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OBJECTIVES

PAGE REFERENCES

ABILITIES OF SCIENTIFIC INQUIRY
Identify questionsand concepts that guide scientificinvestigations. Studentsshould formulatea
testable hypothesisand demonstrate thelogical connections between the scientific concepts guidinga
hypothesisand the design of anexperiment. They should demonstrate procedures, aknowledgebase,
and conceptual understanding of scientificinvestigations.

Designand conductscientificinvestigations. Designing and conductingascientificinvestigation
requiresintroductiontoconceptual areas of investigation, proper equipment, safety precautions,
assistance withmethodological problems, recommendationsfor use of technologies, clarification of
ideas that guide theinquiry, and scientific knowledge obtained from sources other than theactual
investigation. Theinvestigationmay alsoincludesuchabilities asidentification and clarification of
the question, method, controls,and variables, the organizationand display of data, therevision of
methodsand explanations, and the public presentation of the results and the critical response from
peers. Regardless of thescientificinvestigations and procedures, students must useevidence, apply
logic,and constructanargumentfor their proposed explanation.

Usetechnology toimproveinvestigationsand communications. Students'ability to usea variety of
technologies, suchashand tools, measuring instruments, and calculators, should beanintegral
component of scientificinvestigations. The use of computers for the collection, analysis, and display
of dataisalsoa partof thisstandard.

Unit 1: 29-31, 46-55

Unit 2: 78-79, 100-102, 108-111, 124-127

Unit 3: 141, 148-150, 162-165

Unit 4: 202-205, 212-214, 226-228, 232-235, 253-255,
255-257, 257-259, 260-261, 262-265, 267-268, 269
Unit 5: 331-335, 343-344

Unit 6: 369-371, 378-380, 386-389, 393-396, 399-400,
405-407, 408-412, 413-414

Unit 7: 443-445, 453-455

Unit 8: 492-496, 499-500, 502-503

Unit 1: 29-31, 46-55, 54-55
Unit 2: 124-127

Unit 3: 148-150, 162-165
Unit 4: 232-235, 269-270
Unit 5: 331-335, 343-344
Unit 6:413-414

Unit 7: 480

Unit 8: 510-513

Unit 1: 24-25, 41-42, 49-55

Unit 2: 78-79, 91-92, 94-96, 107-111, 113-116, 121-123,
128

Unit 3: 143-145, 147-150, 154-155, 176-178, 189, 191-
193, (AllCongress and Forum Sections should use the
Internet)

Unit 4: 212-216, 222-224, 229-231, 232-235, 255-256
Unit 5: 347, 348

Unit 7: 444-445

Unit8: 511-513
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Formulateand revise scientificexplanations and models using logicand evidence. Studentinquiries
should culminateinformulating an explanation ormodel. In the process of answering the questions,
thestudents should engagein discussions and arguments thatresultin therevision of their
explanations. These discussions should be based onscientificknowledge, the use of logic,and
evidencefrom theirinvestigation.

Recognize and analyze alternative explanations and models. Thisstandard emphasizes the critical
abilities of analyzing anargumentby reviewing currentscientific understanding, weighing the
evidence, and examining thelogic thusrevealing which explanations and models are better and
showing thatalthough theremay beseveral plausible explanations, they donotall have equal weight.
Studentsshould appeal tocriteria forscientificexplanationsin order to determine which explanations
arethebest.

Communicateand defend ascientificargument. Studentsinschool science programs should develop
theabilities associated with accurateand effectivecommunicationincluding writing and following
procedures, expressingconcepts, reviewing information, summarizing data, using language
appropriately, developing diagrams and charts, explaining statistical analysis, speaking clearly and
logically, constructing areasoned argument, and responding to critical comments through the use of
currentdata, pastscientificknowledge, and presentreasoning.

Unit 1: 14-15, 35-37, 64-67

Unit 2: 78-80, 82-84, 91-92, 94-96, 100-101, 112-114,
124-128, 132-134

Unit 3: 143-145, 147-150, 151, 182-189, 154-155, 159-
160,162-165 (All Extended Inquiries.)

