] 
amino acid 
transcription & 
translation 
Central Dogma of 
Molecular Biology 
Ribosomes 
Codons 
RNA polymerase 
Anticodon 
tRNA 
start and stop codons 
 

Which of the following relationships is the most similar to 
the relationship below? 
                          
                     nucleotide: DNA 
 
a. amino acid : protein  
b. codons : tRNA 
c. mRNA : anticodons  
d. carbohydrate : glucose 
 
DOK Level: 2 [Analysis] 
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California Content Standard Clarification [Science Frameworks] 
Key Ideas & 

Vocabulary** 
Sample Test Item 

4b. Students know how to apply 
the genetic coding rules to predict 
the sequence of amino acids from 
a sequence of codons in RNA. 

The sequence of amino acids in protein is provided by the genetic 
information found in DNA. In prokaryotes, mRNA transcripts of a 
coding sequence are copied from the DNA as a single contiguous 
sequence. In eukaryotes, the initial RNA transcript, while in the 
nucleus, is composed of exons, sequences of nucleotides that carry 
useful information for protein synthesis, and introns, sequences 
that do not. Before leaving the nucleus, the initial transcript is 
processed to remove introns and splice exons together. The 
processed transcript, then properly called mRNA and carrying the 
appropriate codon sequence for a protein, is transported from the 
nucleus to the ribosome for translation. 

Initial mRNA 
transcript 
Introns 
Exons 
Excised 
Ligated 
Ligase 
Processed transcript 

1. A segment of a DNA strand has the following bases: 
 

TAC GAT 
 

What is the complementary strand of DNA? 
a. UAG CAU c. AUG CUA  
b. TAG CAT d. ATG CTA 
 
DOK LEVEL: 2 [Analysis] 

 
2. Given the original DNA strand below [and using the table of 
codons provided above], what would the final polypeptide chain be? 
 

 
 
a. ile-stop                          c. met-pro-trp-gly-arg-leu-stop  
b. met-ile-gln-val-stop d. ile-gln-val-val-stop 
 
DOK LEVEL: 3 [Evaluation/Strategic Thinking] 

 

4c. Students know how mutations 
in the DNA sequence of a gene 
may or may not affect the 
expression of the gene or the 
sequence of amino acids in the 
encoded protein. 

Mutations are permanent changes in the sequence of nitrogen-
containing bases in DNA (see Standard 5.a in this section for details 
on DNA structure and nitrogen bases). Mutations occur when base 
pairs are incorrectly matched (e.g., A bonded to C rather than A 
bonded to T) and can, but usually do not, improve the product 
coded by the gene. Inserting or deleting base pairs in an existing 
gene can cause a mutation by changing the codon reading frame 
used by a ribosome. Mutations that occur in somatic, or nongerm, 
cells are often not detected because they cannot be passed on to 
offspring. They may, however, give rise to cancer or other 
undesirable cellular changes. Mutations in the germline can produce 
functionally different proteins that cause such genetic diseases as 
Tay-Sachs, sickle cell anemia, and Duchenne muscular dystrophy. 

Mutations 
Deletion 
Insertion 
Codon 
Reading frame 
Cancer 
Tay-Sach’s 
Sickle cell anemia 
Duchenne’s Muscular 
Dystrophy 
Genetic disorders 
Silent mutation 

 
A DNA segment is changed from-AATTAG- to -AAATAG-. This 
is a ____.  
 
a. frameshift mutation  
b. insertion  
c. substitution  
d. deletion 
 
DOK Level: 2 [Analysis] 
 

    

 

NOTE: DOK Levels refer to the Depth of Knowledge Assessment tags. This represents the kind/s of thinking process a student must engage to be able to answer a question correctly. DOK levels 
correlate with Bloom’s taxonomy of thinking skills. Check the Appendix Section [pages 56-57] for an explanation of each DOK Level.  
      ** Key Vocabulary List is not an exhaustive and complete list. 
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Subject Area Standards Assessment [SASA] Guide 
COURSE: BIOLOGY ● UNIT: 4 ● TOPIC: MENDELIAN AND MODERN GENETICS  
 

California Content Standard Clarification [Science Frameworks] 
Key Ideas & 

Vocabulary** 
Sample Test Item 

2a. Students know meiosis is an 
early step in sexual reproduction 
in which the pairs of 
chromosomes separate and 
segregate randomly during cell 
division to produce gametes 
containing one chromosome of 
each type.  
 

Haploid gamete production through meiosis involves two cell 
divisions. During meiosis prophase I, the homologous chromosomes 
are paired, a process that abets the exchange of chromosome parts 
through breakage and reunion. The second meiotic division parallels 
the mechanics of mitosis except that this division is not preceded 
by a round of DNA replication; therefore, the cells end up with the 
haploid number of chromosomes. (The nucleus in a haploid cell 
contains one set of chromosomes.) Four haploid nuclei are 
produced from the two divisions that characterize meiosis, and each 
of the four resulting cells has different chromosomal constituents 
(components). In the male all four become sperm cells. In the 
female only one becomes an egg, while the other three remain 
small degenerate polar bodies and cannot be fertilized.  
Chromosome models can be constructed and used to illustrate the 
segregation taking place during the phases of mitosis (covered 
initially in Standard 1.e for grade seven in Chapter 4) and meiosis. 
Commercially available optical microscope slides also show cells 
captured in mitosis (onion root tip) or meiosis (Ascaris blastocyst 
cells), and computer and video animations are also available.  

MEIOSIS 
STAGES OF MEIOSIS 
CELL CYCLE 
POLAR BODIES 
EGG, SPERM 
GAMETES 
SOMATIC CELLS 
MEIOSIS I vs. 
MEIOSIS II 

Study the diagram below: 

 
1. Which stage of Meiosis is being depicted? 
a. Prophase I                         b. Prophase II 
c. Anaphase I                        d. Anaphase II 

 

From: www.biologycorner.com 
  

DOK Level: 2 [Application & Analysis] 

2b. Students know only certain 
cells in a multicellular organism 
undergo meiosis. 

Only special diploid cells, called spermatogonia in the testis of the 
male and oogonia in the female ovary, undergo meiotic divisions to 
produce the haploid sperm and haploid eggs. 
 
 
 
 

SPERMATOGENESIS 
OOGENESIS 
HAPLOID 
DIPLOID 
OVARY 
TESTES 

2. A spermatogonium with a diploid number of 24 undergoes 
meiosis, how many chromosomes are in each spermatozoa 
produced? 
a. 6              b. 12               c. 24                 d. 48 

From: www.biologycorner.com  
 

DOK Level: 2 [Application & Analysis] 

2c. Students know how random 
chromosome segregation explains 
the probability that a particular 
allele will be in a gamete. 

The steps in meiosis involve random chromosome segregation, a process 
that accounts for the probability that a particular allele will be packaged 
in any given gamete. This process allows for genetic predictions based on 
laws of probability that pertain to genetic sortings. Students can create a 
genetic chart and mark alternate traits on chromosomes, one expression 
coming from the mother and another expression coming from the father. 
Students can be shown that partitions of the chromosomes are controlled 
by chance (are random) and that separation (segregation) of 
chromosomes during karyokinesis (division of the nucleus) leads to the 
random sequestering of different combinations of chromosomes.  

CHROMOSOME 
SEGREGATION 
LAWS OF PROBABILITY 
GENETIC CHART 
PUNNETT SQUARE 
TRAITS 
ALLELES 
RANDOM  
KARYOKINESIS 
CYTOKINESIS 

3. If cells of the genotype ‘SsYyRr’ undergo meiosis, how 
many types of gametes will be produced? Assume that the S, 
Y, and R genes reside on separate chromosome. 
a. 3                  b. 4                      c. 8                  d. 16 
 

From: Freeman and Company’s Life: The Science of Biology 
          www.Sumanasinc.com  

 
DOK Level: 2 [Application & Analysis] 
 

http://www.biologycorner.com/
http://www.biologycorner.com/
http://www.sumanasinc.com/
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California Content Standard Clarification [Science Frameworks] 
Key Ideas & 
Vocabulary 

Sample Test Item 

2d. Students know new 
combinations of alleles may be 
generated in a zygote through the 
fusion of male and female 
gametes (fertilization). 

Once gametes are formed, the second half of sexual reproduction 
can take place. In this process a diploid organism is reconstituted 
from two haploid parts. When a sperm is coupled with an egg, a 
fertilized egg (zygote) is produced that contains the combined 
genotypes of the parents to produce a new allelic composition for 
the progeny. Genetic charts can be used to illustrate how new 
combinations of alleles may be present in a zygote through the 
events of meiosis and the chance union of gametes. Students 
should be able to read the genetic diploid karyotype, or 
chromosomal makeup, of a fertilized egg and compare the allelic 
composition of progeny with the genotypes and phenotypes of the 
parents. 

FERTILIZATION 
ZYGOTE 
KARYOTYPE 
ALLELES 
GENES 
FERTILIZED EGG 
 

4. The phenotype of an animal depends MOST directly 
on _____.  
A how the genes of the animal are expressed. 
B the metabolic rate of the animal. 
C the source of the animal’s food. 
D how many cells are in the animal’s body. 
 
DOK Level: 1 [Recall & Reproduction] 
 
5. What is photographed to create a karyotype? 
A Mutations                       B Genes 
C Gametes                        D Chromosomes 
 
From: Mississippi Standardized Testing Program [Spring 2006] 
DOK Level: 1 [Recall & Reproduction] 

2e. Students know why 
approximately half of an 
individual’s DNA sequence comes 
from each parent. 

Chromosomes are composed of a single, very long molecule of 
double-stranded DNA and proteins. Genes are defined as segments 
of DNA that code for polypeptides (proteins). During fertilization 
half the DNA of the progeny comes from the gamete of one parent, 
and the other half comes from the gamete of the other parent.  

POLYPEPTIDES 
OFFSPRING, PROGENY 
 

6. Which of the following statements BEST explains the 
relationship between the parts of genetic materials? 
A Each DNA molecule contains genes. 
B Each gene contains many DNA molecules. 
C Each DNA molecule contains many chromosomes. 
D Each chromosome contains DNA molecules. 
 
From: Mississippi Standardized Testing Program 
Biology, Part II [Spring 2006] 

 
DOK Level: 1 [Recall & Reproduction] 
 

2f. Students know the role of 
chromosomes in determining an 
individual’s sex. 

The normal human somatic cell contains 46 chromosomes, of which 
44 are pairs of homologous chromosomes and 2 are sex 
chromosomes. Females usually carry two X chromosomes, and 
males possess one X and a smaller Y chromosome. Combinations of 
these two sex chromosomes determine the sex of the progeny. 

XX vs. XY 
46 chromosomes 
23 pairs of 
chromosomes 
 

7. A condition that PRIMARILY affects males is probably 
_____.  
A X-linked.                             B autosomal. 
C codominant.                        D recessive. 
 

 

From: Mississippi Standardized Testing Program 
Biology, Part II [Spring 2006] 
 

DOK Level: 2 [Analysis & Application] 
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California Content Standard Clarification [Science Frameworks] 
Key Ideas & 
Vocabulary 

Sample Test Item 

a. Students know how to predict 
the probable outcome of 
phenotypes in a genetic cross 
from the genotypes of the parents 
and mode of inheritance 
(autosomal or X-linked, dominant 
or recessive). 

Monohybrid crosses, including autosomal dominant alleles, 
autosomal recessive alleles, incomplete dominant alleles, and X-
linked alleles, can be used to indicate the parental genotypes and 
phenotypes. The possible gametes derived from each parent are 
based on genotypic ratios and can be used to predict possible 
progeny. The predictive (probabilistic) methods for determining the 
outcome of genotypes and phenotypes in a genetic cross can be 
introduced by using Punnett Squares and probability mathematics.  
Teachers should review the process of writing genotypes and help 
students translate genotypes into phenotypes. Teachers should 
emphasize dominant, recessive, and incomplete dominance as the 
students advance to an explanation of monohybrid crosses 
illustrating human conditions characterized by autosomal recessive 
alleles, such as albinism, cystic fibrosis, Tay-Sachs, and 
phenylketonuria (PKU). These disorders can be contrasted with 
those produced by possession of just one autosomal dominant 
allele, conditions such as Huntington disease, dwarfism, and 
neurofibromatosis. This basic introduction can be followed with 
examples of incomplete dominance, such as seen in the 
comparisons of straight, curly, and wavy hair or in the expression 
of intermediate flower colors in snapdragon plants. 
Sex-linked characteristics that are found only on the X chromosome 
should also be considered, and students should reflect on how this 
mode of transmission can cause the exclusive or near-exclusive 
appearance in males of color blindness, hemophilia, fragile-X 
syndrome, and sex-linked muscular dystrophy.  
 

DIHYBRID CROSS 
MONOHYBRID CROSS 
DOMINANT vs.  
  RECESSIVE ALLELES 
PROGENY 
GENOTYPE 
PHENOTYPE  
SEX-LINKED   
  INHERITANCE 
INCOMPLETE  
  DOMINANCE 
HUNTINGTON  
  DISEASE 
TAY-SACH’S 
HEMOPHILIA 
MUSCULAR  
  DYSTROPHY 
COLOR BLINDNESS 
 
 
 
 

8. Humans may have type O, A, B, or AB blood. This 
blood type is a trait that is 
determined by — 
A a double crossover on the X chromosome. 
B multiple alleles. 
C genes on Y chromosomes only. 
D three homologous chromosomes. 
 
From: Mississippi Standardized Testing Program 
           Spring 2006 
DOK Level: 1 [Recall and Reproduction] 
 
9. Assume that brown eyes (B) are dominant over tan 
eyes (b) in guinea pigs. When a brown-eyed male is 
mated with a tan-eyed female, 50% of the litter has 
brown eyes and 50% has tan eyes. What is the 
genotype of the female guinea pig? 
A BB 
B Bb 
C bB 
D bb 
 
From: Mississippi Standardized Testing Program 
           Spring 2006 
 
DOK Level: 2 [Analysis & Application] 

3b. Students know the genetic 
basis for Mendel’s laws of 
segregation and independent 
assortment. 

Mendel deduced that for each characteristic, an organism inherits 
two genes, one from each parent. When the two alleles differ, the 
dominant allele is expressed, and the recessive allele remains 
hidden. Two genes or alleles separate (segregate) during gamete 
production in meiosis, resulting in the sorting of alleles into 
separate gametes (the law of segregation). Students can be shown 
how to diagram Mendel’s explanation for how a trait present in the 
parental generation can appear to vanish in the first filial (F1) 
generation of a monohybrid cross and then reappear in the 
following second filial (F2) generation. 
Students should be told that alternate versions of a gene at a single 
locus are called alleles. Students should understand Mendel’s 
deduction that for each character, an organism inherits two genes, 
one from each parent. From this point students should realize that 
if the two alleles differ, the dominant allele, if there is one, is 
expressed, and the recessive allele remains hidden. Students 

F1 vs. F2 Generations 
GENE LOCUS 
MENDEL’S LAWS 
-Law of Segregation 
-Law of Independent 
Assortment 
 

10. Mendel referred to the parental generation in the 
cross pollination between two true-breeding plants as 
the ___ generation 
a. F1 
b. F2 
c. P 
d. P1 
 
From: www.biology.about.com 
 
DOK Level: 1 [Recall and Reproduction] 

http://www.biology.about.com/
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should recall that the two genes, or alleles, separate (segregate) 
during gamete production in meiosis and that this sorting of alleles 
into separate gametes is the basis for the law of segregation. 
This law applies most accurately when genes reside on separate 
chromosomes that segregate out at random, and it often does not 
apply or is a poor predictor for combinations and frequencies of 
genes that reside on the same chromosome. Students can study 
various resources that describe Mendel’s logic and build models to 
illustrate the laws of segregation and independent assortment. 

California Content Standard Clarification [Science Frameworks] 
Key Ideas & 

Vocabulary** 
Sample Test Item 

3c.* Students know how to 
predict the probable mode of 
inheritance from a pedigree 
diagram showing phenotypes. 

Students should be taught how to use a pedigree diagram showing 
phenotypes to predict the mode of inheritance. 

PEDIGREE ANALYSIS 11. A man and a woman have a daughter named Rose. Rose’s 
mother is color-blind, the father is not. 
Years later, Rose is stopped by the police for driving through a 
red light. As the police officer is giving her a ticket, she states 
that she is not at fault because she is color-blind. Explain why 
this could not be true. Include a pedigree chart in your 
answer. 
 
DOK Level: 3 [Strategic Thinking] 

 

NOTE: DOK Levels refer to the Depth of Knowledge Assessment tags. This represents the kind/s of thinking process a student must engage to be able to answer a question correctly. DOK levels 
correlate with Bloom’s taxonomy of thinking skills. Check the Appendix Section [pages 56-57] for an explanation of each DOK Level.  
      ** Key Vocabulary List is not an exhaustive and complete list. 
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Subject Area Standards Assessment [SASA] Guide 
COURSE: BIOLOGY ● UNIT: 5 ● TOPIC: EVOLUTION AND SPECIATION   
 

State Content 
Standards 

According to the Frameworks 
KEY IDEAS & 

VOCABULARY** 
Sample Test Item 

7a. Students know 
why natural 
selection acts on the 
phenotype rather 
than the genotype 
of an organism.  
 

Natural selection works directly on the expression or appearance of 
an inherited trait, the phenotype, rather than on the gene 
combination that produces that trait, the genotype. The influence of 
a dominant allele for a trait over a recessive one in the genotype 
determines the resulting phenotype on which natural selection acts. 

Evolution 
Natural selection 
Phenotype, genotype 
Genetic variation 
Survival of the fittest 
Fitness 
Adaptation 
 

1. A student wrote the following notes about natural selection: 

 
One of the statements written is incorrect. Which one is it? 
a. A                   b. B               c. C               d. D 
 
DOK Level: 2 [Analysis]* 

7b. Students know 
why alleles that are 
lethal in a 
homozygous 
individual may be 
carried in a 
heterozygote and 
thus, maintained in 
the gene pool. 
 
 

Two types of allele pairings can occur in the genotype: homozygous 
(pairing two of the same alleles, whether dominant, co-dominant, or 
recessive) and heterozygous (pairing of two different alleles). 
Recessive lethal alleles (e.g., Tay-Sachs disease) will, by definition, 
cause the death of only the homozygous recessive individual. 
Healthy heterozygous individuals will also contribute the masked 
recessive gene to the population’s gene pool, allowing the gene to 
persist. 

Lethal gene 
Gene pool 
Recessive lethal alleles 
 

2. In carrier pigeons there is a rare inherited condition that 
causes the death of the chicks before hatching. In order for this 
disease to be passed from generation to generation there must 
be parent birds that... 
A are heterozygous for the disease.  
B produce new mutations for this disease.  
C have the disease themselves.  
D are closely interbred. 
 
From: 2008 CST Released Test Questions 
 
DOK Level: 2 [Analysis]* 

7c. Students know 
new mutations are 
constantly being 
generated in a gene 
pool. 
 

Mutation is an important source of genetic variation within a gene 
pool. These random changes take the form of additions, deletions, 
and substitutions of nucleotides and of rearrangements of 
chromosomes. The effect of many mutations is minor and neutral, 
being neither favorable nor unfavorable to survival and reproduction. 
Other mutations may be beneficial or harmful. The important 
principle is that culling, or selective breeding, cannot eliminate 

Mutation 
Genetic variation 
Culling or selective breeding 
Unwanted traits 
 

3. Hemophilia, a genetic disease is expressed by a recessive 
allele. This disease may suddenly appear after several 
generations because it is… 
A. carried in a heterozygote without being expressed.  
B. produced by new mutations in future generations. 
C. incompletely dominant  

A. Natural selection is a mechanism for 
evolution proposed by Wallace and 
Darwin. 
B. Natural selection acts on the set of 
genes possessed by organisms. 
C. Natural selection relies on the 
presence of genetic variation among 
species in a population.  
D. Some organisms survive and succeed 
in reproducing because they are better-
adapted to their environment.  
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genetic diseases or unwanted traits from a population. The trait 
constantly reappears in the population in the form of new, 
spontaneous mutations. 

D. turned on by hormones of the endocrine glands 
 
From: 
http://www2.visalia.k12.ca.us/eldiamante/science/biology/ 
taters/evolution_mc.htm  
DOK Level: 2 [Analysis]* 

State Content 
Standards 

According to the Frameworks 
KEY IDEAS & 

VOCABULARY** 
Sample Test Item 

7d.Student knows 
that variation within 
a species increases 
the likelihood that 
at least some 
members of a 
species will survive 
under changed 
environmental 
conditions. 
 

As environmental factors change, natural selection of adaptive traits 
must also be realigned. Variation within a species stemming either 
from mutation or from genetic recombination broadens the 
opportunity for that species to adapt to change, increasing the 
probability that at least some members of the species will be suitably 
adapted to the new conditions. Genetic diversity promotes survival 
of a species should the environment change significantly, and 
sameness can mean vulnerability that could lead to extinction. 

Genetic variation 
Genetic diversity 
Extinction 
Species 

4. According to the theory of natural selection, a species that 
lacks the variations necessary to adapt to a changing 
environment will most likely — 
   a. become dormant            c.  become extinct  
   b. mutate                              d. fossilize 
 

From: Texas State Assessments Biology 2002 
 
DOK Level: 1 [Recall and Reproduction]* 

8a/8b. Students 
know how natural 
selection determines 
the differential 
survival of groups of 
organisms. Great 
diversity increases 
the chance that 
some organisms 
survive major 
changes in the 
environment.  
 
 

Genetic changes can result from gene recombination during gamete 
formation and from mutations. These events are responsible for 
variety and diversity within each species. Natural selection favors the 
organisms that are better suited to survive in a given environment. 
Those not well suited to the environment may die before they can 
pass on their traits to the next generation. As the environment 
changes, selection for adaptive traits is realigned with the change. 
Traits that were once adaptive may become disadvantageous 
because of change. Students can explore the process of natural 
selection further with an activity based on predator-prey 
relationships. The main purpose of these activities is to simulate 
survival in predator or prey species as they struggle to find food or 
to escape being consumed themselves. The traits of predator and 
prey individuals can be varied to test their selective fitness in 
different environmental settings. An example of natural selection is 
the effect of industrial “melanism,” or darkness of pigmentation, on 
the peppered moths of Manchester, England. These moths come in 
two varieties, one darker than the other. Before the industrial 
revolution, the dark moth was rare; however, during the industrial 
revolution the light moth seldom appeared. Throughout the industrial 
revolution, much coal was burned in the region, emitting soot and 
sulfur dioxide. For reasons not completely understood, the light-
colored moth had successfully adapted to the cleaner air conditions 
that existed in preindustrial times and that exist in the region today. 
However, the light-colored moth appears to have lost its survival 

Gene recombination 
Gamete formation 
Industrial melanism 
Camouflage 
Intra-species diversity 
 

5. Which of these best illustrates natural selection?  
a. An organism with favorable genetic variations will tend to 
survive and breed successfully.   
b. A population monopolizes all of the resources in its habitat, 
forcing other species to migrate.  
c. A community whose members work together utilizes all 
existing resources and migratory routes.  
d. The largest organisms in a species receive the only breeding 
opportunities. 

From: 2008 CST Released Test Questions 
 
DOK Level: 1 [Recall & Reproduction]*  

 
6. In a mouse population inhabiting a grassland area, a 
mutation occurs that results in a new coat color allele. 
Which of the following factors has the greatest effect on whether 
the new coat color will become more common in the mouse 
population? 
A. whether abundant food is available in the grassland 
B. whether the new coat color allele is dominant or recessive 
C. whether the rate of reproduction in the mouse population 
is stable 
D. whether the new coat color allele increases the survival of 

http://www2.visalia.k12.ca.us/eldiamante/science/biology/
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advantage during times of heavy industrial air pollution. One early 
explanation is that when soot covered tree bark, light moths became 
highly visible to predatory birds. Once this change happened, the 
dark-peppered moth had an inherited survival advantage because it 
was harder to see against the sooty background. This explanation 
may not have been the cause, and an alternative one is that the 
white-peppered moth was more susceptible to the sulfur dioxide 
emissions of the industrial revolution. In any case, in the evolution of 
the moth, mutations of the genes produced light and dark moths. 
Through natural selection the light moth had an adaptive advantage 
until environmental conditions changed, increasing the population of 
the dark moths and depleting that of the light moths. [8b] This 
standard is similar to the previous standard set on diversity within a 
species but takes student understanding one step further by 
addressing diversity among and between species. For the same 
reasons pertinent to those for intra-species diversity, increased 
diversity among species increases the chances that some species will 
adapt to survive future environmental changes. 

mice in their environment 
From: Massachusetts State Examinations BIO 2007 

DOK Level: 2 [Analysis]* 

State Content 
Standards 

According to the Frameworks 
KEY IDEAS & 

VOCABULARY** 
Sample Test Item 

8c. Students know 
the effects of 
genetic drift on the 
diversity of 
organisms in a 
population. 
 
 

If a small random sample of individuals is separated from a larger 
population, the gene frequencies in the sample may differ 
significantly from those in the population as a whole. The shifts in 
frequency depend only on which individuals fall in the sample (and 
so are themselves random). Because a random shift in gene 
frequency is not guaranteed to make the next generation better 
adapted, the shift—or genetic drift—with respect to the original gene 
pool is not necessarily an adaptive change. The bottleneck effect 
(i.e., nonselective population reductions due to disasters) and the 
founder effect (i.e., the colonization of a new habitat by a few 
individuals) describe situations that can lead to genetic drift of small 
populations. 
  

Bottleneck effect 
Genetic drift 
Gene frequencies 
Random 
Non-selective 
Colonization 
Habitat 
Founder Effect 
 

7. A small population of chimpanzees lives in a habitat that 
undergoes no changes for a long period. How will genetic drift 
probably affect this population?  
a. It will accelerate the appearance of new traits.   
b. It will promote the survival of chimpanzees with beneficial 
traits.  
c. It will increase the number of alleles for specific traits.   
d. It will reduce genetic diversity. 
 

From: 2008 CST Released Test Questions 
DOK Level: 2 [Analysis]* 

8d. Students know 
that reproductive 
and geographic 
isolation affects 
speciation. 
 
 

Events that lead to reproductive isolation of populations of the same 
species cause new species to appear. Barriers to reproduction that 
prevent mating between populations are called pre-zygotic (before 
fertilization) if they involve such factors as the isolation of habitats, a 
difference in breeding season or mating behavior, or an 
incompatibility of genitalia or gametes. Post-zygotic (after 
fertilization) barriers that prevent the development of viable, fertile 
hybrids exist because of genetic incompatibility between the 
populations, hybrid sterility, and hybrid breakdown.  These isolation 
events can occur within the geographic range of a parent population 
(sympatric speciation) or through the geographic isolation of a small 
population from its parent population (allopatric speciation). 

Reproductive isolation 
Geographic isolation 
Allopatric speciation 
Polyploidy 
Pre-zygotic vs. Post-zygotic  
  Barriers 
Mating behaviors 
Speciation 
 
 

8. Geographic and reproductive isolation are most closely 
associated with… 
   a. speciation                    c. overproduction 
   b. extinction                   d. competition 

 
From: NY Regents Examination 2001 

DOK Level: 1 [Recall & Reproduction]* 
 
9. In order for a species to survive, it must be able to — 
F  consume a wide variety of food 
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Sympatric speciation is much more common in plants than in 
animals. Extra sets of chromosomes, or polypoidy, that result from 
mistakes in cell division produce plants still capable of long-term 
reproduction but animals that are incapable of that process because 
polypoidy interferes with sex determination and because animals, 
unlike most plants, are usually of one sex or the other. Allopatric 
speciation occurs in animal evolution when geographically isolated 
populations adapt to different environmental conditions. In addition, 
the rate of allopatric speciation is faster in small populations than in 
large ones because of greater genetic drift. 

G reproduce successfully 
H  maintain a constant body temperature 
J  destroy competing species 
DOK Level: 1 [Recall & Reproduction]* 
 

From: 2002 Texas State Assessments [Biology] 

State Content 
Standards 

According to the Frameworks 
KEY IDEAS & 

VOCABULARY** 
Sample Test Item 

8e. Students know 
how to analyze 
fossil evidence with 
regard to biological 
diversity, episodic 
speciation and mass 
extinction 
 

Analysis of the fossil record reveals the story of major events in the 
history of life on earth, sometimes called macroevolution, as 
opposed to the small changes in genes and chromosomes that occur 
within a single population, or microevolution. Explosive radiations of 
life following mass extinctions are marked by the four eras in the 
geologic time scale: the Precambrian, Paleozoic, Mesozoic, and 
Cenozoic. The study of biological diversity from the fossil record is 
generally limited to the study of the differences among species 
instead of the differences within a species. Biological diversity within 
a species is difficult to study because preserved organic material is 
rare as a source of DNA in fossils. 
Episodes of speciation are the most dramatic after the appearance of 
novel characteristics, such as feathers and wings, or in the aftermath 
of a mass extinction that has cleared the way for new species to 
inhabit recently vacated adaptive zones. Extinction is inevitable in a 
changing world, but examples of mass extinction from the fossil 
record coincide with rapid global environmental changes. During the 
formation of the supercontinent Pangaea during the Permian period, 
most marine invertebrate species disappeared with the loss of their 
coastal habitats. During the Cretaceous period a climatic shift to 
cooler temperatures because of diminished solar energy coincided 
with the extinction of dinosaurs. 

Fossil record 
Fossil formation 
Mass extinctions 
Radioactive dating 
Law of Superposition 
Relative dating 
Geologic Time 
Pangaea 
Dinosaurs 
Geologic Periods, Eras 
 

 
10. In which sequence are the rock layers listed in order from 
oldest to youngest?  

A). F, B, E, D                B). C, A, F, D  
C). F, E, C, A                D). C, E, D, A  

 
From: 1996 New York Regents Examination Biology 

 
DOK Level: 3 [Evaluation] 
 

   

 
NOTE: DOK Levels refer to the Depth of Knowledge Assessment tags. This represents the kind/s of thinking process a student must engage to be able to answer a question correctly. DOK levels 
correlate with Bloom’s taxonomy of thinking skills. Check the Appendix Section [pages 56-57] for an explanation of each DOK Level.  
      ** Key Vocabulary List is not an exhaustive and complete list. 
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Subject Area Standards Assessment [SASA] Guide 
COURSE: BIOLOGY ● UNIT: 6 ● TOPIC: Anatomy and Physiology  
 

Standard 
Clarification from the 
Science Frameworks: 

KEY IDEAS & 
VOCABULARY** 

Sample Test Item 

9a. Students know how 
the complementary 
activity of major body 
systems provides cells 
with oxygen and nutrients 
and removes toxic waste 
products such as carbon 
dioxide. 
 

The digestive system delivers nutrients (e.g., glucose) to the 
circulatory system. Oxygen molecules move from the air to the 
alveoli of the lungs and then to the circulatory system. From the 
circulatory system glucose and oxygen molecules move from the 
capillaries into the cells of the body where cellular respiration occurs. 
During cellular respiration these molecules are oxidized into carbon 
dioxide and water, and energy is trapped in the form of ATP. The gas 
exchange process is reversed for the removal of carbon dioxide from 
its higher concentration in the cells to the circulatory system and, 
finally, to its elimination by exhalation from the lungs. 
The concentration of sugar in the blood is monitored, and students 
should know that sugar can be stored or pulled from reserves 
(glycogen) in the liver and muscles to maintain a constant blood 
sugar level. Amino acids contained in proteins can also serve as an 
energy source, but first the amino acids must be deaminated, or 
chemically converted, in the liver, producing ammonia (a toxic 
product), which is converted to water-soluble urea and excreted by 
the kidneys. Teachers should emphasize that all these chemicals are 
transported by the circulatory system and the cells. Organs at the 
final destination direct these chemicals to their exit from the 
circulatory system. 

DIGESTIVE SYSTEM 
RESPIRATORY SYSTEM 
EXCRETORY SYSTEM 
CIRCULATORY SYSTEM 
ATP 
CELLULAR RESPIRATION 
AMMONIA 
SUGAR/GLUCOSE  
   CONCENTRATION 
GLYCOGEN 
 
 

1. Which substances are metabolic waste products excreted by animals? 
a. Oxygen, Ammonia and Salts 
b. Glucose, Urea, and Carbon dioxide 
c. Uric Acid, Oxygen, and Water 
d. Water, Urea, and Carbon dioxide  

1999 NY Regents Biology Examination 
DOK LEVEL: 1 [RECALL & REPRODUCTION] 
 
2. What is the major function of the valves found in human veins? 
A Preventing movement of blood clots 
B Reducing the back flow of blood 
C Adding oxygen to blood plasma 
D Slowing the red blood cells 

From: 2001 Virginia Released Test Items [Biology] 
DOK LEVEL: 1 [RECALL & REPRODUCTION] 

EY IDEAS & VOCABULARY 
 

9b. Students know how 
the nervous system 
mediates communication 
between different parts of 
the body and the body’s 
interactions with the 
environment 
 
 

An individual becomes aware of the environment through the sense 
organs and other body receptors (e.g., by allowing for touch, taste, 
and smell and by collecting information about temperature, light, 
and sound). The body reflexively responds to external stimuli 
through a reflex arc (see Standard 9.e in this section). (A reflex arc 
is the pathway along the central nervous system where an impulse 
must travel to bring about a reflex; e.g., sneezing or coughing.) 
Students can examine the sense organs, identify other body 
receptors that make them aware of their environment, and see ways 
in which the body reflexively responds to an external stimulus 
through a reflex arc. Hormones work in conjunction with the nervous 
system, as shown, for example, in the digestive system, where 
insulin released from the pancreas into the blood regulates the 
uptake of glucose by muscle cells. The pituitary master gland 
produces growth hormone for controlling height. Other pituitary 
hormones have specialized roles (e.g., follicle-stimulating hormone 
[FSH] and luteinizing hormone [LH] control the gonads, thyroid-
stimulating hormone [TSH] controls the thyroid, and 
adrenocorticotropic hormone [ACTH] regulates the formation of 
glucocorticoids by the adrenal cortex). This master gland is itself 
controlled by the hypothalamus of the brain. 
 

NERVOUS SYSTEM 
ENDOCRINE SYSTEM 
HORMONES 
REFLEX ARC 
ORGANS AND RECEPTORS 
CNS, PNS 
STIMULUS 
RESPONSE 
PITUITARY GLAND 
HYPOTHALAMUS 
 

3. Which of these secretes a hormone that regulates the rate of metabolism of the 
body? 
A spleen 
B cerebrum 
C thyroid 
D kidney 
 
2008 CST Released Test Items 
 
DOK LEVEL: 1 [RECALL & REPRODUCTION] 
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Standard 
Clarification from the  
Science Frameworks: 

KEY IDEAS & 
VOCABULARY** Sample Test Item 

9c. Students know how 
feedback loops in the 
nervous and endocrine 
systems regulate 
conditions in the body.  
 
 
 

Feedback loops are the means through which the nervous system 
uses the endocrine system to regulate body conditions. The presence 
or absence of hormones in blood brought to the brain by the 
circulatory system will trigger an attempt to regulate conditions in 
the body. To make feedback loops relevant to students, teachers can 
discuss the hormone leptin, which fat cells produce as they become 
filled with storage reserves. Leptin is carried by the blood to the 
brain, where it normally acts to inhibit the appetite center, an 
example of negative feedback. When fat reserves diminish, the 
concentration of leptin decreases, a phenomenon that in turn causes 
the appetite center in the brain to start the hunger stimulus and 
activate the urge to eat. 

FEEDBACK LOOP 
ENDOCRINE SYSTEM 
GLANDS 
FAT RESERVES 
LEPTIN 
 
 

 

4. Study the diagram of a feedback loop below: 

 
In some individuals, overproduction of T3 and T4 hormones lead to a condition 
called hyperthyroidism. As its name implies, TSH [thyroid stimulating hormone] 
serves to stimulate the thyroid gland to increase production of T3 and T4 
hormones. Which part of the feedback loop above serves to regulate this 
overproduction?  
a. Stimulation of the thyroid gland 
b. Increase in T3/T4 production 
c.  Depression of Pituitary Gland secretion 
d. Decreased TSH production 
 
DOK LEVEL: 2 [Analysis] 

9d. Students know the 
functions of the nervous 
system and the role of 
neurons in transmitting 
electrochemical impulses. 
 
 

Transmission of nerve impulses involves an electrochemical “action 
potential” generated by gated ion channels in the membrane that 
make use of the countervailing gradients of sodium and potassium 
ions across the membrane. Potassium ion concentration is high 
inside cells and low outside; sodium ion concentration is the 
opposite. The sodium and potassium ion concentration gradients are 
restored by an active transport system, a pump that exchanges 
sodium and potassium ions across the membrane and uses ATP 
hydrolysis as a source of free energy. The release of 
neurotransmitter chemicals from the axon terminal at the synapse 
may initiate an action potential in an adjacent neuron, propagating 
the impulse to a new cell. 

ACTION POTENTIAL 
SYNAPSE 
VOLTAGE-GATED PUMPS 
POTASSIUM IONS 
SODIUM IONS 
MEMBRANE POTENTIAL 
RESTING POTENTIAL 
DEPOLARIZATION 
NEUROTRANSMITTER 
NEURON 
DENDRITES 
AXONS 

5. Study the graph below describing the electrical changes associated with 
the instigation of an action potential then answer the question. 
In which labeled part of the graph do potassium channels open and K+  

ions begin leaving? 
A 1  
B 2  
C 3  
D 4 
 
DOK LEVEL: 2 [Analysis] 
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ACTIVE TRANSPORT 
Na+/K+ pumps 

 

Standard 
Clarification from the  
Science Frameworks: 

KEY IDEAS & 
VOCABULARY** 

Sample Test Item 

9e. Students know the 
roles of sensory neurons,  
interneurons, and motor 
neurons in sensation, 
thought, and response 
 
 

The pathways of impulses from dendrite to cell body to axon of 
sensory neurons, interneurons, and motor neurons link the chains of 
events that occur in a reflex action. Students should be able to 
diagram this pathway. Similar paths of neural connections lead to 
the brain, where the sensations become conscious and conscious 
actions are initiated in response to external stimuli. Students might 
also trace the path of the neural connections as the sensation 
becomes conscious and a response to the external stimulus is 
initiated. Students should also be able to identify gray and white 
matter in the central nervous system. 

SENSORY NEURONS 
INTERNEURONS 
MOTOR NEURONS 
GRAY AND WHITE MATTER 
AXON 
DENDRITE 
 

 
6. Which of the following are the parts of a neuron? 
a. brain, spinal cord, vertebral column 
b. sensory, motor, interneuron 
c. dendrite, axon, cell body 
d. sympathetic, parasympathetic 

From: www.mcgraw-hill.com 
DOK LEVEL: 1 [RECALL & REPRODUCTION] 

 
  

10a. a. Students know 
the role of the skin in 
providing nonspecific 
defenses against 
infection. 

The skin serves as a physical barrier to prevent the passage of many 
disease-causing microorganisms. Cuts and abrasions compromise the 
skin’s ability to act as a barrier. Teachers can use charts and 
overhead projections to show the dangers and physiologic responses 
of a break in the skin. 

NON-SPECIFIC IMMUNE 
RESPONSE 
BARRIER 
MICROORGANISMS 
PATHOGENS 
IMMUNE DEFENSES 

7. Sweat and skin secretions contain a mixture of molecules that kills or limits the 
growth of many types of microbes. This control of microbes is an example of... 
A a nonspecific defense against infection. 
B an enzyme-catalyzed biochemical reaction. 
C a feedback loop to maintain homeostasis. 
D a specific immune response to infection by microbes. 

From: 2008 CST Released Test Questions 
DOK LEVEL: 2 [Analysis and Application] 
 
8. What organ is your first line of defense to entry of pathogens? 
  A. thymus                                     C. bone marrow 
  B. skin                                          D. brain 
  From: 
http://www2.visalia.k12.ca.us/eldiamante/science/biology/taters/immune_mc.htm 
DOK LEVEL: 1 [RECALL & REPRODUCTION] 
 
 
 

http://www.mcgraw-hill.com/
http://www2.visalia.k12.ca.us/eldiamante/science/biology/taters/immune_mc.htm
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Standard 
Clarification from the  
Science Frameworks: 

KEY IDEAS & 
VOCABULARY** Sample Test Item 

10b. Students know the 
role of antibodies in the 
body’s response to 
infection. 

Cells produce antibodies to oppose antigens, substances that are 
foreign to the body. An example of an antigen is a surface protein of 
a flu virus, a protein with a shape and structure unlike those of any 
human proteins. The immune system recognizes that the flu virus 
structure is different and generates proteins called antibodies that 
bind to the flu virus. Antibodies can inactivate pathogens directly or 
signal immune cells that pathogens are present. 

ANTIBODIES 
ANTIGENS 
VIRUS 
BACTERIA 
 

9. A doctor will prescribe you antibiotics for what types of infection? 
a. bacteria 
b. viruses 
c. cancer 
d. protist  
From: 
http://www2.visalia.k12.ca.us/eldiamante/science/biology/taters/immune_mc.htm 
DOK LEVEL: 1 [RECALL & REPRODUCTION]   

10c. Students know how 
vaccination protects an 
individual from infectious 
diseases. 

Several weeks are required before the immune system develops 
immunity to a new antigen. To overcome this problem, vaccinations 
safely give the body a look in advance at the foreign structures. 
Vaccines usually contain either weakened or killed pathogens that 
are responsible for a specific infectious disease, or they may contain 
a purified protein or subunit from the pathogen. Although the 
vaccine does not cause an infectious disease, the antigens in the 
mixture prompt the body to generate antibodies to oppose the 
pathogen. When the individual is exposed to the pathogenic agent, 
perhaps years later, the body still remembers having seen the 
antigens in the vaccine dose and can respond quickly. Students have 
been exposed to the practical aspects of immunization through their 
knowledge of the vaccinations they must receive before they can 
enter school. They have all experienced getting shots and may have 
seen their personal vaccination record in which dates and kinds of 
inoculations are recorded. The review of a typical vaccination record, 
focusing on the reason for the shots and ways in which they work, 
may serve as an effective entry to the subject. Students should 
review the history of vaccine use. Early literature provides 
descriptions of vaccine use from pragmatic exposure, but the term 
vaccine is derived from the cowpox exudate that Edward Jenner used 
during the 1700s to inoculate villagers against the more pathogenic 
smallpox. Louis Pasteur, noted for his discovery of the rabies 
treatment, also developed several vaccines. Poliovirus, the cause of 
infantile paralysis (poliomyelitis), was finally conquered in the 1950s 
through vaccines that Jonas Salk and Albert B. Sabin refined. 

VACCINATIONS 
WEAKENED  
INFECTIOUS 
 
 

10. A vaccine contains... 
   a) antibodies that recognize invading microbes. 
   b) inactivated disease-causing microbes. 
   c) a hormone that boosts immunity. 
   d) white blood cells that fight infection. 
From: 
http://biology.berkeley.edu/bio1a/topic/Immune_System/Quizzes/index.html 
DOK LEVEL: 1 [RECALL & REPRODUCTION] 

 
  

10d. Students know there 
are important differences 
between bacteria and 
viruses with respect to 
their requirements for 
growth and replication, 
the body’s primary 
defenses against bacterial 
and viral infections, and 
effective treatments of 
these infections. 