Unit 4: 202-205, 211-216, 232-235, 243-265, 269-270
Unit 5: 318-320, 343-344, 348

Unit 6: 369-371, 378-380, 386-389, 393-396, 413-444
Unit 7: 428-430, 466-467

Unit 8: 517-518

Unit 1: 48-51, 55, 64-67

Unit 2: 132-134

Unit 3: 182-188, 191-193

Unit 4: 267-268, 269-270, 272-276
Unit 5: 354-355, 356, 358-361
Unit 6: 413-414

Unit 7: 436-442, 457-458

Unit 8: 511-516, 516-517, 522-525

Unit 1: 56-58, 64-67

Unit 2: 124-125, 127-128, 132-134
Unit3:185-188,191-193 (All Congress and Forum
Sections.)

Unit 4: 272-276

Unit 5: 358-361

Unit 6: 416-420

Unit 7: 468, 472-473, 473-479, 482-485

Unit 8: 496-497, 522-525
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UNDERSTANDING ABOUT SCIENTIFIC IN QUIRY
Scientists usually base theirinvestigations on existence questions or causal-functional questions.
Causal-functional questionslead to investigations ofhow physical, living, or designed systems
function. Conceptual principlesand knowledge guidescientificinquiries. Historicaland current
scientificknowledge influence the designand interpretation of investigations and the evaluation of
proposed explanationsmadeby other scientists.

Scientists conductinvestigations foravariety of reasons, suchas exploration of new areas, discovery
of new aspects of thenatural world, confirmation of priorinvestigations, prediction of current
theories,and comparisonof models and theories.

Scientistsrely on technology to enhance the gathering and manipulation of data. Techniquesand
tools used inscientificinquiry providenew evidence to guide inquiry and new methods to gather data,
both of which can contribute to the eventual advances of science. Theaccuracy and precision of the
data, and therefore the quality of the exploration, depends on the technology used.

Unit 1: 4, 5, 6, 9, 11-16, 17-24, 24-25, 26-28, 28-31, 31-
43, 49-62

Unit 2: 72-74, 76-77, 82-88, 91-93, 99-102, 102-107, 112,
120-121

Unit 3: 141, 145-146, 157-160, 165-167, 169-170

Unit 4: 200-201, 206-211, 216-220, 224-225, 231-323,
235-241, 244-249

Unit 5: 284, 288-292, 294-297, 301-311, 315-317, 320-
323, 326, 329-331, 335-338, 348-353

Unit 6: 378-380, 386-389, 408-412

Unit 7: 460-461, 456-459, 473-479

Unit 8: 492-496, 502-506, 508, 513-515

Unit1: Allextended inquiries, 47-61

Unit 2: All investigations, 78-79, 82-84, 91-92, 94-96,
100-102, 107-111, 113-116, 121-123, 124-125, 128
Unit 3: 162-165, 182-189

Unit4: Allinvestigations (Guided & Extended Inquiry),
267-268, 269-270

Unit 6: 372-373

Unit 7: 451, 456-459, 460-461

Unit 8: 498

Unit 1: 16, 22, 56

Unit 2: 78-79, 91-92, 94-96, 107-111, 113-116, 121-123,
128

Unit 3: 151-153, 161

Unit 4: 212-216, 222-224, 229-231, 232-235, 255-256
Unit 5: 348, 349-350, 350-352

Unit 6: 372-373

Unit 7: 443-445

Unit 8: 511-513




CORRELATION TO NATIONAL SCIENCE STANDARDS FOR SCIENCE AS INQUIRY (PART 1)

SusmissioN TirLe: BIOLOGY: A CommuniTy CONTEXT, BY LEONARD AND PENICK, © 1998 (053865208X)

OBJECTIVES

PAGE REFERENCES

4.  Scientificexplanationsmustadheretocriteriasuchas: a proposed explanationmusthavealogical
structure;itmustabideby therules of evidence; it mustbe opento questions and possible
modification; itmustbebased onhistorical and currentscientificknowledge; and themethods and
procedures thatscientists used to obtainevidence mustbeadequately reported toenhance
opportunitiesfor furtherinvestigation.

5. Resultsofscientificinquiry —new knowledgeand methods — emerge from different types of
investigations and publiccommunicationamongscientists. Thenature of communicatingand
defending theresults of scientificinquiry (proposed explanations) is guided by criteria of being
logical and empirical and by connections betweennatural phenomena, investigations, and the
historical body of scientificknowledge.