A virus, which is the simplest form of a genetic entity, is incapable of 
metabolic life and reproduction outside the cells of other living 
organisms. A virus contains genetic material but has no ribosomes. 
Although some viruses are benign, many harm their host organism 
by destroying or altering its cell structures. Generally, the body 
perceives viruses as antigens and produces antibodies to counteract 
the virus. Bacteria are organisms with a full cellular structure. They, 
too, can be benign or harmful. Harmful bacteria and their toxins are 
perceived as antigens by the body, which in turn produces 
antibodies. In some cases infectious diseases may be treated 
effectively with antiseptics, which are chemicals that oxidize or in 
other ways inactivate the infecting organism. Antiseptics are also 

BACTERIA VS. VIRUSES 
ANTIBIOTICS 
ANTISEPTICS 
DECONTAMINATION 
 
 

11. In 1847, a scientist noted that when physicians washed their hands before 
they had contact with their patients, there was a decreased number of infections. 
This was one of the first clues that — 
F bacteria generate spontaneously on hands 
G physicians deliberately infected patients 
H bacteria are present in water 
J substances such as bacteria may cause diseases 

From: 2007 Virginia State Released Test Items [Biology] 
 
DOK LEVEL: 2 [APPLICATION AND ANALYSIS] 

http://www2.visalia.k12.ca.us/eldiamante/science/biology/taters/immune_mc.htm
http://biology.berkeley.edu/bio1a/topic/Immune_System/Quizzes/index.html
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useful in decontaminating surfaces with which the body may come in 
contact (e.g., countertops). Antibiotics are effective in treating 
bacterial infections, sometimes working by destroying or interfering 
with the growth of bacterial cell walls or the functioning of cell wall 
physiology or by inhibiting bacterial synthesis of DNA, RNA, or 
proteins. Antibiotics are ineffective in treating viral infections. 
Students might research infections caused by protists (malaria, 
amoebic dysentery), bacteria (blood poisoning, botulism, food 
poisoning, tuberculosis), and viruses (rabies, colds, influenza, AIDS). 
They might also investigate the pathogens currently being discussed 
in the media and study each infectious organism’s requirements for 
growth and reproduction. Teachers should review the dangers of 
common bacteria becoming resistant to antibiotics through long-
standing over-application, as shown by the increasing incidence of 
drug-resistant tuberculosis and other bacteria. Using a commercially 
available kit, teachers can demonstrate how antibiotics may act 
generally or specifically against bacteria. Agar plates may be 
inoculated with different bacteria, and different antibiotic discs may 
be placed on these plates to create a clear zone in which growth 
around the antibiotic discs is inhibited. 

 
 

10e. Students know why 
an individual with a 
compromised immune 
system (for example, a 
person with AIDS) may 
be unable to fight off and 
survive infections by 
microorganisms that are 
usually benign. 

When an immune system is compromised (e.g., through infection by 
the human immunodeficiency virus [HIV]), it becomes either unable 
to recognize a dangerous antigen or incapable of mounting an 
appropriate defense. This situation happens when the virus infects 
and destroys key cells in the immune system.  

COMPROMISED IMMUNE  
   SYSTEM 
HIV and AIDS 
WHITE BLOOD CELLS 

The HIV virus severely decreases the number of which type of cells? 
A.  Cytotoxic T cells 
B.  Helper T cells 
C.  Suppressor T cells 
D. Memory cells 

From: http://biology.about.com/od/organsystems/a/aa120304a.htm 
 

A person who has HIV/AIDS and a compromised immune system will not be able 
to... 
A.  produce antigens 
B.  produce red blood cells 
C.  fight infections 
D.  digest food properly  
From: 
http://www2.visalia.k12.ca.us/eldiamante/science/biology/taters/immune_mc.htm  

    

 

NOTE: DOK Levels refer to the Depth of Knowledge Assessment tags. This represents the kind/s of thinking process a student must engage to be able to answer a question correctly. DOK levels 
correlate with Bloom’s taxonomy of thinking skills. Check the Appendix Section [pages 56-57] for an explanation of each DOK Level.  
      ** Key Vocabulary List is not an exhaustive and complete list. 
 
 
 
 
 
 
 

http://biology.about.com/od/organsystems/a/aa120304a.htm
http://www2.visalia.k12.ca.us/eldiamante/science/biology/taters/immune_mc.htm
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Section I. Research Articles 

 
Published in Print: March 11, 2009 

'Depth' Matters in High School Science Studies 
By Sean Cavanagh  
 

The scientific world is vast. One key to students' developing a strong understanding of it could 
be having them focus on relatively few topics, in great depth.  

That is the main conclusion of a recent study that examines one of the most enduring debates 
in science instruction—whether "depth" or “breadth” of knowledge is most important. Its 
authors come down on the side of depth.  

High school students who focus more intensely on core topics within their biology, chemistry, 
and physics classes fared better in beginning college science than those who delved a little bit 
into a larger list of topics, the study found. Observers say those findings could offer direction 
to developers of science curricula, tests, and textbooks.  

A central finding is that "breadth-based learning, as commonly applied in high school 
classrooms, does not appear to offer students any advantage when they enroll in introductory 
college science courses," the authors conclude, "although it may contribute to scores on 
standardized tests."  

Delving Into the Subject 

Students, on average, reported taking high school science courses in which in-depth coverage 
of topics was common. 

 
SOURCE: Science Education 

Arguments over depth vs. breadth are common across subjects. In science, however, that 
debate is especially vexing.  

http://www.edweek.org/ew/contributors/sean.cavanagh.html
javascript:popUp('/media/2009/03/09/24stimscience-c1.jpg', 'toolbar=0,scrollbars=0,location=0,statusbar=0,menubar=0,resizable=1,width=846,height=484','ewpopup')
javascript:popUp('/media/2009/03/09/24stimscience-c1.jpg', 'toolbar=0,scrollbars=0,location=0,statusbar=0,menubar=0,resizable=1,width=846,height=484','ewpopup')
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Numerous scientific organizations and researchers have called for teaching and tests that are 
more focused on mastery of big topics. In their view, that position is backed up by the 
opinions of scientific experts and research on cognition and how humans build knowledge.  

Yet paring down scientific topics, and determining which ones merit the most attention, is not 
easy. Many textbooks are written to meet the academic standards of multiple states, and as a 
result, are crammed with information, or "encyclopedic," as the study notes. Teachers also face 
pressure to prepare students for the questions they will encounter on state-mandated science 
tests, which are in turn based on the content found in state academic standards.  

The study, published online in December by the journal Science Education, suggests that this 
approach is misguided. It was written by Marc S. Schwartz, a professor of mind, brain, and 
education of the University of Texas at Arlington; Philip M. Sadler, the director of the science 
education department at the Harvard-Smithsonian Center for Astrophysics, in Cambridge, 
Mass.; Gerhard Sonnert, a research associate, also at the Harvard center; and Robert H. Tai, an 
associate professor of science education at the University of Virginia, in Charlottesville.  

Mechanics and Mastery  

The authors build their research on a national survey of 8,310 undergraduates enrolled in their 
first college science course. Students were asked how much time they spent in high school 
biology, chemistry, and physics classes on various subtopics.  

In each subject, the researchers said students had been exposed to a topic in depth if they 
reported spending at least one month on it—for instance, mechanics or electromagnetism in 
physics or evolution in biology. They controlled for other factors, such as students’ 
socioeconomic background and math proficiency.  

The results show that students who had spent at least one month on one particular topic 
earned higher grades in college science courses than students who had not. By contrast, those 
who had been exposed to a relatively long list of topics, but not in depth, did not have any 
advantage in college chemistry or physics and were at a disadvantage in biology.  

One possible explanation for the benefits of in-depth study is that asking students to achieve 
"some level of mastery" provides them with confidence and a "yardstick for comprehension" 
in science, Mr. Sadler speculated in an e-mail. They become aware of the time and effort it 
takes to learn something new in science and in college studies specifically, he said.  

Mastery also can help students overcome common false impressions in science, he added in an 
interview.  

"If you study something in depth, you have the time to deal with some of the misconceptions 
that impede you when you get to college," Mr. Sadler said.  

http://www3.interscience.wiley.com/journal/121580319/abstract
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In-depth teaching can have a major impact, the authors maintain. Students who experience 
deeper coverage of physics in high school perform in college as if they had received two-thirds 
of a year more preparation than those who had the opposite mix of depth and breadth. In 
chemistry, students appeared to gain the equivalent of one-quarter of a year’s worth of study 
from in-depth lessons, the authors found.  

In biology, students taught under an approach emphasizing breadth performed as if they had 
received a half-year less preparation in high school in that subject.  

The researchers acknowledge that the study does not address important questions, such as 
how much depth is the right amount. It also does not evaluate which subtopics within biology, 
chemistry, and physics have the greatest benefit; they are conducting a follow-up study on that 
issue, Mr. Sadler said. The study also points to high-stakes science tests as a factor promoting 
overly scattered science teaching. If those exams "require recall of unrelated bits of scientific 
knowledge," they influence teachers to do the same, the authors say. They cite a 2005 study 
that found science frameworks in the United States, on which tests typically are based, are 
loaded with more topics than those of other countries that outperform the United States.  

AP Approach  

In recent years, some testing entities have sought to place greater emphasis on probing 
students' depth of science knowledge. The College Board, which has been criticized for 
promoting what some say is a diffuse approach on its Advanced Placement science exams, is 
redesigning them to emphasize depth and scientific reasoning, said Trevor Packer, a vice 
president of the New York City-based nonprofit organization. The first of those revisions, to 
the AP Biology test, will be unveiled in September.  

The study's findings reinforce the importance of the College Board's revisions, Mr. Packer 
said. Even so, he said he expected that some scientists and educators would be disappointed 
with the changes to the AP science tests, in the belief that one topic or another was being 
improperly de-emphasized. Among scientists and subject-matter experts, such disagreements 
are common.  

"We’ve had to take a stand," Mr. Packer said. "All of these topics are important, but they don't 
all have to be learned at the same time."  

One of the benefits of encouraging students to focus more deeply on science topics is that 
they develop a stronger grasp of science, overall, and are likely to be more motivated to pursue 
factual knowledge in future studies, said Senta Raizen, the director of the National Center for 
Improving Science Education. Her center, based in Washington, is part of the testing and 
research nonprofit WestEd.  

A motivated science student "is willing to play a lot of catch-up," Ms. Raizen said.  
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Francis Eberle, the executive director of the National Science Teachers Association, in 
Arlington, Va., said the study does not address an important issue: the disconnect between 
high school and college science courses. Too many postsecondary courses emphasize "straight, 
rote learning" through lectures, and suggest to undergraduates that their goal is to "prepare the 
best" among them, a departure from the more nurturing approach many students encounter in 
high school, Mr. Eberle argued.  

Even so, the study will likely challenge a common assumption in the scientific community that 
schools need to focus on breadth to produce professional-level scientists, who know all 
aspects of the subject, he said. Changing teaching and testing methods is difficult, Mr. Eberle 
added.  

"Our traditions are so strong. Our system is designed for breadth," he said. There are other 
factors, too. "Any time you change the system" for teaching science, Mr. Eberle said, "parents 
will say, 'That’s not the way I had it.'?"  
 
Coverage of mathematics, science, and technology education is supported by a grant from the Ewing Marion 
Kauffman Foundation, at www.kauffman.org.  

Vol. 28, Issue 24, Pages 1,16-17 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.kauffman.org/
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EFFECTIVE SCIENCE INSTRUCTION: 
WHAT DOES RESEARCH TELL US? 

by: Eric Banilower, Kim Cohen, Joan Pasley, Iris Weiss 
Horizon Research, Inc. 2008 

 
Introduction 
 

Science education has received renewed attention in the United States in the last several decades, with calls for a 
scientifically literate citizenry in this increasingly technological society. Science for All Americans (American 
Association for the Advancement of Science, 1989) laid out a vision describing the knowledge a scientifically 
literate person would have. This vision was further elucidated in Benchmarks for Science Literacy (American 
Association for the Advancement of Science, 1993) and National Science Education Standards (National 
Research Council, 1996). These documents reflect a fairly broad consensus within the science education 
community of what scientific knowledge students should be expected to learn as they progress through grades 
K–12. For example, ‘Benchmarks for Science Literacy’ describes a progression of ideas that will help students 
understand DNA and principles of inheritance:  
 

o Offspring are very much, but not exactly like, their parents and [they are] like one another. (Grades K–2 
Benchmark) 

o Some likenesses between children and parents, such as eye color in human beings, or fruit or flower 
colors in plants, are inherited. Other likenesses, such as people’s table manners or carpentry skills, are 
learned. (Grades 3–5 Benchmark) 

o In some kinds of organisms, all the genes come from a single parent, whereas in organisms that have 
sexes, typically half of the genes come from each parent. (Grades 6–8 Benchmark) 

o The information passed from parents to offspring is coded in DNA molecules. (Grades 9–12 
Benchmark) National Science Education Standards describes a similar progression: 

o Plants and animals closely resemble their parents. Many characteristics of an organism are inherited 
from the parents of the organism, but other characteristics result from an individual’s interactions with 
the environment. Inherited characteristics include the color of flowers and the number of limbs of an 
animal. Other features, such as the ability to ride a bicycle, are learned through interactions with the 
environment and cannot be passed on to the next generation. (Grades K–4 Standard) 

o In many species, including humans, females produce eggs and males produce sperm. Plants also 
reproduce sexually—the egg and the sperm are produced in the flowers of flowering plants. An egg and 
sperm unite to begin development of a new individual…That new individual received genetic 
information from its mother (via the egg) and its father (via the sperm). (Grades 5–8 Standard) 

o In all organisms, the instructions for specifying the characteristics of the organism are carried in DNA, a 
large polymer formed from subunits of four kinds (A, G, C, and T)…(Grades 9–12 Standard) 

 

These documents also emphasize that students should understand the nature of scientific knowledge—how 
it is generated, modified, and, in some cases ultimately rejected. According to the National Science Education 
Standards (NSES): “Scientific literacy means that a person can ask, find, or determine answers to questions 
derived from curiosity about everyday experiences. It means that a person has the ability to describe, explain, and 
predict natural phenomena. Scientific literacy entails being able to read with understanding articles about science 
in the popular press and to engage in social conversation about the validity of conclusions. Scientific literacy 
implies that a person can identify scientific issues underlying national and local decisions and express positions 
that are scientifically and technologically informed. A literate citizen should be able to evaluate the quality of 
scientific information on the basis of its source and the methods used to generate it. Scientific literacy also implies 
the capacity to pose and evaluate arguments based on evidence and to apply conclusions from such arguments 
appropriately.” (National Research Council, 1996, p. 22) 
 

Section I. Research Articles
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In addition to delineating the important knowledge, the national standards paint a picture of what 
effective science instruction might look like to accomplish the goal of producing a scientifically literate citizenry. 
Moreover, since the standards were published, research in the cognitive sciences has provided much new 
knowledge about the mechanisms by which people learn. This research and its implications for science education 
have been summarized in the National Research Council’s How People Learn (National Research Council, 2003) 
and How Students Learn: Science in the Classroom (National Research Council, 2005). 
 

Characteristics of Effective Science Instruction  
 

A debate continues over what constitutes effective science instruction. The opposing views are often 
labeled, somewhat simplistically, as “reform” versus “traditional” science instruction. Reform instruction is often 
characterized as students working in small groups and participating in hands-on activities with students, in some 
cases, selecting the topics. Traditional instruction is often characterized as teachers delivering information to 
students in lectures and readings, and students working independently on practice problems and worksheets. 
Often, traditional instruction includes a weekly laboratory activity in which students work to reinforce what has 
been taught in a prior lecture. Debating the mode of instruction misses the point, however, as current learning 
theory focuses on students’ conceptual change, and does not imply that one pedagogy is necessarily better than 
another. For example, students may be intellectually engaged with important content in a dynamic, teacher-
directed lecture, or they may simply sit passively through a didactic lecture unrelated to their personal experience. 
Similarly, a hands-on lesson may provide students with opportunities to confront their preconceptions about 
scientific phenomena, or it may simply be an activity for activity’s sake, stimulating students’ interest but not 
relating to important learning goals. Lessons that engage students in scientific inquiry can be effective whether 
they are structured by the teacher or instructional materials, or very “open,” with students pursuing answers to 
their own questions. Whatever the mode of instruction, the research suggests that students are most likely to 
learn if teachers encourage them to think about ideas aligned to concrete learning goals and relate those ideas to 
real-life phenomena.  
 

Elements of Effective Instruction 
1. Motivation 
However well-designed the instruction, students are unlikely to learn if they are not motivated to learn. Lessons 
should “hook” students by addressing something they have wondered about, or can be induced to wonder about, 
possibly, but not necessarily, in a real-world context. In their analysis of middle school science programs, Kesidou 
and Roseman (2002) cited research support for the idea that “if students are to derive the intended learning 
benefits from engaging in an activity, their interest in or recognition of the value of the activity needs to be 
motivated” (p. 530). Students’ motivation may be either extrinsic or intrinsic. Extrinsic motivators include 
deadlines for research projects, classroom competitions, and tests and quizzes affecting students’ grades. Intrinsic 
motivation, in contrast, usually stems from intellectual curiosity and a desire to learn. There is some evidence that 
extrinsic motivation may actually be detrimental, impeding students’ intrinsic desire to learn. For example, 
students doing a research project might focus primarily on completing the task rather than learning the concepts 
(Moje et al., 2001; Nuthall, 1999, 2001). Similarly, a laboratory activity performed only to confirm a previously 
presented idea is unlikely to deepen students’ understanding of that idea; students will likely focus more on 
finding the “right” answer than on understanding the underlying concepts. The reality is that there are, and will 
always be, extrinsic motivators (e.g., deadlines, tests, college entrance requirements). Based on research, efforts 
should be made to balance intrinsic and extrinsic motivators, especially for students not achieving well even with 
extrinsic motivators. There are many ways for a teacher to encourage intrinsic motivation. For example, students 
can be highly motivated by a discrepant event that contradicts their view of the world (Friedl, 1995; Suchman, 
1966). When students make predictions before starting an investigation, their interest may be raised. If students’ 
observations do not match their original predictions, they may be motivated to find out why (Lunetta et al., 2007). 
Students may also be stimulated to learn when they investigate a question that has meaning to them, or if they are 
learning about science in a context that relates to their personal experience.  
 

2. Eliciting Students’ Prior Knowledge 
Research has shown convincingly that students do not come to school as empty vessels. They come with ideas 
and beliefs gleaned from books, television, movies, and real-life experiences. These ideas can either facilitate or 
impede their learning (National Research Council, 2003). In many cases, students have ideas that get in the way of 
learning new ones. For example, the commonly held belief that objects in motion contain a force that keeps them 
moving, or the idea that plants take in food from the soil, make it difficult for students to accept that both ideas 
are wrong. Considerable evidence from research shows that instruction is most effective when it elicits students’ 
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initial ideas, provides them with opportunities to confront those ideas, helps them formulate new ideas based on 
evidence, and encourages students to reflect upon how their ideas have evolved. Without these opportunities, 
students “may fail to grasp the new concepts and information that are taught, or they may learn them for 
purposes of a test but revert to their preconceptions outside the classroom” (National Research Council, 2003, p. 
14). Thus, learning theory suggests that instruction is more effective when it takes students’ initial ideas into 
account. Eliciting students’ knowledge has value even when their ideas are consistent with scientists’ views. The 
more students connect new knowledge with pre-existing knowledge, the better they will understand that new 
knowledge. Instruction that ties new and existing ideas together increases the likelihood of learning, adroitness 
with the knowledge, and retention over time. There are different ways to elicit student ideas. One common 
method is a KWL chart, in which students brainstorm what they know about a certain concept (K), what they 
want to know (W), and finally what they have learned (L) by the end of a lesson or unit. The charts work best 
when students have time to reflect on the differences between the K and the L. Students may also demonstrate 
their initial ideas with drawings, concept maps, or cartoons. The impact of visual methods increases if students 
explain the thinking behind their illustrations (Edens and Potter, 2003). Open-ended teacher questions can also 
elicit students’ ideas, especially if teachers probe for deeper explanations (Harlen, 1998). Finally, when teachers 
encourage students to raise questions of their own, they can access students’ existing ideas, especially if students 
are asked to suggest answers or explanations (Iwasyk, 1997; Watts et al., 1997; Gibson, 1998).  
 

3. Intellectual Engagement 
Research on learning suggests that effective lessons include meaningful experiences that engage students 
intellectually with important science content. The mode of learning may vary, as long as students have 
opportunities to engage with appropriate phenomena, investigate meaningful questions, and explicitly consider 
new experiences and knowledge in light of their prior conceptions. The important consideration is that lessons 
engage students in doing the intellectual work. It is not enough simply to provide students with an interesting 
hands-on experience that does not connect to learning goals, such as building and flying paper airplanes with no 
discussion of the forces involved in flight. Although such an activity may be successful at piquing students’ 
interest in science, it is unlikely to teach important ideas if it does not focus on a meaningful question. Classroom 
activities must be explicitly linked to learning goals so that students understand the purpose of the instruction and 
feel motivated to engage with the ideas, not just the materials (White and Gunstone, 1992). 
Students do not need to participate in hands-on activities to engage with phenomena; an interactive lecture that 
encourages students to think about their ideas may be just as effective. For example, in the following lesson the 
teacher used students’ experiences to engage them with the structure and function of the skeletal system. 
 

4. Use of Evidence to Critique Claims 
Being scientifically literate requires understanding both scientific ideas and the nature of the scientific enterprise 
(National Research Council, 1996). Students should be encouraged to see science as a process by which 
knowledge is constructed, not as the memorization of facts. Scientists collect and interpret data, using them to 
make new claims. Scientists may also use data to critique claims—to see if they are supported by the evidence. 
Students should experience this process in their education and learn how we come to know what we know about 
the world. Science lessons may provide multiple opportunities for students to back up their claims with evidence, 
and to use evidence to critique claims made by other students. Venues for the use of evidence may be as formal 
as classroom debates and open-ended essay questions, or as informal as class discussions and journal entries. 
Students may use their own observations, experiences, or data collected during classroom experiments, or data 
collected by others that they have read or heard about.  
 

5. Sense Making 
An effective science lesson requires opportunities for students to make sense of the ideas with which they have 
been engaged (National Research Council, 2003). Because it is unlikely that students will be able to draw the 
appropriate conclusions on their own, regardless of how engaging the activities, it falls to the teacher to ensure 
that students make sense of their science experience through explanations, skillful questioning, and/or the 
facilitation of class discussion. For example, students may be encouraged to make connections between what they 
did in the lesson and what they were meant to learn, so that they see a purpose to their activities. In addition, 
students may be asked to reflect on their initial ideas, becoming aware of how their thinking may have changed 
over the course of the lesson or unit. The teacher may also help them connect the ideas to their other knowledge, 
thereby placing the lesson’s learning goals in a larger scientific framework and helping them organize their 
knowledge (National Research Council, 2003; Gallagher, 2000). Finally, students may be given opportunities to 
apply the concepts to new contexts, which help both reinforce their understanding of the ideas and build their 
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reasoning skills. As with other elements of effective instruction, sense-making may be accomplished with a variety 
of pedagogies. For example, in a lecture, the teacher may place facts within a broader framework and provide 
analogies that connect the ideas to students’ previous experience. In a hands-on activity, the teacher may provide 
explanations at appropriate junctures, and facilitate a discussion at the end to help the students understand the 
data they collected in light of current scientific theories. The teacher’s role is crucial in either case, as students 
would be unlikely on their own to be able to determine what the main ideas are in a lecture, or to understand the 
science ideas underlying a laboratory investigation. The teacher’s effectiveness in asking questions, providing 
explanations, and otherwise helping to push student thinking forward as the lesson unfolds often determines 
students’ opportunity to learn. The following example illustrates how one teacher effectively used a familiar 
analogy to help students in a middle school physical science class make sense of a fairly abstract concept. 
 

PREVALENCE OF THESE CHARACTERISTICS IN SCIENCE INSTRUCTION IN THE U.S.  
How common are these features of effective instruction in science classrooms across the United States? A 
number of nationally-representative surveys of science education—e.g., The National Survey of Science and 
Mathematics Education (Weiss et al., 2001); National Assessment of Educational Progress (NAEP) (Grigg et al., 
2006); Trends in Mathematics and Science Study (TIMSS)3 (Martin et al., 2004)—provide nationally  
representative information on instructional practices used in science classes, though the studies used different 
measures to characterize instruction (e.g., some looked at how instructional time was spent, others looked at 
teachers’ use of various instructional strategies). The teacher survey administered as part of the 2005 fourth grade 
NAEP found that about one-third of science lessons included students reading from a science textbook and 
about one-quarter included students doing hands-on activities. The NAEP data also indicate that students work 
on group activities in about one out of every five lessons. The 2003 TIMSS teacher survey found that 30 percent 
of instructional time in eighth grade science lessons was devoted to students listening to lecture style 
presentations, either initial presentations on new content or re-teaching/clarification of content and procedures. 
The survey also found that 34 percent of instructional time was spent on students working problems, either with 
the teacher’s guidance or on their own. The survey did not ask for the percent of time spent on hands-on or 
laboratory activities. Similarly, the National Survey in 2000 found that about one-third of 
instructional time in grades K–12 was spent on whole class lecture/discussion, and that about one-sixth of 
instructional time was spent on students reading textbooks and/or completing worksheets. This survey also 
found that science teachers were devoting a substantial portion of instructional time to hands-on/laboratory 
activities: 30 percent of time in grades K–4, 24 percent in grades 5–8, and 22 percent in grades 9–12. 
It is important to note, however, that these studies were limited to describing the types and frequency of 
instructional practices, as the field has not yet figured out how to measure quality of instruction (e.g., the extent to 
which students are intellectually engaged with important science content in a lesson) with a survey. The field’s 
understanding of the quality of science education as it relates to the vision of effective instruction has been 
enhanced by two large scale observation studies that were conducted in recent years. One was the 1999 TIMSS 
Video Study (Roth et al., 2006) which examined eighth grade science instruction in several nations, including 88 
lessons in the U.S. Another was the 2001 Inside the Classroom study (Weiss, Pasley, Smith, 
Banilower, & Heck, 2003)4 which included classroom observations of 180 science lessons across grades K–12 
from a nationally representative sample of classes (from which all of the vignettes in this section of the brief were 
drawn).5 However, though quite a few of the tenets of the learning theory described earlier were embedded in the 
frameworks used by these researchers, neither of these studies was designed or reported using the exact 
framework, making it difficult to accurately gauge the frequency with which all of these characteristics occur. Still, 
elements from these different studies provide information that can be used to make some rough estimates. 
 
From: Banilower, E., Cohen, K., Pasley, J. & Weiss, I. (2008). Effective science instruction: What does research tell us? 
Portsmouth, NH: RMC Research Corporation, Center on Instruction. 
 
For a complete copy of this paper, go to:  
http://www.centeroninstruction.org/files/Characteristics%20of%20Effective%20Science%20Instruction%20RE
VISED%20FINAL.pdf  
 
 
 
 
 
 

http://www.centeroninstruction.org/files/Characteristics of Effective Science Instruction REVISED FINAL.pdf
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Section I. Research Articles 
 

Culturally Responsive Instruction  
Addressing Diversity in Schools: Culturally Responsive Pedagogy 

by: Heraldo V. Richards, Austin Peay State University 
Ayanna F. Brown, Vanderbilt University  
Timothy B. Forde, Buffalo State College 

 
Why Do We Need to Address Diversity? 

As more and more students from diverse backgrounds populate 21st century classrooms, and 
efforts mount to identify effective methods to teach these students, the need for pedagogical 
approaches that are culturally responsive intensifies. Today’s classrooms require teachers to educate 
students varying in culture, language, abilities, and many other characteristics (Gollnick & Chinn, 2002). 
To meet this challenge, teachers must employ not only theoretically sound but also culturally 
responsive pedagogy. Teachers must create a classroom culture where all students regardless of their 
cultural and linguistic background are welcomed and supported, and provided with the best 
opportunity to learn.  
 

For many students, the kinds of behaviors required in school (e.g., sitting in one’s seat and 
only speaking when called on) and types of discourse (e.g., “Class, what is the title of this book?”) 
contrast with home cultural and linguistic practices. To increase student success, it is imperative that 
teachers help students bridge this discontinuity between home and school (Allen & Boykin, 1992). 
Moreover, a culturally responsive instructional environment minimizes the students’ alienation as they 
attempt to adjust to the different “world” of school (Heath, 1983; Ladson-Billings,1994). This brief 
defines culturally responsive pedagogy and explains how it might be used effectively to address the 
instructional needs of a diverse student population. 
 
What is Culturally Responsive Pedagogy? 
 

Culturally responsive pedagogy facilitates and supports the achievement of all students. In a 
culturally responsive classroom, effective teaching and learning occur in a culturally supported, learner-
centered context, whereby the strengths students bring to school are identified, nurtured, and utilized 
to promote student achievement. Culturally responsive pedagogy comprises three dimensions: (a) 
institutional, (b) personal, and (c) instructional. The institutional dimension reflects the administration 
and its policies and values. The personal dimension refers to the cognitive and emotional processes 
teachers must engage in to become culturally responsive. The instructional dimension includes 
materials, strategies, and activities that form the basis of instruction. All three dimensions significantly 
interact in the teaching and learning process and  
are critical to understanding the effectiveness of culturally responsive pedagogy. While all three 
dimensions are important, because of space limitations only a few points will be made about the 
institutional dimension. This brief focuses on the two most relevant for teachers’ work: the personal 
and instructional dimensions. 
 
The Institutional Dimension: What Must the Educational System Do? 

 
The educational system is the institution that provides the physical and political structure for schools. 
To make the institution more culturally responsive, reforms must occur in at least three specific areas 
(Little, 1999):Organization of the school—This includes the administrative structure and the way it 
relates to diversity, and the use of physical space in planning schools and arranging classrooms. School 
policies and procedures—This refers to those policies and practices that impact on the delivery of 
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services to students from diverse backgrounds. Community involvement—This is concerned with the 
institutional approach to community involvement in which families and communities are expected to 
find ways to become involved in the school, rather than the school seeking connections with families 
and communities.  
 

Although all three areas in the institution must become more culturally responsive, a particular 
concern is the impact of school policies and procedures on the allocation of resources. As Sonia Nieto 
(1999, 2002/2003) noted, we must ask the difficult questions:  

 
Where are the best teachers assigned?  
Which students get to take advanced courses?  
Where and for what purposes are resources allocated?  
 

We must critically examine the educational system’s relationship to its diverse constituents. Not only 
must changes occur institutionally, but personally and instructionally as well. The remainder of this 
brief addresses necessary transformations in the personal and instructional dimensions. 
 
The Personal Dimension: How Do Teachers Become Culturally Responsive? 
 
Teacher self-reflection is an important part of the personal dimension. By honestly examining their 
attitudes and beliefs about themselves and others, teachers begin to discover why they are who they 
are, and can confront biases that have influenced their value system (Villegas & Lucas, 2002). Because 
teachers’ values impact relationships with students and their families, teachers must reconcile negative 
feelings towards any cultural, language, or ethnic group. Often teachers are resistant to the notion that 
their values might reflect prejudices or even racism towards certain groups. When teachers are able to 
rid themselves of such biases, they help to create an atmosphere of trust and acceptance for students 
and their families, resulting in greater opportunity for student success. Another important aspect of the 
personal dimension is exploration. It is crucial that teachers explore their personal histories and 
experiences, as well as the history and current experiences of their students and families. With 
knowledge comes understanding of self and others, and greater appreciation of differences. When 
teachers are unbiased in their instruction and knowledgeable about themselves and their students, they 
can  
better respond to the needs of all their students.  
 
Specific Activities for Becoming a Culturally Responsive Teacher 
(Gay, 2002; Villegas& Lucas, 2002) 
 
1. Engage in reflective thinking and writing: Teachers must reflect on their actions and interactions 
as they try to discern the personal motivations that govern their behaviors. Understanding the factors 
that contribute to certain behaviors (e.g., racism, ethnocentrism) is the first step toward changing these 
behaviors. This process is facilitated by autobiographical and reflective writing, usually in a journal.  
 
2. Explore personal and family histories Teachers need to explore their early experiences and 
familial events that have contributed to their understanding of themselves as racial or nonracial beings. 
As part of this process, teachers can conduct informal interviews of family members (e.g., parents, 
grandparents) about their beliefs and experiences regarding different groups in society. The 
information shared can enlighten teachers about the roots of their own views. When teachers come to 
terms with the historical shaping of their values, teachers can better relate to other individuals.  
 
3. Acknowledge membership indifferent groups. Teachers must recognize and acknowledge their 
affiliation with various groups in society, and the advantages and disadvantages of belonging to each 
group. For example, for white female teachers, membership in the white middle-class group affords 
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certain privileges in society; at the same time being a female presents many challenges in a male-
dominated world. Moreover, teachers need to assess how belonging to one group influences how one 
relates to and views other groups.  
 
4. Learn about the history experiences of diverse groups. It is important that teachers learn about 
the lives and experiences of other groups in order to understand how different historical experiences 
have shaped attitudes and perspectives of various groups. Further, by learning about other groups, 
teachers begin to see differences between their own values and those of other groups. To learn about 
the histories of diverse groups, particularly from their perspectives, teachers can read literature written 
by those particular groups as well as personally interact with members of those groups.  
 
5. Visit students’ families and communities. It is important that teachers get to know their 
students’ families and communities by actually going into the students’ home environments. This 
allows teachers to relate to their students as more than just “bodies”  
in the classroom but also as social and cultural beings connected to a complex social and cultural 
network. Moreover, by becoming familiar with students’ home lives, teachers gain insight into the 
influences on the students’ attitudes and behaviors. Additionally, teachers can use the families and 
communities as resources (e.g., classroom helpers or speakers) that will contribute to the educational 
growth of the students.  
 
6. Visit or read about successful teachers in diverse settings. Teachers need to learn about 
successful approaches to educating children from diverse backgrounds. By actually visiting classrooms 
of successful teachers of children from diverse backgrounds and/or reading authentic accounts of such 
success, teachers can gain exemplary models for developing their own skills.  
 
7. Develop an appreciation of diversity To be effective in a diverse classroom, teachers must have 
an appreciation of diversity. They must view difference as the “norm” in society and reject notions that 
any one group is more competent than another. This entails developing respect for differences, and the 
willingness to teach from this perspective. Moreover, there must be an acknowledgment that the 
teachers’ views of the world are not the only views.  
 
8. Participate in reforming the institution The educational system has historically fostered the 
achievement of one segment of the school population by establishing culturally biased standards and 
values. The monocultural values of schools have promoted biases in curriculum development and 
instructional practices that have been detrimental to the achievement of students from culturally and 
linguistically diverse backgrounds. Teachers need to participate in reforming the educational system so 
that it becomes inclusive. As the direct link between the institution and the students, teachers are in a 
pivotal position to facilitate change. By continuing a traditional “conform-or-fail” approach to 
instruction, teachers perpetuate a monocultural institution. By questioning traditional policies and 
practices, and by becoming culturally responsive in instruction, teachers work toward changing the 
institution. 
 
The Instructional Dimension: How Does Instruction Become Culturally Responsive? 
 
When the tools of instruction (i.e., books, teaching methods, and activities) are incompatible with, or 
worse marginalize, the students’ cultural experiences, a disconnect with school is likely (Irvine, 1992). 
For some students this rejection of school may take the form of simply underachieving; for others, 
rejection could range from not performing at all to dropping out of school completely. Culturally 
responsive pedagogy recognizes and utilizes the students’ culture and language in instruction, and 
ultimately respects the students’ personal and community identities.  
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Specific Activities for Culturally Responsive Instruction 
(Banks& Banks, 2004; Gay, 2000; Ladson-Billings, 1994; Nieto, 1999) 
 
1. Acknowledge students’ differences as well their commonalities While it is important for 
teachers to note the shared values and practices of their students, it is equally incumbent that teachers 
recognize the individual differences of students. Certainly, culture and language may contribute to 
behaviors and attitudes exhibited by students. For example, some cultures forbid children to engage in 
direct eye contact with adults; thus, when these children refuse to look at the teacher, they are not 
being defiant but practicing their culture. However, for teachers to ascribe particular characteristics to a 
student solely because of his/her ethnic or racial group demonstrates just as much prejudice as 
expecting all students to conform to mainstream cultural practices. Moreover, because each student is 
unique, learning needs will be different. Recognizing these distinctions enhances the ability of the 
teacher to address the individual needs of the students. The key is to respond to each student based on 
his/her identified strengths and weaknesses, and not on preconceived notions about the student’s 
group affiliation.  
 
2. Validate students’ cultural identity in classroom practices and instructional materials 
Teachers should, to the extent possible, use textbooks, design bulletin boards, and implement 
classroom activities culturally supportive of their students. When the school-assigned textbooks and 
other instructional materials perpetuate stereotypes (e.g., African Americans portrayed as athletes) or 
fail to adequately represent diverse groups (e.g., books containing no images or perspectives of Native 
Americans, Latinos(as), and other non-Anglo Saxons), teachers must supplement instruction with 
resources rich in diversity and sensitive in portrayal of individuals from different backgrounds. By 
utilizing images and practices familiar to students, teachers can capitalize on the strengths students 
bring to school. The more students experience familiar practices in instruction and are allowed to think 
differently, the greater the feeling of inclusion and the higher the probability of success. For example, 
in some communities, members work together in a supportive manner to accomplish many tasks in 
their daily lives. Reflecting these home practices in instructional approach, such as the use of 
cooperative learning (Putnam, 1998), increases the likelihood of success for these students.  
 
3. Educate students about the diversity of world around them As the “village” in which students 
live becomes more global, they are challenged to interact with people from various backgrounds. When 
students are ignorant about the differences of other groups, there is a greater probability of conflicts. 
Particularly in the classroom where student diversity is increasing, students need the skills to relate to 
each other positively, regardless of cultural and linguistic differences. Teachers need to provide 
students with learning opportunities (e.g., have students interview individuals from other cultures; link 
students to email pals from other communities and cultures) so that they might become more culturally 
knowledgeable and competent when encountering others who are different. Furthermore, students will 
develop an appreciation for other groups when they learn of the contributions of different peoples to 
the advancement of the human race. A word of caution, this requires active research and planning by 
teachers so that cultural stereotypes are not inadvertently reinforced.  
 
4. Promote equity and mutual respect among students In a classroom of diverse cultures, 
languages, and abilities, it is imperative that all students feel fairly treated and respected. When students 
are subjected to unfair discrimination because of their differences, the results can be feelings of 
unworthiness, frustration, or anger, often resulting in low achievement. Teachers need to establish and 
maintain standards of behavior that require respectful treatment of all in the classroom. Teachers can 
be role models, demonstrating fairness and reminding students that difference is normal. Further, 
teachers need to monitor what types of behaviors and communication styles are rewarded and praised. 
Oftentimes these behaviors and ways of communicating are aligned with cultural practices. Care must 
be taken so as not to penalize a student’s behavior just because of a cultural difference.  
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5. Assess students’ ability and achievement validly The assessment of students’ abilities and 
achievement must be as accurate and complete as possible if effective instructional programming is to 
occur. This can only be accomplished when the assessment instruments and procedures are valid for 
the population being assessed. In today’s schools students possess differences in culture and language 
that might predispose them to different communication practices and even different test-taking skills. 
Hence, assessment instruments should be varied and suited to the population being tested. When this 
does not occur, invalid judgments about students’ abilities or achievement are likely to result. Further, 
tests that are not sensitive to students’ cultural and linguistic background will often merely indicate 
what the students don’t know (about the mainstream culture and language) and very little about what 
they do. Thus, the opportunity to build on what students do know is lost.  
 
6. Foster a positive interrelationship among students, their families, the community, and 
school When students come to school they bring knowledge shaped by their families and community; 
they return home with new knowledge fostered by the school and its practitioners. Students’ 
performance in school will likely be affected by the ability of the teacher to negotiate this home-
community-school relationship effectively. When teachers tap into the resources of the community by 
inviting parents and other community members into the classroom as respected partners in the 
teaching-learning process, this interrelationship is positively reinforced. To further strengthen their 
bond with the students and their community, teachers might even participate in community events 
where possible. Moreover, everyone benefits when there is evidence of mutual respect and value for 
the contributions all can make to educating the whole student.  
 
7. Motivate students to become active participants in their learning Teachers must encourage 
students to become active learners who regulate their own learning through reflection and evaluation. 
Students who are actively engaged in their learning ask questions rather than accept information 
uncritically. They self-regulate the development of their knowledge by setting goals, evaluating their 
performance, utilizing feedback, and tailoring their strategies. For example, by examining his or her 
learning patterns, a student may come to realize that reviewing materials with visual aids enhances 
retention, or that studying with a partner helps to process the information better. It is important, 
therefore, that teachers structure a classroom environment conducive to inquiry-based learning, one 
that allows students to pose questions to themselves, to each other, and to the teacher.  
 
8. Encourage students to think critically A major goal of teaching is to help students become 
independent thinkers so that they might learn to make responsible decisions. Critical thinking requires 
students to analyze (i.e., examine constituent parts or elements) and synthesize (i.e., collect and 
summarize) information, and to view situations from multiple perspectives. When teachers provide 
opportunities for students to engage in this kind of reasoning, students learn how to think “outside the 
box.” More important, these students learn to think for themselves. These students are less likely to 
accept stereotypes and to formulate opinions based on ignorance. To foster these skills, teachers might 
devise “what if” scenarios, requiring students to think about specific situations from different 
viewpoints.  
 
9. Challenge students to strive for excellence as defined by their potential All students have the 
potential to learn, regardless of their cultural or linguistic background, ability or disability. Many 
students often stop trying because of a history of failure. Others, disenchanted with a low-level or 
irrelevant curriculum, work just enough to get by. Teachers have a responsibility to continually 
motivate all students by reminding them that they are capable and by providing them with a challenging 
and meaningful curriculum. Low teacher expectations will yield low student performance. It is 
important to engage students in activities that demonstrate how much they can learn when provided 
with appropriate assistance. As students progress, teachers need to continually “raise the bar,” giving 
students just the right amount of assistance to take them one step higher, thereby helping students to 
strive for their potential.  
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10. Assist students in becoming socially and politically conscious Teachers must prepare students 
to participate meaningfully and responsibly not only in the classroom but also in society. Meaningful 
and responsible participation requires everyone to critically examine societal policies and practices, and 
to work to correct injustices that exist. Students must be taught that if the world is to be a better place 
where everyone is treated fairly, then they have to work to make it so. This is their responsibility as 
citizens of their country and inhabitants of the earth. To foster this consciousness, teachers might have 
students write group or individual letters to politicians and newspaper editors voicing their concerns 
about specific social issues; or students might participate in food or clothing drives to help people less 
fortunate. 
 
What Are the Implications of Culturally Responsive Pedagogy? 

 
Teachers have a responsibility to all their students to ensure that all have an equal opportunity to 
achieve to the best of their ability. If instruction reflects the cultural and linguistic practices and values 
of only one group of students, then the other students are denied an equal opportunity to learn. 
Instruction that is culturally responsive addresses the needs of all learners. The educational system 
plans the curriculum for schools, and teachers as their “institutional agents” transfer the prescribed 
content to their students. This daily contact with students provides teachers with a unique opportunity 
to either further the status quo or make a difference that will impact not only the achievement but also 
the lives of their students. Indeed, teachers must recognize their “power” and use it wisely in teaching 
other people’s children (Delpit, 1988). Although the curriculum may be dictated by the school system, 
teachers teach it. Where the curriculum falls short in addressing the needs of all students, teachers must 
provide a bridge; where the system reflects cultural and linguistic insensitivity, teachers must 
demonstrate understanding and support. In short, teachers must be culturally responsive, utilizing 
materials and examples, engaging in practices, and demonstrating values that include rather than 
exclude students from different backgrounds. By so doing, teachers fulfill their responsibility to all their 
students. 
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Section I. Research Articles 

Principal Leadership, March 2005 
 

Busting Myths about Differentiated Instruction 
By: Rick Wormeli 

 
Many teachers and principals claim that their schools differentiate instruction for diverse learners, but when 
pressed to define differentiated practice, some of them offer contrasting and even misinformed descriptions. If 
teachers and principals are going to promote differentiated lessons and assessments, then both need to be clear 
about what they are and are not. So, let's bust a few myths. 
 