Unit 1: 24-25, 29-31, 54-55

Unit 2: 84-88, 92, 102-106, 129-130

Unit 3: 189, 191-193

Unit 4: 200-201, 206-211, 216-220, 223-225, 228-231,
235-243, 244-249, 263 (Fig. 4.60), 265

Unit 5: 350-353

Unit 6: 380-384, 389-392, 396-397

Unit 7: 456-459

Unit 8: 497-500

Unit1: All”Congress” & “Forum” sections, 64-67
Unit 2: 132-134

Unit3: All”“Congress” & “Forum” sections, 191-193
Unit 4: 269, 273-276

Unit 5: 358-361

Unit 6: 416-420

Unit 7: 482-483

Unit 8: 496-497, 522-523
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ABILITIES OF TECHNOLOGICAL DESIGN
1. Identify a problem or design an opportunity. Students should be able to identify new problems prUnit 1: All “Extended Inquiries," 47-63
needs and the ability to change and improve current technological designs. Unit 2; 73-75, 91-92, 106-111, 124-125, 127
Unit 3: 147-150, 176-178, 187-188
Unit 4: All “Applications” sections in each lab, 269
Unit 5: 358-359
Unit 6: 413-414
Unit 7: 452, 453-455
Unit 8: 511-513

2. Propose designs and choose between alternative solutions. Students should demonstrate thoygltiiil 1: 29-31, 35-38, 54-55
planning for a piece of technology or technique. Students should be introduced to the roles of ihatiet2: All “Extended Inquiries,” 94-96, 124, 125, 127,
and simulations in these processes. 132-134

Unit 3: 147-150, 176-178, 187-188

Unit 4: 269

Unit 5: 348-352

Unit 6: 405-407, 413-414

Unit 7: 453-455

Unit 8: 511-513, 517-518

3. Implement a proposed solution. A variety of skills can be needed depending on the type of techrdiogg: 13-16, 64-67
that is involved. The construction of artifacts can require the skills of cutting, shaping or formingUnit 2;: 124-125, 132-134
treating, and joining common materials, such as wood, metal, plastics, and textiles. Unit 3: Congress and Forum, 191-193
Unit 4: 269, 272-276
Unit 6: 413-414
Unit 7: 482-483
Unit 8: 522-525

4, Evaluate the solutions and its consequences. Students should test any solution against the neetimiorl: 64-67

criteria it was designed to meet. At this stage, new criteria not originally considered may be reyi&mid2: All “Congress and Forum” sections, 132-134
Unit 3: Congress and Forum, 191-193
Unit 4: All “Interpretations” sections in all labs, 255-257
257-259, 269
Unit 5: 359-359
Unit 6: 416-419
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Evaluate the solutions and its consequences. Students should test any solution against the ne
criteria it was designed to meet. At this stage, new criteria not originally considered may be re
continued

Communicate the problem, process, and solution. Students should present their results in a vd
ways, such as to other students orally, in writing, and in a variety of forms, including models,
diagrams, and demonstrations.

UNDERSTANDING ABOUT SCIENCE AND TECHNOLOGY
Scientists in different disciplines ask different questions, use different methods of investigation
accept different types of evidence to support their explanations. Many scientific investigations
the contributions of individuals from different disciplines, including engineering. New discipline

etdmior7:
i&netdS:

Lrigtyit o
Unit 2:
Unit 3:
Unit 4:
Unit 5:
Unit 6:
Unit 7:
Unit 8:

amt 1:
eguite?:
5 Ohhit 3:

science, such as geophysics, and biochemistry often emerge at the interface of two older disciplideg. 4:

Scientists and engineers can only conduct research on human subjects if they have the conse
subjects.

Science often advances with the introduction of new technologies and solving technological pr
often results in new scientific knowledge. New technologies often extend the current levels of
scientific understanding and introduce new arenas of research.