Myth 1: Students Will Be Unprepared for Tests 
First, differentiated instruction and standardized tests are not oxymoronic. Some principals think that if teachers 
differentiate in their classes, students will be disabled when they take state assessments that are not differentiated. 
Nothing could be farther from the truth. Students will do well on standardized assessments if they know the 
material well, and differentiated instruction's bottom line is to teach in whatever way students best learn. Here's a 
definition that works for many educators: Differentiating instruction is doing what's fair and developmentally 
appropriate for students. It's a collection of best practices strategically employed to maximize students' learning at 
every turn, including giving them the tools to handle anything that is undifferentiated. It requires us to do 
different things for different students some, or a lot, of the time. It's whatever works to advance the student. It's 
highly effective teaching. Students will do well on standardized assessments because of differentiated approaches. 
Do teachers also teach test-taking savvy and offer some classroom assessments that are similar to state tests? 
Sure, these are life skills. Educational Testing Service and other producers of standardized assessments, however, 
will tell you that their products shouldn't be the sole focus of educators. Such assessments can only sample 
learning, making observations about mastery inferential at best, and they are meant to look at trends and patterns 
for a school, not exclusive evidence about an individual student or teacher's performance. State policymakers and 
legislators want educators to focus on their true goals: to teach students how to interpret graphs, obtain insight 
from historical events, understand the scientific processes of living organisms, incorporate healthy diet and 
exercise into everyday life, and create the jarring beauty of music written with just the right dynamics. Anything 
teachers do to enable students to become their own advocates in this cause is worthy, and differentiated practices 
do just that. Some educators think that we hurt students' performance on standardized tests when teachers offer 
alternative assessments in their classes. Students will expect it everywhere, they argue. Here's the rule of thumb: If 
the final product is required as part of the legally mandated state curriculum, then the product is nonnegotiable. 
In Virginia, for example, all students have to write a persuasive essay. Teachers do not yield to students' whining, 
"I don't write very well. Could I do a persuasive diorama instead?" If, however, students are learning the Kreb's 
cycle in biology, the demonstration of mastery does not require a specific product. It really doesn't matter how 
students do it. Let them make a poster or create a Web site devoted to the topic. Let them conduct a debate or 
create a coloring book on the topic, or let them take the test orally. The goal is to get an accurate rendering of 
mastery. If a student can express what he or she knows more accurately by using an alternative format, get out of 
their way and let them do it. Teachers dilute a grade's accuracy and thereby usefulness when assessments are tests 
of the test format more than the content itself. Give students some training in how to take standardized tests, but 
don't get in the way of them demonstrating true mastery. 
 

Myth 2: Differentiation Equals Individualization 
Differentiated instruction is not individualized instruction, although sometimes teachers may individualize as 
warranted. An individual teacher would go nuts implementing an individualized education program for every 
secondary student. No one expects educators to do this. When a teacher answers a confused student's question, 
stands near to a student to quiet him or her down, suggests an alternative research resource, or suggests that a 
student turns lined paper sideways to create columns, the teacher is individualizing and, yes, differentiating 
instruction. The individualizing is temporary, done as necessary. Related to this myth is the idea that 
differentiated classrooms always ask students to work individually or in small groups. Some students learn 
primarily in whole-class instruction, some in small groups, and some working individually. Successful teachers 
offer all three formats over the course of a week or unit of study. This is the "ebb and flow" that differentiated 
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instruction expert Carol Ann Tomlinson talks about in her books. There is a problem in some classes, however: 
Teachers teach one or two of these ways on most occasions, rarely using the third, whichever it might be. 
Teachers who avoid this other approach are concerned that students might not be working, learning, and 
benefiting from the experience. Often, this doubt is more a matter of the teacher's lack of expertise with that 
third approach, not its usefulness within their discipline. In every class, students need to encounter content and 
skills in the large group, in small groups, and in their independent work. Because teachers cannot afford to be 
weak in any area, they must improve their ability to use the third way. Teachers can't trust that. Other classes will 
provide students with the experience. Some teachers make the mistake in thinking that multiple groups in class or 
multiple choices for a final unit project means that they are differentiating. This may or may not be an indicator 
of differentiation. The important factor is whether those students were grouped, or those project choices were 
offered, on the basis of specific information the teacher knew about his or her students. If teachers divide 
students into groups or offer project choices without regard for students' needs, it's called "being creative" or 
"breaking up routine," not "differentiated instruction." It becomes differentiated practice when teachers use 
assessment to guide instructional decisions. In an effort to promote such practices, it's completely reasonable for 
principals to ask teachers, "Tell me how you used assessment to guide an instructional approach this week."  
 

Myth 3: Differentiation Means Unbalanced Workloads 
Another myth is that teachers differentiate instruction and assessments by changing the workload or difficulty of 
the task. Example: If a student is an unusually gifted reader, teachers don't give him longer or more books to 
read. If he's really that smart and teachers give him additional tasks to do, he'll learn to play dumb. Instead, 
teachers increase the challenge of the reading, pushing the student to use reading and the author's ideas in new 
ways. If possible, teachers try to keep the task roughly the same for students because it was something the 
teachers deemed important to instruction. If we change that task, however, it's fine, but we have to make sure it's 
not an increase in the workload. We don't ask advanced students to complete something in two days that we 
allow the rest of the class an entire week to do. Are there times we allow struggling students to do a 
representative subset of math problems the rest of the class is doing in full because it will take these struggling 
students longer to complete them? Sure. We'll build automacity with the concepts down the road. Right now, 
we're just working on concept attainment. Borrowing from cognitive science, teachers don't want students to 
confabulate (Sousa, 2001). Confabulation is when students get a partial understanding of something but the brain 
requires the whole picture, so it makes up information or borrows from other memories and inserts information 
in the missing holes, convincing itself that this was the original learning all along. It takes more emotional and 
intellectual energy to go back and undo bad learning than it does to teach for mastery the first time around. For 
example, teachers who are differentiating instruction sometimes tell some students to not do homework others 
are doing. Homework is meant to reinforce, practice, extend, and prepare, not to learn new concepts from 
scratch. Teachers can re-teach partial understanding students tomorrow and give them an alternative assignment 
that combines practice from today and tomorrow's concepts.  
 

Myth 4: Lack of Mastery at the Same Time as Classmates Means Lack of Credit 
Another myth: All students must demonstrate mastery on the same day of the grading period or it's unfair to give 
them the same full credit. Every well-respected principal knows that students aren't always ready to accept what 
teachers have to offer. Educators learned this from early childhood education. Imagine how silly, even abusive, it 
would be to say to a group of one-year-olds, "Listen up: Everyone needs to be walking on the third day of the 
11th month, or that's it. We divide you into walkers and nonwalkers and never allow nonwalkers to fully 
demonstrate proficiency when they eventually learn to walk." Yet this is what teachers do when they say, "All 160 
of my students will demonstrate 100% mastery with 100% of this material in this one particular test format at 
10:00 a.m. on this Tuesday morning, or else." This is what education expert Nancy Doda calls a "learn, or I will 
hurt you" attitude. The truth is that is doesn't matter when students demonstrate mastery. If they give a sincere 
effort all along, let them retake tests and assignments for full credit when they are ready. Adults don't play these 
games with one another; we're allowed to redo all certification and licensure exams over and over until we pass. 
Teachers should extend the same courtesy and hope to their students. Teachers teach so students learn, not just 
to document deficiencies. If readers worry about student accountability and the paperwork associated with 
redoing work, figure 1 has some protocols that might help.  
 
Myth 5: "I Taught It. It's Up to Students to Learn It." 
Some teachers think their job is done if they just tell students the information. Mark Twain wisely quipped, 
"Teaching is not telling. If it were telling, we'd all be so smart we couldn't stand ourselves." Teaching isn't just 
telling or presenting. This is where mediocre teachers stop. Accomplished teachers present in such a manner that 
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students find the information and skills meaningful. Here's the curriculum presented to a teacher to teach: CPR 
USA. At first, this makes little sense, but the teacher thinks of a mnemonic for students, "Charlie Parker, aRe yoU 
SAd?" to memorize and moves on. Students will spit it out for a test then forget it, never finding it meaningful. 
However, a great teacher who is an expert in four areas student development, cognitive theory, differentiated 
practice, and course content-will do something different. That teacher adjusts the pacing of delivery and grouping 
of information so students can make sense of it and find meaning in it. Using the associative property in 
mathematics, here's how the teacher presents it: CPR USA. This analogy was adapted from cognitive theory 
expert, David Sousa, and it's what differentiated schools do every day. It's dangerous to say this to principals, but 
here it goes: What teachers teach is irrelevant. It doesn't matter what they teach. Really. What matters is what 
students take with them when they leave those teachers at the end of the year. This is the greatest testimony to 
teachers and to a school. If teachers are rallying their energy around what they're teaching, they've missed the 
boat. Ask them instead to spend their energy on what students are learning. Do teachers teach in a way that is 
likely to be retained beyond just parroting information back on a test, or do they teach to get through a section of 
the curriculum? If teachers are teaching for long-term retention, then they employ best practices (e.g., 
differentiated instruction) and do whatever it takes for students to learn. 
  

Myth 6: Lesson Plans Must Be Turned In 
It is appropriate to ask for lesson plans from teachers who are undergoing disciplinary action or need assistance, 
but there's little or no correlation to increased student achievement in most classes. It breeds resentment and is 
about control, not learning. It is helpful, however, if teachers submit general themes and unit goals. Principals 
should worry about pristine plan books. Teachers who have pristine books may not be responding to the needs 
of their students, only ensuring that lessons are delivered according to plan.  
Celebrate teachers who have erasures, arrows, and scribbled notes in their lesson plan books. It may not be a sign 
of disorganization as much as it is a sign of responsive lessons.  
 

Myth 7: Summative Assessment Leads to Learning 
Summative assessments like unit tests and final projects are done post-learning. The real powerhouse is formative 
assessment. This is made of smaller assessments and checkpoints done en route to mastery. Students get regular 
and frequent feedback in a timely manner that they can use. Teachers should spend at least as much energy 
designing their formative assessments as they do their summative assessments. 
 

Myth 8: Students Won't Be Able to Compete in the Real World 
Differentiation is not about making things easier. Go back and look at the definition of differentiated instruction 
mentioned earlier. Teachers prepare students for whatever comes a student's way, differentiated or not. They 
don't teach them one way to take notes; they teach them 10 different ways to take notes and under what 
conditions each technique would be most useful. Teachers don't teach students to write a five paragraph essay; 
they teach students to write an appropriately paragraphed essay. And teachers don't differentiate all the time-only 
as necessary for students to learn well. If teachers maximize learning at every turn, imagine students' competence 
and what they can contribute to the world. 
 

Myth 9: If We Don't Differentiate, Students Will Toughen Up 
If we don't differentiate, students won't learn; incompetence pokes in its ugly head. Imagine being asked to do 
things at which you are incompetent. You'd get nervous, embarrassed, then angry. Without strategic differentiated 
instruction, students probably don't graduate. In addition, the real world is differentiated. A brake mechanic can 
consult manuals, the manufacturer, and a senior mechanic if he or she doesn't know how to fix a car, and he can 
even extend deadlines. Military recruits get as many times as it takes to smoothly disassemble and reassemble an 
assault rifle in the field. Some can do it in 8 attempts and some need 24, but they get it done.  
 

Myth 10: There Is Only One Way to Differentiate 
Perhaps the biggest differentiated instruction myth of all is that there is one way to do it. There isn't. It's not a 
scripted, sent-from-on high program. What works in one classroom doesn't necessarily work in another-but 
pieces of it might. Some teachers have little space and resources, but they differentiate brilliantly and students 
soar. Some have all the space and resources they need, but don't know how to use it effectively and students 
suffer. Principals are in a position to affect a teacher's understanding and implementation of differentiated 
approaches dramatically. Half of differentiation is the teacher's mind-set: "Am I teaching so students best learn?" 
The rest of it is expertise in course content, cognitive theory, the developmental level of the students, and 
differentiated practices. Over the past 20 years, educators have learned powerful and universally accepted ideas in 
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these areas, and they've built an effective lexicon that allows them to communicate these ideas with one another 
with speed and accuracy. As a result, they are progressing steadily toward even more student success, but only if 
teachers are inclined and have the time to study the ideas. Providing both of these is one of the principal's many 
roles. They ask, "What have I done this week to open differentiated instruction to my staff?" 
One of the great places to start is with the principal's own attempts to differentiate staff training. Putting beliefs 
into action is one of the tenets of great leadership and is deeply respected by teachers. Principals can share their 
journey openly with staff members just as teachers can share with students. The big step, however, is to shed the 
myths that mire educators in complacency and keep them from seeing what can be. 
References 

Sousa, D. A. (2001). How the brain learns (2nd Ã©d.). Thousand Oaks, CA: Corwin. 
Rick Wormeli (rwormeli@erols.com) is a teacher, author, and presenter based in Herndon, VA. 
Copyright National Association of Secondary School Principals Mar 2005 
Provided by ProQuest Information and Learning Company. All rights Reserved 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 60

Promoting Academic Engagement through 
Insistence: Being a Warm Demander 

by Ross, Dorene D,   Bondy, Elizabeth,   Gallingane, Caitlin,   Hambacher, Elyse 

 

most are far less effective at engaging African American students. A positive psychological 
environment characterized by respectful interactions, a calm tone, minimal student resistance, and a 
clear academic focus (Patrick, Turner, Meyer, & Midgley, 2003) will help achieve increased student 
engagement and decreased task avoidance. One key strategy in creating a positive psychological 
environment is the teacher's capacity to "insist" that the students meet established academic and 
behavioral standards. This paper describes the purposes, structure, and tone of insistence, with 
examples from three low-income, predominantly African American classrooms on the first day of 
school. The teachers-one white (a 3rd-grade teacher, "Ms. Third"), one black (a 2nd-grade teacher, 
"Ms. Second"), and one Asian (a 5th-grade teacher, "Ms. Fifth")-were novices, with fewer than five 
years of classroom experience, who were selected based on observations during the previous year. Each 
was observed to set high academic and behavioral expectations and then insist firmly yet respectfully 
that students meet those expectations. Some have referred to this kind of teacher as a "warm 
demander" (Irvine, 2003; Kleinfeld, 1975).  

THE PURPOSES OF INSISTENCE  

The primary purpose of teacher insistence is to create a supportive psychological environment that 
scaffolds student engagement and achievement. Literature on positive classroom environments (Patrick 
et al., 2003), the development of resilience (Benard, 2004), culturally relevant pedagogy (Irvine, 2002, 
2003; Ladson-Billings, 1994), and culturally relevant classroom management (Brown, 2003; Weinstein, 
Tomlinson-Clarke, & Curran, 2004) reveals four attributes of classrooms that scaffold high 
achievement:  

* A strong, caring, respectful relationship between each student and the teacher  

* Caring, respectful relationships among peers, creating a culture in which everyone feels safe enough 
to take risks  

* A task-focused, calm environment that enables everyone to concentrate and learn  

If educators are to bridge the 
black/white achievement gap, 
they must find a way to 
engage low-income and 
minority youth in academic 
learning. While ample 
evidence indicates that some 
teachers are highly effective in 
engaging students (e.g., 
Bempechat, 1998; Corbett, 
Wilson, & Williams, 2002; 
Irvine, 2002; Ladson-Billings, 
1994), the persistence of the 
achievement gap suggests that 
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* High and clear expectations for academic performance.  

Through their daily interactions with children, teachers who create such psychologically supportive 
environments communicate that they know and value the children, their families, their cultures, and 
their communities. In addition, the classrooms are characterized by a strong commitment to student 
learning and a pervasive belief in the children's strengths and capabilities.  

In examining teachers' use of insistence, it is critical to remember its purpose. Teachers who are warm 
demanders model and insist on a culture of achievement, equity, and mutual respect. They insist that 
children treat the teacher with respect, treat one another with respect, and participate in ways that give 
every child an equal opportunity to learn. They insist that children try hard, encourage others to try 
hard, and give their best effort every day. Most important, they work tirelessly and consistently to 
ensure that children's efforts are successful. Just as they insist that children never give up on 
themselves, these teachers never give up on children. As such, the teachers illustrate Noddings' (1984) 
view of care as actions focused on the needs and goals of those who are being cared for-namely, the 
students.  

Clarifying the difference between the authoritative insistence on effort and appropriate behavior and 
the authoritarian use of power is important in understanding the purpose of "insistence." Delpit (1995) 
notes that students of color respond to authoritative classroom management, because they expect a 
teacher to act with authority. She describes the authoritative teacher as exhibiting personal power, 
earning respect rather than demanding it, setting standards and pushing students to meet them, and 
believing all students can learn. In contrast, an authoritarian teacher is indirect in expressing 
expectations and expects obedience from students without justification.  

Delpit further argues that the authoritative teacher holds students' attention by using a communicative 
style that appeals to affiliation rather than authority to maintain order, and believes it unnecessary to 
use coercive means to control behavior. The teacher avoids an authoritarian atmosphere that 
communicates "because I said so" and finds ways to allow students to vent frustrations and disagree 
with school- or teacher-imposed constraints, while building a community that works together to find a 
solution acceptable to all. Insistence for its own sake or in the service of rules that are not linked to 
creating a psychologically supportive environment in which students can succeed would create a culture 
focused on teacher power and control, a non-supportive environment that would increase student 
resistance and undermine engagement and achievement motivation (Patrick et al., 2003).  

THE STRUCTURE OF INSISTENCE: WHAT DOES IT LOOK LIKE?  

Insistence begins from the first moment of the first day of school. Through insistence, the teacher 
conveys her expectations, her authority, and her intention to be consistent. The teacher is neither 
authoritarian nor heavy-handed. She simply conveys through actions and words that students WILL 
meet her expectations. Let's look at some of the different ways that teachers insist.  

Make Expectations Clear  

Being explicit about expectations is a standard recommendation from the literature on classroom 
management (Bohn, Roehrig, & Pressley, 2004; Emmer, Evertson, & Anderson, 1980). However, it is 
easy to underestimate how many times a teacher must communicate expectations before they are clear 
to students. In addition, it can be hard for novice teachers to understand the level of detail required 
before expectations are "clear." For example, a teacher might state, "When I give the signal, get in line." 
While this statement is direct, it is not detailed enough to make the teacher's expectation clear. If the 
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teacher's only strategy were this statement, it is unlikely every child would demonstrate appropriate 
behavior.  

The three teachers focused on here do more than "state" expectations; they make sure students hear 
them, understand them, and practice them. Also, they use varied strategies so that students stay 
engaged during instruction about expectations. Note the use of detailed and direct language and the 
varied format and purposes of the following communications:  

The teachers clearly state their expectations.  

* The rule is going to be that once Ms. Second starts talking and giving directions, you are not allowed 
to get up and go get water and go to the rest room, so do that first thing in the morning. (Ms. Second)  

* Every time you're in here and my door shuts, your eyes should be following where I am. (Ms. Fifth)  

* When I call your name, you may either say "Here" or you may raise your hand. (Ms. Third)  

The teachers provide demonstrations or examples.  

* I have a question for you, and raise your hand to give me an answer [raises own hand]. (Ms. Fifth)  

* Give me an example of good manners... and another ... and another. (Ms. Second)  

* Put your papers in one pile on your table. So we have one pile here, one pile here, one pile here 
[designating a spot for papers at each table]. (Ms. Third)  

* You know, . . . just then I said I hope none of you like Pokémon. It's an opinion of mine, but I 
should be very careful when I voice my opinion because I could hurt someone's feelings. So we can 
learn from that,... I make mistakes, too. (Ms. Fifth)  

The teachers provide negative examples, thereby enabling them to demonstrate appropriate behavior 
with humor and to help students anticipate possible instances of inappropriate behavior:  

* [Our next rule is] work quietly and do not disturb others. Okay, let's say, for example, Keon was 
absent and we took a test, and he comes back, and he needs to make up the test, and he goes over to 
this area to make up his test. If you are finished [with] your work, should you be snapping and singing? 
No, because it will throw him-AAGGG [he'll say], I can't think! So make sure you are courteous when 
people are working. (Ms. Second)  

* When we are in line, do we talk? ... So do you think you should be standing next to someone that you 
know you would talk to? (Ms. Fifth)  

* Let's say we are working in groups and three [vote] to use the purple marker and Dwight wanted to 
use blue. Should he sit there and look like this [she pouts]? No, he shouldn't. He should say, "Oh well, 
I didn't win that time, but maybe next time." (Ms. Second)  

The teachers also require student restatement of expectations and that students practice the appropriate 
behavior:  

* My hand goes up, your hand goes up [waits to see every hand is up]. (Ms. Fifth)  
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* Now, I want you to put up your markers. What do I want you to do? [Students respond chorally-"Put 
up the markers!"] (Ms. Second)  

* If you have a question, raise your hand [teacher raises her hand]. Let me see everyone raise their 
hand. Oooh, I see two people [who] don't have hands. (Ms. Second)  

Note that in these last examples the key word is "require." The teacher not only states the expectation 
and models it, but she also makes it clear that she expects each student to practice the appropriate 
behavior. And the teachers wait until the appropriate behaviors are demonstrated. In some cases, this 
means practicing behaviors repeatedly. For instance, all three teachers require students to practice the 
lining up procedure multiple times until student performance matches the teacher's expectation. And 
the teachers make it very clear that "almost" is not good enough. "Almost" means practice again!  

Repeat, Remind, Reinforce  

In most elementary classrooms, one can observe numerous instances of one or more students ignoring 
the teacher's first (or even second) request. Our teachers respond to these students firmly and 
respectfully. One kind of response is to calmly repeat their request or remind students of the relevant 
expectation. Ms. Second often used repetitions. These often-verbatim repetitions are delivered matter-
of-factly. The repetition is delivered in the same tone of voice as the initial request and continues until 
students comply. It almost sounds like a broken record:  

* Eyes on Ms. Second. Eyes on Ms. Second. Eyes on Ms. Second.  

* I want everyone to stand, pushing in your chair. Stand and push in your chair. Stand and push in your 
chair. (Ms. Second)  

* What happens when my hand goes up? What does that mean, Sean? What happens when my hand 
goes up? Yes, and your hand goes where? (Ms. Fifth)  

Another way to respond when students ignore a teacher request is with a reminder:  

* What kind of folder is this? Does it come back to me? (Ms. Fifth)  

* If you have a question, raise your hand. Let me see everyone raise their hand. (Ms. Second)  

* Charles, which way should you turn in line? There you go. Thank you. (Ms. Fifth)  

It is important to note that throughout the first two or three weeks of school, our teachers' initial 
response to student lapses is repetition, re-teaching, and reminding. Not all reminders are verbal. 
Sometimes, a teacher reminds by miming the appropriate action (e.g., raising her hand when students 
forget to raise theirs). Often, the teachers use their physical presence as a way to remind. They may 
move close to a forgetful student, which often serves as sufficient reminder of the appropriate 
procedure or encourages more focus on an academic task. Being insistent does not mean being 
punitive. Being insistent simply means using varied strategies to communicate that the teacher means 
what she says-always.  

Additionally, the teachers pepper their classrooms with reinforcement. While reinforcement looks 
different in the lower and upper elementary classrooms, all three teachers use reinforcement to increase 
appropriate behavior and encourage academic effort-in Ms. Fifth's word, to reinforce "making right 
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choices." In addition to repeatedly using words like, "That's right," "Excellent," "Exactly," "Good 
thinking," "Great example," and "Thank you," teachers also use explicit praise to reinforce behaviors 
that demonstrate core purposes:  

* That shows a lot of respect, right? You show each other lots of respect, right? Right! (Ms. Fifth)  

* See, that's a time when you don't laugh and you guys didn't laugh; good job! (Ms. Fifth)  

* I like how you are being quiet and waiting for me to finish with my visitor. (Ms. Second)  

Unfortunately, students sometimes continue inappropriate behavior despite reminders. An additional 
insistence strategy used by these teachers is the implementation of consequences.  

Responses to Continued Inappropriate Behavior  

The biggest challenge to any teacher is the student who repeatedly violates classroom rules and 
procedures. Our teachers respond in two ways. First, they do not hesitate to use consequences to 
reinforce their expectations; second, they view repeated infractions as a puzzle to be solved.  

Using Consequences To Reinforce Expectations. Although the tone of the three classrooms is very 
positive, the teachers do not hesitate to use consequences when necessary. When one of Ms. Second's 
students resisted standing and looking at the teacher (a part of the lining up procedure), she reminded, 
repeated, and referenced the possibility of a consequence by saying, "Everyone should stand up nice 
and tall and your eyes should be on me. Eyes on me. I would hate to move a clothespin." She was 
referring to her "stoplight" system in which a student's clothespin could be moved from green light 
(ready to learn) to yellow (caution) to red (loss of privileges or parent notification). When the student 
continued to resist the procedure, she moved the student's clothespin. Similarly, when one of Ms. 
Third's students continued talking as the teacher was talking, she looked directly into his eyes and said, 
"Who's talking? Hmmmm, am I going to have to move somebody on the first day?" And when the 
talking continued, she calmly led the student to another desk.  

Viewing Misbehavior as a Puzzle To Be Solved.  

For those students whose behavior gives the teacher concern, the teachers adopt a wait-and-see stance 
that includes observation and data collection. Before taking action, the teachers want to understand 
better the nature and extent of the problem. Ms. Third explained, "You know, I don't really know 
[what's going on with him], so I'm going to play it by ear for the rest of the week and just kind of 
monitor things, keep a log of different things that happen and different things that might concern me." 
Similarly, Ms. Second decided on the first day of school that she would find opportunities to talk 
privately with one of her students in an effort to understand her better. Although the teachers agreed 
with Ms. Third's assertion that it is important to "nip [a problem] in the bud in the very beginning of 
the year," they also agreed with her approach of studying the problem in order to determine 
appropriate action. They believed more information would help them solve the puzzle of a student's 
misbehavior.  

THE TONE OF INSISTENCE  

Insistence definitely means "demanding" appropriate behavior. However, the tone of insistence, 
although difficult to convey in a written format, is more important than the structure. The tone in these 
classrooms conveys the "warmth" that comes with mutual respect and a caring relationship between 
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teacher and students. Insistence is authoritative, firm, and respectful, and never authoritarian, punitive, 
sarcastic, or demeaning.  

One striking characteristic of these classrooms is that the teachers calmly, respectfully, and directly 
communicate their expectations and reminders, and even the consequences for misbehavior. The 
following teacher comments about interactions in their classrooms capture the tone of all three 
classrooms:  

* I don't put on a façade. I'm just myself and, um, maybe they could just feel the genuineness. (Ms. 
Second)  

* [I decided to have them sign a letter of commitment] because I think if they take ownership of 
something like a document, they truly understand what it means. (Ms. Fifth)  

* I was real positive with the kids, and I think that's important because if they see that they are in a 
positive environment, they act positively ... as long as I had structure, and I had structure. (Ms. Fifth)  

* When the kids come in I will say good morning to each [one] just so they feel that "someone knows I 
am here; someone knows who I am; it means something that I am here." (Ms. Third)  

The teachers note that their management system is grounded in the personal relationships they develop 
with the children, but they also communicate verbally and nonverbally a view that children are children 
and teachers therefore must be authoritative adults who teach and insist on appropriate classroom 
interactions. Ms. Third articulated the dilemma:  

I build a relationship with them and [I would like for them to do what is right] just out of respect, . . . 
but during the first week of class they don't know me yet and there are kids who want to push buttons 
and there are kids [who] want to get away with everything.  

These teachers are not saints, and they are annoyed with student behavior at times. Yet a tone of anger 
or frustration almost never can be heard in the classroom. In fact, the pervasive tone in each classroom 
is respect and care. As Hall and Hall (2003) noted, an effective management system is grounded in 
gentle intervention that is respectful of student dignity and therefore "interrupts" misbehavior. In 
contrast, they noted, anger escalates inappropriate behavior.  

Insistence is an important component of culturally responsive classroom management, but it is not a 
stand-alone component. We have focused on insistence because a common problem for novice 
teachers who struggle in urban classrooms is that they incorporate many characteristics of culturally 
responsive pedagogy yet fail to demonstrate authoritative insistence. For example, Patrick et al. (2003) 
found clear distinctions among teachers who create supportive, ambiguous, or non-supportive 
environments. In ambiguous environments, the teachers are sometimes supportive and may set high 
expectations, but they fail to connect to students in a personal way because they are inconsistent in 
demanding effort and respect. In this way, they undercut their own efforts. The problems of many 
beginning teachers may be grounded in good intentions but result in the creation of ambiguous 
psychological environments.  

The research of Patrick et al. (2003) clearly shows that inconsistent teachers fail to support 
achievement motivation. This is a particularly salient point for young, white, female teachers who have 
been socialized to speak softly and to be non-direct and non-assertive, and therefore may be perceived 
to lack authority by African American youth (Thompson, 2004). For this reason, it is especially 
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important to help novice teachers learn the strategies of insistence that will help them convey their 
expectations to students. At the same time, we do not want to imply that insistence is the only strategy.  

Using the strategies of insistence within a framework of culturally responsive pedagogy holds great 
promise for teachers and their students. It is especially encouraging to note that teachers with little 
teaching experience and who are of diverse cultural backgrounds can be warm demanders. As Irvine 
(2003) pointed out, the purpose of insistence is not to demand compliance. Rather, teachers insist that 
students are respectful and hardworking because respect and hard work create an environment in 
which academic engagement and success can flourish. In fact, insistence may be viewed as the teacher's 
expression of care for students who have no time to waste-students who "not only can learn but must 
learn" (Irvine & Fraser, 1998, p. 56).  

INSISTENCE: CREATING THE CONDITIONS FOR SUCCESS  

The literature on culturally responsive pedagogy and management emphasizes the critical role played by 
insistence in scaffolding the success and achievement motivation of students of color. By clearly and 
consistently communicating expectations and insisting that students meet them, the teachers lay the 
foundation for a classroom in which task engagement can be maximized and task avoidance 
minimized. Given the clear links between task engagement and achievement (e.g., Connell, Spencer, & 
Aber, 1994; Furrer & Skinner, 2003), strategies that promote engagement certainly deserve teachers' 
attention. Interestingly, the teachers described here behave as warm demanders from the first moments 
of the school year. This is a critical period, note Patrick, Anderman, Ruan, Edelin, and Midgley (2001) 
and Patrick et al. (2003), because classroom psychological environments take shape quickly and remain 
stable over time. What teachers do first matters.  

Insistence is an important component of culturally responsive classroom management, but it is not a 
stand-alone component. We have focused on insistence because a common problem for novice 
teachers who struggle in urban classrooms is that they incorporate many characteristics of culturally 
responsive pedagogy yet fail to demonstrate authoritative insistence. For example, Patrick et al. (2003) 
found clear distinctions among teachers who create supportive, ambiguous, or non-supportive 
environments. In ambiguous environments, the teachers are sometimes supportive and may set high 
expectations, but they fail to connect to students in a personal way because they are inconsistent in 
demanding effort and respect. In this way, they undercut their own efforts. The problems of many 
beginning teachers may be grounded in good intentions but result in the creation of ambiguous 
psychological environments.  

The research of Patrick et al. (2003) clearly shows that inconsistent teachers fail to support 
achievement motivation. This is a particularly salient point for young, white, female teachers who have 
been socialized to speak softly and to be non-direct and non-assertive, and therefore may be perceived 
to lack authority by African American youth (Thompson, 2004). For this reason, it is especially 
important to help novice teachers learn the strategies of insistence that will help them convey their 
expectations to students. At the same time, we do not want to imply that insistence is the only strategy.  

Using the strategies of insistence within a framework of culturally responsive pedagogy holds great 
promise for teachers and their students. It is especially encouraging to note that teachers with little 
teaching experience and who are of diverse cultural backgrounds can be warm demanders. As Irvine 
(2003) pointed out, the purpose of insistence is not to demand compliance. Rather, teachers insist that 
students are respectful and hardworking because respect and hard work create an environment in 
which academic engagement and success can flourish. In fact, insistence may be viewed as the teacher's 
expression of care for students who have no time to waste-students who "not only can learn but must 
learn" (Irvine & Fraser, 1998, p. 56).  
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FOREWORD 
 
During the last decade, this country’s attention has been focused on improving reading education. 
This focus led to the generation of reports, reviews, revised curricula, redesigned professional 
development, and the provisions of the Reading First initiative.The recent interest in reading, 
however, directed attention almost entirely to early literacy—that is, to reading in the primary 
grades, defined as word recognition. Somewhat neglected in those various efforts was attention to 
the core of reading: comprehension, learning while reading, reading in the content areas, and 
reading in the service of secondary or higher education, of employability, of citizenship. It is clear 
that getting third graders to read at grade level is an important and challenging task, and one that 
needs ongoing attention from researchers, teacher educators, teachers, and parents. But many 
excellent third-grade readers will falter or fail in later-grade academic tasks if the teaching of 
reading is neglected in the middle and secondary grades. 
 
In 1950, when opportunities to achieve economic stability and a middle-class standard of living 
were open to those without a high school diploma, students unable to convert their third-grade 
reading skills into literacy levels useful for comprehending and learning from complex, content-rich 
materials could drop out of high school and still hope to achieve a reasonably comfortable and 
successful lifestyle. In 2004, however, there are few opportunities for the high school dropout to 
achieve a comparable way of life; jobs, welfare, and social safety nets will no longer be available as 
they once were. Educators must thus figure out how to ensure that every student gets beyond the 
basic literacy skills of the early elementary grades, to the more challenging and more rewarding 
literacy of the middle and secondary school years. Inevitably, this will require, for many of those 
students, teaching them new literacy skills: how to read purposefully, select materials that are of 
interest, learn from those materials, figure out the meanings of unfamiliar words, integrate new 
information with information previously known, resolve conflicting content in different texts, 
differentiate fact from opinion, and recognize the perspective of the writer—in short, they must be 
taught how to comprehend. 
 
Ensuring adequate ongoing literacy development for all students in the middle and high school 
years is a more challenging task than ensuring excellent reading education in the primary grades, 
for two reasons: first, secondary school literacy skills are more complex, more embedded in subject 
matters, and more multiply determined; second, adolescents are not as universally motivated to read 
better or as interested in school-based reading as kindergartners. This is, therefore, not a problem 
with a simple solution. But we have research-based as well as practice-based knowledge to bring to 
it. Reading Next: A Vision for Action and Research in Middle and High School Literacy charts a 
route for using that knowledge optimally, while at the same time adding to it. It is a call to 
researchers in this area to exchange a bit of their self-determination in the service of producing 
more interpretable findings, and a call to funders interested in educational reform to forfeit a bit of 
their programmatic autonomy to increase the returns on their investments. If both groups heed the 
call, adolescent readers and the teachers dedicated to their success will benefit. 
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EXECUTIVE SUMMARY 
 
The Issue 
 

American youth need strong literacy skills to succeed in school and in life. Students who do not 
acquire these skills find themselves at a serious disadvantage in social settings, as civil participants, 
and in the working world. Yet approximately eight million young people between fourth and 
twelfth grade struggle to read at grade level. Some 70 percent of older readers require some form of 
remediation. Very few of these older struggling readers need help to read the words on a page; their 
most common problem is that they are not able to comprehend what they read. Obviously, the 
challenge is not a small one. 
 
Meeting the needs of struggling adolescent readers and writers is not simply an altruistic goal. The 
emotional, social, and public health costs of academic failure have been well documented, and the 
consequences of the national literary crisis are too serious and far-reaching for us to ignore. 
Meeting these needs will require expanding the discussion of reading instruction from Reading 
First— acquiring grade-level reading skills by third grade—to Reading Next—acquiring the 
reading skills that can serve youth for a lifetime. Fortunately, a survey of the literacy field shows 
that educators now have a powerful array of tools at their disposal. We even know with a fair 
degree of certitude which tools work well for which type of struggling reader. However, we do not 
yet possess an overall strategy for directing and coordinating remedial tools for the maximum 
benefit to students at risk of academic failure, nor do we know enough about how current programs 
and approaches can be most effectively combined. 
 
The Approach 
 

To help address this problem, a panel of five nationally known and respected educational 
researchers met in spring 2004 with representatives of Carnegie Corporation of New York and the 
Alliance for Excellent Education to draw up a set of recommendations for how to meet the needs of 
our eight million struggling readers while simultaneously envisioning a way to propel the field 
forward. The resulting paper was reviewed and augmented by the Adolescent Literacy Funders 
Forum (ALFF) at its 2004 annual meeting. Although this report originally was targeted to the 
funding community, it offers information that will also prove invaluable to others, including 
researchers, policymakers, and educators. 
 
 
The Recommendations 
 

The Fifteen Elements of Effective Adolescent Literacy Programs 
This report delineates fifteen elements aimed at improving middle and high school literacy 
achievement right now.   

1. Direct, explicit comprehension instruction, which is instruction in the strategies and processes 
that proficient readers use to understand what they read, including summarizing, keeping track of 
one’s own understanding, and a host of other practices  
 

2. Effective instructional principles embedded in content, including language arts teachers using 
content-area texts and content-area teachers providing instruction and practice in reading and 
writing skills specific to their subject area 
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3. Motivation and self-directed learning, which includes building motivation to read and learn 
and providing students with the instruction and supports needed for independent learning tasks they 
will face after graduation 
 

4. Text-based collaborative learning, which involves students interacting with one another around 
a variety of texts.  
 

5. Strategic tutoring, which provides students with intense individualized reading, writing, and 
content instruction as needed.  
 

6. Diverse texts, which are texts at a variety of difficulty levels and on a variety of topics.  
 

7. Intensive writing, including instruction connected to the kinds of writing tasks students will 
have to perform well in high school and beyond. 
 

8. A technology component, which includes technology as a tool for and a topic of literacy 
instruction. 
 

9. Ongoing formative assessment of students, which is informal, often daily assessment of how 
students are progressing under current instructional practices. 
 

10. Extended time for literacy, which includes approximately two to four hours of literacy 
instruction and practice that takes place in language arts and content-area classes  
 

11. Professional development that is both long term and ongoing 
 

12. Ongoing summative assessment of students and programs, which is more formal and 
provides data that are reported for accountability and research purposes  
 

13. Teacher teams, which are interdisciplinary teams that meet regularly to discuss students and 
align instruction.  
 

14. Leadership, which can come from principals and teachers who have a solid understanding of 
how to teach reading and writing to the full array of students present in schools. 
 

15. A comprehensive and coordinated literacy program, which is interdisciplinary and 
interdepartmental and may even coordinate with out-of-school organizations and the local 
community. 
 

Since implementation of only one or two of these elements is unlikely to improve the achievement 
of many students, this report recommends that practitioners and program designers flexibly try out 
various combinations in search of the most effective overall program. Furthermore, any 
combination should include three specific elements: professional development, formative 
assessment, and summative assessment. No literacy program targeted at older readers is likely to 
cause significant improvements without these elements, because of their importance to ensuring 
instructional effectiveness and measuring effects. However, they should not be seen as sufficient in 
themselves to address the wide range of problems experienced by older struggling readers; rather, 
they act as a foundation for instructional innovations. 
 
 
Balancing Purposes 
This report also stresses that improving the literacy achievement of today’s and tomorrow’s youth 
requires keeping action balanced with research. The report outlines a balanced vision for effecting 
immediate change for current students and building the literacy field’s knowledge base. 
Stakeholders should select programs and interventions according to the inclusion or exclusion of 
the fifteen elements—thereby creating a planned variation—and evaluate implementation using a 
common process to allow for comparisons across programs. In line with this recommendation, 
outcomes and procedures for evaluation are detailed to promote cross-program comparisons. By 
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collecting data according to the recommended design, public and private funders, districts, and 
researchers will be able to disaggregate students and describe the different sources of their 
difficulty and the differentiated effects of programs and program components. Such disaggregation 
will provide a rich base for experimental research. 
 
The Relevance  
 

We believe that if the funding, research, policymaking, and education communities embrace these 
recommendations, the literacy field will make significant strides toward the goal of meeting the 
needs of all students in our society, while also strengthening our understanding of exactly what 
works, when, and for whom. We will thereby strengthen the chances for striving readers to graduate 
from high school as strong, independent learners prepared to take on the multiple challenges of life 
in a global economy. 
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FOREWORD 
 
 
Around the world, from the cave paintings in Lascaux, France, which may be 25,000 years old, to 
the images left behind by the lost Pueblo cultures of the American Southwest, to the ancient 
aboriginal art of Australia, the most common pictograph found in rock paintings is the human hand. 
Coupled with pictures of animals, with human forms, with a starry night sky or other images that 
today we can only identify as abstract, we look at these men’s and women’s hands, along with 
smaller prints that perhaps belong to children, and cannot help but be deeply moved by the urge of 
our ancestors to leave some permanent imprint of themselves behind. 
 
Clearly, the instinct for human beings to express their feelings, their thoughts, and their experiences 
in some lasting form has been with us for a very long time. This urge eventually manifested itself in 
the creation of the first alphabet, which many attribute to the Phoenicians. When people also began 
to recognize the concept of time, their desire to express themselves became intertwined with the 
sense of wanting to leave behind a legacy, a message about whom they were what they had done 
and seen, and even what they believed in. Whether inscribed on rock, carved in cuneiform, painted 
in hieroglyphics, or written with the aid of the alphabet, the instinct to write down everything from 
mundane commercial transactions to routine daily occurrences to the most transcendent ideas—and 
then to have others read them, as well as to read what others have written—is not simply a way of 
transferring information from one person to another, one generation to the next. It is a process of 
learning and hence, of education. 
 
Ariel and Will Durant were right when they said, “Education is the transmission of civilization.” 
Putting our current challenges into historical context, it is obvious that if today’s youngsters cannot 
read with understanding, think about and analyze what they’ve read, and then write clearly and 
effectively about what they’ve learned and what they think, then they may never be able to do 
justice to their talents and their potential. (In that regard, the etymology of the word education, 
which is to draw out and draw forth—from oneself, for example—is certainly evocative.) Indeed, 
young people who do not have the ability to transform thoughts, experiences, and ideas into written 
words are in danger of losing touch with the joy of inquiry, the sense of intellectual curiosity, and 
the inestimable satisfaction of acquiring wisdom that are the touchstones of humanity. What that 
means for all of us is that the essential educative transmissions that have been passed along century 
after century, generation after generation, are in danger of fading away, or even falling silent.  
 
In a recent report, the National Commission on Writing also addresses this concern. They say, “If 
students are to make knowledge their own, they must struggle with the details, wrestle with the 
facts, and rework raw information and dimly understood concepts into language they can 
communicate to someone else. In short, if students are to learn, they must write.” It is in this 
connection that I am pleased to introduce Writing Next. As the report warns, American students 
today are not meeting even basic writing standards, and their teachers are often at a loss for how to 
help them. In an age overwhelmed by information (we are told, for example, that all available 
information doubles every two to three years), we should view this as a crisis, because the ability to 
read, comprehend, and write—in other words, to organize information into knowledge—can be 
viewed as tantamount to a survival skill. Why? Because in the decades ahead, Americans face yet 
another challenge: how to keep our democracy and our society from being divided not only 
between rich and poor, but also between those who have access to information and knowledge, and 
thus, to power—the power of enlightenment, the power of self-improvement and self-assertion, the 
power to achieve upward mobility, and the power over their own lives and their families’ ability to 
thrive and succeed—and those who do not. 



 77

 
Such an un-crossable divide will have devastating consequences for the future of America. Those 
who enrich themselves by learning to read with understanding and write with skill and clarity do so 
not only for themselves and their families, but for our nation as well. They learn in order to 
preserve and enhance the record of humanity, to be productive members of a larger community, to 
be good citizens and good ancestors to those who will follow after them. In an age of globalization, 
when economies sink or swim on their ability to mine and manage knowledge, as do both 
individual and national security, we cannot afford to let this generation of ours or indeed, any other, 
fall behind the learning curve. Let me bring us back to where we began: For all of us, the handprint 
must remain firmly and clearly on the wall.  
 
 
Vartan Gregorian 
President, Carnegie Corporation of New York 
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EXECUTIVE SUMMARY 
 

A Writing Proficiency Crisis 
 

Writing well is not just an option for young people—it is a necessity. Along with reading 
comprehension, writing skill is a predictor of academic success and a basic requirement for 
participation in civic life and in the global economy. Yet every year in the United States large 
numbers of adolescents graduate from high school unable to write at the basic levels required by 
colleges or employers. In addition, every school day 7,000 young people drop out of high school 
(Alliance for Excellent Education, 2006), many of them because they lack the basic literacy skills 
to meet the growing demands of the high school curriculum (Kamil, 2003; Snow & Biancarosa, 
2003). Because the definition of literacy includes both reading and writing skills, poor writing 
proficiency should be recognized as an intrinsic part of this national literacy crisis. 
 
This report offers a number of specific teaching techniques that research suggests will help 4th- to 
12th-grade students in our nation’s schools. The report focuses on all students, not just those who 
display writing difficulties, although this latter group is deservedly the focus of much attention. The 
premise of this report is that all students need to become proficient and flexible writers. In this 
report, the term low-achieving writers is used to refer to students whose writing skills are not 
adequate to meet classroom demands. Some of these low-achieving writers have been identified as 
having learning disabilities; others are the “silent majority” who lack writing proficiency but do not 
receive additional help. As will be seen in this report, some studies investigate the effects of writing 
instruction on groups of students across the full range of ability, from more effective to less 
effective writers, while others focus specifically on individuals with low writing proficiency. 
Recent reports by the National Commission on Writing (2003, 2004, 2005) have helped to bring 
the importance of writing proficiency forward into the public consciousness. These reports provide 
a jumping-off point for thinking about how to improve writing instruction for all young people, 
with a special focus on struggling readers. Reading Next (Biancarosa & Snow, 2004), 
commissioned by Carnegie Corporation of New York, used up-to-date research to highlight a 
number of key elements seen as essential to improving reading instruction for adolescents (defined 
as grades 4–12). Writing Next sets out to provide guidance for improving writing instruction for 
adolescents, a topic that has previously not received enough attention from researchers or 
educators. 
 
While Reading Next presented general methods and interventions that several of America’s most 
respected adolescent literacy experts found to be useful for improving reading instruction, Writing 
Next highlights specific teaching techniques that work in the classroom. It does so by summarizing 
the results of a large-scale statistical review of research into the effects of specific types of writing 
instruction on adolescents’ writing proficiency. Although several important reviews of research on 
writing instruction exist (e.g., Langer & Applebee, 1987; Levy & Ransdell, 1996; MacArthur, 
Graham, & Fitzgerald, 2006; Smagorinsky, 2006), the special strength of this report is its use of a 
powerful statistical method known as meta-analysis. This technique allows researchers to determine 
the consistency and strength of the effects of instructional practices on student writing quality and 
to highlight those practices that hold the most promise. 
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The Recommendations 
 

Eleven Elements of Effective Adolescent Writing Instruction 
 
This report identifies 11 elements of current writing instruction found to be effective for helping 
adolescent students learn to write well and to use writing as a tool for learning. It is important to 
note that all of the elements are supported by rigorous research, but that even when used together, 
they do not constitute a full writing curriculum. 
 
1. Writing Strategies, which involves teaching students strategies for planning, revising, and 
editing their compositions. 
 
2. Summarization, which involves explicitly and systematically teaching students how to 
summarize texts. 
 
3. Collaborative Writing, which uses instructional arrangements in which adolescents work 
together to plan, draft, revise, and edit their compositions. 
 
4. Specific Product Goals, which assigns students specific, reachable goals for the writing they are 
to complete. 
 
5. Word Processing, which uses computers and word processors as instructional supports for 
writing assignments. 
 
6. Sentence Combining, which involves teaching students to construct more complex, 
sophisticated sentences. 
 
7. Prewriting, which engages students in activities designed to help them generate or organize 
ideas for their composition.  
 
8. Inquiry Activities, which engages students in analyzing immediate, concrete data to help them 
develop ideas and content for a particular writing task.  
 
9. Process Writing Approach, which interweaves a number of writing instructional activities in a 
workshop environment that stresses extended writing opportunities, writing for authentic audiences, 
personalized instruction, and cycles of writing.  
 
10. Study of Models, which provides students with opportunities to read, analyze, and emulate 
models of good writing. 
 
11. Writing for Content Learning, which uses writing as a tool for learning content material 
The Writing Next elements do not constitute a full writing curriculum, any more than the Reading 
Next elements did for reading. However, all of the Writing Next instructional elements have shown 
clear results for improving students’ writing. They can be combined in flexible ways to strengthen 
adolescents’ literacy development. The authors hope that besides providing research-supported 
information about effective writing instruction for classroom teachers, this report will stimulate 
discussion and action at policy and research levels, leading to solid improvements in writing 
instruction in grades 4 to 12 nationwide. 
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Education through the Arts in Secondary Schools 

by  Stephanie B. Perrin  

In 1992 the US Department of Labor published a document called "What Work 
Requires at School for Workers in the Year 2000." They identified three categories. 
"Basic Skills" incorporates skills such as reading, writing, mathematics, and 
speaking. The second category, "Thinking Skills" includes creative thinking, the 
ability to problem-solve and make decisions, the capacity to reason and "see things 
in the mind's eye" (which I take to mean imagination), and knowing how to learn. 
Finally, under "Personal Qualities" they are seeking workers who are responsible, 
sociable able to work with others--have a sense of self-esteem, and integrity, are 
honest, and skilled at self-management.  

This report suggests that a technological, service-based and international 
postmodern culture requires workers who are flexible, creative, question- askers, 
able to take action on behalf of themselves and others. People who are imaginative 
and critical thinkers, self-aware and able to work effectively on their own or with 
others. Postmodern workers need to be able to function in changing an ambiguous 
situations and be able to envision new realities and solutions to problems and act 
with confidence on their ideas.  

Fundamentally, workers in postmodern society will be required to learn all their 
lives. From Wall Street to the garage down the street, those habits of mind and 
heart that support lifelong learning are what is needed and what schools must help 
students to develop. In the "old days", one learned math and, as a byproduct, may 
have learned critical thinking. What schools must do now is teach not only content 
but also the process of learning so that students emerge knowing what they 
learned, and, crucial to life- long learning, how they learned it.  

We in America have known for some time that the old models of schooling are not 
adequate and that school reform is necessary to meet the demands of this new age. 
The only skills from the DOL list developed in the schools of much of the last 
hundred years have been, with the exception of "speaking," those in category one: 
"Basic Skills." If schools are to truly develop other skills and attitudes, then school 
reform on all levels is necessary if we are to prepare students for the world of work 
in the 21st century.  

Many models are being tried and evaluated and it may well be that no single model 
will emerge. Rather, perhaps a variety of educational approaches will be found to 
work, just as we now know that people learn and must be taught in a variety of 
ways.  

http://www.newhorizons.org/
http://www.newhorizons.org/strategies/arts/cabc/perrin2.htm#author#author
http://www.newhorizons.org/
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However, when one thinks of educational reform, schools for the arts do not 
immediately leap to the minds of the American public; quite the contrary, the arts 
are disappearing from public schools at a rapid rate. However, I want to suggest 
that such schools do offer a model that does work for many students, educating 
them both as artists and as citizens, and that this model may, in some form, work 
for more students then one might think, not only the "talented."  

Consider, for example, that in cities such as Dallas and Washington the arts 
magnet high schools, even those that do not require an audition for entrance, when 
compared to other high schools in the district, have consistently high retention 
rates, low absenteeism and among the greatest number of graduates going on to 
further training after graduation. The reason for this is that these schools are able 
to engage students by capitalizing the student's own passion and desire to learn. 
Students in these schools want to go to school and to stay in school. They want to 
learn what the adults have to teach. Without that motivation, that "wanting," 
engaging students in their own education is difficult. The arts provide the 
motivation. The school builds on it to educate.  

Intensive arts training, far from being impractical and elitist, can prepare students 
for life and work by developing in them the general skills and attitudes, the habits 
of heart and mind they need to prevail in postmodern society no matter what 
career they chose. Intensive arts training in high school increases, not decreases, 
options. If you want a motivated, organized, hardworking, flexible, smart, creative 
worker, able to work well alone or in groups, hire a young violinist.  

Further, the philosophy and process of arts training, a far older system of 
education then that of American schools, also mirrors the motion of many current 
educational reform movements and addresses recent educational concerns such as: 
the need for standards; the concepts of student as worker, teacher as coach of the 
Coalition of Essential Schools movement; the development of character; coping 
with diverse learning styles; meaningful assessment; and the importance of 
responding to multiculturalism in schools.  

Education through the Arts 

How are students educated through the arts? How will arts training help develop in 
them the skills and attitudes they need to flourish in the next millennia? Here are 
some observations from the field.  

Ownership of the work is a driving force in arts training. The student has 
chosen this path and knows he will stand or fall based on his own effort. He 
challenges himself to succeed at a task he has set. He takes his work seriously and 
knows that true motivation comes from within. He understands that he must 
sustain himself when the going gets rough. He understands that hard work and 
discipline are required if he is to succeed. If it takes six hours of practice a day, that 
is what he does. He is the keeper of his own vision.  
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Students in the arts develop the capacity to integrate many aspects of the self 
and translate that integrated self into action. They learn by doing, truly active 
learning. It is impossible for a student to learn to play the piano by watching her 
teacher. She learns to play by playing and her "doing" involves her body, her mind, 
and her spirit. Further, she has to put herself out in the world, to perform, in order 
to progress and that takes courage and a willingness to risk. You can't cheat in the 
arts. You can't send someone else to play your recital.  

Arts students are able to use failure to learn. A pianist must make mistakes if 
she is to improve. Error is an indication of where the work is. Going too fast in a 
passage means "slow down," not "you are a failure." Schools have often not looked 
at failure as a teaching tool, yet it is the most powerful corrective in life if it is used 
as a part of learning, not as a punishment. These students also have to be critical 
thinkers and judges of their performance. Ongoing assessment, by the student as 
well as the teacher, is a part of learning in the arts.  

Arts training develops in students an understanding that learning is an 
ongoing process, and therefore, unlike the Thanksgiving turkey, one is never 
"done." The goal is not to find the right answer; rather it is to ask the next, best 
question. Students often speak of having "had" history after a course. The study of 
the violin does not end at graduation.  

Arts students have high ideals and strive for excellence, admiring and wishing to 
emulate their teachers. They have the gift of heroes and role models such as Yo 
Yo Ma and Meryl Streep, while Madonna consistently tops the charts of people 
most admired by teenagers. Such positive and respectful engagement with adults is 
something all adolescents long for and need, no matter how many studs they may 
have in their noses and ears. This faith in accomplished adults helps young people 
be eager to grow and join the adult world.  

Passion is a concept that is very real to young artists. They are deeply focused and 
intense about what they do and what they believe. They are sometimes skeptical, 
but seldom cynical. They believe that their lives and work matter and that caring 
deeply about your work is essential.  

The capacity to persist over time in order to reach a goal is developed in 
intensive arts training. Training in ballet, for example, begins as early as five years 
old. A young dancer knows she has to work for years to develop enough skill and 
technique to support her own artistry. Success is not a matter of a lucky break or a 
quick fix as the media would have young people believe. Respect for hard work and 
a self-motivated capacity to stick to the task are qualities needed in the working 
world.  

Young artists have the gift of a positive sense of identity based on what they 
do, not who their family is or what clique they hang out with. The young dancer is a 
dancer, and she belongs to the world of dancers, one that includes her, Suzanne 
Farrell and Barishnykov. Arts training develops in students an understanding that 
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her work is taken seriously by herself and her teachers, something that seldom 
happens to adolescents these days. Her self-esteem and self-confidence comes 
from accomplishment.  

Young artists are big thinkers. They work with their whole selves, and they are 
able to see the whole of a piece, a concept, a piece of work, as well as the details.  

Arts students learn to work well with others. The high level of responsiveness, 
sensitivity to others, and coordinated interaction is very clear in a theater piece or a 
string quartet. All members of an ensemble know that the success of the whole 
depends on the productivity of each member. Age, sex, country of origin, or ethnic 
group doesn't matter; the quality of the work does. This aspect of art training is 
mirrored in the recent interest in cooperative learning in the classroom as an 
effective way for heterogeneous groups of students to learn.  

In this context it is interesting to note that educators who have studied schooling in 
Japan, often cited as an example of the efficacy of rote learning, have suggested 
that the most important skill Japanese children learn in school is how to work 
together for the success of the group. This ability has allowed Japan to emerge as 
an economic power in the world and is certainly a crucial attribute for a 
postmodern, internationalist culture where the capacity to work together for 
common goals is a necessity.  

Peer pressure is a powerful force in schools, often having more influence over how 
a student behaves then any other group. It is often spoken of negatively but can 
work both ways. For example, Asian students experience peer pressure to do well 
in school. Inner city African-American students often experience the opposite. In 
schools for the arts, peer pressure is focused around high achievement 
and seriousness of purpose. The worst crime in a school for the arts is a lack 
of seriousness about the work. Students who want to "be artists," as opposed to 
actually producing, are quickly frozen out.  

Students of the arts must develop their imagination to a high degree. One of the 
primary tasks of the artist is to imagine new realities, new forms and new 
interpretations; to make something where there was nothing. The unknown is, 
paradoxically, familiar and exciting territory for young artists, an advantageous 
attitude for the 21st century.  

The study of the arts teaches students to be communicators of their thoughts, 
feelings, and ideas. If the audience doesn't "get" the character of Macbeth, then the 
actor isn't doing his job. Art students communicate, perform, and exhibit. They put 
themselves and their ideas out in the world. They act.  

It has been said that studying to be an artist is a failure to face the facts of stiff 
competition for the few, low-paying jobs available. However, to fail to encourage 
young people to pursue their highest aspirations is counter- intuitive and, finally, 
counterproductive. The ambitious and visionary part of young people needs to be 
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developed and if, in the end, they do not pursue a career in the arts, they will have 
had the experience of an education that, among other things, taught them all the 
skills they need to follow any career path, and did so by taking their dreams 
seriously. And they will never have to say, at 50, "if only I had..."  

The writer Donald Murray suggested that, of all citizens, artists are the most 
capable of engaging with the 21st century. He said we need to educate people who 
can "discover meaning in confusion, pattern in chaos, instruction in failure, and 
vision in doubt ... they have to believe while questioning and have faith that beauty 
and order exist in confusion and ugliness." He suggests that schools teach arts as 
the main curriculum, with "math appreciation" in the afternoon.  

Having suggested that intensive arts training develops habits, attitudes and skills 
useful for life in postmodern society, I would like to suggest how such training 
mirrors some of the current issues in school reform.  

Education Through the Arts and School Reform 

Coalition of Essential Schools -- Many of the concepts that inform Coalition 
Schools are seen in the process by which students have been trained in the arts for 
centuries. For example, the notions of student as worker and teacher as coach are 
reflected in the relationship between the young artist and her teacher. She learns 
by doing--by playing the violin. The teacher teaches by coaching and by 
demonstration. The concepts of outcome-based education and assessment by 
portfolio or demonstration are also part of the process of arts training. Students are 
judged on what they can do at a given moment in time. In music training such 
demonstrations are called juries and are the basis upon which progress is judged. 
Finally, the idea that the process, as well as the content, of learning should support 
lifelong learning is also seen in the study of the violin. Such study is never done, 
and such skills, once learned, become part of the fabric of the individual.  

Standards --The theory behind the press for standards is that, if we want 
students to achieve at a high level, we must establish high national standards in all 
disciplines and hold schools and students accountable to those standards. High 
standards in the schools are seen as important not only in measuring achievement 
but also in motivating students. Studies have consistently indicated that high 
expectations, coupled with expert teaching, leads to high achievement.  

In recent years there has been much discussion about the nature of "motivation" in 
students. The complexity of this issue has led some, sadly, to conclude that some 
children cannot respond to high standards, therefore lowering expectations and 
getting, predictably, low achievement. Low expectation leads to low achievement. 
The recent self-esteem movement in schools appears to suggest that children be 
told they are doing well even if they are not, because they will do better if they feel 
better about themselves. The result of this seems to be happy students who can't 
spell and who are not good judges of the true quality of their work.  
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Arts training, on the other hand, has never lost sight of the importance of high 
standards nor of what it take to achieve them. There is no quick and easy way to 
learn to play the violin. Arts training has followed the same principles for 
millennia: respect your teacher, work hard, and always aim to be the best you can 
be. High achievement is the result of some talent, good coaching, and a great deal 
of hard work. Further, these standards must be internalized by the student if he 
wishes to progress. Standards then become an aspect of character, not something 
externally imposed.  

The discussion of standards also raises, again, the issue of assessment. In the arts, 
the final judge of a student's achievement is a master practitioner who sets the 
standard. To be assessed, the student periodically demonstrates his mastery by 
playing. More accomplished, artists assess him according to his own goals and a 
professional standard. Such assessment is a longer and much more individualized 
process then paper and pencil tests, but has the crucial element of not only telling 
students how they are doing in their discipline, but also of teaching them the 
process of assessment so that it can be used later in any situation.  

Talent -- An (understandably) common perception is that intensive arts training 
is only for the gifted and talented few, rather then as perhaps an opportunity for 
learning that should be offered to all children from the earliest grades. We do not 
assume that only "talented" children can be taught to read, write, and figure, yet we 
call ability in the arts "talent," not intelligence, and assume that very few children 
possess this mysterious commodity.  

The question is often asked as to why there are so many Asian musicians in 
American conservatories and orchestras. The explanation for the emergence of so 
much Asian talent is that in countries such as Korea, China, Taiwan and Japan all 
children are taught from the earliest grades to play an instrument, to draw and to 
sing. The issue of "talent" is set aside until later in schooling because it places too 
much emphasis on individual differences. It is assumed that all children can and 
should be taught to play, sing, dance, and draw to a high degree of proficiency just 
as Americans assume all children can be taught to read, write, and figure. 
Furthermore, proficiency in the arts in Asian culture is considered an important 
characteristic of an educated person. It is assumed that knowledge and ability in 
the arts is necessary to fully participate in one's culture.  

This is in sharp contrast to the American experience where the arts are considered 
"nice" but not essential. If you ask American children at the age of five if they can 
dance, sing, and draw, they will reply enthusiastically "YES!" When asked the same 
question in middle school, they say "NO." These skills appear to be unlearned in 
American schools.  

It is also well documented that the number of students who report participation in 
the arts drops from about fifty percent in first grade to below five percent in middle 
school, when, apparently, it is time to buckle down and study "real" subjects like 
math and science. Talent in America is not rare; it is un-nurtured and unidentified. 
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How many songs remain unsung by American children because their society and 
their schools, unlike Asian society, separates the arts from other areas of human 
experience considered an essential element of a civilized culture. This is 
particularly ironic when one considers that it is often only through the artistic 
achievements of past cultures that we know what mattered to those who preceded 
us.  

Varieties of Learning Styles -- These observations about talent and the arts 
are related to an area in educational research where we have gained much greater 
understanding in recent years; how children learn and, therefore, how should we 
teach. We now understand that every child learns differently: some are visual 
learners, others aural; some cannot focus on one thing for more then a minute or 
two or must be in motion to pay attention; others appear to think in the linear 
fashion favored by old- fashioned schools, and some seem to start in the middle of 
a concept and work their way out.  

Until relatively recently, schools, particularly secondary schools, were structured to 
accommodate only the "linear" learner. Students who could sit still, write from the 
blackboard, keep their books in order, and listen without fidgeting to someone 
talking for a long time, did well. (What they learned is another question). Students 
who did not operate in this way were often labeled stupid, rebellious, or mentally ill 
(and if they weren't when they started, they were by the time they had suffered 
through years of being told they were bad because they didn't understand).  

Happily, we now understand that children learn in a variety of ways and that the 
task of teachers is to ascertain how each child learns and works to teach to her 
strengths while helping her strengthen her weaknesses. This is not easy; it was 
much simpler to assume that all children learned in the same way. However, the 
more complex view is essential if we are to educate children as opposed to just 
keeping them in school.  

Related to our increasing understanding of the true complexity of learning styles 
are the theories of Howard Gardner about the nature of intelligence. Gardner 
suggests that there are seven "intelligences," not just the two -- logical-
mathematical and linguistic -- addressed in traditional schooling. He suggests that 
schools should strive to identify and develop all intelligences in children, including 
those he calls bodily-kinesthetic, musical, spatial, interpersonal, and intrapersonal. 
Different children will have different arrays of "intelligences" and schools need to 
teach to the particular child, using a variety of methods, and allow a variety of 
means of expression of such "intelligences."  

He also raises the interesting point that we call logical-mathematical and linguistic 
abilities "intelligence" and label the rest, such as musical ability, as "talents." This 
distinction suggests that we view such intelligences as rare, particular to a few, not 
"real" ways of learning and therefore out of the realm of schools. Further, it is a 
radical notion in schooling to assert, as Gardner and others do, that the senses are 
direct forms of cognition and understanding.  
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Clearly, a school for the arts is able to offer to students many more opportunities to 
develop more "intelligences" then does a school which does not include work with 
the body, with music, with developing the understanding of self and others 
required of the good actor or the ensemble musician. Gardner's work makes it, 
once again, clear that, in removing the arts from the schools, many children lose 
access to modes of learning which are as valid in terms of developing essential 
general skills as the study of any of the traditional academic disciplines, and which 
may be a more effective match with their learning styles. The opportunity to teach 
the whole child is diminished.  

Multiculturalism in Schools -- Multiculturalism in schools, especially in urban 
areas, has become a concern in recent years. According to the Carnegie 
Commission Report on Adolescence, one-third of American adolescents today are 
of non-European descent, coming from a wide variety of religious, ethnic, and 
national backgrounds. By the year 2050, close to 50% of the American population 
will be non-Caucasian. At present, in 26 California cities, there is no single racial 
ethnic majority. Learning to live peacefully while respecting diversity will be a 
major task for adults in the 21st century, adults who are at present adolescents in 
our schools.  

Under these circumstances, creating a school community that recognizes 
differences yet supports commonly accepted goals and values is a challenge. High 
schools, where peer groups are the coin of the realm, are particularly vulnerable to 
cliques, mistrust and hostility. Further, the fact that students come from families 
who also often have widely differing values and experiences in the society adds to 
the difficulty of creating community within schools. This is not just a problem of 
inner city black-white-Latino conflict. Anyone who has heard Caucasian students 
in wealthy suburban schools talk with envy and derision about the superior 
performance of Asian students--"grinds"--understands that such wounding and 
divisive stereotypes are found everywhere.  

In a school for the arts, the identity of students is based on their arts discipline and 
their merit judged on how serious they are in the pursuit of their work. Students 
are dancers, musicians, artists, actors and writers, not rich kids, poor kids, nerds, 
jocks, blacks, Asians or Latinos.  

It is a cliché to say that art is a universal language, but it is my observation that 
students from many cultures are able to appreciate not only the content of the arts 
cross-culturally but also the process and aspirations of other young artists no 
matter what their individual background. A school where one can communicate by 
playing an instrument, singing, dancing, and painting is a school where there are 
many opportunities for all students to be seen in the fullest sense by their peers. 
For example, placement in a string quartet is based on skill level not age or 
nationality. It is therefore not uncommon to find players from 12 to 18 years old 
and from three or four different countries in one group relating and learning under 
the best possible circumstances; because they must if they want to play. Their 
common goals, techniques, and training help them overcome, in a natural way, the 

http://www.carnegie.org/reports/great_transitions/gr_exec.html
http://www.carnegie.org/reports/great_transitions/gr_exec.html
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barriers that would normally separate them. They come to see and understand 
each other through the work, not the usual eat-the-food national-costume 
"international days," common in more many school settings.  

The relevance for postmodern society in students coming to such an understanding 
through experience is obvious. True mutual understanding comes through working 
together in an endeavor that has meaning for all, using a "language," in this case 
music, common to all. It is experience and understanding, changed feelings, 
growing from that experience, that bind people together and break down the 
stereotypes that keep them apart, not rhetoric, rules or the pleas of school 
administrators to "get along." New experience changes perception and leads to new 
understanding. The arts offers a natural venue for such experience and therefore 
such understanding.  

Moral Education -- One of the most difficult issues that our society and schools 
have to struggle with is the role of schools in the moral and ethical development of 
adolescents. In this secular and multicultural society there are no easy answers. In 
fact, we can't agree on what moral education is, let alone offer a "curriculum." 
However, addressing the question of how we support the development of good 
character in students is essential. A bright, well-educated and talented young 
person who has no moral center, who does not have the tools and understanding to 
lead an ethical life concerned with the meaning of actions and committed to the 
good of others as well as to himself, is ultimately useless and often dangerous.  

Postmodern culture is characterized by conflicting values and notions of what it 
means to be "good." Schools must share with families and other social institutions 
the responsibility of helping young people sort out these values and provide them 
with tools for making ethical choices in a world that will continue to present them 
with fluctuating and often competing values.  

Most young people want to be good, want to behave in an ethical way, want to be 
respected and respect others. It is up to adults in schools and elsewhere to foster 
that impulse toward health and goodness that is, admittedly, buried very deep in 
some.  

Schools need to assert that what kind a person you are is as important as what you 
know and can do. Education does not equal goodness, and the importance of 
goodness needs to be made explicit wherever and whenever one can. Nor does 
goodness, like any true accomplishment, come from a timid failure to take risks 
thereby avoiding censure, mistakes and, incidentally, any growth. Goodness, like 
playing the violin well, does not come by default.  

Schools need to teach young people that what we call our conscience, our 
awareness of right and wrong, resides within and not in a set of external rules and 
laws, important as these are to a civilized society. Young artists are asked all the 
time to listen to themselves, know themselves, and take responsibility for 
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themselves. No one else can learn an actor's lines or appear for him in Macbeth. No 
one else can practice alone night after night.  

The development of character means encouraging students to be true to their own 
beliefs and truths and acknowledging how hard that can be, especially when there 
is great pressure to betray the self for others. The study of the arts is about 
clarifying and being true to oneself, to ones own vision, even when there is little 
apparent support for that vision.  

How is all this "taught"? Not in ethics classes. Morality is embedded in life, not 
separable into a discipline. Students learn what it means to be an ethical human 
being by working with and observing adults who strive to live an ethical life and 
accept responsibility for fostering that in students. Students learn about morality 
by observing how adults act, how they treat each other in the hall or cafeteria as 
well as in the classroom and studio. Adults are always under the scrutiny of the 
unforgiving adolescent eye and, although they deny it, adolescents imitate what 
they see, not what they hear. Arts students have an advantage in that they are quite 
ready to honor and follow their teachers, and their teachers consider it part of their 
teaching responsibilities to foster the development of a reflective self because art is 
the product of such a self.  

Related to the issue of helping young people develop their ethical and moral selves 
is the trickier one of spirituality. "Spiritual" experience in postmodern America 
ranges from Born Again Christians to Timothy Leary's cult of LSD. The only area 
about which there seems to be any agreement is that there is a common concern 
about the fact that spiritual life for many people, especially adolescents, is not a 
meaningful part of daily life. No easy answer is apparent. What is clear at this time 
in our history is our collective longing for meaning and the seemingly frantic 
search for it.  

William James said that all persons have a will to faith," a desire to believe in 
something greater then themselves. Certainly, one of the most positive 
characteristics of adolescents is their idealism and desire to seek greater meaning 
in life. Arts schools have an advantage in this realm because the study of the arts 
naturally leads students to questions and experiences that I would define as 
spiritual. The arts strive to make visible the invisible, to allow us to see and 
experience what we "know" but cannot see.  

The study of the arts demands that students look for and talk about concepts such 
as '"truth," "meaning," and "beauty." Performance can allow both participant and 
viewer the experience of transcendence rarely felt in schools or society at large. 
Think of the effect of the opening notes of the Messiah or of watching Laurence 
Olivier as Macbeth. These experiences go straight to the soul and express and 
engender feelings that cannot be apprehended in any other way. An accomplished 
singer once remarked that what he was searching for in his work was the feeling he 
had as a small child when, as a member of a gospel choir, he opened his mouth and 
sang the first note. He called this experience "a state of grace; being in the presence 
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of God." That ecstasy of being fully part of something larger and deeper then 
oneself, that glimpse into the transcendent, can come through the arts.  

Spiritual life is concerned with the meaning of things, of events, of ideas. It is 
important to spiritual development to seek meaning and to be able to articulate 
that meaning to oneself and to others. Young artists are asked all the time to search 
for and articulate the deeper meaning of the work, to find the impulse that inspires 
creation.  

In this sprawling and hard-to-define area of school life called variously moral 
development, ethics, spiritual life, another of the advantages of a school for the arts 
is that it is not only all right, it is necessary, to talk about love and passion. It is not 
cool for a young artist to be "cool" in the sense of being truly indifferent, a stance 
towards life that many adolescents cultivate rather then allow their fears or 
vulnerability to be seen.  

We do not talk enough about love in our schools. We talk about sex, drugs, about 
relationships and responsibilities, as indeed we should because these are important 
aspects of living. But it is also the task of schools to teach about passion, about 
love, about the growth of the spirit because it is that part of young people that 
moves them toward greater dreams and wider worlds.  

Finally, I have not even addressed in this paper the new research we are seeing 
concerning the relationship between arts and learning. Some research indicates 
that the study of music from a very early age alters the very structure of the brain. 
Another study suggests that merely listening to music allows students to perform 
better on tests. And the complexities of the relationship between musical and 
mathematical ability is only beginning to be explored. I would suggest that, with 
regard to our understanding of the developmental process in human cognition, we 
are, in 1996, roughly where medicine was in 1896. We will learn much in the next 
few years, and may begin to see arts training, especially among young students, in 
a different light.  

Summary  

I have suggested that the process of intensive training in the arts teaches young 
people the general skills and attitudes they will need to contribute in a postmodern 
world. Far from being irrelevant, it is one of the most effective methods of 
educating a young person I have observed, and one that finds itself in concert with 
many current ideas in the school reform movement.  

Many schools are seeing that the process of teaching as the master musician has 
taught since the Greeks -- learning by doing, the teachers as coach, building on the 
desires of the student, working in groups, evaluation as part of learning, and 
assuming that learning never stops-is an effective educational process. Education 
through the arts is not the only model that uses these concepts, but I would argue it 
is a powerful one and one that could be utilized much more widely.  
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Postmodern society, service oriented, technologically sophisticated, and full of 
unknown opportunities, needs people who are artists and people who think like 
artists; people who are creative and critical thinkers, risk-takers, workers, 
imaginative and inventive, able to work alone or in groups, self- motivated, and 
open to new experience. It requires people who have faith in themselves and the 
future, and who want to be involved. This new century is not about specific training 
for specific lifetime jobs. It is about flexible skills and attitudes, yet with a firm 
grounding in the self, confidence built on a sense of agency in the world and in 
one's ability to ask the right questions and find this moment's answer. Artists are 
not afraid of what they don't know. In fact, it is what is unknown that is most 
inviting, the most challenging to the artist.  

In American these days we see everywhere the signs of poverty and decay that 
afflict many citizens. What one cannot so easily "see" is the poverty of soul, of 
meaning, the loss of hope that we seem to be up against. One place where we can 
"see" it is in the teen suicide rate, in increased drug use, in killings in the street, 
and in the values promoted in and reflected by the media. We see it in the Carnegie 
report on adolescents which speaks of their loneliness and longing for family and 
for meaningful recognition.  

It is the lack of a common civic and spiritual vision that leads to hunger, poverty, 
and the dead-end world of drugs, not the lack of resources or technology. America 
has resources and wealth that far surpass any other country in the world. As John 
Frohmayer remarked: "We are not in an economic depression; we are in a 
depression of courage."  

America needs a greater vision for itself and faith in its own capacity for right 
action. We need to use what we have learned from our past experience and revision 
the future in a way that leads us forward to the future rather then remaining, as we 
sometimes seem to be, stuck in ennui, cynicism, and a dysfunctional nostalgia for 
what was (and it was not all that good. America in 1960 was great for Beaver 
Cleaver but not for Eldridge Cleaver). Artists -- and those who live and think like 
artists -- can provide that vision and can demonstrate the value of acting on one's 
beliefs, on the power of faith. Artists expect their work and lives to have meaning 
and importance. They follow their hope and not their fear, and America needs to 
do the same.  
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Section II. Common Misconceptions in Science 
 
 
 

MISCONCEPTIONS IN SCIENCE 
 
I. What are misconceptions? 

[From: http://www.indiana.edu/~w505a/studwork/deborah/]  
 
Misconceptions might also be referred to as preconceived notions, non-scientific beliefs, naive 
theories, mixed conceptions, or conceptual misunderstandings. Basically, in science these are 
cases in which something a person knows and believes does not match what is known to be 
scientifically correct. 
 
Most people who hold misconceptions are NOT aware that their ideas are incorrect. When 
they are simply told they are wrong, they often have a hard time giving up their 
misconceptions-- especially if they have had a misconception for a long time. Imagine 
someone telling you your mother was not actually your mother, but your father! 
 
What is especially concerning about misconceptions is that we continue to build knowledge on 
our current understandings. Possessing misconceptions can have serious impacts on our 
learning.  
 
II. How are misconceptions formed? 

[From: http://www.indiana.edu/~w505a/studwork/deborah/]  
 
Misconceptions form in a variety of ways. Often misconceptions are passed on by one person 
to the next. In other cases, students may be presented with two correct concepts, but combine 
or confuse them. Sometimes students make what to them seems like a logical conclusion, but 
is simply drawn from too little evidence or lack of experience. One of the most common 
sources of misconceptions is the fact that our everyday language is often at odds with science; 
common vernacular doesn't always match the precise language used by scientists. While it's 
perfectly acceptable to say, the toast burned it is highly unlikely a chemist would agree with 
your observation. 
 
Though the connotation of "misconception" is negative, we must remember that the 
formation of these ideas often represent a child's effort to organize and understand the world 
around him/her. The success of these efforts will depend both on the developmental stage of 
the child and the experiences to which he/she is exposed. 
 
III. List of Common Misconceptions 

[From: http://www.amasci.com/miscon/opphys.html ] 
Astronomy 

1. Stars and constellations appear in the same place in the sky every night.  
2. The sun rises exactly in the east and sets exactly in the west every day.  
3. The sun is always directly south at 12:00 noon.  
4. The tip of a shadow always moves along an east-west line.  

http://www.indiana.edu/~w505a/studwork/deborah/
http://www.indiana.edu/~w505a/studwork/deborah/
http://www.amasci.com/miscon/opphys.html
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5. We experience seasons because of the earth's changing distance from the sun (closer in 
the summer, farther in the winter).  

6. The earth is the center of the solar system. (The planets, sun and moon revolve around 
the earth.)  

7. The moon can only be seen during the night.  
8. The moon does not rotate on its axis as it revolves around the earth.  
9. The phases of the moon are caused by shadows cast on its surface by other objects in 

the solar system.  
10. The phases of the moon are caused by the shadow of the earth on the moon.  
11. The phases of the moon are caused by the moon moving into the sun's shadow.  
12. The shape of the moon always appears the same.  
13. The earth is the largest object in the solar system.  
14. The solar system is very crowded.  
15. The solar system contains only the sun, planets and the moon.  
16. Meteors are falling stars.  
17. Comets and meteors are out in space and do not reach the ground.  
18. The surface of the sun is without visible features.  
19. All the stars in a constellation are near each other.  
20. All the stars are the same distance from the earth.  
21. The galaxy is very crowded.  
22. Stars are evenly distributed throughout the universe.  
23. All stars are the same size.  
24. The brightness of a star depends only on its distance from the earth.  
25. Stars are evenly distributed throughout the galaxy.  
26. The constellations form patterns clearly resembling people, animals or objects.  

Atmosphere 
1. Rain comes from holes in clouds.  
2. Rain comes from clouds sweating.  
3. Rain occurs because we need it.  
4. Rain falls from funnels in the clouds.  
5. Rain occurs when clouds get scrambled and melt.  
6. Rain occurs when clouds are shaken.  
7. God and angels cause thunder and lightning.  
8. Clouds move because we move.  
9. Clouds come from somewhere above the sky.  
10. Empty clouds are filled by the sea.  
11. Clouds are formed by vapor from kettles.  
12. The sun boils the sea to create water vapor.  
13. Clouds are made of cotton, wool, or smoke.  
14. Frontal rain is caused by "cooling by contact" between fronts.  
15. The oxygen we breathe does not come from plants.  
16. Gas makes things lighter.  
17. One degree of temperature is smaller on the Celsius scale than on the Fahrenheit scale.  
18. All rivers flow from North to South.  

Biosphere 
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1. Coral reefs exist throughout the Gulf and North Atlantic waters.  
2. Dinosaurs and cavemen lived at the same time.  
3. Acquired characteristics can be inherited.  
4. Winter weather can be predicted by studying the thickness of the fur of some animals.  
5. Humans are responsible for the extinction of the dinosaurs.  
6. Some human races have not evolved as much as others.  
7. Evolution is goal-directed.  
8. Evolutionary changes are driven by need.  

Color and Vision 
1. The pupil of the eye is a black object or spot on the surface of the eye.  
2. The eye receives upright images.  
3. The lens is the only part of the eye responsible for focusing light.  
4. The lens forms and image (picture) on the retina. The brain then "looks" at this image 

and that is how we see.  
5. The eye is the only organ for sight; the brain is only for thinking.  
6. A white light source, such as an incandescent or fluorescent bulb, produces light made 

up of only one color.  
7. Sunlight is different from other sources of light because it contains no color.  
8. When white light passes through a prism, color is added to the light.  
9. The rules for mixing color paints and crayons are the same as the rules for mixing 

colored lights.  
10. The primary colors for mixing colored lights are red, blue and yellow.  
11. A colored light striking an object produces a shadow behind it that is the same color as 

the light. For example, when red light strikes an object, a red shadow is formed.  
12. The shades of gray in a black and white newspaper picture are produced by using inks 

with different shades of gray.  
13. When white light passes through a colored filter, the filter adds color to the light.  
14. The different colors appearing in colored pictures printed in magazines and 

newspapers are produced by using different inks with all the corresponding colors.  
15. The mixing of colored paints and pigments follow the same rules as the mixing of 

colored lights.  
16. The primary colors used by artists (red, yellow and blue) are the same as the primary 

colors for all color mixing.  
17. Color is a property of an object, and is independent of both the illuminating light and 

the receiver (eye).  
18. White light is colorless and clear, enabling you to see the "true" color of an object.  
19. When a colored light illuminates a colored object, the color of the light mixes with the 

color of the object.  
20. Naove explanations of visual phenomena involving color perception usually involve 

only the properties of the object being observed, and do not include the properties of 
the eye-brain system.  

Electricity 
1. Positively charged objects have gained protons, rather than being deficient in electrons.  
2. Electrons which are lost by an object are really lost (no conservation of charge).  
3. All atoms are charged.  
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4. A charged object can only attract other charged objects.  
5. The electrostatic force between two charged objects is independent of the distance 

between them.  
6. Gravitational forces are stronger than electrostatic forces.  
7. Batteries have electricity inside them.  

Energy 
1. Energy is a thing. This is a fuzzy notion, probably because of the way that we talk 

about newton-meters or joules. It is difficult to imagine an amount of an abstraction.  
2. The terms "energy" and "force" are interchangeable.  
3. From the non-scientific point of view, "work" is synonymous with "labor". It is hard 

to convince someone that more work is probably being done playing football for one 
hour than studying an hour for a quiz.  

4. An object at rest has no energy.  
5. The only type of potential energy is gravitational.  
6. Gravitational potential energy depends only on the height of an object.  
7. Doubling the speed of a moving object doubles the kinetic energy.  
8. Energy can be changed completely from one form to another (no energy losses).  
9. Things "use up" energy.  
10. Energy is confined to some particular origin, such as what we get from food or what 

the electric company sells.  
11. Energy is truly lost in many energy transformations.  
12. There is no relationship between matter and energy.  
13. If energy is conserved, why are we running out of it?  

Forces and Motion 
1. The only "natural" motion is for an object to be at rest.  
2. If an object is at rest, no forces are acting on the object.  
3. A rigid solid cannot be compressed or stretched.  
4. Only animate objects can exert a force. Thus, if an object is at rest on a table, no forces 

are acting upon it.  
5. Force is a property of an object. An object has force and when it runs out of force it 

stops moving.  
6. The motion of an object is always in the direction of the net force applied to the 

object.  
7. Large objects exert a greater force than small objects.  
8. A force is needed to keep an object moving with a constant speed.  
9. Friction always hinders motion. Thus, you always want to eliminate friction.  
10. Frictional forces are due to irregularities in surfaces moving past each other.  
11. Rocket propulsion is due to exhaust gases pushing on something behind the rocket.  
12. Time is defined in terms of its measurement.  
13. The location of an object can be described by stating its distance from a given point 

(ignoring direction).  
14. The terms distance and displacement are synonymous and may be used 

interchangeably. Thus the distance an object travels and its displacement are always the 
same.  

15. Velocity is another word for speed. An object's speed and velocity are always the same.  
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16. Acceleration is confused with speed.  
17. Acceleration always means that an object is speeding up.  
18. Acceleration is always in a straight line.  
19. Acceleration always occurs in the same direction as an object is moving.  
20. If an object has a speed of zero (even instantaneously), it has no acceleration.  

Forces and Fluids 
1. Objects float in water because they are lighter than water.  
2. Objects sink in water because they are heavier than water.  
3. Mass/volume/weight/heaviness/size/density may be perceived as equivalent.  
4. Wood floats and metal sinks.  
5. All objects containing air float.  
6. Liquids of high viscosity are also liquids with high density.  
7. Adhesion is the same as cohesion  
8. Heating air only makes it hotter.  
9. Pressure and force are synonymous.  
10. Pressure arises from moving fluids.  
11. Moving fluids contain higher pressure.  
12. Liquids rise in a straw because of "suction".  
13. Fluid pressure only acts downward.  

Heat and Temperature 
1. Heat is a substance.  
2. Heat is not energy.  
3. Temperature is a property of a particular material or object. (Metal is naturally cooler 

than plastic).  
4. The temperature of an object depends on its size.  
5. Heat and cold are different, rather than being opposite ends of a continuum.  
6. When temperature at boiling remains constant, something is "wrong".  
7. Boiling is the maximum temperature a substance can reach.  
8. Ice cannot change temperature.  
9. Objects of different temperature that are in contact with each other, or in contact with 

air at different temperature, do not necessarily move toward the same temperature.  
10. Heat only travels upward.  
11. Heat rises.  
12. The kinetic theory does not really explain heat transfer. (It is recited but not believed).  
13. Objects that readily become warm (conductors of heat) do not readily become cold.  
14. The bubbles in boiling water contain "air", "oxygen" or "nothing", rather than water 

vapor.  

Light 
1. Light is associated only with either a source or its effects. Light is not considered to 

exist independently in space; and hence, light is not conceived of as "travelling".  
2. An object is "seen" because light shines o it. Light is a necessary condition for seeing 

an object and the eye.  
3. Lines drawn outward from a light bulb represent the "glow" surrounding the bulb.  
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4. A shadow is something that exists on its own. Light pushes the shadow away from the 
object to the wall or the ground and is thought of as a "dark " reflection of the object.  