Unit 5:
Unit 6:
Unit 7:
Unit 8:

ntloditie
Unit 3:
Unit 4:
Unit 5:
Unit 6:

DI kering] ;
Unit 2:
Unit 3:
Unit 4:
Unit 5:
Unit 6:

482-483
522-525

22-23, 64-67

All “Congress” and "Forum” sections, 132-134
Congress and Forum, 191-193

“Individual Research Projects,” 269, 272-276
358-359, 360-361

413-414, 416-419

482-483

492-496, 522-525

9-10, 16-17
82-87, 94-96
151-153, 161
217-219, 221, 242
298, 321, 324
372-373

451, 465

496-497

106-112

151-153

232-235, 255-257

321, 324

378-380, 386-389, 407-412, 413-414

16

75

151-153 (Census taking.)
219-220, 239

324, 348-353

372-373
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3. Science often advances with the introduction of new technologies and solving technological prolles: 437, 443
often results in new scientific knowledge. New technologies often extend the current levels of | Unit 8: 513-515
scientific understanding and introduce new arenas of reseamctinued

4. Creativity, imagination, and a good knowledge base are all required in the work of science and Unit 1: 9-10, 16
engineering. Unit 2: 90, 98, 119-120, 132-135
Unit 3: 161
Unit 4: “Individual Research Projects,” 269
Unit 5: 321

Unit 6: 372-373, 413-414
Unit 7: 451, 465
Unit 8: 513-515

5. Science and technology are pursued for different purposes. Scientific inquiry is driven by the dedimg 1: 9-10, 16, 18-19
to understand the natural world, and technological design is driven by the need to meet human deads 72-74, 76-75, 132-135
and solve human problems. Technology, by its nature, has a more direct effect on society thah Unit 3: 165-167
science because its purpose is to solve human problems, help humans adapt, and fulfill human Unit 4: 239, 248, 272-275
aspirations. Technological solutions may create new problems. Science, by its nature, answefsUnit 5: 348-353
guestions that may or may not directly influence humans. Sometimes scientific advances challebgé 6: 372-373
people's beliefs and practical explanations for various aspects of the world. Unit 8: 504-506, 513-515

6. Technological knowledge is often not made public because of patents and the financial potentialJsfit 1: 64-67
the idea or invention. Scientific knowledge is made public through presentations at professionalJnit 2: “Public Hearing & Congress & Forum,” 132-135
meetings and publication in scientific journals. Unit 3: 191-193

Unit 4: 272-275

Unit 5: 358-359, 360-361

Unit 6: 416-420

Unit 7: 482-485

Unit 8: 496-497, 522-525

10
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PERSONAL AND CoMMUNITY HEALTH
Hazardsand the potential for accidents exist. Regardless of the environment, the possibility of injury,
illness, disability, or death may be present. Humans havea variety of mechanisms — sensory, motor,
emotional, social and technological — thatcanreduce and modify hazards.

Studentsshould understand thatsome diseases are caused by micro-organisms. Severity of disease
symptomsare dependenton factors, suchasresistance and virulence. Many diseasescanbe
prevented, controlled, or cured. Some diseases, such as cancer, result fromspecificbody dysfunctions
and cannotbe transmitted.

Personal choice concerning fitness and health involves multiple factors. Personal goals, peerand
social pressures, ethnicand religious beliefs, and understanding of biological consequences, canall
influence decisions abouthealth practices.

Anindividual'smood and behavior may be modified by substances. The modificationmay be
beneficial or detrimental depending on the motives, type of substance, duration of use, patternof use,
and level of influence, and short-and long-term effects. Students should understand that drugs can
resultsin physical dependence and canincrease therisk of injury, accidents, and death.

Selection of foods and eating patterns determine nutritional balance. Nutritional balance hasa direct
effectongrowthand developmentand personal well-being. Personal and socialfactors, suchas
habits, family income, ethnicheritage, body size, advertising, and peer pressure, influence nutritional
choices.

Family systems serve basic healthneeds, especially for young children. Regardless of the family
structure, individuals have families thatinvolveavariety of physical, mental, and social relationships
thatinfluence the maintenanceand improvementof health.

Unit 1: 2-6, 27-28, 58-61, 64-67

Unit 2: 72-74, 76-77, 89 (Bio Issues), 127
Unit3:156 (Emotional hazard)

Unit 4: 200-201, 238, 246-249

Unit 6: 368, 369-371, 386-389, 407-414

Unit 1: 58-59
Unit 4: 243-250, 253-255, 248, 267-268

Unit 1: 2-6, 58-59, 64-67

Unit 2: 106-112

Unit 3: 156

Unit 4: 231-238, 240-241, 243-249, 250, 253, 255-257,
267-268, 272-276

Unit 6: 376-378

Unit 4: 240-241
Unit 6: 366-367, 368, 376-378

Unit 2: 106-112
Unit 4: 222-228
Unit 8: 501, 502-504, 505-506

Unit 3: 156
Unit 4: 250, 272-276
Unit 8: 501

11
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7. Sexualityisbasictothe physical, mental, and social development of humans. Studentsshould Unit 3: 156
understand thathumansexuality involves biological functions, psychological motives, and cultural Unit 5: 304-307

ethnic, religious, and technological influences. Sexis abasicand powerful force thathas
consequences toindividuals'healthand tosociety. Students should understand various methods of
controlling thereproduction process and thateachmethod has a different type of effectivenessand
healthand social consequences.