5. Light is not necessarily conserved. It may disappear or be intensified.  
6. Light from a bulb only extends outward a certain distance, and then stops. How far it 

extends depends on the brightness of the bulb.  
7. The effects of light are instantaneous. Light does not travel with a finite speed.  
8. A mirror reverses everything.  
9. For an observer to see the mirror image of an object, either the object must be directly 

in front of the mirror, or if not directly in front, then the object must be along the 
observer's line of sight to the mirror. The position of the observer is no t important in 
determining whether the mirror image can be seen.  

10. An observer can see more of his image by moving further back from the mirror.  
11. The mirror image of an object is located on the surface of the mirror. The image is 

often thought of as a picture on a flat surface.  
12. The way a mirror works is as follows: The image first goes from the object to the 

mirror surface. Then the observer either sees the image on the mirror surface of the 
image reflects off the mirror and goes into the observer's eye.  

13. Light reflects from a shiny surface in an arbitrary manner.  
14. Light is reflected from smooth mirror surfaces but not from non-shiny surfaces.  
15. Curved mirrors make everything distorted.  
16. Light shines on a translucent material and illuminates it so it can be seen. Light does 

not travel from the translucent material to the eye.  
17. Light always passes straight through a transparent material without changing direction.  
18. When an object is viewed through a transparent solid or liquid material the object is 

seen exactly where it is located.  
19. Students will often think about how a lens forms an image of a self-luminous object in 

the following way. They envision that a "potential image" which carries information 
about the object leaves the self-luminous object and travels through the space to the 
lens. When passing through the lens, the "potential image" is turned upside down and 
may be changed in size.  

20. When sketching a diagram to show how a lens forms an image of an object, only those 
light rays are drawn which leave the object in straight parallel lines.  

21. Blocking part of the lens surface would block the corresponding part of the image.  
22. The purpose of the screen is to capture the image so that it can be seen. The screen is 

necessary for the image to be formed. Without a screen there is no image.  
23. An image can be seen on the screen regardless of where the screen is placed relative to 

the lens. To see a larger image on the screen, the screen should be moved further back.  
24. An image is always formed at the focal point of the lens.  
25. The size of the image depends on the size (diameter) of the lens.  
26. When a wave moves through a medium, particles of the medium move along with the 

wave.  
27. Gamma rays, x-rays, ultraviolet light, visible light, infrared light, microwaves and radio 

waves are all very different entities.  
28. When two pulses, travelling in opposite directions along a spring or rope meet, they 

bounce off each other and go back in the opposite direction.  
29. Colors appearing in soap films are the same colors that appear in a rainbow.  
30. Polaroid sunglasses are just dark glass or dark plastic.  
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Lithosphere 
1. Any crystal that scratches glass is a diamond.  
2. Rocks must be heavy.  
3. Soil must have always been in its present form.  
4. Mountains are created rapidly.  
5. Earth is molten, except for its crust.  
6. Earth's gravitational attraction is drastically reduced on mountaintops.  
7. Continents do not move.  
8. Boiling or burning radioactive material can reduce radiation.  
9. All radioactivity is man-made.  

Magnets and Magnetism 
1. All metals are attracted to a magnet.  
2. All silver colored items are attracted to a magnet.  
3. All magnets are made of iron.  
4. Larger magnets are stronger than smaller magnets.  
5. The magnetic and geographic poles of the earth are located at the same place.  
6. The magnetic pole of the earth in the northern hemisphere is a north pole, and the 

pole in the southern hemisphere is a south pole.  

Properties of Matter 
1. Gases are not matter because most are invisible.  
2. Gases do not have mass.  
3. A "thick" liquid has a higher density than water.  
4. Mass and volume, which both describe an "amount of matter" are the same property.  
5. Air and oxygen are the same gas.  
6. Helium and hot air are the same gas.  
7. Expansion of matter is due to expansion of particles rather than to increased particle 

spacing.  
8. Particles of solids have no motion.  
9. Relative particle spacing among solids, liquids and gases (1:1:10) is incorrectly 

perceived and not generally related to the density of the states.  
10. Materials can only exhibit properties of one state of matter.  
11. Particles possess the same properties as the materials they compose. For example, 

atoms of copper are "orange and shiny", gas molecules are transparent, and solid 
molecules are hard.  

12. Melting/freezing and boiling/condensation are often understood only in terms of 
water.  

13. Particles are viewed as mini-versions of the substances they comprise.  
14. Particles are often misrepresented in sketches. No differentiation is made between 

atoms and molecules.  
15. Particles misrepresented and undifferentiated in concepts involving elements, 

compounds, mixtures, solutions and substances.  
16. Frequent disregard for particle conservation and orderliness when describing changes.  
17. Absence of conservation of particles during a chemical change.  
18. Chemical changes perceived as additive, rather than interactive. After chemical change 

the original substances are perceived as remaining, even though they are altered.  
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19. Failure to perceive that individual substances and properties correspond to certain 
types of particles (i.e. formation of a new substance with new properties is seen as 
simple happening rather than as the result of particle rearrangement).  

Measurement 
1. Measurement is only linear.  
2. Any quantity can be measured as accurately as you want.  
3. Children who have used measuring devices at home already know how to measure.  
4. The metric system is more accurate than the other measurement systems.  
5. The English system is easier to use than the metric system.  
6. You can only measure to the smallest unit shown on the measuring device.  
7. You should start at the end of the measuring device when measuring distance.  
8. Some objects cannot be measured because of their size or inaccessibility.  
9. The five senses are infallible.  
10. An object must be "touched" to measure it.  
11. Mass and weight are the same and they are equal at all times.  
12. Mass is a quantity that you get by weighing an object.  
13. Mass and volume are the same.  
14. The only way to measure time is with a clock or watch.  
15. Time has an absolute beginning.  
16. Heat and temperature are the same.  
17. Heat is a substance.  
18. Cold is the opposite of heat and is a different substance.  
19. There is only one way to measure perimeter.  
20. Only the area of rectangular shapes can be measured in square units.  
21. Surface area can be found only for two-dimensional objects.  
22. Surface area is a concept used only in mathematics classes.  
23. You cannot measure the volume of some objects because they do not have "regular" 

lengths, widths, or heights.  
24. An objects' volume is greater in water than in air.  
25. The density of an object depends only on its volume.  
26. Density for a given volume is always the same.  
27. The density of two samples of the same substance with different volumes or shapes 

cannot be the same.  

Sound 
1. Loudness and pitch of sounds are confused with each other.  
2. You can see and hear a distant event at the same moment.  
3. The more mass in a pendulum bob, the faster it swings.  
4. Hitting an object harder changes its pitch.  
5. In a telephone, actual sounds are carried through the wire rather than electrical pulses.  
6. Human voice sounds are produced by a large number of vocal chords.  
7. Sound moves faster in air than in solids (air is "thinner" and forms less of a barrier).  
8. Sound moves between particles of matter (in empty space) rather than matter.  
9. In wind instruments, the instrument itself vibrates not the internal air column.  
10. As waves move, matter moves along with them.  
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11. The pitch of whistles or sirens on moving vehicles is changed by the driver as the 
vehicle passes.  

12. The pitch of a tuning fork will change as it "slows down", (i.e. "runs" out of energy)  

Space 
1. The earth is sitting on something.  
2. The earth is larger than the sun.  
3. The sun disappears at night.  
4. The earth is round like a pancake.  
5. We live on the flat middle of a sphere.  
6. There is a definite up and down in space.  
7. Seasons are caused by the earth's distance from the sun.  
8. Phases of the moon are caused by a shadow from the earth  
9. Different countries see different phases of the moon on the same day.  
10. The amount of daylight increases each day of summer.  
11. Planets cannot be seen with the naked eye.  
12. Planets appear in the sky in the same place every night.  
13. Astrology is able to predict the future.  
14. Gravity is selective; it acts differently or not at all on some matter.  
15. Gravity increases with height.  
16. Gravity requires a medium to act through.  
17. Rockets in space require a constant force.  
18. The sun will never burn out.  
19. The sun is not a star.  

Work and Power 
1. Failing to be able to identify the direction in which a force is acting.  
2. Believing that any force times any distance is work.  
3. Believing that machines put out more work than we put in.  
4. Not realizing that machines simply change the form of the work we do (i.e. trade off 

force for distance or distance for force).  

III. How can teachers best address students' science misconceptions? 
[From: http://www.indiana.edu/~w505a/studwork/deborah/#4 ] 

 
A teacher who expects to simply point out students' mistakes to them will be met with 

little success; as stated previously, misconceptions are not easily given up. Often children work 
very hard to process information and arrive at their ideas. It takes just as much work to 
deconstruct those ideas and let go of the incorrect ones.  
 

The first step is to be aware of and diagnose students’ misconceptions. This involves 
going beyond the multiple choice assessment-- to asking open ended, probing questions and 
truly listening to students' ideas. Eliminating misconceptions also involves structuring 
experiences and the learning environment so that there are opportunities for students to "test 
out" their ideas and prove the correct concepts to themselves. This method is often referred to 
as teaching for conceptual change.  

 

http://www.indiana.edu/~w505a/studwork/deborah/#4
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A teacher might try the following methods to help students overcome their 
misconceptions: 

 Anticipate the most common misconceptions about the material and be alert for 
others. 

 Encourage students to test their conceptual frameworks in discussion with other 
students and by thinking about the evidence and possible tests. 

 Think about how to address common misconceptions with demonstrations and 
lab work.  

 Revisit common misconceptions as often as possible in class. 
 Assess and reassess often the validity of student concepts. 

 
NOTE: This last section is taken from- Dealing with Science Misconceptions, Part II. California Journal of Science 
Education, CSTA Volume VII, Issue 2, Spring 2007.  
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Section III. CST Blueprints 
 

 

Biology CST Blueprints 
 

The Biology CST Blueprints are being provided in this Life Science Curriculum Package to encourage Grade 7 
Teachers to examine how standards covered in Life Science are correlated to Standards covered and tested in 
High School.   
 
CALIFORNIA CONTENT STANDARDS: BIOLOGY/LIFE SCIENCES 

# of  
Items 

% 

Cell Biology 9 15.0% 
1. The fundamental life processes of plants and animals depend on a variety of 

chemical reactions that occur in specialized areas of the organism’s cells. As a 
basis for understanding this concept: 

 

a. Students know cells are enclosed within semipermeable membranes that regulate their 
interaction with their surroundings. 1 

b. Students know enzymes are proteins that catalyze biochemical reactions without altering the 
reaction equilibrium and the activities of enzymes depend on the temperature, ionic 
conditions, and the pH of the surroundings. 

1 or 2** 

c. Students know how prokaryotic cells, eukaryotic cells (including those from plants and 
animals), and viruses differ in complexity and general structure. 1 or 2** 

d. Students know the central dogma of molecular biology outlines the flow of information from 
transcription of ribonucleic acid (RNA) in the nucleus to translation of proteins on 
ribosomes in the cytoplasm. 

1 

e. Students know the role of the endoplasmic reticulum and Golgi apparatus in the secretion of 
proteins. 1 

f.  Students know usable energy is captured from sunlight by chloroplasts and is stored through 
the synthesis of sugar from carbon dioxide. 1 

g. Students know the role of the mitochondria in making stored chemical-bond energy available 
to cells by completing the breakdown of glucose to carbon dioxide. 1 

h. Students know most macromolecules (polysaccharides, nucleic acids, proteins, lipids) in cells 
and organisms are synthesized from a small collection of simple precursors. 1 

i.* Students know how chemiosmotic gradients in the mitochondria and chloroplast store 
energy for ATP production. NA* 

j.* Students know how eukaryotic cells are given shape and internal organization by a 
cytoskeleton or cell wall or both. NA* 

 

Genetics 19 31.6% 
2. Mutation and sexual reproduction lead to genetic variation in a population. As a 

basis for understanding this concept:  7 

a. Students know meiosis is an early step in sexual reproduction in which the pairs of 
chromosomes separate and segregate randomly during cell division to produce gametes 
containing one chromosome of each type. 

1 

b. Students know only certain cells in a multicellular organism undergo meiosis. 1 
c. Students know how random chromosome segregation explains the probability that a 

particular allele will be in a gamete. 1 
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CALIFORNIA CONTENT STANDARDS: BIOLOGY/LIFE SCIENCES # of  
Items % 

d. Students know new combinations of alleles may be generated in a 
zygote through the fusion of male and female gametes 
(fertilization). 

1 

e. Students know why approximately half of an individual’s DNA 
sequence comes from each parent. 1 

f.  Students know the role of chromosomes in determining an 
individual’s sex. 1 

g. Students know how to predict possible combinations of alleles in a 
zygote from the genetic makeup of the parents. 1 

3. A multicellular organism develops from a single zygote, and 
its phenotype depends on its genotype, which is established 
at fertilization. As a basis for understanding this concept:  

3 

a. Students know how to predict the probable outcome of phenotypes 
in a genetic cross from the genotypes of the parents and mode of 
inheritance (autosomal or X-linked, dominant or recessive).  

1 or 2** 

b. Students know the genetic basis for Mendel’s laws of segregation 
and independent assortment. 1 or 2** 

c.*Students know how to predict the probable mode of inheritance 
from a pedigree diagram showing phenotypes. NA* 

d.*Students know how to use data on frequency of recombination at 
meiosis to estimate genetic distances between loci and to interpret 
genetic maps of chromosomes. 

NA* 

4. Genes are a set of instructions encoded in the DNA sequence 
of each organism that specify the sequence of amino acids in 
proteins characteristic of that organism. As a basis for 
understanding this concept:  

5 

a. Students know the general pathway by which ribosomes synthesize 
proteins, using tRNAs to translate genetic information in mRNA. 1 

b. Students know how to apply the genetic coding rules to predict the 
sequence of amino acids from a sequence of codons in RNA. 1 

c. Students know how mutations in the DNA sequence of a gene may 
or may not affect the expression of the gene or the sequence of 
amino acids in an encoded protein. 

1 

d. Students know specialization of cells in multicellular organisms is 
usually due to different patterns of gene expression rather than to 
differences of the genes themselves. 

1 

e. Students know proteins can differ from one another in the number 
and sequence of amino acids. 1 

f.* Students know why proteins having different amino acid sequences 
typically have different shapes and chemical properties. NA* 
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CALIFORNIA CONTENT STANDARDS: BIOLOGY/LIFE 

SCIENCES 
# of  

Items % 

5. The genetic composition of cells can be altered by 
incorporation of exogenous DNA into the cells. As a basis 
for understanding this concept:  

4 

a. Students know the general structures and functions of DNA, 
RNA, and protein. 1 or 2** 

b. Students know how to apply base-pairing rules to explain precise 
copying of DNA during semiconservative replication and 
transcription of information from DNA into mRNA. 

1 or 2** 

c. Students know how genetic engineering (biotechnology) is used 
to produce novel biomedical and agricultural products. 1 or 2** 

d.*Students know how basic DNA technology (restriction digestion 
by endonucleases, gel electrophoresis, ligation, and 
transformation) is used to construct recombinant DNA molecules. 

NA* 

e.*Students know how exogenous DNA can be inserted into 
bacterial cells to alter their genetic makeup and support 
expression of new protein products. 

NA* 

 

Ecology 7 11.7% 
6. Stability in an ecosystem is a balance between competing 

effects. As a basis for understanding this concept:   

a. Students know biodiversity is the sum total of different kinds of 
organisms and is affected by alterations of habitats. 1 

b. Students know how to analyze changes in an ecosystem resulting 
from changes in climate, human activity, introduction of nonnative 
species, or changes in population size. 

1 

c. Students know how fluctuations in population size in an 
ecosystem are determined by the relative rates of birth, 
immigration, emigration, and death. 

1 or 2** 

d. Students know how water, carbon, and nitrogen cycle between 
abiotic resources and organic matter in the ecosystem and how 
oxygen cycles through photosynthesis and respiration. 

1 or 2** 

e. Students know a vital part of an ecosystem is the stability of its 
producers and decomposers. 1 

f.  Students know at each link in a food web some energy is stored 
in newly made structures but much energy is dissipated into the 
environment as heat. This dissipation may be represented in an 
energy pyramid. 

1 

g.*Students know how to distinguish between the accommodation of 
an individual organism to its environment and the gradual 
adaptation of a lineage of organisms through genetic change. 

NA* 
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CALIFORNIA CONTENT STANDARDS: BIOLOGY/LIFE 
SCIENCES 

# of  
Items 

% 

Evolution 9 15.0% 

7. The frequency of an allele in a gene pool of a population 
depends on many factors and may be stable or unstable over 
time. As a basis for understanding this concept: 

4 

a. Students know why natural selection acts on the phenotype rather than 
the genotype of an organism. 1 

b. Students know why alleles that are lethal in a homozygous individual 
may be carried in a heterozygote and thus maintained in a gene pool. 1 

c. Students know new mutations are constantly being generated in a gene 
pool. 1 

d. Students know variation within a species increases the likelihood that at 
least some members of a species will survive under changed 
environmental conditions. 

1 

e.* Students know the conditions for Hardy-Weinberg equilibrium in a 
population and why these conditions are not likely to appear in 
nature. 

NA* 

f.* Students know how to solve the Hardy-Weinberg equation to predict 
the frequency of genotypes in a population, given the frequency of 
phenotypes. 

NA* 

8. Evolution is the result of genetic changes that occur in 
constantly changing environments. As a basis for 
understanding this concept:   

5 

a. Students know how natural selection determines the differential survival 
of groups of organisms. 1 

b. Students know a great diversity of species increases the chance that at 
least some organisms survive major changes in the environment. 1 

c. Students know the effects of genetic drift on the diversity of organisms 
in a population. 1 

d. Students know reproductive or geographic isolation affects speciation. 1 
e. Students know how to analyze fossil evidence with regard to biological 

diversity, episodic speciation, and mass extinction. 1 

f.* Students know how to use comparative embryology, DNA or protein 
sequence comparisons, and other independent sources of data to 
create a branching diagram (cladogram) that shows probable 
evolutionary relationships. 

NA* 

g.* Students know how several independent molecular clocks, calibrated 
against each other and combined with evidence from the fossil 
record, can help to estimate how long ago various groups of 
organisms diverged evolutionarily from one another. 

NA* 
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CALIFORNIA CONTENT STANDARDS: BIOLOGY/LIFE 
SCIENCES 

# of  
Items % 

Physiology 10 16.7% 
9. As a result of the coordinated structures and functions of 

organ systems, the internal environment of the human body 
remains relatively stable (homeostatic) despite changes in 
the outside environment. As a basis for understanding this 
concept: 

6 

a. Students know how the complementary activity of major body 
systems provides cells with oxygen and nutrients and removes 
toxic waste products such as carbon dioxide. 

2/3***  

b. Students know how the nervous system mediates communication 
between different parts of the body and the body’s interactions 
with the environment. 

1/3*** 

c. Students know how feedback loops in the nervous and endocrine 
systems regulate conditions in the body. 1 

d. Students know the functions of the nervous system and the role of 
neurons in transmitting electrochemical impulses. 1 

e. Students know the roles of sensory neurons, interneurons, and 
motor neurons in sensation, thought, and response. 1/3*** 

f.* Students know the individual functions and sites of secretion of 
digestive enzymes (amylases, proteases, nucleases, lipases), 
stomach acid, and bile salts. 

NA* 

g.*Students know the homeostatic role of the kidneys in the removal 
of nitrogenous wastes and the role of the liver in blood 
detoxification and glucose balance. 

NA* 

h.*Students know the cellular and molecular basis of muscle 
contraction, including the roles of actin, myosin, Ca+2, and ATP. NA* 

i.* Students know how hormones (including digestive, reproductive, 
osmoregulatory) provide internal feedback mechanisms for 
homeostasis at the cellular level and in whole organisms. 

NA* 

10. Organisms have a variety of mechanisms to combat 
disease. As a basis for understanding the human immune 
response: 

4 

a. Students know the role of the skin in providing nonspecific 
defenses against infection. 

1 or 2 
(every three years) 

b. Students know the role of antibodies in the body’s response to 
infection. 1 

c. Students know how vaccination protects an individual from 
infectious diseases. 

1 or 2 
(every three years) 

d. Students know there are important differences between bacteria 
and viruses with respect to their requirements for growth and 
replication, the body’s primary defenses against bacterial and 
viral infections, and effective treatments of these infections. 

1 
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CALIFORNIA CONTENT STANDARDS: BIOLOGY/LIFE SCIENCES # of  
Items % 

e. Students know why an individual with a compromised immune 
system (for example, a person with AIDS) may be unable to fight 
off and survive infections by microorganisms that are usually 
benign. 

1 or 2 
(every three years) 

f.* Students know the roles of phagocytes, B-lymphocytes, and T-
lymphocytes in the immune system. NA* 

 

INVESTIGATION AND EXPERIMENTATION  6 10.0% 

1. Scientific progress is made by asking meaningful questions 
and conducting careful investigations. As a basis for 
understanding this concept and addressing the content in the 
other four strands, students should develop their own 
questions and perform investigations. Students will: 

 

a. Select and use appropriate tools and technology (such as 
computer-linked probes, spreadsheets, and graphing calculators) 
to perform tests, collect data, analyze relationships, and display 
data. 

 

b. Identify and communicate sources of unavoidable experimental 
error.  

c. Identify possible reasons for inconsistent results, such as sources 
of error or uncontrolled conditions.  

d. Formulate explanations by using logic and evidence.  
e. Solve scientific problems by using quadratic equations and simple 

trigonometric, exponential, and logarithmic functions.  

f.  Distinguish between hypothesis and theory as scientific terms.  
g. Recognize the usefulness and limitations of models and theories as 

scientific representations of reality.  

h. Read and interpret topographic and geologic maps.  
i.  Analyze the locations, sequences, or time intervals that are 

characteristic of natural phenomena (e.g., relative ages of rocks, 
locations of planets over time, and succession of species in an 
ecosystem). 

 

j.  Recognize the issues of statistical variability and the need for 
controlled tests.  

k. Recognize the cumulative nature of scientific evidence.  
l.  Analyze situations and solve problems that require combining and 

applying concepts from more than one area of science.  

m. Investigate a science-based societal issue by researching the 
literature, analyzing data, and communicating the findings. 
Examples of issues include irradiation of food, cloning of animals 
by somatic cell nuclear transfer, choice of energy sources, and 
land and water use decisions in California. 
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CALIFORNIA CONTENT STANDARDS: BIOLOGY/LIFE SCIENCES # of  
Items % 

n. Know that when an observation does not agree with an accepted 
scientific theory, the observation is sometimes mistaken or fraudulent 
(e.g., the Piltdown Man fossil or unidentified flying objects) and that 
the theory is sometimes wrong (e.g., Ptolemaic model of the 
movement of the Sun, Moon, and planets). 

  

TOTAL  60 100% 

 
NOTE: 
*     Not assessed   10
**   Alternate years 
*** Fractional values indicate rotated standards (e.g., 1/2 = rotated every two years; 1/3 = 
rotated every three years) 
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Section IV. Safety in the Science Classroom 
 

NSTA Position Statement: Safety and School Science Instruction 
 
Preamble 
Inherent in many instructional settings including science is the potential for injury and possible 
litigation. These issues can be avoided or reduced by the proper application of a safety plan. 
 

Rationale 
High quality science instruction includes laboratory investigations, interactive or 
demonstration activities and field trips. 
 

Declarations 
The National Science Teachers Association recommends that school districts and teachers 
adhere to the following guidelines: 

• School districts must adopt written safety standards, hazardous material management 
and disposal procedures for chemical and biological wastes. These procedures must 
meet or exceed the standards adopted by EPA, OSHA and/or appropriate state and 
local agencies.  

• School authorities and teachers share the responsibility of establishing and maintaining 
safety standards.  

• School authorities are responsible for providing safety equipment (i.e., fire 
extinguishers), personal protective equipment (i.e., eye wash stations, goggles), Material 
Safety Data Sheets and training appropriate for each science teaching situation.  

• School authorities will inform teachers of the nature and limits of liability and tort 
insurance held by the school district.  

• All science teachers must be involved in an established and on-going safety training 
program relative to the established safety procedures which is updated on an annual 
basis.  

• Teachers shall be notified of individual student health concerns.  
• The maximum number of occupants in a laboratory teaching space shall be based on 

the following:  
1. the building and fire safety codes;  
2. occupancy load limits;  
3. design of the laboratory teaching facility;  
4. appropriate supervision and the special needs of students.  

• Materials intended for human consumption shall not be permitted in any space used 
for hazardous chemicals and or materials.  

• Students and parents will receive written notice of appropriate safety regulations to be 
followed in science instructional settings.  
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GENERAL SAFETY PROCEDURES IN THE SCIENCE 
CLASSROOM 

 

 
 
 
5. Perform only those experiments authorized by your teacher.  Carefully follow all 
instructions, both written and oral.  Unauthorized experiments are not allowed.  
6. Do not eat food, drink beverages, or chew gum in the laboratory.  Do not use laboratory 
glassware as containers for food or beverages. 
7. Be prepared for your work in the laboratory.  Read all procedures thoroughly before 
entering the laboratory.  Never fool around in the laboratory.  Horseplay, practical jokes, and 
pranks are dangerous and prohibited.  
8. Always work in a well-ventilated area.   
9. Observe good housekeeping practices.  Work areas should be kept clean and tidy at all 
times.   
10. Be alert and proceed with caution at all times in the laboratory.  Notify the teacher 
immediately of any unsafe conditions you observe. 
11. Dispose of all chemical waste properly.  Never mix chemicals in sink drains.  Sinks are to 
be used only for water. Check with your teacher for disposal of chemicals and solutions.  
12. Labels and equipment instructions must be read carefully before use.  Set up and use the 
equipment as directed by your teacher. 
13. Keep hands away from face, eyes, mouth, and body while using chemicals or lab 
equipment.  Wash your hands with soap and water after performing all experiments.   
14. Experiments must be personally monitored at all times.  Do not wander around the room, 
distract other students, startle other students or interfere with the laboratory experiments of 
others. 
15. Know the locations and operating procedures of all safety equipment including: first aid 
kit(s), and fire extinguisher.  Know where the fire alarm and the exits are located. 
16. Know what to do if there is a fire drill during a laboratory period; containers must be 
closed, and any electrical equipment turned off. 
17. Any time chemicals, heat, or glassware are used, students will wear safety goggles. NO 
EXCEPTIONS TO THIS RULE! 
18. Contact lenses may be NOT be worn in the laboratory. 
19. Dress properly during a laboratory activity.  Long hair, dangling jewelry, and loose or baggy 
clothing are a hazard in the laboratory.  Long hair must be tied back, and dangling jewelry and 
baggy clothing must be secured.  Shoes must completely cover the foot.  No sandals allowed 
on lab days. 
20. A lab coat or smock should be worn during laboratory experiments. 

1. Conduct yourself in a responsible manner at all times in the 
laboratory. 
2. Follow all written and verbal instructions carefully.  If you do not 
understand a direction or part of a procedure, ASK YOUR TEACHER 
BEFORE PROCEEDING WITH THE ACTIVITY. 
3. Never work alone in the laboratory.  No student may work in the 
science classroom without the presence of the teacher. 
4. When first entering a science room, do not touch any equipment, 
chemicals, or other materials in the laboratory area until you are 
instructed to do so. 
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HANDLING CHEMICALS 
24. All chemicals in the laboratory are to be considered dangerous. Avoid handling chemicals 
with fingers. Always use a tweezer. When making an observation, keep at least 1 foot away 
from the specimen. Do not taste, or smell any chemicals.   
25. Check the label on all chemical bottles twice before removing any of the contents.  Take 
only as much chemical as you need. 
26. Never return unused chemicals to their original container. 
27. Never remove chemicals or other materials from the laboratory area. 
 
HANDLING GLASSWARE AND EQUIPMENT 
28. Never handle broken glass with your bare hands.  Use a brush and dustpan to clean up 
broken glass.  Place broken glass in the designated glass disposal container. 
29. Examine glassware before each use.  Never use chipped, cracked, or dirty glassware. 
30. If you do not understand how to use a piece of equipment, ASK THE TEACHER FOR 
HELP! 
31. Do not immerse hot glassware in cold water.  The glassware may shatter. 
 

 
 
 
 
 

From: http://nobel.scas.bcit.ca/debeck_pt/science/safety.htm  
 
 
 
 

ACCIDENTS AND INJURIES 
21. Report any accident (spill, breakage, etc.) or injury (cut, burn, etc.) to 
the teacher immediately, no matter how trivial it seems.  Do not panic.   
22. If you or your lab partner is hurt, immediately (and loudly) yell out 
the teacher's name to get the teacher's attention.  Do not panic.   
23. If a chemical should splash in your eye(s) or on your skin, 
immediately flush with running water for at least 20 minutes.  
Immediately (and loudly) yell out the teacher's name to get the teacher's 
attention.

HEATING SUBSTANCES 
32. Do not operate a hot plate by yourself.  Take care that 
hair, clothing, and hands are a safe distance from the hot 
plate at all times.  Use of hot plate is only allowed in the 
presence of the teacher. 
33. Heated glassware remain very hot for a long time.  They 
should be set aside in a designated place to cool, and picked 
up with caution.  Use tongs or heat protective gloves if 
necessary. 
34. Never look into a container that is being heated. 
35. Do not place hot apparatus directly on the laboratory 
desk.  Always use an insulated pad.  Allow plenty of time for 
hot apparatus to cool before touching it. 

http://nobel.scas.bcit.ca/debeck_pt/science/safety.htm
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LAB SAFETY CONTRACT 
 

Laboratory experiences are an integral part of any Science classroom.  Students will be doing 
many laboratory activities that may require the use of chemicals, laboratory equipment, and 
other items which, if used incorrectly, can be hazardous.  Safety in the science classroom is the 
number 1 priority for students, teachers, and parents.  To ensure a safe science classroom, a 
list of rules has been developed and provided to you in this student safety contract.  These 
rules must be followed at all times.  The student and a parent must sign their copy.  Please 
read the entire contract before you sign.  Students will not be allowed in the laboratory 
until all their contracts are signed and given to the teacher.  
  

 

AGREEMENT 
 
I, __________________________________ (student's name) have read and agree to follow all of the safety 
rules set forth in this contract.  I realize that I must obey these rules to insure my own safety, and that of my 
fellow students and teachers.  I will cooperate to the fullest extent with my instructor and fellow students to 
maintain a safe science lab environment.  I will also closely follow the oral and written instructions provided by 
the instructor.  I am aware that any violation of this safety contract that results in unsafe conduct in the 
laboratory or misbehavior on my part, may result in my being removed from the lab classroom, detention, 
receiving a failing grade, and/or further disciplinary action. 
__________________________________                             _____________________________      
Student signature                                                                     Date 
 

 
Dear Parent or Guardian: 
 
We feel that you should be informed about our effort to create and maintain a safe science classroom and 
laboratory environment. With the cooperation of the teachers, parents, and students, a safety instruction program 
can eliminate, prevent, and correct possible hazards.  You should be aware of the safety instructions your son or 
daughter will receive before engaging in any laboratory work.  Please read the list of safety rules above.  No 
student will be permitted to perform laboratory activities unless this contract is signed by both the student and 
parent/guardian and is on file with the teacher. Your signature on this contract indicates that you have read this 
Student Safety Contract, are aware of the measures taken to insure the safety of your son or daughter in the 
science laboratory, and will instruct your son or daughter to uphold his or her agreement to follow these rules and 
procedures in the laboratory. 
 
_______________________________________                     ________________________________ 
Parent/Guardian signature                                                             Date 

QUESTIONS (answers are confidential): 
 

 Do you wear contact lenses?        Yes_______        No______ 
 

 Are you color blind?                     Yes _______       No______ 
 

 Do you have allergies?                  Yes _______      No ______ 
 

      If so, please list specific allergies: 
____________________________________________________________ 
____________________________________________________________ 
____________________________________________________________ 
____________________________________________________________
____________________________________________________________ 
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Section V. Graphic Organizers 
KWL 
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Section V. Graphic Organizers 

KWHL 
 

 

KWHL CHART 
 

What I Know 
What I Want to 

Know 
How I will find 
the information

What I Learned
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Section V. Graphic Organizers 
KWHL 

 

 

KWLS CHART 
 

What I Know 
What I Want to 

Know 
What I Learned 

What I still need 
to find out… 
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Section V. Graphic Organizers [KWL Charts] 

 

 

KWNS Chart for Problem 
Solving 
 
 

K 
What do I KNOW 

from the 
information stated 

in this problem? 

N 
What information 
do I NOT need in 

order to solve this 
problem? 

W 
What exactly is 

this problem 
asking me to find? 

S 
What STRATEGY 
or operation will I 
use to solve this 

problem? 
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Section V. Graphic Organizers 

CAUSES AND EFFECT 

 
 

From: www.graphicorganizers.com 

http://www.graphicorganizers.com/
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Section V. Graphic Organizers 

CAUSE and EFFECTS 

 
From: www.graphicorganizers.com  

 

http://www.graphicorganizers.com/


 121 

Section V. Graphic Organizers 
 

Looking at Both Sides of an Issue 
 
                

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Question 

REASONS

Conclusion 

NO YES 
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Section V. Graphic Organizers 
 

Main Idea Clouds… 

 
From: www.graphicorganizers.com 

http://www.graphicorganizers.com/
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Section V. Graphic Organizers 
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Section V. Graphic Organizers 

 

Cycle Chart 
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Section V. Graphic Organizers 
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Section V. Graphic Organizers 
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Section V. Graphic Organizers 

This Caused This… 
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Section V. Graphic Organizers 

 
Decision Making Chart 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Reasons For: Reasons Against: 

Question: 

My Decision: 
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Section V. Graphic Organizers 
 

INTERACTION EFFECTS 

 
 

From: www.GraphicOrganizers.com 

http://www.graphicorganizers.com/
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Section V. Graphic Organizers 
 

Frayer Model
Definition in your own words Facts/characteristics

Examples Nonexamples
Word

 
From: www.GraphicOrganizers.com 

http://www.graphicorganizers.com/
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Section V. Graphic Organizers 
 

 

Exit Pass 

3 
Things I Learned Today … 

2 
Things I Found Interesting … 

1 
Question I Still Have … 

 

Exit Pass 

3 
Things I Learned Today … 

2 
Things I Found Interesting … 

1 
Question I Still Have … 

Section V.  
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Section VI. Item Writing Guidelines 
 

Checklist for Item Writing Guidelines 
 

  

√       Items must measure the objectives they are designed to address. 
√       Items must have only ONE clearly correct answer. 

√       Items must be at the appropriate level of difficulty. 

√       The language used in items must be simple, direct, and free of ambiguity. 

√ Items must not ask about trivial information.  

√ Items must NOT provide clues within an item or within a test form. 

√ Items must reflect good and current teaching practices in the field. 

√ Items must be free from grammatical errors.  

√ 

Item must be free from bias. 
-Ethnic 
-Gender 
-Geographic 
-Socioeconomic 

√ 
Items must avoid referring to topics or issues that may be deemed controversial, 
offensive, or emotionally-charged, such as death, divorce, drug use, politics, religion, 
sex, unemployment [unless standards explicitly address these topics].  

  

 

Science-Specific Checklist 
 

  

√ The stem should be meaningful by itself and should present a definite problem. 

√ The use of internal or beginning blanks in completion type MC items should be avoided. 

√ Use negatively-stated stem only when significant learning outcomes require it… 

√ All distractors should be plausible. 

√ The relative length of the options should not provide a clue to the answer. 

√ Do NOT use “all of the above” or “none of the above.” 

√ Present options in a logical, systematic order. 

√ The response options should include reasonable misconceptions and errors. 

√ The response options do NOT deny the truth of the stem. 

√ No two options should be EXACT opposites of each other [and the answer is one of 
them] UNLESS the remaining two options are plausible EXACT opposites of each other. 
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Section VI. Item Writing Guidelines 

 

 
DEPTH OF KNOWLEDGE [DOK] TAGS 

 
 

DEFINITION: DOK’s are based on the level of thinking or cognitive 
processing which a student must engage to answer a question correctly 
[Educational Testing Service, 2009].  
 
CLASSIFICATION: 
 

DOK Level Description 

L1 Recall and Reproduction 
-Recite facts, use simple skills & abilities 

L2 Skills & Concepts 
-Require students to make some decisions as to 
how to approach a problem or activity. 

L3 Strategic Thinking 
-Requires reasoning, planning, and using evidence

  

 
Bloom’s Hierarchy of Learning Objectives can guide the assignment of 
DOK tags… 
 
 

                    
 

 
 

L1 
Knowledge and Comprehension 

L2 
Application and Analysis 

L3 
Synthesis and Evaluation 
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Note: Standardized tests and SASA’s usually contain items with DOK Levels 1-3. Other forms of 
assessment are more appropriate for DOK 4.  

From: http://dese.mo.gov/divimprove/sia/msip/DOK_Chart.pdf  
 

http://dese.mo.gov/divimprove/sia/msip/DOK_Chart.pdf
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Section VII. Formative Assessments 
 
 

MENU OF SCIENCE FORMATIVE ASSESSMENT 
 
1. A&D STATEMENTS 

Description Design and Administration 
General 

Implementation 
Attributes 

Students use A&D 
Statements to analyze a 
set of “fact or fiction” 
statements. In the first 
part of A&D 
Statements, students 
may choose to agree or 
disagree with a 
statement or identify 
whether they need 
more information. In 
addition, they are asked 
to describe their 
thinking about why 
they agree, disagree, or 
are unsure. In the 
second part of the 
FACT, students 
describe what they can 
do to investigate the 
statement by testing 
their ideas, researching 
what is already know, 
or using other means of 
inquiry. Figure 4.1 
(next page) shows an 
example of A&D 
Statements for a third-
grade unit on 
magnetism. 

Select A&D Statements that focus on 
specific concepts and skills students will 
encounter in the curriculum. Develop 
statements that can lead into inquiry 
with hands-on materials, books, videos, 
or other information sources. Students 
should first be given the opportunity to 
respond to the FACT individually. Then, 
have students discuss their ideas in 
small groups, coming to consensus on 
whether they agree with the statement 
while noting any disagreements among 
group members. After they have had 
time to consider each others’ ideas and 
design a way to further test or research 
information, allow time for small groups 
to investigate the statements as 
exploratory activities. These activities 
provide a common experience for 
whole-class discussion aimed at 
resolving discrepancies between 
students’ initial ideas and discoveries 
made during their explorations. The 
teacher should listen carefully as the 
class shares its findings, building off the 
students’ ideas to provide guidance and 
clarification that will help students 
accommodate new scientific 
understandings. 

Ease of Use: 
 Medium 
Cognitive Demand:
 Medium 
Time Demand:
 Medium 
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Figure 4.1 A&D Statements for Grade 3 Magnets 
Statement How Can You Find Out? 

1. All magnets have 2 poles. 
 ___ agree    ___ 
disagree 
 ___ it depends on   ___ 
not sure 
 
 My thoughts: 
 
 
 

 

2. All metals are attracted to magnets. 
 ___ agree    ___ 
disagree 
 ___ it depends on   ___ 
not sure 
 
 My thoughts: 

 
 
 

 

3. Larger magnets are stronger than 
smaller magnets. 

 ___ agree    ___ 
disagree 
 ___ it depends on   ___ 
not sure 
 
 My thoughts: 

 
 
 

 

4. Magnetism can pass through metals. 
 ___ agree    ___ 
disagree 
 ___ it depends on   ___ 
not sure 
 
 My thoughts: 
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2. AGREEMENT CIRCLES 

Description Design and Administration 
General 

Implementation 
Attributes 

Agreement Circles provide a 
kinesthetic way to activate 
thinking and engage students in 
scientific argumentation. 
Students stand in a circle as the 
teacher reads a statement. The 
students who agree with the 
statement step to the center of 
the circle. They face their peers 
still standing in the circle and 
then match themselves up in 
small groups of students who 
agree and disagree. The small 
groups engage in discussion to 
defend their thinking. After 
discussion, the students are 
given an opportunity to 
reposition themselves with 
those who now agree standing 
in the center of the circle, those 
who now disagree standing on 
the circumference of the circle. 
The idea is to get everyone 
either inside the circle or on the 
circumference. This is repeated 
with several rounds of 
statements relating to the same 
topic, each time with students 
starting by standing along the 
circumference of a large circle. 

Develop a set of three to five conceptually 
challenging statements related to the topic of 
instruction. Statements should be a combination of 
true and false. False statements can be developed 
based on examining the research on students’ 
commonly held ideas. See the Appendix for a 
description of tools from Science Curriculum Topic 
Study (Keeley, 2005) that can be used to identify 
common misconceptions. For example, a set of 
eighth-grade statements used to elicit students’ 
ideas about energy might be as follows: 

1. Energy is a material that is stored in 
an object. 

2. When energy changes from one form 
to another, heat is usually given off. 

3. Energy can never be created or 
destroyed. 

4. Something has to move in order to 
have energy. 

5. Energy is a type of fuel. 
Begin by having students form a large circle. Read 
the first statement, then give students five to ten 
seconds of think time. Ask students to move to the 
center of the circle if they agree with the statement 
and stay on the outside if they disagree. Match 
students up 1:2, 1:3, 1:4, 1:5, or whatever the 
proportion of agree/disagree indicates and give 
them a few minutes to defend their ideas in small 
groups. Call time, read the question again, and have 
students reposition themselves according to 
whether their ideas have changed or stated the 
same. Students who agree with the statement move 
to the inside of the circle. Students who disagree 
stay on the outside of the circle. Note any changes 
and then have students go back to the circle for 
another round. When finished with all rounds, the 
next step depends on the stage of instruction. If the 
FACT was used to activate and elicit student 
thinking, then the next step is to plan and provide 
lessons that will help the students to explore their 
ideas further and formulate understandings. If the 
FACT was used during the concept development 
state provide an opportunity for a whole-class 
discussion to resolve conceptual conflicts, 
formalize development of the key ideas, and 
solidify understanding. 

Ease of Use:  High 
Cognitive Demand:               
                            Medium/High 
Time Demand:  High 
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3. CARD SORTS 
Description Design and Administration General 

Implementation 
Attributes 

Card Sorts is a 
sorting activity in 
which students 
group a set of 
cards with pictures 
or words on them 
according to a 
certain 
characteristic or 
category. Students 
sort the cards 
based on their 
preexisting ideas 
about the 
concepts, objects, 
or processes on 
the cards. As 
students sort the 
cards, they discuss 
their reasons for 
placing each card 
into a designated 
group. See Figure 
4.2 on next page. 

Prepare sets of cards that align with the 
content goal of the lesson or cluster of 
lessons students will encounter. It is helpful 
to use tools such as Science Curriculum 
Topic Study (Keeley, 2005) to examine the 
research on student learning in order to 
identify common misconceptions that may be 
used as examples on the cards. You can 
place test on index cards or make cards from 
preprinted matchbook-sized squares on a 
sheet of paper and have students cut out the 
squares. Provide students with a category 
header under which to sort their cards. 
Encourage students to lay out each card in a 
row or column under the category header 
rather than on top of each other so you can 
see how students sort each individual item. 
Have students wor in small groups to discuss 
each of the cards and come to a common 
agreement on which category to place it in 
before sorting the next card. Listen carefully 
to students as they discuss and argue their 
ideas. Note examples where instructional 
opportunities may need to be designed to 
challenge students’ ideas. If a record of 
student thinking is needed, provide individual 
students and/or small groups with a 
recording sheet to note where each card was 
placed along with a justification for its 
placement.  

Ease of Use: 
 High 
Cognitive Demand:
 Medium 
Time Demand:
 Medium 

 
 
 
 
 
 
 
 
 
 
 
 
 



 140

 
 

 
Figure 4.2 Card Sort: “Is It an Animal?” 

 
 
THINGS THAT ARE ANIMALS THINGS THAT ARE NOT 

ANIMALS 
 

Ant Horse Fish 

Human Monkey Worm 

Giraffe Snail Lizard 

Spider Flower Crab 

Butterfly Tree Shark 

Whale Toad Snake 

Kitten Octopus Mushroom 

Hummingbird Caterpillar Mouse 
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4. CHAIN NOTES 
Description Design and Administration General 

Implementation 
Attributes 

Chain Notes begin 
with a question 
printed at the top 
of a paper. The 
paper is then 
circulated from 
student to 
student. Each 
student responds 
with one to two 
sentences related 
to the question 
and passes it on 
to the next 
student. Upon 
receiving the 
previous “chain of 
responses,” a 
student adds a 
new thought or 
builds on a prior 
statement. See 
figure 4.3 on next 
page. 

Select a broad, open-ended question focused 
on a particular concept relevant to the 
curriculum. Write the question at the top of a 
long sheet of paper. In addition, post the 
questions somewhere in the room so that 
everyone can see it. Pass the note around 
the class from student to student, having 
each student add a one- or two-word 
sentence that relates to the question and 
builds upon, extends, or disagrees with 
others’ comments. Make sure students know 
they should read all the prior responses 
before adding their own “note.” Encourage 
students to build upon the last note made so 
that it connects with the idea they are 
adding. Have students turn the sheet over 
when they run out of space on the first page. 
The Chain Notes can be passed around as 
students are engaged in other tasks. It 
should take no more than one or two 
minutes per student to respond and pass on. 
Notes should e brief – only one or two 
sentences in length. When completed, the 
Chain Notes can be read aloud or projected 
from an overhead, allowing for students to 
give feedback on the statements made by 
their peers. Students discuss whether they 
agree or disagree with the statements on the 
paper and defend their reasoning. 

Ease of Use: 
 High 
Cognitive Demand:
 Medium 
Time Demand:
 Medium 
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Figure 4.3 Seventh Grade Chain Note 
 

What Is Matter? 
 

 Matter is all around us and makes up everything. 

 Matter takes up space and has mass. 

 Matter has volume and mass. 

 You can see or feel matter. 

 Some kinds of matter can’t be seen, like gasses. 

 Matter is in solid, liquid, and gas forms. 

 Matter can be solid, liquid, or gas and also elements and compounds. 

 Matter has atoms in it. Almost everything has atoms in it. 

 All things made out of atoms are matter. 

 Atoms are small, but they are matter even without being seen. 

 You can’t see some kinds of matter. It’s there if you can feel or small it. Air is there; you 

can’t see it, but you can smell it. 

 Gases are matter because they can take up space that fills up. When you blow up a 

balloon, it doesn’t weigh too much. 

 Matter has weight if enough matter is there to weigh something. 

 Sound doesn’t weigh anything, but it’s there because I can hear sound. It’s not matter – 

it’s something like energy that isn’t matter but still moves around, and you can feel it 

sometimes. 

 Heat is like that. You can feel heat, but heat isn’t matter because you can’t hold it., so it is 

something different – maybe matter that is a kind of energy. 

They are two different scientific things. 

 They are different and kind of the same; matter and energy can both be felt. 

 Some energies fill up space like light and get used up. 

 Light isn’t matter because it’s like a gas – you can’t hold it or weigh it. 

 Some matter can’t be weighed or held. It depends on its form, whether it is a solid or 

liquid or gas. 
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5. COMMIT AND TOSS 

Description Design and Administration 
General 

Implementation 
Attributes 

Commit and Toss is an 
anonymous technique 
used to get a quick 
read on the different 
ideas students have in 
the class. It provides a 
safe, fun, and engaging 
way for all students to 
make their ideas 
known to the teacher 
and the class without 
individual students 
being identified as 
having “wild” or 
incorrect ideas. 
Students are given a 
question. After 
completing the 
question, students 
crumple their paper up 
into a ball and, upon a 
signal from the 
teacher, toss the paper 
balls around the room 
until the teacher tells 
them to stop and pick 
up or hold on to one 
paper. Students take 
the paper they end up 
with and share the 
ideas and thinking that 
are described on their 
“caught” paper, not 
their own ideas. 

 Choose a content goal. Design or select a forced-choice 
assessment item that requires students to commit to an outcome 
and provide a justification for the answer they selected, such as 
the example in Figure 4.4 (next page).  
 Remind students not to write their names on their 
paper. Give students time to think about and record their 
response, encouraging them to explain their ideas as best they can 
so another student would understand their thinking. When 
everyone is ready, give the cue to crumple all their paper into a 
ball, stand up, and toss it back and forth to other students. 
Students keep tossing and catching until the teacher says to stop. 
Make sure all students have a paper. Remind students that the 
paper they have in their hand will be the one they talk about, not 
the answer and explanation they wrote on their own paper. 
 After students catch a paper, give them time to read the 
response and try to “get into the other student’s head” by making 
sense of what the student was thinking. Ask for a show of hands 
or use the Four Corners strategy to visually show the number of 
students who selected a particular response. Have students get 
into small groups according to the selected response on their 
paper and discuss the similarities or differences in the 
explanations provided for each choice and report out to the class 
the different explanations students provided for each answer 
choice. The teacher can list the ideas mentioned, avoiding passing 
any judgments, while noting the different ideas students have that 
will inform the instructional opportunities that will follow. 
 Once all the ideas have been made public and discussed, 
engage students in a class discussion to decide which ideas they 
believe are most plausible and to provide justification for their 
thinking. This is the time when they can share their own ideas. 
Following an opportunity to examine the class’s thinking, ask for 
a show of hands indicating how many students modified or 
completely changed their ideas. Also ask how many students are 
sticking to their original idea. With consensus from the class 
select a few of the common ideas and have students decide in 
small groups or as a class how to go about investigating the 
question in order to determine the correct scientific explanation. 
Provide opportunities for students to test or use other resources 
to research their ideas. Revisit these ideas again during the formal 
concept-development stage to help students build a bridge 
between their ideas and the scientific explanation. Ask students to 
consider what else it would take to convince them of the 
scientific explanation if they are still experiencing a dissonance 
between their ideas and the scientific ones.  

Ease of Use: 
 High 
Cognitive Demand:
 Medium 
Time Demand: 
 Low 
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Figure 4.4 Example of a Forced-Choice Question Used With Commit and Toss 

 

 
Sophie’s Weight 

 
Sophie stood with both feet on the bathroom scale. She 
recorded her weight. She lifted her left foot and stood on 
the scale with only one foot on it. Which best describes 
what happened to the reading on the scale? 
 

A. The weight shown on the scale increased. 

B. The weight shown on the scale decreased. 

C. The weight shown on the scale stayed the 

same. 

 
Explain your thinking. Describe the reason for the answer 
you selected. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 145

6. CONCEPT CARTOONS 

Description Design and Administration 
General 

Implementation 
Attributes 

Concept Cartoons were 
originally developed in 
the United Kingdom as 
cartoon drawings that 
visually depict children 
or adults sharing their 
ideas about common, 
everyday phenomena 
(Naylor & Keogh, 
2000). Students decide 
which character in the 
carton they agree with 
most and why. Cartoon 
characters’ comments 
about the situation 
presented in the 
cartoon include an idea 
that may be more 
scientifically acceptable 
than the others as well 
as alternative ideas 
based on common 
misconceptions. 
Sometimes thee is not 
single right answer as 
it may depend on 
factors that surface 
during student 
discussion about the 
cartoon. Figure 4.6 
(next page) shows an 
example of a Concept 
Cartoon related to the 
topic of transfer of 
energy.  

 Concept Cartoons are designed to probe 
students’ thinking about everyday situations they 
encounter that involve the use of scientific ideas. 
Teachers can use concept cartoons that are already 
published and available, create their own from 
scratch, or adapt written assessment probes to a 
cartoon format. Consider using students who like to 
draw to create the characters and the setting for your 
cartoon and then add your distracters to the thought 
bubbles. Figure 4.7 shows an example of a teacher-
developed concept cartoon using the process 
described in Science Curriculum Topic Study for 
developing formative assessment probes. If you 
create your own Concept Cartoons, limit the amount 
of text. Check to be sure there are not contextual 
clues that might cue the “right answer” such as 
“happier” facial expressions or one character having a 
more technical and detailed explanation. Before 
showing the cartoon, introduce the topic to students. 
You can provide the cartoon as a printed handout, as 
a projected image, or sketch it out for students on a 
chart or whiteboard. 
 Concept Cartoons work well as a small group 
or whole-class discussion stimulus as long as 
individual students first have an opportunity to 
activate their own thinking. 
 Give students time to individually think about 
their own ideas and then have small groups of 
students discuss their ideas and try to come to some 
consensus. At this point, the teacher is circulating and 
listening to ideas being discussed but not passing 
judgment on students’ ideas. Have each group share 
with the whole class the ideas they came up with 
perhaps followed by voting on the one that seems 
most acceptable to the class. When possible, follow 
up the discussion by providing students with the 
opportunity to test out their ideas and share the 
outcomes of their inquiries. Use the results to draw 
students into a whole-group discussion to share their 
findings, consider what they have learned, and 
explain how their ideas have changed or been 
modified in some way. Probe further to find out what 
evidence led students to modify or change their 
thinking. 

Ease of Use: 
 High 
Cognitive Demand:
 Medium 
Time Demand: 
 Medium 
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Figure 4.6 The Snowman’s Coat Concept Cartoon 
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7. CONCEPT CARD MAPPING 
Description Design and Administration General 

Implementation 
Attributes 

Concept Card Mapping 
is a variation on the 
familiar strategy of 
concept mapping 
(Novak, 1998). Instead 
of constructing their 
own concept maps 
from scratch, students 
are given cards with 
the concepts written on 
them. They move the 
cards around and 
arrange them as a 
connected web of 
knowledge. They 
create linkages 
between the concept 
cards that describe the 
relationship between 
concepts. Moving the 
cards provides an 
opportunity for 
students to explore and 
think about different 
linkages. 

 For the purpose of this technique, a concept 
is defined as a simple one- to two-word or three-word 
mental construct or short phrase that represents or 
categorizes a scientific idea, such as ecosystem, 
boiling point, or erosion (Carey, 2000; Erickson, 
1998). Choose concepts central to the topic of 
instruction and place them in squares that students 
cut out from a sheet of paper. If students have never 
created a concept map, start by introducing concept 
mapping with a familiar topic. Engage the class in 
practicing concept mapping through an interactive 
demonstration. Model and emphasize the importance 
of creating clear, connecting sentences. For example, 
in mapping the topic “States of Matter,” a link 
between the “ice card” and the “water card” might be 
connected by the phrase “is the solid state of.” 
 Concept cards can be used as an individual 
activity or with pairs or small groups of students. 
When using this FACT with pairs or small groups, 
encourage students to think first about their own 
connections and then discuss them with others. 
Students decide which connections best represent the 
pair’s or group’s thinking. Once students are satisfied 
with their maps, they can glue down their cards, write 
in their linkages to form sentences, and share their 
maps with others for feedback. Figure 4.5 (next page) 
shows an example of cards used for a concept 
mapping activity on “States of Matter.” 

Ease of Use: 
 Low 
Cognitive Demand:
 High 
Time Demand: 
 Medium 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.5 Concept Cards for “States of Matter” 
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ice  water  vapor  solid 

       

liquid  gas  plasma  energy 

       

molecules  vibrate  move freely  held loosely

       

heat  temperature  evaporation  condensation
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8. DATA MATCH 

Description Design and 
Administration 

General 
Implementation 

Attributes 
Data Match provides students with 
a data set from a familiar 
investigation and several 
statements about the data. 
Students use evidence from the 
data to determine which 
statements are accurate. Research 
shows that some students tend to 
“look for or accept evidence that is 
consistent with their prior beliefs 
and either distort or fail to 
generate evidence that is 
inconsistent with those beliefs” 
(American Association for the 
Advancement of Science [AAAS], 
1993, p.332). Data Match helps 
teachers determine whether 
students rely on evidence derived 
from data collected from an 
investigation or whether they 
make inferences and form 
interpretations based on their own 
beliefs. 

Quantitative or qualitative 
data can be used with this 
FACT, depending on the 
developmental level of the 
students. Using data 
students have collected 
themselves makes the task 
more meaningful. Students 
should record their own 
ideas before engaging in 
small group and/or whole-
class discussion about the 
data statements. Figure 4.8 
is an example of a Data 
Match developed from 
elementary student-collected 
data on the effect of 
different surfaces on the 
melting time of an ice cube. 

Ease of Use: 
 Low 
Cognitive Demand:
 Medium 
Time Demand:
 Medium 
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Figure 4.8 Ice Cube Melt Data Match 

Where We Put 
the Ice Cube 

How Many Minutes 
It Took to Melt 

On the blacktop in the sun 3 

On the blacktop in the shade 7 

On the grass 10 

On the metal slide 2 

On the dirt underneath the slide 5 

On the top of the picnic table bench 6 

On a rock 5 

On a rubber tire in the sun 2 

On the shaded part of the tire 5 
 

Which of these statements match your results? 

1. The ice cube on the grass took longest to melt. 

2. The metal slide was hotter than the dirt underneath the slide. 

3. The rock must have been in the shade. 

4. The ice cube melted faster on the black top in the sun that on the shaded 

blacktop. 

5. The picnic table bench was in the sun. 

6. Ice placed on dark things melts faster than ice placed on light things. 

7. The ice melted faster on the slide because it was shiny. 

8. Ice melts faster on some surfaces than on others. 

9. Ice cubes in the sun melt faster than ice cubes in the shade. 

10. The time it takes an ice cube to melt on a surface depends on the surrounding 

conditions.  
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9. DIRECTED PARAPHRASING 

Description Design and Administration 
General 

Implementation 
Attributes 

Directed Paraphrasing 
involves students in 
translating a lesson or 
part of a lesson using 
language and examples 
appropriate for a specific 
audience (Angelo & 
Cross, 1993). For 
example, following a 
lesson on fossils that 
targeted ideas about 
kinds of objects that are 
considered to be fossils 
and how they became 
fossilized, students 
summarize the key 
points learned during 
the lesson as if they 
were talking to a 
younger brother or 
sister looking at fossils 
in a science museum; 
or, at a higher level, 
they may paraphrase 
their understandings as 
if they were talking to a 
paleontologist. 

First, decide on an appropriate time to 
break during the lesson so students 
can summarize what they learned 
without interrupting the conceptual 
flow of the lesson. Encourage students 
to individually record their ideas that 
summarize the lesson or part of the 
lesson selected before developing a 
paraphrase for their audience. Assign 
an audience or have students select 
one and challenge them to create their 
summary for the specific audience. 
Examples of audiences used for 
Directed Paraphrasing include younger 
students, parents, students in the 
same class who were absent when the 
lesson was taught, adults with different 
careers, famous persons, scientists 
whose work is related to the topic, or 
teachers in the school who teach 
different subject areas. Give time for 
students to think about how to put the 
summary into words and examples that 
would be appropriate for the intended 
audience. Another way to use Directed 
Paraphrasing is to assign different 
audiences to small groups. Have each 
group come up with a Directed 
Paraphrase they could share with the 
teacher and whole class for feedback. 

Ease of Use: 
 Medium 
Cognitive Demand:
 High 
Time Demand:
 Medium 
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10. EXPLANATION ANALYSIS 

Description Design and Administration 
General 

Implementation 
Attributes 

Explanation Analysis 
encourages self and peer 
assessment of students’ 
ability to both construct and 
analyze a well-crafted 
scientific explanation. 
Teachers and students 
constructively critique 
scientific explanations for 
accuracy and inclusion of 
the key components that 
distinguish scientific 
explanations from other 
types of explanations: the 
claim, appropriate and 
sufficient evidence, and 
reasoning that links the 
evidence to the claim using 
a scientific principle (Krajcik 
et al., 2006). While the 
original work of Krajcik et 
all. (2006) focused on 
explanations using data 
from investigations, this 
FACT is also used with 
explanations from 
assessment probes and 
other types of assessment 
questions.  

Guide students through the 
Explanation Analysis process the 
first time it is used by having 
students generate an explanation 
as part of an existing activity, 
experiment, or assessment probe. 
Provide students with the 
assessment criteria listed in Figure 
4.9 or generate your own to 
analyze the explanations. First 
have students self-assess their own 
explanation using the criteria and 
then revise it and submit it for 
feedback from the teacher. Once 
students become familiar with the 
FACT, they can work in groups to 
help each other analyze and revise 
their explanations, providing and 
receiving feedback in the process. 
Teachers can select a sampling of 
student explanations to use as part 
of a whole-class discussion focused 
on critiquing explanations and 
providing constructive feedback. 

Ease of Use:       Medium 
Cognitive Demand:  
Medium/High 
Time Demand:       Medium
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Figure 4.9 Assessment Criteria Checklist for Analyzing Scientific Explanations 
 

Explanation Criteria N/A Not at 
all Partially Yes 

The Claim or Statement 
1. Is a claim or statement in response to 
 the question made? 

    

2. Is the claim or statement stated as a 
 complete sentence, without beginning 
 with yes, no, or the answer choice? 

    

3. Is the claim or statement related to the 
 question 

    

4. Is the claim or statement scientifically 
 correct? 

    

Evidence (from experiences outside of school, prior knowledge, or science activities and 
investigations) 
5. Is the type of evidence appropriate for 
 supporting the claim or statement? 

    

6. Is there sufficient evidence?     
7. Is the evidence scientifically accurate?     
Reasoning (linking the evidence to the claim or statement using a scientific principle) 
8. Does the reasoning or “rule” used in the 
 explanation stand out to the reader (i.e., 
 is it obvious)? 

    

9. Does the reasoning make a link between 
 the evidence and the claim or 
 statement? 

    

10. Is a scientific principle or knowledge of 
 scientific ideas used to describe why the 
 evidence supports the claim or 
 statement? 

    

Overall Explanation 
11. If your explanation is based on an 
 investigation or activity from your 
 science class, would someone who is  
 not in your class be able to read your 
 explanation and understand how the 
 investigation or activity supports it? 

    

12. If your explanation is based on your real-
 life experiences or prior knowledge, 
 would someone be able to read your 
 explanation and understand how the 
 experience or prior knowledge supports 
 it? 

    

SOURCE: Adapted from Krajcik et al. (2006) 
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11. FACT FIRST QUESTIONING 

Description Design and Administration 
General 

Implementation 
Attributes 

Quality questions 
provide insight into 
students’ ideas and 
growing knowledge 
base. Fact First 
Questioning is a 
higher-order 
questioning technique 
used to draw out 
student knowledge 
beyond recall level. It 
takes a factual “what” 
question and turns it 
into a deeper “how” or 
“why” question 
because you are 
stating the fact first 
and asking students to 
elaborate. 

Any factual question can be 
thoughtfully turned into a Fact 
First Question. Use the general 
template: State the fact followed 
by “Why is X an example of Y?” 
(Black et al., 2003). For example, 
instead of asking, “Which 
essential life process releases 
energy from food?” turn it 
around to ask, “Cellular 
respiration is an example of an 
essential life process. Why is 
cellular respiration an essential 
life process?” Instead of the 
factual recall answer – cellular 
respiration – from the first 
question, the Fact First Question 
produces a much deeper 
response that involves describing 
cellular respiration as a process 
that happens within cells to 
break down carbohydrates in 
order to release the energy 
required for cells to function. 
Figure 4:10 lists a variety of the 
other Fact First Questions used 
at different grade levels. 

Ease of Use: 
 High 
Cognitive Demand:
 Medium 
Time Demand:  
Low 
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Figure 4.10 Examples of Fact First Questions 
 

 

• Glucose is a form of food for plants. Why is glucose considered a food for 

plants? 

• A cell is called the basic unit of life. Why is the cell called the basic unit of 

life? 

• Density is a characteristic property of matter. Why is density considered a 

characteristic property? 

• The small intestine is an organ of the digestive system. Why is it considered 

part of the digestive system? 

• The patterns of stars in the night sky stay the same. Why do the patterns of 

stars in the night sky stay the same? 

• Sandstone is a sedimentary rock. Why is sandstone considered a 

sedimentary rock? 

• Bacteria in the soil are decomposers. Why are bacteria in the soil 

considered to be decomposers? 

• Quartz is a mineral. Why is quartz an example of a mineral? 

• Electricity required a closed circuit in order to flow. Why is it necessary to 

have a closed circuit in order for electricity to flow? 
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12. FAMILIAR PHENOMENON PROBES 

Description Design and Administration 
General 

Implementation 
Attributes 

Familiar Phenomenon 
Probes are two-tiered 
questions consisting of 
a selected response 
section and a 
justification for the 
selected response. 
They are designed to 
elicit students’ ideas 
about a familiar 
phenomenon. The 
distracters (wrong 
choices) used for the 
selected response 
section include 
commonly held ideas 
noted in the research 
on children’s 
misconceptions in 
science. Students are 
asked to provide an 
explanation to support 
the answer they 
selected. Figure 4.11 is 
an example of a 
Familiar Phenomenon 
Probe used to elicit 
ideas about the 
bubbles in a pot of 
boiling water. (Keeley, 
Eberle, & Tugel, 2007). 

Design or choose assessment 
probes that use examples of 
familiar phenomena to elicit ideas 
related to a specific learning goal. 
The probe can be administered as 
a written task or used orally to 
stimulate small- or large-group 
discussion. This FACT is best used 
at the start of a sequence of 
instruction, although it can be used 
after conceptual development to 
determine whether transfer has 
taken place. Encourage students to 
write as much as they can in their 
explanation so you can use their 
ideas to help them learn. Consider 
sharing the results with students so 
they can see the variety of ideas 
held by their classmates. In 
addition, it is helpful to provide an 
opportunity for students to discuss 
their ideas in small groups or as a 
whole class, but let them know that 
you are not going to reveal the 
answer right away. Assure them 
that they will revisit the probe 
again after they have had an 
opportunity to further explore and 
investigate their ideas. After 
students have experienced lessons 
related to the probe, revisit their 
initial ideas, discuss them as a 
group, and reflect on whether they 
have modified or changed them. 
This FACT can be combined with 
other strategies such as Commit 
and Toss, Four Corners, Sticky 
Bars, Human Scatterplots, and 
Traffic Light Cards. 

Ease of Use: 
 High 
Cognitive Demand:
 Medium 
Time Demand:
 Medium 
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Figure 4.11 Example of a Familiar Phenomenon Probe 
 

 

What’s in the Bubbles? 

Hannah is boiling water in a glass tea kettle. She notices large bubbles forming on 
the bottom of the kettle that rise to the top and wonders what is in the 
bubbles. She asks her family what they think, and this is what they say:  
    
 

 Dad:  They are bubbles of heat. 

 Calvin:  The bubbles are filled with air. 

 Grandma: The bubbles are an invisible form of water. 

 Mom:  The bubbles are empty – there is nothing inside them. 

 Lucy:  The bubbles contain oxygen and hydrogen that separated 

from the water. 

 

Which person do you most agree with and why? Explain your thinking.  

   

 

 

SOURCE: Keeley, Eberle, and Tugel. (2007).  
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LETTER TO PARENTS 
Science Fair 2010 

 
Dear PARENTS/GUARDIANS, 
 
      Your child has been invited to participate in the Twin Rivers Unified School 
Disctrict Science Fair, an exciting event that encourages students to think and act like 
young scientists. During the next few months your child will be designing a science 
project that uses the scientific method to solve a problem. We hope you agree that the 
educational benefits are numerous, as students develop skills in writing, oral 
presentation, creative thinking, and problem solving. 
 
      Each student will be given instructions and handouts during class for the various 
steps of his or her project. Most of the work will be completed at home, and students 
will receive a monthly calendar noting due dates for each part of the project. For 
suggestions on helping your child through this process‐from choosing a topic to the 
final report‐see various web sites, such as: 
 

• www.sciencebuddies.org  
• www.all‐science‐fair‐projects.com  
• http://school.discovery.com/sciencefaircentral/ 

 

      We ask that you encourage your child and monitor his or her progress along the 
way. Your support is the key to a successful project, but please do not allow your 
involvement to extend any further in order to assure equity and promote student 
learning, Guide your child whenever and wherever you can, but let the final project 
reflect your child's individual effort and design.  
 
      Please read the Science Fair Handbook with your child and sign the necessary 
forms. Let us know if you'd like more information on creating a successful science fair 
project. If you have any questions, do not hesitate to contact us. 
 
Sincerely, 
 
 
 
Science Fair Coordinator 
School: ______________________ 
Contact Information: _______________________ 
 

http://www.sciencebuddies.org/
http://www.all-science-fair-projects.com/
http://school.discovery.com/sciencefaircentral/
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District Science Fair 
STUDENT PROJECT CONTRACT 

 
-Student Agreement- 

 
I, _________________________, from 
___________________________ 
                            (Name of Student)                                            (Name of School and Grade) 
agree to complete a science fair project on 
____________________________. 
                                                                                           (Title of Project) 
I also agree to do my own work and follow the guidelines for District Science Fair 
projects.  
I understand that my project must be completed by 
______________________. 
                                                                                                (Date Assigned by Teacher) 
 
 
 
_________________________________ 
                         [Student’s Signature] 
 
 

-Parent or Guardian Agreement- 
 

I agree to encourage my child’s participation in the District Science Fair by 
providing 
guidance and support when needed. I will ensure that my child completes the 
project 
on or by the due date. 
 
My signature below certifies that I have read all Science Fair Rules and Guidelines.  
 
 
_________________________________ 
                         [Parent or Guardian Signature] 
 
List of Attachments: 

• Letter to Parents 
• Science Fair Rules & Guidelines 
• Science Fair Timeline 
• Project Proposal Form 
• List of Projects to Avoid 
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SCIENCE FAIR GOALS 
 

Excellent science educators all agree that students should be given numerous 
opportunities to practice or “do science.” TRUSD science educators hope that Science 
Fair 2010 will... 

• Stimulate students’ interest, curiosity, and desire to explore the mysteries of 
the world. 

• Provide students with opportunities to learn, understand, and apply the 
scientific method. 

• Provide real experiences to students so that they would understand how 
scientific knowledge has been and is still being gathered.  

• Encourage the development of essential skills in oral and written 
communication 

• Help students develop skills that involve data  interpretation and analysis  
• Encourage the acquisition of important research skills using a wide variety of 

resources such as the Internet, interviews, books, magazines, etc. 
• Show a connection between what is learned in the class and what happens in 

real life. 
• Promote unique opportunities for teachers to work individually and 

collaboratively. 
• Foster independence in the student by providing the opportunity for them to 

take initiative and responsibility in completing a long‐range project.  
 
California Content Standards: 

Science 

I&E. 1. Scientific progress is made by asking meaningful questions and conducting 
careful investigations. As a basis for understanding this concept and addressing the 
content in the other four strands, students should develop their own questions and 
perform investigations. Students will: 
a. Select and use appropriate tools and technology (such as computer‐linked probes, 
spreadsheets, and graphing calculators) to perform tests, collect data, analyze 
relationships, and display data. 
b. Identify and communicate sources of unavoidable experimental error. 
c. Identify possible reasons for inconsistent results, such as sources of error or 
uncontrolled conditions. 
d. Formulate explanations by using logic and evidence. 
j. Recognize the issues of statistical variability and the need for controlled tests. 
l. Analyze situations and solve problems that require combining and applying 
concepts from more than one area of science. 
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  SCIENCE PROJECT PROPOSAL FORM 
 
I. The question I plan to investigate for my Science Fair Project is... 
 
 
 
 
II. HYPOTHESIS: 
 
 
 
 
III. MATERIALS LIST  

       
       
       

 

IV. METHODS: 

1   
2   
3   
4   
5   
6   
7   
8   
9   
10   

 

V. References: 
 
 
 
 
 
 

Student Pages 

http://rds.yahoo.com/_ylt=A0S020qvLE5KmW0BFwOjzbkF/SIG=12nhjordq/EXP=1246723631/**http%3A/www.lakeshorelearning.com/resource/graphics/clip_science.jpg
http://rds.yahoo.com/_ylt=A0S020qvLE5KmW0BFwOjzbkF/SIG=12nhjordq/EXP=1246723631/**http%3A/www.lakeshorelearning.com/resource/graphics/clip_science.jpg
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LIST of PROJECTS to AVOID 

 
• Effect of colored light on plants (or anything else)   
• Effect of music/talking on plants  
• Effect of cigarette smoke on plants (ditto) ‐‐ NOW FORBIDDEN   
• Mold growth   
• Crystal growth   
• Effect of cola, coffee, etc. on teeth   
• Effect of running/music/videogames [almost anything!] on blood pressure   
• Do we eat balanced diets? (data usually unreliable)   
• Strength/absorbency of paper towels (and other products)   
• Most consumer product testing of the "Which is best?" type ‐‐ approach 

generally without scientific merit   
• Graphology   
• Astrology   
• ESP, especially standard card test   
• Basic maze running   
• Any project which boils down to simple preference.   
• Effect of color on memory, emotion, mood / taste / strength 
• Optical Illusions   
• Reaction Times   
• Many male/female comparisons, especially if bias shows   
• Basic planaria regrowth   
• Detergents vs. stains   
• Basic solar collectors   
• Acid rain projects (Important: to be considered, thorough research into the 

composition of acid rain and a scientifically accurate simulation of it would be 
necessary.)   

• Basic flight tests, e.g., planes, rockets   
• Battery life (plug in and run down type)   
• Basic popcorn volume tests   
• Stills of any kind (PROHIBITED)   
• Pyramid power   
• Basic flower preservation techniques   
• Taste comparisons, e.g., Coke vs. Pepsi   
• Smelling vanilla, etc., to improve test scores   
• Sleep learning   
• Taste or paw‐preferences of cats, dogs, etc.   
• Color choices of goldfish, etc.   
• Basic chromatography   
• Wing, fin shape comparison with mass not considered   
• Ball bounce tests with poor measurement techniques   

Student Pages 
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From: 
http://www.peaktopeak.org/Content/Homework/gsafrane/Safranek_files/Student%20Guidelines%2008
09.doc  

Student Pages 

SCIENCE FAIR DISPLAY BOARD 
 
 

The function of a backboard is to inform judges and visitors, but also to 
attract as many spectators as possible.  To make it easy for spectators and 
judges to understand your research, you want your backboard to be clear 
and eye-catching.  Make headings stand out. Use neat, colorful headings, 
charts, and graphs.   You might want to include photographs of important 
parts/phases in your investigation.  You are free to choose your colors and 
format, but there are a few aspects judges are looking for.  Your backboard 
must include: 

TITLE 
Your title is an extremely important attention-grabber.  A good title should 
simply and accurately present your research.  Avoid making your title too 
long.  Write several titles on paper and think about them for a few days 
before making a final decision.  The title should make the casual observer 
want to know more. 

PURPOSE or QUESTION 
A question or statement showing what you are trying to find out.  Formulate 
your question very specific, including the subjects to be tested and the 
variables you will be measuring. 
 

ABSTRACT 
• A brief, written explanation of the research project, consisting of a 

succinct description of the project’s purpose, the procedures 
followed, the data collected, and the conclusions reached.  

• A clear and simple summary statement of the main points of the 
experiment 

• A self-contained statement that must make sense all by itself. 
 

HYPOTHESIS 
The hypothesis is a prediction of the outcome you expect from your 
investigation.  Just as in your question, formulate the hypothesis very 
explicitly.  Include the subjects to be tested, the experimental variable you 
will change and the variable you will measure. 

MATERIALS 
List your equipment, chemicals, foods, and other materials used during your 
experiment. Include the amount you used of each, using proper units (SI 
units if possible). 

PROCEDURE 
The procedure is a list of steps followed during the experimentation or 
investigation.  Make sure to use proper language grammar and spelling.  
Refer to any experiment in your science textbook for an example of 
appropriate wording. 

http://www.peaktopeak.org/Content/Homework/gsafrane/Safranek_files/Student Guidelines 0809.doc
http://www.peaktopeak.org/Content/Homework/gsafrane/Safranek_files/Student Guidelines 0809.doc
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OBSERVATIONS or DATA 

These are the data collected in the investigation.  As a scientist, you must keep record of 
everything you are doing in a notebook.  Follow these suggestions for keeping a notebook: 

• Use a sturdy and permanently bound notebook.  
• Date all notes.  
• Complete notes are an absolute necessity.  Don't rely on your memory.  
• Write up all work, including failures.  It is important to write in pen and to not 

erase anything or remove pages from your notebook.  Something that seems an 
error now, may turn out to be correct later. 

• Include the notebook with your exhibit, so you can refer to it during the judging.  
Judges will be impressed by a complete and well-organized data book. 

 

RESULTS or DISCUSSION 
Include an explanation of why the investigation turned out as it did.  Neatly presented, 
clear results make it easy to draw conclusions and earn higher scores on your project.  
Show how your observations or data relate to the hypothesis.  Note that a hypothesis is 
never wrong.  If your results are not what you expected, you should say that your 

 

CONCLUSION 
The conclusion is a summary of the most significant results of the project.  Be 
specific, do not generalize.  You could suggest what your next step would be or how 
you would improve the project. 
 

 
 

NOTE: The Background or Literature Search may contain the Abstract Section instead. 
Image from: http://synopsys.championship.googlepages.com/DisplayBoard.jpg/DisplayBoardfull.jpg 

http://synopsys.championship.googlepages.com/DisplayBoard.jpg/DisplayBoard-full.jpg
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Science Fair Display Board Label 

 

 
 

 
Name(s): _______________________________ 
School: ________________________________ 
Grade: _________________________________ 
Teacher: _______________________________ 

Title: ___________________________________ 
_______________________________________ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cut out and place this information on upper left corner of back 
of the display board of your project. 
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TRUSD SCIENCE FAIR RULES 
All exhibits must conform to the following rules and regulations to 
qualify for the TRUSD Science Fair. These rules and regulations should 
be considered as your project is developed. These are the rules and 
regulations that also apply to the Sacramento Regional Science Fair.  

1. The project to be presented must be the work of a single student and must 
concern itself with a single subject.  

2. Students are expected to keep a step by step notebook recording the 
development of the project, including references, original data, etc. Original data 
are of great value in all projects.  

3. No exhibit should be larger than 122 cm. wide by 76 cm. deep by 274 cm. high 
from the floor. No oversize projects are allowed to the exhibit.  

4. Wall space for posters, tape, tacks, etc. is not available. Students should 
construct their exhibits so that wall space is not necessary. Exhibitors must supply 
their own thumb tacks, tape and other tools.  

5. Because of space limitations, antenna lines and other long leads are prohibited.  

6. No lighting is permitted on displays.  

7. No running water is available.  

8. After a project is inspected for compliance with these rules and regulations no 
changes are permitted.  

9. Students are expected to stay with their projects during the Judge Interview 
Phase.  

10. Student names should be posted at the back of the display board, using the 
label provided.  

From: http://users.rcn.com/tedrowan/Rules.html  
 

http://users.rcn.com/tedrowan/Rules.html
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 Science Fair Judges’ Scorecard 
 

Name: Grade: 
Project Category:  Date: 
Project Title: Project Number: 
Judge’s Name: Final Score: 

 
            I. Scientific Method  

  Superior  Above 
Average 

Average  Below 
Average 

No 
Evidence 

a. Presented a question that can be 
answered through experimentation. 4  3  2  1  0 
b. Developed a hypothesis that 
identifies the dependent and 
independent variables. 

4  3  2  1  0 

c. Developed good procedure for 
testing the hypothesis, including the 
use of controlled variables. 

4  3  2  1  0 

d. Ran sufficient trials [at least 3].  
 4  3  2  1  0 

e. Derived conclusions from 
appropriately organized and 
summarized data. 

4  3  2  1  0 

f. Related conclusions back to the 
hypothesis.  4  3  2  1  0 
Opportunities  for Improvement:  
 
 

             
II. Scientific Knowledge 

  Superior  Above 
Average 

Average  Below 
Average 

No 
Evidence 

a. Accessed a minimum of three 
reliable, accurate resources for 
background research. 

4  3  2  1  0 
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b. Used scientific principles and/or 
mathematical formulas correctly in 
the experiment.  

4  3  2  1  0 

Opportunities  for Improvement:  
 
 

 
III. Presentation & Creativity 

  Superior  Above 
Average 

Average  Below 
Average 

No 
Evidence 

a. Neat, well-organized, and visually-
appealing.  4  3  2  1  0 
b. Included all key components to 
provide a thorough picture of the 
project [Abstract, Introduction, 
Results, Discussion, etc].  

4  3  2  1  0 

c. Included a lab notebook or journal. 
4  3  2  1  0 

d. Investigated an original question or 
used an original approach or 
technique.  

4  3  2  1  0 

Opportunities  for Improvement:  
 
 
 

 
                                   TOTAL SCORE:       

 
              General Comments: 
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Choosing a Science Fair Topic 
    
    Finding an idea for your project can be the most difficult part of your science fair 
project. Some students spend more time looking for a topic than doing the actual 
experiment. Ideas for science fair projects can come from many sources, of course, 
but the World Wide Web is a great place to start to look for topic ideas! 
 
    Try the following websites: 

1. Cool-Science-Projects 
http://www.cool-science-projects.com/Science-Fair-Project-Ideas.html  
Find your motivation. Learn how to get good topic ideas by thinking about what you enjoy, 
what you're really curious about, asking questions, and turning a hobby into a project. 
2. Cyber Fair Idea Generation 
http://www.isd77.k12.mn.us/resources/cf/ideas.html  
Offers sample topics, as well as tips and hints for thinking up your own ideas. Also shows 
how to find topics that are interesting to you. Let your imagination run wild. 

3. Science Buddies Topic Selection Wizard 
http://www.sciencebuddies.org/mentoring/register_guest.php  
The Topic Selection Wizard will help ask you enough questions to decide what kind of 
science you’ll most enjoy doing. An excellent aid! 

4. Twin Groves Middle School 
http://www.twingroves.district96.k12.il.us/ScienceInternet/GetStarted.html  
Gives excellent advice on using your own observations to generate a broad idea and then 
narrow it down to a workable idea. With many links to topics, organized by category. 

5. All Science Fair Projects 
http://www.all-science-fair-projects.com/  
Find hundreds of projects under Biology, Chemistry, Physics, Earth Sciences, and 
Engineering. Browse through the projects, or use the search engine to find a specific topic 
and complete instructions. 

 

The following websites deal with projects under a specific science discipline: 

1. Agricultural Ideas for Science Fair Projects 
http://www.ars.usda.gov/is/kids/fair/ideasframe.htm  
Agriculture usually doesn't get a category at science fairs, but the ideas here for agricultural 
science fair projects can lead you to projects in botany, chemistry, environmental science, or 
even medicine. 
2. Interested in Bugs? Science Fair Project Suggestions 
http://www.si.edu/resource/faq/nmnh/buginfo/scifair.htm  
Love bugs? BugInfo describes several projects and explains how to conduct them. 

http://www.cool-science-projects.com/Science-Fair-Project-Ideas.html
http://www.isd77.k12.mn.us/resources/cf/ideas.html
http://www.sciencebuddies.org/mentoring/register_guest.php
http://www.twingroves.district96.k12.il.us/ScienceInternet/GetStarted.html
http://www.all-science-fair-projects.com/
http://www.ars.usda.gov/is/kids/fair/ideasframe.htm
http://www.si.edu/resource/faq/nmnh/buginfo/scifair.htm
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3. Love Math? Math Projects 
http://camel.math.ca/Education/mpsf/  
Math projects, including numbering systems, geometry, game theory, and more, at various 
levels of difficulty. Some of these ideas are probably best left for high school projects, but 
some topics include links to helpful reference sites.  

4. Electronics for Kids 
http://users.stargate.net/~eit/kidspage.htm  
Here are a dozen projects you can do that will teach you about electricity and magnetism. 
These are simple and don’t require much money or equipment. 

5. Energy Quest Science Fair Projects 
http://www.energyquest.ca.gov/projects/index.html#chemical  
Ideas from the California Energy Commission on all kinds of energy topics: 
Chemical/Stored, Electrical, Geothermal, Hydrological (Water), Nuclear, Solar, and Wind 
Energy. Also ideas on Saving Energy and Transportation. 
http://www.pnm.com/sciencefair/investigation.htm  
If you’re interested in energy, here are some questions that can easily be turned into a 
research project. 

6. Electrochemistry Experiments 
http://www.funsci.com/fun3_en/electro/electro.htm  
Learn to measure electrical conductivity and make several kinds of battery. (Did you know 
you can get electricity from a lemon?) Good projects if you like to work with your hands and 
build things.  

7. Neuroscience for Kids 
http://faculty.washington.edu/chudler/experi.html  
Can your eyes deceive you? Do you remember your dreams? Can you build a model of the 
nervous system? Dr. Chudler publishes a long list of games and creative ideas for 
Neuroscience science fair projects. Projects are good for grades 3-12. 

8. Photosynthesis Science Fair Ideas: Arizona State University 
http://photoscience.la.asu.edu/photosyn/education/sciencefair.html  
Questions that might help you start a science fair project on photosynthesis. (Not sure what 
that is? Follow the link to "What is Photosynthesis?") These ideas are just to get you started 
– you’ll have to work out the project yourself. 

9. Earth Science 
http://interactive2.usgs.gov/learningweb/students/project.htm  
Learn how to build a table-top model that demonstrates the causes of an earthquake, a 
model that demonstrates the spreading of the ocean floor, your own weather station, or how 
to collect fascinating slimes off the rocks in your neighborhood. 
http://earthquake.usgs.gov/learning/kids/sciencefair.php  
The U.S. Geological Survey provides a fun list of project ideas for studying earthquakes and 
other types of ground movement. You can also find instructions for building an earthquake 
simulator. 
http://volcano.und.nodak.edu/vwdocs/volc_models/models.html  
Complete how-to instructions for building several different types of model volcano. Projects 
for all ages. 

     From: http://www.ipl.org/div/kidspace/projectguide/choosingatopic.html  

      
 

http://camel.math.ca/Education/mpsf/
http://users.stargate.net/~eit/kidspage.htm
http://www.energyquest.ca.gov/projects/index.html#chemical
http://www.pnm.com/sciencefair/investigation.htm
http://www.funsci.com/fun3_en/electro/electro.htm
http://faculty.washington.edu/chudler/experi.html
http://photoscience.la.asu.edu/photosyn/education/sciencefair.html
http://interactive2.usgs.gov/learningweb/students/project.htm
http://earthquake.usgs.gov/learning/kids/sciencefair.php
http://volcano.und.nodak.edu/vwdocs/volc_models/models.html
http://www.ipl.org/div/kidspace/projectguide/choosingatopic.html
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     Student Pages 

 
    Here are some more tips for choosing a science fair project topic… 
 

     a. List your interests. When beginning your search for a science fair project, 
you should start by making a list of your true interests. After all, you’ll be spending 
a lot of time on this project, so you’ll want to find something that you can live with 
for quite awhile.  
         Start by brainstorming some ideas and recording them in a pad. Be sure to 
keep your mind wide open and ask yourself many questions, like what sort of TV 
shows intrigue you? What do you like to do in your spare time?  

     b. Find intriguing facts about each topic.  
         Once you have finished a list of things that interest you, start thinking about 
some odd or intriguing facts about each topic. If you do like to grow plants, for 
instance, or if you just think plants are interesting in some way, ask yourself what 
intrigues you most. Is it the way they grow? Their potential benefits or harm to 
humans?  
          Keep brainstorming, jotting down some intriguing facts or ideas related to 
plants, like the one below. Any of these could lead to a project. 

     c. Research a few topics. 
          Once you pick a few topics that sound interesting, do some quick research to 
find out how feasible your topic will be. Consider things like: 

 Is there a point that I can prove? 
 Will this make an attractive display? 
 Are there visual items I can use for my display? 
 Can I make a chart from this information? 

            Remember, the science fair is a competition, of sorts. Try to select a topic 
that interests you, but also one that will create an attractive visual experience for 
the judges. 
 

     From: http://homeworktips.about.com/od/sciencefair/a/sciencefair.htm  

 
 
 
 
 
 
 
 
 

http://homeworktips.about.com/od/sciencefair/a/sciencefair.htm
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        How to Write an Abstract 
 
What is an abstract? 
The Abstract is a summary of your science fair project. Your abstract is made up of 
a brief statement of the essential, or most important, thoughts about your project. 
Abstracts should summarize, clearly and simply, the main points of the 
experiment. Spelling, grammar, punctuation, neatness, and originality are 
important. It should be 250 to 300 words in length. It is one of the last parts of 
your science fair project that you will complete. It is an easy part if you are using a 
computer to record and type your journal entries and other parts of the project. If 
you are using a computer then you will only have to cut and paste this information 
into the abstract. 
 
What should be included in the abstract?  

 Your projects purpose statement.  
 The hypothesis  
 A description of your variables and the control / constants.  
 A description of what variable you are manipulating (changing) in 

your     
      experiment.  

 How you went about measuring and observing the variables / 
controls.  

 Your results and data collected from your experiment.  
 Your conclusion  

 
Complete the following statements as a guide to writing your 
abstract:  

The purpose of my science fair project was _______________________________________ 
____________________________________________________________________
____________________________________________________________________ 
____________________________________________________________________
____________________________________________________________________ 

My hypothesis for this project  was____________________________________________ 
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________ 

The constants and controls in my experiment were_________________________________ 
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________ 
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The variable in my experiment was  ___________________________________________ 

____________________________________________________________________
____________________________________________________________________
____________________________________________________________________ 

 The way that I measured the responding or dependent variable was _____________________ 
____________________________________________________________________
____________________________________________________________________ 
____________________________________________________________________
____________________________________________________________________ 

The results of this experiment were ___________________________________________ 
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________ 

The results show that my hypothesis should be (give brief reason why to accept or not) 
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________ 

If I were going to do this experiment again in the future or expand on this ________________ 
experiment I would ______________________________________________________ 
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________ 

 
From: http://www.williamsclass.com/ScienceFair/ScienceFairAbstract.htm  

 

 
Example of an Abstract: 

Title: The Effect of Surface Finish on Rocket Drag 
Abstract:  The objective of this project was to determine if surface finish has an 
effect on the drag of a model rocket. I believe that a model with a smooth surface 
will have lower drag and will reach higher altitudes.  
Five model rockets with identical size and shape, but different surface 
preparations, were constructed. One rocket was left with an unfinished surface, 
three had surfaces finished to various degrees of smoothness, and the fifth rocket 
had its surface sealed, primed, sanded to 600 grit, painted, and covered with clear 
gloss. The rockets were ballasted to weigh the same and flown 10 times each with 
B5-4 motors.  
The rocket with the clear gloss finish consistently reached the highest altitudes of 
all 5 rockets, while the unfinished rocket consistently reached the lowest altitude. 
This project provided evidence that surface finish has an important role in model 
rocket drag and rockets with carefully prepared surfaces will reach higher altitudes. 
 
 

From: http://www.usc.edu/CSSF/Info_Genl/Abst_Ex.html  
 

 
 
 
 
 
 

http://www.williamsclass.com/ScienceFair/ScienceFairAbstract.htm
http://www.usc.edu/CSSF/Info_Genl/Abst_Ex.html
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SDAIE Strategies: 
A Glossary for Science Teachers 

 

Anticipatory Chart: Before reading a selection, hearing a selection or viewing a video 
students are asked to complete the first two sections of the chart-"What I already know 
about ...." and "What I would like to find out about ...." After the information has been 
presented students complete the "What I learned..." section. Responses are shared with a 
partner. This is also known as a KWL Chart.  
Anticipatory Guide: Students are given a series of statements that relate to a reading 
selection, lecture, or video. Students indicate AGREE or DISAGREE. After the 
information has been presented, students check to see if they were correct. 
 
Brainstorming: Students work as a whole group with the teacher, or in small groups. 
Begin with a stimulus such as a word, phrase, picture, or object and record all responses to 
that stimulus without prejudgment. Prewriting or INTO strategy. The students give ideas 
on a topic while a recorder writes them down. The students should be working under time 
pressure to create as many ideas as possible. All ideas count; everything is recorded. More 
ideas can be built on the ideas of others.  
Carousel Brainstorming: Each small group has a poster with a title related to the topic of 
the lesson or with a question posed. Each group uses a different colored marker to write 4 
to 5 strategies/activities or answers to the questions.  Students rotate to all the other 
posters, reading them and adding 2 to 3 more strategies. Students discuss the results. 
Clustering/Webbing/Mapping: Students, in a large group, small groups, or individually, 
begin with a word or key idea circled in the center, then connect the word to related ideas 
or concepts which are also circled.  
Comprehension Check: The teacher [or students] read statements out loud [example: The 
Earth rotates from East to West]. The teacher asks for verbal and nonverbal 
comprehension checks ("raise your hand", "thumbs up for 'yes' ", "thumbs down for 'no'”).  
A great way to check for misconceptions.  
Co-Op/Co-Op:  Students work in teams to complete a project. The steps are: student-
centered class discussion, selection of student study teams, team building and skill 
development, team topic selection, mini-topic selection, mini-topic preparation, mini-topic 
presentations, preparation of team presentations, team presentations, evaluation.  
Cooperative Graphing: This activity involves graphing information based on a data 
provided by teacher or generated from an experiment. Data should be chosen carefully 
such that each group decides the most appropriate graph to use to convey the information. 
Each group then shares their graph with the whole class, identifying trends and patterns 
that the graph has revealed.  
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Corners: Cooperative activity used to introduce a topic. The teacher poses a question or 
topic along with four choices. On a 3x5 card students write their choice and the reasons 
for it. Students go to the corner of the room representing their choice. In their corner, 
students pair up and share their reasons for selecting that corner. The topic is discussed. 
For example, the corners could be labeled cone, cube, pyramid, and sphere with 
information about each figure provided. Students go to the corner, learn about the figure, 
and return to teach other team members. 
Directed Reading Activity: This is a group activity to get students to think about the 
content of a fiction or non-fiction reading selection. The steps are 1) Students predict what 
they will read and set purposes for reading. 2) Students read the material. 3) Students 
discover if their predictions and hypotheses are confirmed. 
Inside-Outside Circle - Students are arranged into two equal circles, one inside the other. 
Students from the smaller inside circle face those in the outer larger circle and vice versa. 
Students ask each other questions about a review topic. These may be either teacher or 
student generated. Students from one of the circles rotate to either the left or right. The 
teacher determines how many steps and in which direction. Another question is asked and 
answered. 
Jigsaw - 4-6 people per "home" team. Name the teams. Within each team, number off 1-4. 
All ones form an "expert group," as do twos, threes, and fours. Each expert group is 
assigned a part to read (or do). Experts take 15 minutes to read, take notes, discuss, and 
prepare presentations. Return to home teams. Each expert takes 5 minutes to present to 
home team. 
Line-Ups - Line-ups can be used to improve communication and to form teams. The 
entire class lines up according to a specific criteria (age, birthday, first letter of name, 
distance traveled to school, etc.). The end of the line can move to the head of the line and 
pair up until each person has a partner. This is called "folding the line." Teams of four 
members can then be formed from this line-up. 
Numbered Heads Together - A 5-step cooperative structure used to review basic facts 
and information. Students number off I to 4. Teacher asks a question. Students consult one 
another to make sure everyone can answer the question. Teacher randomly picks a number 
from 1 to 4. Those students with that number raise their hand: Teacher randomly chooses 
one of the groups. The group member with the previously-selected number answers the 
question. After the student responds, the other teams may agree with a thumbs up or a 
thumbs down hand signal. Teacher may ask another student to add to the answer if an 
incomplete response is given. 
Open Mind Diagram - Each person in a group of four uses a different colored marker to 
participate in the poster creation. Students draw a science diagram [examples: water cycle, 
photosynthesis stages, cell respiration, rock cycle], write key words, symbols and pictures. 
Words can be made into pictures of parts of the face. All color of markers should be 
represented in the poster created. 
Pairs Check - Cooperative pairs work on drill and practice activities. Students have 
worksheets. One student answers the first question while a second student acts as the 
coach. After the coach is satisfied that the answer is correct, then roles are reversed. Then 
this pair can check with the other pair on the team. If all agree, then the process continues. 
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If they do not agree, students try one more time to figure out the answer, or ask for help 
from the teacher. 
Picture This - This activity is useful as a vocabulary or concept review. A blank paper is 
divided into eight sections. Students draw pictures or symbols to represent words or major 
concepts. Students are not to label the drawings. Students exchange papers with a partner 
and partners try to correctly label each other's drawings. 
 
Quickwrite - Pre-reading or pre-writing focus activity. Students are asked to respond to a 
question in writing for 5 minutes. Emphasis is on getting thoughts and ideas on paper. 
Grammar, spelling, style not important. 
Ranking and Consensus Building - Students individually rank items in a list from least 
important to most important. Each group or pair comes to a consensus on the order. 
 
Read Around Groups -After completing a writing assignment, students are divided into 
groups of equal size. A group leader collects the group's papers then, in a clockwise 
direction, passes them to the next group. Each member of the group receives one paper 
then reads it. Readers star a line they especially like. One minute is allowed for reading 
and marking each paper. At signal the students pass the paper to the person on the right. 
After reading the papers of one group, the group chooses one paper to read aloud to the 
class. If time allows, groups may continue to pass papers until everyone has read all the 
papers. 
Reciprocal Teaching - Two students work together to read a science news article or a 
section from the textbook.  Each may have a text or they may share a text. Student A reads 
one paragraph aloud, and then asks Student B one or two good questions. Student B 
answers or explains why s/he cannot. A and B discuss questions and answers. The process 
is repeated in reverse. 
Round Table - The teacher asks a question that has many possible answers [e.g., “What 
could be the used of cloning?”]. In groups, the students make a list of possible answers by 
one at a time saying an answer out loud and writing it down on a piece of paper. The paper 
is then passed to the next student to record another answer. The process continues until the 
teacher tells the students to stop. 
Same-Different - In pairs, students sit across from but different, pictures. Their job is to 
fill out what is the same and what is different in their pictures, without seeing what the 
other sees. Each student has a recording sheet. Students alternate recording the similarities 
and differences they find. 
Think-Pair-Share - When asked to consider an idea or answer a question, students write 
their ideas on paper (think). Each student turns to another student nearby and reads or tells 
his or her own responses (pair, share). This is an oral exchange, not a reading of each 
other's papers. 

 
 

From: http://www.suhsd.k12.ca.us/suh/suhionline/SDAIE/glossary.html  
 
 

http://www.suhsd.k12.ca.us/suh/---suhionline/SDAIE/glossary.html


 178

Vocabulary Development in Science 
 

    Vocabulary knowledge is no doubt one of the distinguishing hallmarks of a highly 
educated person. A scientifically‐literate person should have an extensive 
understanding of the unique language of science. Effective science instruction 
therefore, involves strategies that encourage vocabulary acquisition and 
development.  
 

Question: How many words can a teacher teach in a year? 
Answer: While estimates vary, researchers in education agree that at least 400 
words per year can be taught and learned in one school year. On average, students 
add 2,000‐3,000 words a year to their reading vocabularies.  
Question: How many words can teachers teach in one lesson?  
Answer: Surprisingly, there is an easy answer. Five [5] new, unfamiliar words can 
be taught per lesson. Research has shown that for every word introduced after five 
[5], memory overload happens and this negatively affects the learning of the five 
target words.  
Question: How many encounters or exposures to words are needed? 

Answer: Some researchers have suggested that at least 8‐10 exposures are needed 
before a new word begins to become part of a student’s lexicon. Of course, a more 
accurate answer to this question would depend on the child’s background and age.  
Question: What words should be taught? 

Answer:  
a. Content Area Words: these are terms like gravity, ecosystem, metamorphic.  
b. Grade Level High Frequency Words 
c. High Utility [but less frequent] Words [examples: segregate, adjustable, 
creative, etc.] 

 
From: http://www.pearsonschool.com/live/assets/200728/SciAut0404586MonoFloodLapp_845_1.pdf  

 

Obstacles to Vocabulary Development in the Classroom 
 
To help students develop word knowledge in breadth and depth, we must first 
recognize four fundamental obstacles, and then develop teaching practices to address 
those obstacles: 
• The size of the task. The number of words that students need to learn is 
exceedingly large. 
• The differences between spoken English and written, or “literate” English. The 
vocabulary of written English, particularly the “literate” English that students 
encounter in textbooks and other school materials, differs greatly from that of spoken, 
especially conversational, English. Students—both English language learners and 

http://www.pearsonschool.com/live/assets/200728/SciAut0404586MonoFloodLapp_845_1.pdf
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those for whom English is the first language—may have limited exposure to literate 
English outside of school. 
• The limitations of sources of information about words. The sources of 
information about words that are readily available to students— dictionaries, word 
parts, and context—pose their own problems. Each can be difficult to use, 
uninformative, or even misleading. 
• The complexity of word knowledge. Knowing a word involves much more than 
knowing its dictionary definition, and simply memorizing a dictionary definition does 
not guarantee the ability to use a word in reading or writing. Adding to the complexity 
is the fact that different kinds of words place different demands on learners. 
 

The Components of Effective Vocabulary Instruction 
 
To be effective, a program of vocabulary instruction should provide students with 
opportunities for word learning by: 

o encouraging wide reading; 
o exposing students to high‐quality oral language; 
o promoting word consciousness; 
o providing explicit instruction of specific words; and 
o providing modeling and instruction in independent word‐learning 

strategies. 
Wide Reading 
As teachers, increase the reading opportunities for students in your Science 
Instruction. This can be done by either reading orally to the students or having 
students read on their own. In short, the single most important thing a teacher can do 
to improve students’ vocabularies is to get them to read more.  
 

High Quality Oral Language  

To aid in vocabulary development and academic language acquisition, teachers can 
increase the quality of the oral language to which students are exposed—let them 
hear spoken English that incorporates more of the vocabulary and syntax typical of 
written, and particularly literate English. In short, a science teacher can help students’ 
acquire academic language more effectively if s/he talks like the science textbook 
[though not all the time!].  
Word Consciousness 

Playing with language is an essential component of language development. Word 
consciousness is the knowledge of and interest in words. Students who are word‐
conscious enjoy learning new words and using them in word plays. They know and 
use many words, and are aware of the subtleties of word meaning and of the power 
words can have.  
Oral and written vocabulary games promote word consciousness. Surely, students in 
Science can engage in word puzzles, word searches, limericks, puns, and riddles using 
vocabulary terms that they commonly struggle with. Science terms can even be used 
by students to create poetry [haiku, for example]. Encouraging students to play with 
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words can create an interest in knowing more about them, and thus, can become a 
strategy for independent word learning. 
Explicit Instruction on Specific Words 
To be effective, explicit vocabulary instruction should involve: 
    a. definitional and contextual information about word meanings, 
    b. Involving students actively in word learning, and 
    c. Using discussion to teach the meanings of new words and to provide meaningful 
information about the words. 
    Learning a list of words and their definitions will not contribute significantly to 
vocabulary acquisition. Students need to know how a word functions in various 
contexts. To do this, teachers should teach synonyms and antonyms, guide students 
towards restating “textbook” definitions in common language, providing examples 
and non‐examples, identifying similarities and differences between the new word and 
related words. 
   To help students with contextual information, teachers can have students create 
sentences using the new terms, invite students to create a scenario where the word 
can be used, discuss the meaning of the same word [e.g. theory, energy, evolution] in 
different sentences, and create questions [“Can energy be matter?,” “Could humans 
have evolved from apes?”].  

From: http://ritter.tea.state.tx.us/reading/practices/redbk5.pdf  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://ritter.tea.state.tx.us/reading/practices/redbk5.pdf
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TABLE OF COMMONLY-USED PREFIXES AND SUFFIXES IN 
SCIENCE 

 
I. Greek and Latin Root Words* 
 
 

Root Meaning English Words 

arch chief, primary or first archetype 

archaeo ancient/primitive archaeology 

aster/astra star astronomy 

audi hear audible 

bene good/well benefit 

bio life biology 

brev short abbreviation 

chloro green chlorophyll 

chrono time chronology 

derm skin dermatologist 

dic/dict speak dictionary 

fer carry transfer 

fix fasten affix 

gen birth generate 

geo earth geography 

graph write graphic 

hemo blood hemoglobin 

herb plants herbaceous 

hydro water hydrate 

jur/just law jury 

log/logue word/thought dialogue 

luc light lucid 

manu hand manual 

meter/metr measure thermometer 

neg no negate 

ocu eye ocular 

olig few oligarchy 

op/oper work operation 
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Root Meaning English Words 

osteo bone osteoporosis 

path feeling sympathy 

ped child pediatrics 

phil love philosophy 

phys body/nature physical 

pod foot podiatrist 

proto first prototype 

pseudo false pseudonym 

scrib/script write scribble 

sect cut dissect 

sol alone solitary 

struct build construct 

tact touch contact 

tele far off telephone 

ter/terr earth territory 

vac empty vacant 

ver truth verify 

verb word verbal 

vid/vis see video 

II. Greek and Latin Prefixes-/-Suffixes* 

Prefix/Suffix Meaning English Words 

ad- to addict 

-al relating to maternal 

ambi- both ambidextrous 

ante- before antecedent 

anti- against antifreeze 

-arium place of aquarium 

auto- self autobiography 

centi- hundred centimeter 

circum- around circumvent 

con- with concert 

de- from/down depart 

deci- ten decimeter 
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Prefix/Suffix Meaning English Words 

di- two diameter 

dis- opposite disable 

-dom quality/state freedom 

ex- out exit 

hetero- different heterogeneous 

hypo- too little hypoactive 

-ic relating to poetic 

-ile quality/state juvenile 

in- not invalid 

inter- between interstate 

intra- within intramurals 

-ism quality/state catholicism 

-ist one who practices biologist 

macro- large  macrobiologist 

micro- small microbiologist 

milli- thousand millipede 

mis- bad miscarriage 

mono- single monotheism 

               nano-   billion nanosecond 

neo- new neonatology 

-ology study of biology 

omni- all omniscient 

-ous quality/state nebulous 

pan- all pantheon 

per- throughout pervade 

peri- all around periscope 

poly- many polygon 

post- after postpone 

pre- before precede 

pro- forward progress 

re- again reappear 

retro- back retrogress 

sub- under submarine 

super- more than supermarket 
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Prefix/Suffix Meaning English Words 

sym- together symbol 

-tion quality/state preservation 

-ular relating to cellular 

un- not unwilling 

 

Word Bank of High-Frequency Words 
 

The words in this word bank are listed in the order of their frequency of use in 
everyday writing. Since “the, is, & and” are the most frequently used words in our 
language, these are listed first in the word bank.  
 

From: http://school.elps.k12.mi.us/donley/classrooms/berry/sitton_spelling_activities/4thgrade_spelling/sitton_word_list.htm  
 

Words Used in 33% of Everyday Writing 
the 
of 

and 
a 
to 

in 
is 

you 
that 

it 

he 
for 
was 
on 
are 

as 
with 
his 

they 
at 

be 
this 

from 
I 

have 
 

Words that appear in 50% of Adult and Student Writing 
or 
by 

one 
had 
  not 
out 

  them 
  then 
  she 

  many 
people 

  my 
  made 
  over 
  did 

but 
  what 

  all 
were 
when 
some 

so 
  these 
would 
other 
only 
way 
find 
use 

 

we 
there 

an 
your 
into 
has 

more 
her 
two 
long 
little 
very 
after 

words 
know 

which 
their 
said 

if 
do like 

him 
see 

time 
could 
who 
now 

called 
just 

where 
most 

will 
each 

about 
how 
up 
no 

make 
than 
first 

  been 
its 

may 
water 
down 

 
 

High-Frequency Words for the Upper Grades 
a lot 

accident 
adventure 

again 
all right 
almost 
always 

amazing(e) 
another 

apologize 
beautiful 
because 
biggest 

biologist 
buy 

caught 

delicious 
depression 

didn’t 
different 

disagreement 
discourage 

doesn’t 
don’t 

employee 
endurance 
especially 
everybody 
everyone 

everything 
except 

favorite 

I’m 
impossible 

indescribable 
international 

into 
irresponsible 

it’s 
know 
let’s 

misunderstanding 
nonsense 

off 
our 

outrageous 
outside 

overwhelmed 

reporter 
restaurant 

said 
something 
sometimes 
substitute 
supervisor 
swimming 

that’s 
their 
then 
there 
they 

confidence 
confusion 

 

people 
predictable 
prettier(y) 
probably 

professional 
really 

relative 
finally 
friend 

happiness 
heard 

hopeless 
communities(y) 

competition 
crazier(y) 

http://school.elps.k12.mi.us/donley/classrooms/berry/sitton_spelling_activities/4thgrade_spelling/sitton_word_list.htm
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The 5E Learning Cycle Model 
 
  
I. Overview:  
   The 5-E Learning Cycle model promotes student inquiry and exploration as a process for learning 
science. The Learning Cycle, originally credited to Karplus & Thier (The Science Teacher, 1967) and 
later modified by Roger Bybee for the BSCS [Biological Sciences Curriculum Study] project, 
proposes that learning something new, or understanding something familiar in greater depth, 
involves making sense of both our prior experience and first-hand knowledge gained from new 
explorations. The 5-E model divides learning experiences into five stages: Engage, Explore, Explain, 
Elaborate, and Evaluate. Each stage builds upon the previous as students construct new 
understanding and develop new skills [From: http://www.scieds.com/saguaro/pdf/saguaro_5e.pdf ].  

 

 
 
II. Stages 
 

 Engagement 

    Engagement is a time when the teacher is on center stage. The teacher 
poses the problem, pre-assesses the students, helps students make 
connections, and informs students about where they are heading. 
    The purpose of engagement is to: 

 Focus students' attention on the topic.  
 Pre-assess what students' prior knowledge.  
 Inform the students about the lesson's objective(s).  
 Remind students of what they already know that they will need to 

apply to learning the topic at hand.  
 Pose a problem for the students to explore in the next phase of the 

learning cycle. 
    Evaluation of Engagement: Evaluation's role in engagement revolves 
around the pre-assessment. Find out what the students already know about 
the topic at hand. The teacher could ask questions and have the students 
respond orally and/or in writing. 

Exploration 

    Now the students are at the center of the action as they collect data to 
solve the problem. The teacher makes sure the students collect and organize 
their data in order to solve the problem. The students need to be active. The 
purpose of exploration is to have students collect data that they can use to 
solve the problem that was posed. 
    Evaluation of Exploration: In this portion of the learning cycle the 

Image from: 
http://www.agpa.uakron.ed
u/p16/btp.php?id=learning-
cycle  

http://www.scieds.com/saguaro/pdf/saguaro_5e.pdf
http://www.agpa.uakron.edu/p16/btp.php?id=learning-cycle
http://www.agpa.uakron.edu/p16/btp.php?id=learning-cycle
http://www.agpa.uakron.edu/p16/btp.php?id=learning-cycle
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evaluation should primarily focus on process, i.e., on the students' data 
collection, rather than the product of the students' data collection. Teachers 
ask themselves questions such as the following: 

 How well are the students collecting data?  
 Are they carrying out the procedures correctly?  
 How do they record the data?  
 Is it in a logical form or is it haphazard? 

Explanation 

    In this phase of the process, students use the data they have collected to 
solve the problem and report what they did and try to figure out the answer 
to the problem that was presented. The teacher also introduces new 
vocabulary, phrases or sentences to label what the students have already 
figured out. 
    Evaluation of Explanation: Evaluation here focuses on the process the 
students are using -- how well can students use the information they've 
collected, plus what they already knew to come up with new ideas? Using 
questions, the teacher can assess the students' comprehension of the new 
vocabulary and new concepts. 

Elaboration 

    The teacher gives students new information that extends what they have 
been learning in the earlier parts of the learning cycle. At this stage the 
teacher also poses problems that students solve by applying what they have 
learned. The problems include both examples and non-examples. 
    Evaluation of Elaboration: The evaluation that occurs during 
elaboration is what teachers usually think of as evaluation. Sometimes 
teachers equate evaluation with "the test at the end of the chapter." When 
teachers have the students do the application problems as part of 
elaboration, these application problems are "the test." 

 
From: http://www.agpa.uakron.edu/p16/btp.php?id=learning-cycle  

 
III. Teaching Strategies for Each 5E Stage: 

1. Engagement 

Learning Activities 
Questions for Students 

During Instruction Teacher tasks: 

 
 Demonstration 
 Free Write 
 Analyze a Graphic 
 Organizer 
 KWL 
 Brainstorming 
 Read a High-Interest 
Article 
 Watch a Thought-
Provoking Video Clip 
 Quick [Mini] Lab 

Student shows interest in the 
topic by asking and/or 
answering questions, such as: 

 “What do you observe 
about this?” 

 "Why did this happen?" 
 "What do you already 

know about this?" 
 "What can you find out 

about this?" 

The teacher: 
 Creates interest 
 Generates curiosity 
 Raises questions 
 Elicits responses that 

uncover what the 
students know or think 
about the concept/topic 

 

2. Exploration 

Learning Activities 
Questions for Students 

During Instruction Teacher tasks: 

Students may… 
 Perform an Investigation 
 Read Authentic 

The student: 
 Personally inquires or 

explores and investigates; 

The teacher: 
 Acts as a facilitator. 
 Encourages the students to 

http://www.agpa.uakron.edu/p16/btp.php?id=learning-cycle
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Resources to Collect 
Information 

 Perform a Webquest 
 Solve a Problem 
 Construct a Model 

 

to satisfy his/her curiosity 
about the 

 Chosen concept/topic. 
 Thinks freely, but within 

the limits of the activity. 
 Tests predictions and 

hypotheses. 
 Forms new predictions 

and hypotheses. 
 Experiments with 

alternatives and discusses 
then with others. 

 Records observations and 
ideas.  

 Suspends judgments. 

work together with 
minimum supervision. 

 Observes and listens to the 
students. 

 Asks probing questions to 
redirect the students' 
investigations when 
necessary. 

 Provides time for students 
to work through problems. 

3. Explanation 

Learning Activities 
Questions for Students 

During Instruction Teacher tasks: 

 Student Analysis & 
Explanation 

 Supporting Ideas with 
Evidence  

 Structured Questioning  
 Reading and Discussion 
 Teacher Explanation  
 Thinking Skill Activities: 

compare, classify, error 
analysis 

The student: 
 Uses various 

informational 
 resources, group 

discussions, and teacher 
interaction to derive 
definitions and 
explanations of 

 the chosen concept. 
 Explains possible 

solutions or answers to 
others' explanations. 

 Listens critically to 
others' explanations. 

 Questions others' 
explanations. 

 Listens to and tries to 
comprehend explanations 
the teacher offers. 

 Refers to previous 
activities. 

 Uses recorded 
observations in 
explanations 

The teacher: 
 Encourages the students to 

explain concepts and 
definitions. 

 Asks for justification 
(evidence) and 
clarification from 
students. 

 Uses students' previous 
experiences as the basis 
for explaining new 
concepts. 

 Formally provides 
definitions, explanations, 
and new labels. 

4. Elaboration  

Learning Activities 
Questions for Students 

During Instruction Teacher tasks: 

 Problem Solving 
 Decision Making 
 Experimental Inquiry 
 Thinking Skill Activities: 

compare, classify, apply 

The student: 
 Applies new labels, 

definitions, explanations 
and skills in new, yet 
similar situations. 

The teacher: 
 Expects the students to 

use formal labels, 
definitions, and 
explanations provided 
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  Uses previous 
information to ask 
questions, propose 
solutions, make decisions, 
and design experiments. 

 Draws reasonable 
conclusions from 
evidence. 

 Records observations and 
explanations. 

 Checks for peer 
understanding. 

 Makes connections and 
sees relationships of the  
concept or topic in other 
content areas. 

 Forms expanded 
understanding of original 
concepts/topics. 

 Makes connections of 
concept/topic to real 
world situations 

previously. 
 Encourages the students 

to apply or extend the 
concepts and skills in 
new situations. 

 Reminds students of the 
existing evidence and 
data and asks: 

    -What do you already know? 
    -Why do you think …? 

 Looks for concepts 
connecting with other 
concepts/topics and/or 
with other content areas. 

 Asks probing questions 
to help 

 students see 
relationships between 
concept/topic and other 
content areas.  

From: http://dese.mo.gov/divimprove/curriculum/science/SciLearnExp5_E11.05.pdf  

 
IV. Proposed 7E Learning Cycle Model 

 
 

From: http://www.its-about-time.com/iat/5e.pdf 

http://dese.mo.gov/divimprove/curriculum/science/SciLearnExp5_E11.05.pdf
http://www.its-about-time.com/iat/5e.pdf
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Section XIII: The Role of Labs in the Science Classroom 

 

NSTA Position Statement 
The Integral Role of Laboratory Investigations in Science Instruction 

 
Introduction 
A hallmark of science is that it generates theories and laws that must be consistent with 
observations. Much of the evidence from these observations is collected during laboratory 
investigations. A school laboratory investigation (also referred to as a lab) is defined as an 
experience in the laboratory, classroom, or the field that provides students with opportunities to 
interact directly with natural phenomena or with data collected by others using tools, materials, 
data collection techniques, and models (NRC 2006, p. 3). Throughout the process, students should 
have opportunities to design investigations, engage in scientific reasoning, manipulate equipment, 
record data, analyze results, and discuss their findings. These skills and knowledge, fostered by 
laboratory investigations, are an important part of inquiry—the process of asking questions and 
conducting experiments as a way to understand the natural world (NSTA 2004). While reading 
about science, using computer simulations, and observing teacher demonstrations may be valuable, 
they are not a substitute for laboratory investigations by students (NRC 2006, p. 3).  
For science to be taught properly and effectively, labs must be an integral part of the science 
curriculum. The National Science Teachers Association (NSTA) recommends that all preK–16 
teachers of science provide instruction with a priority on making observations and gathering 
evidence, much of which students experience in the lab or the field, to help students develop a deep 
understanding of the science content, as well as an understanding of the nature of science, the 
attitudes of science, and the skills of scientific reasoning (NRC 2006, p. 127). Furthermore, NSTA is 
committed to ensuring that all students—including students with academic, remedial, or physical 
needs; gifted and talented students; and English language learners—have the opportunity to 
participate in laboratory investigations in a safe environment. 
 
Declarations 
NSTA strongly believes that developmentally appropriate laboratory investigations are essential for 
students of all ages and ability levels. They should not be a rote exercise in which students are 
merely following directions, as though they were reading a cookbook, nor should they be a 
superfluous afterthought that is only tangentially related to the instructional sequence of content. 
Properly designed laboratory investigations should: 

 have a definite purpose that is communicated clearly to students;  
 focus on the processes of science as a way to convey content;  
 incorporate ongoing student reflection and discussion; and  
 enable students to develop safe and conscientious lab habits and procedures (NRC 

2006, p. 101–102).  
 
Integration of Labs into the Science Program 
 
 

Inquiry-based laboratory investigations at every level should be at the core of the science program 
and should be woven into every lesson and concept strand. As students move through the grades, 
the level of complexity of laboratory investigations should increase. In addition, NSTA recommends 
that teachers and administrators follow these guidelines for each grade level: 
 
Preschool and Elementary Level 
With the expectation of science instruction every day, all students at the preschool and elementary 
level should receive multiple opportunities every week to explore science labs that fit the definition 
described in the Introduction.  
Laboratory investigations should provide all students with continuous opportunities to explore 
familiar phenomena and materials. At developmentally appropriate levels, they should investigate 
appropriate questions, analyze the results of laboratory investigations, debate what the evidence 
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means, construct an understanding of science concepts, and apply these concepts to the world 
around them. 
 
Middle and High School Levels 
With the expectation of science instruction every day, all middle level students should have multiple 
opportunities every week to explore science labs as defined in the Introduction. At the high school 
level, all students should be in the science lab or field, collecting data every week while exploring 
science labs.  
Laboratory investigations in the middle and high school classroom should help all students develop 
a growing understanding of the complexity and ambiguity of empirical work, as well as the skills to 
calibrate and troubleshoot equipment used to make observations. Learners should understand 
measurement error; and have the skills to aggregate, interpret, and present the resulting data (NRC 
2006, p. 77).  
As students progress through middle and high school, they should improve their ability to 
collaborate effectively with others in carrying out complex tasks, share the work of the task, assume 
different roles at different times, and contribute and respond to ideas. 
 

Support for Teachers of Science 
 

To give teachers at all levels the support they need to guide laboratory investigations as an integral 
part of the total curriculum, NSTA recommends: 

• Ongoing professional development opportunities to ensure that teachers of science have 
practical experiences that familiarize them with the pedagogical techniques needed to 
facilitate inquiry-based labs matched to appropriate science content (NSTA 2006, 
NRC 2006, p. 150–151).  

• Yearly evaluation of the laboratory investigations to determine if they continue to be an 
integral and effective part of the whole program and the delivery of all content.  

• Periodic training in lab logistics, including setup, safety, management of materials and 
equipment, and assessment of student practices. Safety equipment and annual safety 
training should be provided so that science educators are well informed about yearly 
changes in safety procedures to ensure that students and educators are protected 
(NSTA 2000).  

• Training to work with students with academic or remedial needs, physical needs, and gifted 
and talented students so that teachers can differentiate instruction appropriately. Assistive 
equipment, additional personnel, and facilities, modified as needed, also should be 
provided to ensure appropriate instruction of all students.  

• Effective pre-service programs that prepare teachers to carry out science labs as a central 
part of every science curriculum. 

 

Assessment 
 

Assessment, a powerful tool in science education, serves both formative and summative purposes. 
Not only does it help show what students have learned and the nature of their reasoning, it also 
indicates what gaps remain in learning and what concepts must be reviewed (NSTA 2001). NSTA 
recommends the following steps to ensure that laboratory investigations are part of the assessment 
process:  

• Teachers of science, supported by the administration, be given the time and training to 
develop assessments that reveal and measure inquiry skills—the ability to design, conduct, 
analyze, and complete an investigation, reason scientifically, and communicate through 
science notebooks and lab reports.   

• Instruction and assessment be aligned so that formative and summative assessments are 
meaningful and can be used to improve the science curriculum as well as determine what 
students have learned. 

—Adopted by the NSTA Board of Directors 
 February 2007 
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Section XIII: The Role of Labs in the Science Classroom 

  Preparing for and Managing Effective  
Laboratory Experiences 

 
I. Introduction 
 

Science labs can be among the richest experiences students can have in their middle and high 
school education. It is one of the few opportunities students will have to practice science much in 
the way professionals do. Often, though, labs are presented as mere recipes in which students follow 
precise instructions to arrive at a conclusion whose importance is not clear. In order for labs to be 
effective, students need to understand not only how to do the experiment, but why the experiment 
is worth doing, and what purpose it serves for better understanding a concept, relationship, or 
process. 
 
Laboratory experiences in the science classroom help students attain the following science learning 
goals: 
 

 Enhancing mastery of subject matter. 
 Developing scientific reasoning. 
 Understanding the complexity and ambiguity of empirical work. 
 Developing practical skills. 
 Understanding of the nature of science. 
 Cultivating interest in science and interest in learning science. 
 Developing teamwork abilities. 

 
II. Designing Effective Lab Experiences 
 
 

Laboratory experiences have features that make them unlike other forms of science instruction. 
These unique features make it a challenge to structure laboratory experiences so that they neither 
overwhelm students with complexity on one hand nor rigidly specify all of the questions, 
procedures, and materials on the other. Over the course of a student’s high school science career, 
the appropriate balance between complexity and specificity may vary. 

The most important thing a teacher can do to ensure that lab activities run smoothly is to be well 
prepared. Preparation should include being acquainted with safety precautions associated with the 
lab. The teacher should be well-acquainted with all the materials and equipment the lab requires so 
that time won’t be lost looking for necessary equipment or materials.  It is also essential that the 
teacher knows the location of the first aid kit, basic first aid rules, and procedures for getting 
emergency assistance. 

Basic planning for a lab activity might include the following.  

 Know exactly what the students are supposed to learn and why they have to learn these 
things. This will come in handy when your students start to wonder why they’re doing what 
they’re doing.  

 Perform the entire experiment in advance. There is no guarantee it’s going to work as 
advertised in the lab manual. By going through the lab yourself, you’ll be familiar with some 
of the stumbling blocks that your students may confront and you’ll know the subtler points 
of the process you are demonstrating. If this isn't possible, at least read through the 
procedure as though you were doing it. And familiarize yourself with the equipment that 

http://www.clker.com/cliparts/0/d/5/c/12379163141974403843papapishu_Lab_icon_2.svg.med.png
http://www.clker.com/cliparts/0/d/5/c/12379163141974403843papapishu_Lab_icon_2.svg.med.png
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your students will be using. Also, obtain some sample data and work the calculations and 
answer the questions (without using the key).  

 Read and study the theory on which the experiment(s) are based. Your understanding of 
the theoretical aspect of the lab should be useful to you in handling most student questions 
which don’t deal with concrete parts of the experiment(s).  

 Research the relevance of the experiment, both the technique being taught and the 
applications of the theory being demonstrated.  

 Talk to experienced instructors. They will often have very useful tips about things you are 
teaching.  

 Decide how to introduce the lab most effectively. Before students start the day’s lab, will 
they need you to demonstrate the procedures that they’ll be following? Is a handout with 
written instructions in order? Do you want two students in the class to demonstrate the 
experiment to the rest of the class? Will a 15-minute lecture about the theory and intent of 
the lab suffice? What safety information do they need? Your initial introduction to the lab 
or the day’s first activity can set the tone and motivation for the rest of the lab.  

 Plan how you will guide students in preparing their lab reports and have a scoring rubric 
ready.  

From: http://cte.umdnj.edu/traditional_teaching/traditional_laboratory.cfm  
 

III. Common Obstacles  
 
 

In a recent study, the National Research Council found that most students are not exposed to 
effective labs, especially in schools with high percentages of non-Asian minority groups. The NRC 
study cited a number of reasons for labs' shortcomings. 

 Poor school facilities and organization. Many schools lack the space for labs; others 
have overly rigid schedules that do not allow students to participate often enough for labs to 
have a positive impact on learning.  
 Weak teacher preparation. Teacher colleges and other universities provide educators 
with little training on conducting effective labs; professional-development activities for 
veteran teachers are limited in quality and availability.  
 Poor design. Many labs are not designed with clear learning goals in mind, and are 
disconnected from the flow of science lessons. Students are not encouraged to discuss their 
preconceptions about scientific topics before, during, and after labs.  
 Cluttered state standards. Influential academic documents encourage schools to cover 
long lists of science topics by grade and offer little guidance for including labs in the flow of 
classes.  
 Little representation on state tests. Science assessments given by states do not gauge 
student skills in using labs -- which contributes to the lack of attention they receive in 
schools.  
 Scarce evidence of what works. Little research exists on what types of labs are most 
effective; scientists and researchers even disagree on how to define a science lab. 

 

IV. Tips for Designing More Effective Labs 
 

Researchers have identified a few strategies for creating effective hands-on activities that will 
improve students' science learning. 
 

1. Clearly stated purposes. Students must understand the explicit goals of a lab in order to 
understand the science behind it and carry it out effectively.  
2. Effective sequence. Labs should be connected to what students learned before -- and after -- that 
particular hands-on activity. They should be integrated into instruction, rather than presented as 
isolated events.  
3. Blending of content and process. In conducting labs, teachers should emphasize both scientific 
content in their classes and the processes used by scientists in their work.  
4. Discussion and reflection. Students in a lab should be encouraged to discuss and reflect on those 
activities. They should be asked to develop explanations and make sense of patterns in data -- not 
just confirm ideas that a teacher has presented to them. Labs should also provide students with 
opportunities to discuss sources of error and ways of minimizing them.  

From: http://educationalissues.suite101.com/article.cfm/effective_science_labs  

http://cte.umdnj.edu/traditional_teaching/traditional_laboratory.cfm
http://educationalissues.suite101.com/article.cfm/effective_science_labs


 193

PROJECT BASED LEARNING 
 

 

Project Based Learning is an instructional approach built upon authentic learning activities 
that engage student interest and motivation. These activities are designed to answer a 
question or solve a problem and generally reflect the types of learning and work people 
do in the everyday world outside the classroom.  

Project Based Learning is synonymous with learning in depth. A well-designed project 
provokes students to encounter (and struggle with) the central concepts and principles of 
a discipline. 

Project Based Learning teaches students 21 st century skills as well as content. These skills 
include communication and presentation skills, organization and time management skills, 
research and inquiry skills, self-assessment and reflection skills, and group participation and 
leadership skills. 

Project Based Learning is generally done by groups of students working together toward a 
common goal. Performance is assessed on an individual basis, and takes into account the 
quality of the product produced, the depth of content understanding demonstrated, and 
the contributions made to the ongoing process of project realization. 

Finally, Project Based Learning allows students to reflect upon their own ideas and opinions, 
exercise voice and choice, and make decisions that affect project outcomes and the 
learning process in general. 

Combining these considerations, we define Project Based Learning as: 

a systematic teaching method that engages students in learning 
essential knowledge and life-enhancing skills through an extended, 
student-influenced inquiry process structured around complex, 
authentic questions and carefully designed products and tasks. 
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From: http://pbl-online.org/  
 

Criteria for Authentic Project Based Learning 
 

Students today are using online resources to create research reports. They 
are designing, critiquing, and presenting products using interactive 
technologies. Here are some guidelines and criteria for evaluating the 
effectiveness of problem- and project-based learning in your classroom.  

1. Allows for a variety of learning styles  
2. “Real” world oriented – learning has value beyond the demonstrated 

competence of the learner  
3. Risk-free environment – provides positive feedback and allow choice  
4. Encourages the use of higher order thinking skills and learning 

concepts as well as basic facts  
5. Utilizes hands-on approaches  
6. Provides for in-depth understanding  
7. Accessible for all learners  
8. Utilizes various modes of communication  
9. Assessment is congruent with instruction, i.e. performance-based  
10. Students are responsible for their own learning  
11. Students have ownership of their learning within the curriculum  
12. Projects promote meaningful learning, connecting new learning to 

students’ past performances  
13. Learning utilizes real time data – investigating data and drawing 

conclusions  
14. The learning process is valued as well as the learning project  
15. Learning cuts across curricular areas – multidisciplinary in nature  
16. Teacher is a facilitator of learning  
17. Student self-assessment of learning is encouraged  

From: http://www.rmcdenver.com/useguide/pbl.htm  
 
 

A Sample Project Planning Form 
 
1. Begin with the end in mind. 
Summarize the theme for the project. Why do this project? Identify the 
content standards that students will learn in this project. Identify key skills 
that students will learn in this project. Identify the habits of mind that 
students will practice in this project. 
 
 
 

http://pbl-online.org/
http://www.rmcdenver.com/useguide/pbl.htm
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2. Craft the driving question. 
State the essential question or problem statement for the project. The 
statement should encompass all project content and outcomes, and it 
should provide a central focus for student inquiry. 
3. Plan the assessment, part 1.   
Define the products for the project. What will you assess—early in the 
project, during the project, and at the end of the project? 
4. Plan the assessment, part 2. 
State the criteria for exemplary performance of each product. 
5. Map the project, part 1. 
What do students need to know and be able to do to complete the tasks 
successfully? How and when will they learn the necessary knowledge and 
skills? Look at one major product for the project and analyze the tasks 
necessary to produce a high-quality product. (List the knowledge and skills 
that students will need: already learned, taught before the project, and 
taught during the project.) 
6. Map the project, part 2. 
List key dates and important milestones for this project. What challenges or 
problems might arise? 
7. Manage the process. 
List the preparations necessary to address needs for differentiated 
instruction for ESL students, special-needs students, or students with diverse 
learning styles. Ask: How will you and your students reflect on and evaluate 
the project? (Class discussion, student-facilitated formal debrief, teacher-
led formal debrief, individual evaluations, group evaluations, or other.) 
From: http://www.eschoolnews.com/media/files/eSN-Project-
Based%20Learning0109.pdf  
 

Questions and Answers about PROJECT BASED LEARNING 
 

Transcript of a conversation with Chris Lehmann, principal of the 
Philadelphia-based Science Leadership Academy, on PBL’s  many 

challenges—and its many rewards. 
 
Q: What would you tell someone thinking of implementing PBL? 
A: Ask yourself in the planning process, “What is the worst consequence of 
my best idea?” Sometimes in education we get it into our head that we’re 
going to do something new, and it’s going to be just awesome—forgetting 
that every idea has a dark side, every idea has problems. By anticipating 
problems and incorporating this into the planning process, you set yourself 
up to succeed better. 
Q: What were some of the problems you anticipated? 
A: One of the reasons desks-in-rows and textbook learning has lasted so 
long is that it’s the best way to keep order. When you walk by a classroom 

http://www.eschoolnews.com/media/files/eSN-Project-Based Learning0109.pdf
http://www.eschoolnews.com/media/files/eSN-Project-Based Learning0109.pdf
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and you see all the kids at their desks with textbooks out in front of them, it 
looks the way we expect a classroom to look. PBL doesn’t always look like 
that. Kids are active: They’re moving, doing, arguing. And you have to be 
prepared for that. 
 
Q: How can an administrator meet that challenge? 
A: It’s important to establish systems and structures that allow teachers to 
collaborate. No matter what subject someone is teaching, there are 
common elements in planning any class. 
 
At SLA we use Understanding by Design as our unit planning tool. We also 
have a common assessment rubric. Every major project the students do 
here is graded on the same five elements—design used, knowledge 
displayed, application of knowledge, presentation, and the process 
followed. 
 
We also employ a school-wide “essential question” that changes with each 
grade. In ninth grade, it’s identity; in tenth, it’s systems; in eleventh, it’s 
change. This way there are common elements no matter what class a 
student is in, and that allows for a more unified day. 
 
Q: We’re hearing more about PBL. Has its time come? 
A: Project-based learning is a term that gets overused. A lot of folks talk 
about it, but there’s little actual PBL in practice. For me the litmus-test 
question is “At the end of a unit, what is the assessment tool you use to see 
what students have learned?" In a true PBL classroom, student work is the 
ultimate assessment of learning. That’s not to say that tests and quizzes 
don’t play a role in a PBL classroom. The tests and quizzes are now interim 
assessments to make sure the students can do the harder job—which is to 
transfer the knowledge to the work they create. That is true project-based 
learning. 
 
Q: What’s the role of technology in PBL? 
A: A very powerful one. Technology absolutely explodes the things students 
can do. One of the things that made PBL so difficult to do in the past was 
how long it took. A documentary film project in 1975—you were shooting it 
on film, cutting it yourself—it might have taken you months to make. Now 
we can do that in a fraction of that time. 
 
From: http://www2.scholastic.com/browse/article.jsp?id=3751748  
 

 
 
 

http://www2.scholastic.com/browse/article.jsp?id=3751748
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ONLINE PROJECT LIBRARIES 
 
The following websites describe different multi-disciplinary projects students 
are doing at different parts of the country. Please be advised that these 
projects may not be California content standards-based. They are being 
provided to provide teachers with ideas about potential projects: 
 
1. iEARN Collaboration Centre (http://media.iearn.org/projects ) 
The International Education and Resource Network (iEARN) enables 
participants to join existing structured online projects, or work with others 
internationally to create and facilitate their own projects to fit their own 
particular classroom and curriculum needs. 
The International Education and Resource Network (iEARN) enables 
participants to join existing structured online projects, or work with others 
internationally to create and facilitate their own projects to fit their own 
particular classroom and curriculum needs. 
 
2. ePals Projects for Classroom Collaboration  

(http://www.epals.com/projects/info.aspx?DivID=index  ) 
The topics are standards-based and of global interest. Each project is 
designed to be used as is or customized to your classroom’s needs. An easy 
way to find a classroom with which to partner is to check the “Connect 
with Classrooms” forum on the project index page for posts by interested 
classrooms. 
 
3. Project Based Learning at High Tech High    

(http://hightechhigh.org/projects/ ) 
These projects are examples of the work that is done at all of the High Tech 
High Schools. Students can show their parents and friends the work that 
they have done, and the community can see how project based learning 
enables students to do and learn. 
 
4. In the Classroom  

(http://www.weareteachers.com/web/cybersummit/classroom ) 
From project-based and expeditionary learning to an increased focus on 
financial literacy to a more effective use of communications technologies, 
this collection of videos from across the nation shows how our children's 
school experiences are being enhanced and expanded, every day, due to 
an awareness of the need for 21st century education. 
 
5. NASA Outreach Projects 
(http://humanresearch.jsc.nasa.gov/education/educationprojects.asp ) 
NASA offers several project-based learning modules with space exploration 
themes for students in grades 3 through graduate school, based on 

http://media.iearn.org/projects
http://media.iearn.org/projects
http://www.epals.com/projects/info.aspx?DivID=index
http://www.epals.com/projects/info.aspx?DivID=index
http://hightechhigh.org/projects/
http://hightechhigh.org/projects/
http://www.weareteachers.com/web/cybersummit/classroom
http://humanresearch.jsc.nasa.gov/education/educationprojects.asp
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research conducted by the Human Research Program.  Modules 
emphasize skills and learning in math, science, health and fitness. 
 
6. Core Concepts of Systems Engineering 

(http://www.ciese.org/curriculum/seproject/index.html ) 
This telecollaborative project is designed to provide students in grades 9-12 
with an orientation to systems engineering concepts. Students will be 
provided with an overview of systems thinking including the systems model. 
Through guided activities students will reverse-engineer a common device 
that contains both electrical and mechanical components and then 
create a systems diagram for the deconstructed device. Students will 
create reassembly instructions and diagrams that partner schools 
worldwide will use in their attempt to reconstruct the device. This project 
provides the background needed to encourage teachers and students to 
participate in more advanced collaborative design activities. 
 
7. Biodynamic Farming 

(http://www.ciese.org/curriculum/aquaponics/index.html ) 
In this telecollaborative project, students in grades 9 - 12 will study and work 
with appropriate and organic technologies that support sustainable food 
resources which are necessary to combat current global food shortages. 
Students will research biodynamic farming systems, conduct investigations, 
and engage in a series of design challenges. Ultimately, students around 
the world will collaborate to design an aquaponics system that sustains 
plant and animal life.  
 
8. Musical Plates 
(http://www.ciese.org/curriculum/musicalplates3/en/teacherenrichment4.s

html ) 
Musical Plates is an Internet-based multidisciplinary project which will enrich 
a student's learning experience through "Unique and Compelling" 
applications of instructional technology. In particular, this project taps into 
some of the exciting applications of the Internet in education by having 
students access real time earthquake data, interact with experts online, 
and publish their own work to the project web site. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.ciese.org/curriculum/seproject/index.html
http://www.ciese.org/curriculum/aquaponics/index.html
http://www.ciese.org/curriculum/musicalplates3/en/teacherenrichment4.shtml
http://www.ciese.org/curriculum/musicalplates3/en/teacherenrichment4.shtml


 199

 
 

 
 

Sample Projects and Activities in Biology 

 
 

Unit Activity/Project Title and Description Standards 

1 Design Challenge: Building a Filtration Apparatus 6d, 6e 
1 Oil Spill Clean Up Challenge 6b 

2 Floating Filter Paper Chips: An Exploration of 
Enzyme Activity 1b 

3 DNA Key Chain Project 5a 
2 Leaf Chromatography 1f 
3 Meiosis Flip Book 3b 
3 Classifying Oaks with DNA 8d, 8f 

I and E Experiment Proposal Form and Mini-Conference 
Poster Paper 9a, 9d 

 
“I never teach my pupils; I only attempt to provide the conditions 
in which they can learn.”  

-Albert Einstein  
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            Take the Filter Challenge! 
 

Introduction:  
 When rain falls to the ground, the water does not stop moving. Some of 
it flows along the surface to streams or lakes, some of it is used by plants, some 
evaporates and returns to the atmosphere, and some sinks into the ground. 
Imagine pouring a glass of water onto a pile of sand. Where does the water go? 
The water moves into spaces between particles of sand. 
      Ground water is water that is found underground in the cracks and 
spaces in soil, sand, and rocks. Ground water is stored in – and moves slowly 
through – layers of soil, sand, and rocks called aquifers. Aquifers typically 
consist of gravel, sand, sand stone and fractured rock, like limestone. These 
materials are permeable because they have large connected spaces that allow 
water to flow through.  
 In areas where material above the aquifer is permeable, pollutants can 
readily sink into groundwater supplies. Ground water can be polluted by 
landfills, septic tanks, leaky underground gas tanks, and from overuse of 
fertilizers and pesticides. If groundwater becomes polluted, it will no longer be 
safe to drink.  
 Groundwater is used for drinking water by more than 50 percent of the 
people in the United States, including almost everyone who lives in rural 
areas. The largest use for groundwater is to irrigate crops. 
 It is important for all of us to learn to protect our groundwater because 
of its importance as a source for drinking and irrigation.  
 

Challenge: Your challenge in this activity is to treat and purify “contaminated” 
water with some common filtration materials. Each group will receive a sample 
of dirty water, along with materials to create a filter. You can use any 
combination of the provided filtration materials, but keep in mind it must all 
fit in the mouth of the funnel and allow the water to be poured through. You 
will have 30 minutes to build the filter and use it to get the cleanest water 
sample possible, so budget your time. Plan out your strategy ahead of time 
before you start building the filter. What materials will you use? How much of 
each material will you use? What order will you use them in? At the end of the 
30 minutes, we will look at the samples and discuss how well each group’s 
filtration techniques worked. 
 

General Lab Safety 
Do NOT taste the dirty water sample. When smelling a water sample, do not 
stick your nose in the beaker. Instead, use your hand to waft the odor towards 
your nose. Be careful with the glassware (beakers). If any glass is broken, tell 
the teacher immediately. 

Student Pages
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Student Pages 
 
Materials 
Gravel Sand Paper clips Activated 

charcoal 
Coffee filter Paper clips Cotton balls Drinking straw 
Rubber band Tape Cheesecloth Modeling clay 
Scissors Yarn Soda bottle (cut in half) 
 
Questions: 
1) What volume (how many ml) of dirty water do you start with? 
 
2) On the Data Table, briefly describe the listed characteristics of the initial 
sample (dirty water).  
 
NOTE: Time your filtration from when you pour the dirty sample in until you 
have a final sample. Your 30 minutes starts with the next section. 
 
Data Table: 

 Color Clarity Odor Presence 
of Oil 

Presence 
of Solids Volume 

Unfiltered 
Sample 

 
 
 

     

Final 
Filtered 
Sample 

      

 
Discussion Questions: 
1. What were the materials your group used for building the filtration device? 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
 
2. On a scale of 1-5 (5 being the clearest), how would you rate the quality of the 
water sample you ended up with? 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
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Student Pages 
 
 
3. How would you change the design of your device if you had to construct it 
again? 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
    _____________________________________________________________________ 

 
4. What percent of the original dirty water sample was recovered as “clean 
water”? % of water recovered = (volume of purified water / volume of dirty 
water)    x 100            
                                                                                      
    _____________________________________________________________________ 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
 
5. What volume of liquid did you lose during purification?  
                             volume lost = volume of dirty water – volume of purified 
water 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
 
6. Which group ended up with the cleanest water? How do we judge “cleanest” 
water? How long did the filtration take? What seemed to work the best overall? 
Did everything work the way you thought it would? 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
    _____________________________________________________________________ 
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Teacher Pages 
 

A. Preparation of Contaminated Water: 
     Prepare contaminated water by mixing the following in a bucket: 

o Water  
o Food coloring 
o Raising or dried beans, about ½ cup 
o Potting soil, ½ cup 
o Baking soda 
o Soy sauce 
o Paper plate (torn into pieces) 
o A handful of ‘natural’ items such as sticks, twigs, leaves, etc.  

 
B. What do these items represent? [Inform students what each contaminant 
represents].  

o Food coloring represents chemicals in water 
o Raising represent animal or human waste 
o Potting soil represents earth 
o Baking soda represents road salt 
o Soy sauce represents motor oil (You may use vegetable oil) 
o Torn paper plate represents litter 

 
C. Advanced Preparation Tips: 

1. Decide how many teams you want and how many students will be on 
each team. It is recommended that smaller teams of 2-3 students be 
utilized. 

2. Each team will need one 2-liter bottle cut in half. Take the top portion of 
the bottle and turn it upside down and place it in the bottom portion. 
The filter will be built inside the inverted top portion of the bottle. The 
base portion will act as a reservoir and collect the water that runs out of 
the filter. 

3. Advise students of appropriate disposal procedures. 
4. Each plastic bottle set up can be reused from one class to the next.  

 
D. Take it to the next level! 

o Allow students to “rebuild” their filtration device, so they can 
engineer a better system.  

o Attach a cost factor to each material used. Incorporate the added 
challenge of keeping costs down. 

o Challenge students to create a multi-layered filtration system.  
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Student Pages 
 

Oil Spill Lab Challenge: What a Mess! 
 

Introduction: 
Oil tankers are the largest ships to sail in the ocean.  They are designed 

to hold millions of barrels of crude or refined oil in relative safety, and without 
damage to the environment.  For countries such as Japan that have no oil 
reserves of their own, tankers are the only way that the oil needed to power 
their economies can be moved. 

Generally, these ships are safe, and most of the time they get to their 
destinations without incident.  However, these ships sometimes release oil 
through either accidental or purposeful means.  During the Gulf War of 1991, 
it was thought that Iraq would attack oil tankers leaving port;  as a result, 
allied forces spent a large amount of resources and money making sure that 
these ships were safe.  As for accidental releases of oil, the Exxon Valdez 
released millions of barrels of oil in the Prince William Sound in Alaska in the 
mid-80’s. 

When these ships are damaged or sunk, the oil spreads out over the 
surface of the water in a large slick.  These oil slicks can cover hundreds of 
miles, causing huge environmental damage.  Because oil slicks are so 
damaging to the environment, numerous ways of containing them and cleaning 
them up have been developed. 

One method that people use is to surround the oil slick with something 
called a containment boom.  Basically, a containment boom is just a large float 
that surrounds the slick.  As the boom is pulled into a boat that can skim the 
oil off the top, the oil slick shrinks, until finally it is completely cleaned up.  
Although it is possible to clean a slick by this method, it is mainly useful for 
containing oil slicks which will be cleaned up by other means. 

Another method to clean slicks is to spray a detergent solution on it.  
When detergent is sprayed on oil slicks, the oil breaks up into clumps which 
sink to the bottom of the ocean.  Although these clumps are themselves 
hazardous, the problems caused by the clumps are much easier to deal with 
than the problems caused by oil slicks. 

Oil can also be caused to clump by pouring absorbent sand on it.  The oil 
is absorbed into the sand, which drags it to the bottom in sandy clumps.   

Recently, oil-eating bacteria have been designed which can actually use 
the oil slick as food.  As the bacteria reproduce, they eat more and more of the 
slick until it finally vanishes.  When the slick is gone, their food source is gone 
and they die, leaving nothing behind at all. 

If oil slicks are extremely small and contain highly flammable 
compounds, they are sometimes set on fire to eliminate the oil.  This is very 
rarely done, simply because most oil slicks contain compounds that aren’t very 
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flammable; even automobile motor oil (which is itself very light) does not burn 
when lit with a spark. 

If the slicks are very small, as in fresh water settings, the oil can 
sometimes be cleaned up by absorbing it into specially absorbent pads.  When 
the pads are full of oil, they can be easily cleaned off the surface of the water. 

In this lab, your job will be to clean up a mini “oil spill” using materials 
similar to the ones used by petroleum engineers.   

From: http://misterguch.brinkster.net/MLX030.doc  
 

 
Pre-Lab Discussion questions: 
 

1) Of the methods described in the introduction to this lab, which do you 
think will be most effective in cleaning up an oil spill?  Explain. 

 
 
 
 
2) How do you think oil spills can be minimized in the future?  What steps 

do we need to take to keep the risk of environmental damage low? 
 
 
 
Materials: 

big bowl or plastic container vegetable oil (5 tbsps)  
clear plastic cup   teaspoon of cocoa powder 
detergent    rags (cotton and other types) 
tissue     tweezers 
Styrofoam peanuts   string 
cotton balls    paper towel strips 
medicine dropper   

 
Procedure: 
A. Create the oil spill: 
     Mix oil and cocoa powder inside the clear plastic cup. This will simulate 
crude oil. Fill the big bowl or container with water (3/4 full). Dump the oil into 
this bowl of water.  
B. Oil spill clean up challenge: 
     Brainstorm on how you will clean up the oil spill. Take note that there is a 
“budget” of $20,000,000 for this clean up. The cost of each material is 
summarized on the next page: 
 
 
 
 

http://misterguch.brinkster.net/MLX030.doc
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Material  Cost  
Tweezers (each)  $1,000,000  

Styrofoam peanuts  $7,500,000  
Cotton balls  $7,500,000  
Paper towels  $5,000,000  

String  $1,000,000  
Medicine dropper  $10,000,000  

Detergent  $2,500,000  
 
Rules for Clean Up: 

o Each group must purchase at least one set of tweezers. 
o Styrofoam peanuts, cotton balls, paper towels, and string cannot 

be touched with the fingers, only tweezers. 
o Purchase of detergent allows one student the use of the “Wildlife 

Rehabilitation Center” 
o One large zipper bag will be provided to dispose of all materials. 
o Do NOT dispose of the oily water in the sink.  

 
Write what you tried here, and how well it worked: 
 
 
 
 
 
 
Total Expenses: 

Materials Used Cost: 
  
  
  
  
  

Total $ 
 
Questions: 
     1. Which technique worked best? Which was least effective?  

 

2. Did trying several techniques make a difference in the cleanup? Would combining 
several methods be effective? What about the cost?  
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      3.  Could any of these techniques be used in a river spill situation? Why? 

 

 

      4. Think of oil containment. What technique/s can be used to contain (prevent it from 
spreading) the oil? 

 

 

 
Source: http://www.nseced.chem.wisc.edu/Lessons/Oil%20Spill%20Write-Up.pdf  

 
 

Additional Readings on Oil Spills: 
 
1. “The Worst Major Oil Spills in History” from 
http://www.associatedcontent.com/article/454782/the_worst_major_oil_spills_in_history.ht
ml  
 
2. “The 10 Biggest Oil Spills in History” from 
http://www.popularmechanics.com/science/energy/coal-oil-gas/biggest-oil-spills-in-history  
 
3. “Oil Spill” from http://en.wikipedia.org/wiki/Oil_spill  
 
4. “Top Ten Worst Oil Spill” from http://www.livescience.com/environment/Top-10-
Worst-Oil-Spills-100428.html  
 
5. “Oil Spills and Disasters” from http://www.infoplease.com/ipa/A0001451.html  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

http://www.nseced.chem.wisc.edu/Lessons/Oil Spill Write-Up.pdf
http://www.associatedcontent.com/article/454782/the_worst_major_oil_spills_in_history.html
http://www.associatedcontent.com/article/454782/the_worst_major_oil_spills_in_history.html
http://www.popularmechanics.com/science/energy/coal-oil-gas/biggest-oil-spills-in-history
http://en.wikipedia.org/wiki/Oil_spill
http://www.livescience.com/environment/Top-10-Worst-Oil-Spills-100428.html
http://www.livescience.com/environment/Top-10-Worst-Oil-Spills-100428.html
http://www.infoplease.com/ipa/A0001451.html
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Floating Filter Paper Chips:  
An Exploration of Enzyme Activity 

 
Brief Description: Students use enzyme-soaked filter paper disks to 
investigate factors influencing enzymatic rate of action.  
 

Introduction: 
In this inquiry, students learn a simple tool for measuring enzyme activity. 
They then choose a variable that may affect enzyme function and design 
and conduct experiments on catalyzed reaction rates. 
Catalase is the enzyme studied in this lesson. Found in the cells of many 
organisms, catalase facilitates the conversion of hydrogen peroxide into 
water and oxygen gas.  
                                                    catalase 

2 H2O2                2 H2O    +       O2 
This decomposition of hydrogen peroxide happens in the absence of 

the enzyme, but much more slowly. Hydrogen peroxide accumulates in 
cells as a metabolic byproduct. It can be harmful to cells and catalase 
functions to eliminate or at least regulate it. The source of catalase in this 
activity is baker’s yeast (Saccharomyces cerevisae).  

First, students use a hole punch to make filter paper chips. These discs 
are filled with catalase by soaking them in a solution of baker’s yeast. When 
dropped in a very dilute H2O2 solution, the catalase discs sink to the 
bottom. As the catalase facilitates the breakdown of H2O2, bubbles of O2 
accumulate on the disks causing them to float to the top. The time it takes 
to until the filter paper disk rises to the top is a relative measure of enzyme 
activity.  

After trying and observing the enzyme filter paper disk model, student 
groups consider variables that may affect enzyme action. Enzyme activity is 
influenced by factors such as temperature, pH, enzyme concentration, 
salinity, and substrate concentration. Students use filter paper disk model to 
investigate the effects of any of these variables.  
Materials: 
Hydrogen peroxide, 3% Baker’s yeast, 1 packet Filter paper 

Hole punch (es) 1 L beaker for making dilute 
H2O2 

500 ml beaker or flask for 
activating yeast 

Tweezers, 1 per lab group Smaller beakers (150-250 
ml) or plastic cups, 5-10 per 
lab group Timer or stopwatch  

Possibly needed: 
HCL solution 
NaOH solution 
Ice, hot plates 
Salt 
pH meters 
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Time Requirement: approximately 1 ½ hours 
 
Preparation: 
1. Yeast Activation: Dump the contents of a yeast packet into 500ml of 
warm water. This solution is ready to use in 30 minutes. Label this container 
“Catalase” or “Enzyme”.  
 
2. H2O2 Solution: Dilute store-bought 3% H2O2 solution with tap water. 
Prepare a 1:1000 dilution (1 ml H2O2 + 1000 ml water). Test the model first. 
Soak a filter paper disk in the yeast solution, then add it into a test tube filled 
with dilute H2O2. It should take from 30-60 s before the disk rises to the top, If 
it takes longer, add more H2O2 to the stock solution. If the floating rate is too 
fast, dilute the stock solution some more with water.  
 
3. pH Investigation: Have students add dilute HCl or NaOH to make 
experimental solutions.  
 
NOTE: Students should wear goggles at all times. Caution students about 
the proper use and handling of acids and bases.  
 
Lesson Outline: 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

I. Demonstrating the Tool 
• Students obtain inquiry worksheet. 
• Students read the introduction 

and follow the procedure for 
timing the reaction. 

• Students perform several trials (if 
times recorded vary significantly, 
discuss with class possible reasons 
and solutions for more precise 
readings).  

II. The Investigation 
• Student groups brainstorm on 

factors that may influence 
enzymatic rate of action. 

• Class discusses their ideas. 
• Groups choose one variable to 

investigate. 
• Groups design their experimental 

procedure and list the materials 
they’ll need. 

• Group consults with teacher 
about experimental design and 
gets approval. 

• Group performs experiment.  III. Data Analysis and Conclusion/s 
• Students analyze their data. 

They compute averages of 
trials, compare rates, discuss, & 
explain results. 

• Students graph their data. 
• Students present their scientific 

poster (see section on creating 
scientific poster papers) with 
class.  
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An Exploration of Enzyme Activity using  
Filter Paper Discs  

 
Introduction: 
The chemical hydrogen peroxide (H2O2) spontaneously decomposes into water and 
oxygen gas:  
                                                    catalase 

2 H2O2                2 H2O    +       O2 
This reaction happens very slowly, and over a number of years a bottle of hydrogen 
peroxide will convert almost entirely to water.  Catalase, an enzyme, exists in the cells of 
many organisms, including humans, to reduce the levels of H2O2, which can accumulate 
because it is a metabolic by-product. The rate of the catalyzed breakdown of H2O2 can 
be measured by the rate of oxygen gas (O2) production. In this investigation, the speed 
with which O2 bubbles cause a paper disk to rise indicates the relative speed of the 
reaction. The source of enzyme will be baker’s yeast (Saccharomyces cerevisae).  

 
The Tool for Measuring Reaction Rate:  
Before conducting an investigation, you will need to learn how to measure the rate of the 
enzyme-catalyzed reaction. Follow the steps below: 
a. Use a hole punch to make 10-15 disks out of filter paper. Soak the filter paper disks into 
the enzyme solution. Let the disks soak for 2-3 minutes.  
b. Fill up a test tube ¾ of the way with H2O2 solution.  
c. Using tweezers, move the paper disk from the enzyme solution into the test tube. The disk 
should sink at the bottom. Begin timing at the moment the disk hits the bottom. 
d. The disk will eventually float to the surface as it fills with O2 bubbles.  
e. Stop timing when the disk reaches the surface. 
f. Repeat the procedure 5 times. Were the reaction times pretty consistent? Why or Why 
not?  
 
II. The Investigation 
  1. What are some factors that could influence the rate of enzymatic action (how fast or 
slow the reaction proceeds)? Brainstorm with your group and list your ideas. Be prepared 
to discuss your ideas with the class.  
  2. Your group should choose one variable to investigate. You will need to design an 
experiment to test the effect of this variable on the rate of the enzyme-catalyzed reaction. 
  3. Submit an experiment proposal (next page) to your teacher for approval.  
  4. Perform your experiment and begin collecting data. Present your findings as a scientific 
poster paper.  
 
Source: Shields, M (2006). Biology Inquiries: Standards-Based Labs, Assessments, and  
                            Discussion Lessons. New York: Jossey Bass Publishers, 282 pp.  
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             Science Experiment Proposal Form 
1.0 Problem:  _________________________________________________________ 
                       ________________________________________________________? 
 
2.0 Hypothesis: _______________________________________________________ 
                       _________________________________________________________. 
 
3.0 Materials: 
   
   
   
 
4.0 Procedure: 

1  
 

2  
 

3  
 

4  
 

5  
 

6  
 

7  
 

8  
 

 
5.0 Teacher Approval: 
      The student/s can proceed with the experiment. They understand that 
they must follow safety protocols at all times during the investigation. 
 
Teacher Signature: _____________________________ Date: _________________ 
 
6.0 Student signatures: 

_____________________ _____________________      _____________________ 
Student 1                                                         Student 2                                                    Student 3 
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TITLE  
Name (Date) 

Abstract:  

Introduction:  

Procedure:  

Results:  

Data Tables 

Graphs & Charts 

Discussion: 
 

Possible sources of errors? 
Limitations of the study? 

Suggestions for revisions? 
Areas for future study? 

Literature cited:  
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                  Make a DNA Keychain! 
 

Introduction: 
In this activity, you will translate your knowledge of DNA structure to make a keychain you 
can use. The keychain model you create is a simplified model of DNA, showing its three basic 
parts. The model should give you a good insight into how DNA can make a copy of itself- a 
process called DNA replication.  
 
Materials: 

 6 mm faceted beads - 52 beads per student (26 of two different colors) 
 Seed beads (Size 6/0 or 8/0) - 24 beads per student (6 of 4 different colors) 
 20 gauge wire- 18” per student (May use 20 gauge floral wire already cut to 18” 

pieces) 
 26 gauge wire - 20” per student 
 Lanyard hooks or key rings - 1 per student 
 You will also need needle-nose pliers & wire cutters (1 for each group), plastic 

containers for the beads (small and large), small plastic cups for holding beads, 
copies of the DNA Keychain Guide for each group. 

 

Procedure: 

 

.  

                   
From: http://sciencespot.net/Pages/classbio.html#DNAKeychains  

1. Choose your large beads for the sugar 
and phosphate molecules that make up 
the back bone. You will need 26 beads of 2 
different colors. Color the key provided. 
2. Choose your small beads for the 
nitrogen bases. You will need different 
colors for a total of 24 beads. Color the key 
provided.  

3. Get a piece of THICK wire from your teacher and bend it in 
half. 
4. Cut a piece of THIN wire – 20 inches in length- and bend it 
in half.  

5. Add two SUGAR beads– one on each side- to the THICK wire.  
6. Next add two PHOSPHATE beads of the other color- one on 
each side of the wire.  

http://sciencespot.net/Pages/classbio.html#DNAKeychains
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12. Add more big beads (SUGARS & PHOSPHATES) to the backbone, two on 
each side. Thread the thin wire through the large beads as you add them to the 
thick wire.  
13. Continue building the DNA molecule following the same process – you’ll 
need 26 large beads on each side and 12 pairs of of bases in the middle. 
 

 
From: http://sciencespot.net/Pages/classbio.html#DNAKeychains 

7. Place one A bead and one T bead in the middle of the 
top of the phosphate beads. Line up the THICK THIN 
wires on each side and hold at the top.  
8. Slide one SUGAR bead down one end of the thin wire 
and thread the thick wire through as you push it towards 
the bottom of the keychain- both wires need to be 
threaded inside the large bead. Add another SUGAR 
bead on the other side in the same way. 

9. Slide one PHOSPHATE bead down one end of the 
thin wire and thread the thick wire through as you 
push it towards the bottom of the key chain. Both 
wires need to be threaded "inside" the large bead. 
Add another PHOSPHATE bead on the other side in 
the same way.  
10. Pull the large beads down towards the bottom of 
the key chain and pull on the ends of the thin wire 
to make the small beads fit tightly in place. 
11. Hold one of the thin wires near the end and add 
a G bead and a C bead. Thread the end of the other 
thin wire back through the G and C beads in the 
opposite direction make the wires form an X shape. 
Pull the ends as if you were “tying” a knot.   

http://sciencespot.net/Pages/classbio.html#DNAKeychains
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From: http://sciencespot.net/Pages/classbio.html#DNAKeychains 
 
 
 
 

 

14. Once you have added all the base pairs, twist the ends of the 
thin wire together tightly and add a key ring to  the other end of 
the keychain. 
15. Use pliers to twist the ends of the thick wire and the thin wires 
together all at once.  
16. Use the wire cutters/pliers to cut off the ends leaving it about 
½ inch long. Use the wire cutters/pliers to bend and “tuck” the 
ends in between the large beads so it won’t poke you. 
17. Twist your DNA strand around a pencil or finger and gently 
pull on the ends to create the double helix shape.  
 
CAUTION: Untwisting and twisting your keychain too many times 
will make it break! 
 

http://sciencespot.net/Pages/classbio.html#DNAKeychains
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DNA Keychain Project 
 

Overview: 
For this activity, students use beads and wire to create a DNA molecule that 
shows the sugar/phosphate backbone as well as the paired nitrogen bases. 
After they are done with the key chains, we use them to see what happens 
during DNA replication. The original lesson was taken from 
www.accessexcellence.org. A PowerPoint presentation that will guide students 
with step by step directions can be found at 
http://sciencespot.net/Pages/classbio.html#DNAKeychains .   
 
Materials Needed: 
• 6 mm faceted beads - 52 beads per student (26 of two different colors) 
• Seed beads (Size 6/0 or 8/0) - 24 beads per student (6 of 4 different colors) 
• 20 gauge wire- 18” per student (May use 20 gauge floral wire already cut to 
18” pieces) 
• 26 gauge wire - 20” per student 
• Lanyard hooks or key rings - 1 per student 
• You will also need needle-nose pliers & wire cutters (1 for each group), 
plastic containers for the beads (small and large), small plastic cups for holding 
beads, copies of the DNA Keychain Guide for each group 
 
Helpful Hints: 
 (1) You will want to make a few key chains on your own before attempting this 
with a class.  
(2) I purchase most of my materials through online craft stores, such as Crafts 
Etc or ConsumerCrafts.com. Wal-Mart or local craft stores are also good 
sources for wire and key chains. To offset the costs, you might consider having 
the students pay  50¢ each. I let my students make one keychain for free for 
their class assignment and then allow them to purchase materials for 50¢ to 
make others for their friends and family members. Usually the amount of 
money I raise covers a large percentage of the cost of the materials.  
(3) I have six groups of tables in my classroom, so I set up six sets of materials 
in rectangular plastic tubs. Each set contains one container of large beads, a 
smaller container of seed beads, several pieces of thick wire, a roll of thin wire, 
1 pair of pliers/wire cutters, and 8 small plastic cups to keep beads in one 
place. At the end of each class, I am able to do a quick check of the materials 
and can easily see what needs restocked or if there are missing items that need 
to be found! 
 
 

http://www.accessexcellence.org/
http://sciencespot.net/Pages/classbio.html#DNAKeychains
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(4) Challenging tasks:  
 My students have the most difficulty learning how to do the “cross two 

in the middle.” I used two large metal rings to show them the correct 
way to do the step. I placed both rings on one hand and “threaded” other 
hand through the rings in the other direction. Tell the students that the 
step is similar to tying a shoe - cross the wires and pull to form a knot. 

 Some of the students did not keep the thin wire tight while they were 
building the model and ended up with key chains that did not look the 
greatest. Remind the students to keep the thin wire tight after each step 
- cross two in the middle or thread two on the sides.  

 Many students decided to alternate the base pairs - A with T on one 
rung followed by G with C on the next - to make it easier. Students may 
choose to do all the A/T pairs before adding the G/C pairs or mix it up 
any way they would like as long as the correct bases are paired each 
time. 

 

 
 

Lesson from: http://sciencespot.net/Pages/classbio.html#DNAKeychains  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://sciencespot.net/Pages/classbio.html#DNAKeychains
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Leaf Chromatography 
 

Introduction: 
Leaves are nature's food factories. Plants take water from the ground through their roots. They 
take carbon dioxide from the air. Plants use sunlight energy to convert water and carbon 
dioxide into glucose. Here are some facts to remember: 

 Glucose is a type of sugar. 
 Plants use glucose as food for energy and as a building block for growing. 
 The process of converting CO2 and water to glucose is called photosynthesis. 
 A chemical called chlorophyll helps make photosynthesis happen. 
 Chlorophyll is a pigment that gives plants their green color. Pigments are compounds 

that absorb light. 
In this lab, we will use a technique called chromatography to separate the mixture of pigments 
in a leaf into different bands of color.  
 
Materials: 
Assorted leaves   Filter paper  Chromatography solvent 
Beaker     Scissors   Masking tape 
Stirring rod    Plastic wrap   Aluminum pan 
Hot water    Hand lens   Ruler 
Paper towels Map pencils 
 
Procedure: 
1. Use a piece of masking tape to label a beaker with your name & class period. 
2. Tear a leaf into small pieces. Make the pieces as small as possible. 
3. Put the pieces of leaf in a beaker. 
4. Pour enough solvent into the beaker to cover the leaf pieces completely. 
5. Use the stirring rod to mix the leaf pieces and alcohol. 
6. Cover the beaker with plastic wrap and set in an aluminum pan that is half full of 
hot water. 
7. Let the leaves soak overnight. 
8. Cut the filter into a strip that is 2cm wide and about 10 cm long. 
9. Tape the strip of filter paper to a pencil. 
10. Lay the pencil across the top of the beaker. 
11. Wind the paper around the pencil so that the tip of the paper just barely touches 
the alcohol. 
12. As you wait for the alcohol - pigment mixtures to travel up the filter paper, reread 
the background material carefully. 
13. Take the filter paper strip from the beaker, place it on a paper towel to dry. 
14. Observe the strip with your hand lens. 
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Data: 

Draw & color your filter paper: Describe your observations: 
 
 
 
 
 
 
 
 
 

 

 
 
Hints: 

-Spinach leaves work well. 
-Compare leaves in the summer and leaves in the fall. 
-Compares leaves from different locations within a tree. 
-compare extracts from the same leaf but taken from different locations.  
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Make a Meiosis Flip Book! 

 
INTRODUCTION:  
In this project, your team will create a flip book that can be used to make a mini-
movie or animation about meiosis. It should contain a minimum of 20 pages. Since 
the pages will need to be sturdy, plain index cards (unlined) will be used for this 
project. The parent cell for this project should contain 3 pairs of chromosomes. 
Crossing over should be shown. The last card should depict the four daughter cells 
at the end of telophase.  
 
II. Materials: 
     22 index cards per team (first card will be the title page)-You may use more 
cards but you will have to provide the additional ones.  
     Colored markers and/or crayons 
     Bull dog clip  
 
III. Instructions: 

 Use 20 slides (index cards) to create a flip book showing the sequential 
stages of meiosis. 

 Chromosomes should be seen “moving” when the flipbook is used. 
 Use different colored crayons for chromosomes so crossing-over can be 

clearly depicted. 
 Use bull dog clip to bind the slides/index cards together. 
 Draw the dividing cell at the right hand side of the flipbook, in the same 

position:  

                              
 The first page should be the Title Page. This page should contain the 

names of the team members.  
 
IV. Grading: Grade will depend on accuracy of depicted stages as well as 
presentation.  
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Handout: Stages of Meiosis 
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Classifying Oaks with DNA 
 
Unit: Evolution 
 
Brief Description:  
This inquiry activity asks students to use morphological and DNA sequence data to classify 
three oak leaf samples. 
 
Introduction:  
How do biologists determine whether two populations of organisms belong to the same 
species or not? Taxonomy has long been a fluid, exciting, and controversial area of 
biology.  Biologists define species as a group of organisms capable of reproducing and 
leaving fertile offspring. But according to this definition, dogs and wolves, which readily 
hybridize, are the same species. However, most sources describe them as different species: 
Canis lupus and Canis familiaris.  The value of the biological species concept is its focus on 
how a species came to exist- the evolution of an isolated gene pool.  
In reality, most species are identified by the morphological species concept. In this 
approach, a species is recognized as distinct based on unique structures (morphology).  

Molecular biology has added a powerful new tool to the arsenal of taxonomists. 
The more closely related two organisms are, the more similar their DNA, RNA, and amino 
acid sequences. New molecular data have revolutionized some long-standing 
classifications. But like other methods of identifying other species, the molecular approach 
has some limitations. For instance, how similar do DNA sequences need to be for two 
populations to be considered of the same species?  

Students grapple with these questions in this lesson. First, they observe and 
compare the two-dimensional shapes of oak leaves (Handout 1). They then compare and 
analyze DNA sequences representing the three leaves (Handout 2). Combining both types 
of data, students are challenged to decide how many species are represented by the 
leaves. By morphology and DNA, one of the leaves (white oak) is very different from the 
other two. But pin oak and red oak are similar enough to provoke student uncertainty and 
debate. 

And optional but recommended expansion of the lesson is provided in which 
students collect and analyze morphological data from a large sample of leaves collected 
locally.  
 
Materials: 

 Copies of the handouts as well as the worksheet 
 Metric ruler 
 Several copies of any field guide to North American trees (or access to the internet) 

 
Time Required: approximately 60-90 minutes 
 
Lesson Structure: 
1. Distribute Handout #1 with the three leaf drawings.  
2. Initiate a discussion by asking: “How could you determine whether or not two organisms 
are of the same species?” Accept all answers and avoid correcting inaccuracies at this 
point. Also ask, “What is a species?” Be sure at this point that students at least understand 
that a species is a group of organisms generally more similar to one  
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another than they are to another group.  You may want to introduce the biological 
species concept as well. And “Are an oak tree and a dog the same species? A dog and a 
cat? How about a dog and a wolf? A Labrador retriever and a golden retriever?” Again 
accept varied thoughts. Finish with a rhetorical question: “ How similar do organisms have 
to be to be considered a species? How do biologists decide?”  
3. Call the students’ attention to the leaf drawings. In small groups, have them discuss the 
questions in the introductory part of the student worksheet.  
4. Pick a few of the groups to share their ideas on the worksheet questions. Guide the class 
to decide on four or five quantitative characteristics to measure and compare. To help in 
discussing the leaves, you will want to introduce the vocabulary at this point. Distinguish 
the leaf blade from the leaf petiole (stalk). The oak leaf indentations are called sinuses and 
the extended portions are the lobes.  
 
Data Collection and Analyses: 
1. Students make and record measurements on the leaf drawings.  
2. Distribute Handout 2 with the DNA sequences. Tell the students that the same gene was 
sequenced for each leaf and these are the results.  
3. Student groups devise a way to compare the three sequences. Press them to use a 
“quantifiable” approach rather than just “eyeballing” it.  Guide them to focus on similarities 
at base locations. They could focus on the number of spots at which each leaf is different 
from the other two. It is easiest to compare pairs: 1 with 2, 2 with 3, 1 with 3.  The 
percentage of similarity can then be calculated between each pair.  
 
Warm Up and Reflection: 
1. Have one or more field guides available. Challenge students to identify the three leaves. 
From the drawings alone, it will be easy to identify white oak (no bristly points on its lobes) 
but more difficult to distinguish the other two from each other and to distinguish red oak 
from black oak in the field guide. Guide the students to focus in on the depth of the 
indentations and presence or absence of pointy lobe tips. 
2. Students write final responses on their worksheets. 
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Classifying Oaks with DNA 
 

Introduction: 
In biology, a species is one of the basic units of biological classification and a 

taxonomic rank. A species is often defined as a group of organisms capable of 
interbreeding and producing fertile offspring. While in many cases this definition 
is adequate, more precise or differing measures are often used, such as based on 
similarity of DNA or morphology. Presence of specific locally adapted traits may 
further subdivide species into subspecies. 

In this lab, you will grapple with the concept of species, by studying different 
oak leaves and DNA gene sequences, your team will decide how many species are 
represented by the sample.  
 
Introductory Discussions:  
1. In small groups, carefully observe the three leaf drawings. Discuss the following 
questions. Be prepared to share your ideas with the class. 
    a. How many species are represented- one, two, or three?  ______________ 
    b. On what are basing your answer? _____________________________ 
         ____________________________________________________ 
         ____________________________________________________ 
    c. What distinctive features do the leaves have? _____________________ 
         ____________________________________________________ 
         ____________________________________________________ 
    d. How do these features vary in different leaves? ____________________ 
         ____________________________________________________ 
         ____________________________________________________ 
    e. What traits could you measure to do document differences/similarities among 
the leaves? ___________________________________________ 
         ____________________________________________________ 
         ____________________________________________________ 
 
Data Collection: (You will need a ruler and a piece of string for this section).  

Attribute 
Leaf 1 (White 

Oak) Leaf 2 (Red Oak) Leaf 3 (Pin Oak) 

Leaf Length    

Leaf Width    

Sinus depth    

Blade Length    

Petiole Length    

Petiole Diameter    

Number of lobes    
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Molecular Data Analysis 
Molecular biology provides powerful approaches to studying similarities and differences 
between organisms. The sequences on Handout 2 are for the same gene in the three 
different leaves (National Center for Biotechnology Information).  
1. How can the DNA sequences be compared for degree of similarity? Devise a strategy 
with your group members and make your calculations. Record your results below. 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
 
2. Based on your calculations and those of other groups, what can you conclude about 
the three leaves? How closely related are the three? How many species do they 
represent? 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
 
Extension 
1. Use a field guide or other sources to identify the three leaves. How many species are 
represented? What are they? 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
 
2. Compare your analysis based on observing and measuring the leaves (morphological) 
to your analysis of DNA sequences. How did the two complement each other? In what 
ways was one more effective than the other? 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
3. What other information about the three leaves would have helped in deciding whether 
they were different species? 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
4. How similar do the DNA sequences need to be for two organisms to be considered the 
same species? How was this decided? 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
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Handout No. 1: Leaves 
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Handout No. 2: DNA Sequences 

 
From: 2006, Shields, Martin. Biology Inquiries. New York: Jossey-Bass Publishing Company.             
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