PorULATION GROWTH
1.  Populations grow or decline through the combined effects of births and deaths, and in countries Unit 1: 2-6, 7-9, 11-13, 17-23
throughemigrationand immigration. Populations, and other things suchasresource useand Unit 2: 94-112
environmental pollution, canincrease through linear or exponential growth. Unit 3: All of Unit 3, 157-160, 165-167, 185
Unit 8: 490-491, 496, 504-506
2. Variousfactorsinfluencebirthrates and fertility rates, suchasaveragelevels of affluence and Unit 3: 157-160, 165-167, 169-175, 182-185, 191-193
education,importance of childrenin thelabor force, educationand employment of women, infant Unit 5: 304-307

mortality rates, costs of raising children, availability and reliability of birth control methods, religious | Unit 8: 490-491, 496
beliefsand culturalnorms thatinfluence personal decisions about family size.

3.  Populationscanreachthelimitsto growth. Carryingcapacity isthe maximumnumber of individuals | Unit 1: 2-6, 7-9, 11-13, 17-23, 56-61
thatcanbesupported ina givenenvironment. Itisnotavailability of space, but thenumber of people | Unit 2: 94-97, 99-112, 119
inrelationtoresourcesand the capacity of Earth systems tosupporthumanbeings. Unit 3: All of Unit 3, 157-160, 165-167, 185

Unit 7: 466-467, 468, 482-483

Unit 8: 490-491, 496, 511-515, 516, 520-521, 522-525

NATURALRESOURCES
1. Human populations useresourcesin theenvironmentinorderto maintainand improve their Unit 1: 2-6, 7-9, 11-13, 17-23, 56-61
existence. Natural resources havebeenand will continue to be exploited to maintainhuman Unit 2: All of Unit 2, 72-77,119, 126-127
populations. Unit 3: All of Unit 3, 165-167,174-175

Unit 7: 468
Unit 8: 496-497, 501, 502-506, 511-515, 517-518, 520-
521, 522-525

12
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2. The Earth doesnothaveinfiniteresources, and increasing human productionand consumptionplaces | Unit 1: 2-6, 7-9, 11-13, 17-23, 56-61

severestress onthenatural processes thatrenew someresourcesand depletes thoseresources that Unit 2: 72-77, 94-97, 99-112, 112-116, 119, 122, 126-127,
cannotberenewed. 132-134

Unit 3: All of Unit 3, 165-167,174-175

Unit 7: 468

Unit 8: 496-497, 501, 502-506, 511-515, 517-518, 520-
521, 522-525

3. Humansusemany natural systemsasresources. Natural systems dohavethecapacity toreusewaste, | Unit 1: 2-6, 7-9, 11-13, 17-23, 56-61
butthatcapacity islimited. Changing natural systems can exceed thelimits of organisms toadapt Unit 2: All of Unit 2, 99-112, 112-116, 119, 122, 126-127,
naturally orhumanstoadapttechnologically. 132-134
Unit 3: Inferred in Unit 3,191-193
Unit 8: 496-497, 501, 502-506, 511-515, 517-518, 520-
521, 522-525

ENVIRONMENTAL QUALITY
1. Natural ecosystems provideanarray of basic processes that affecthumans. Those processesinclude Unit 1: All of Unit 1, 2-6, 7-9, 11-13, 17-23, 56-61

maintenance of the quality of theatmosphere, generation of soils, control of thehydrologiccycle, Unit 2: All of Unit 2, 99-112, 112-116, 119, 122, 126-127,
disposal of wastes, and recycling of nutrients. Humans are changing many of these basic processes 132-134
and the changes may be detrimental tohumans. Unit 3: Inferred in Unit 3, 165-167

Unit 6: 372-373, 401

Unit 7: 468

Unit 8: 501, 511-515, 517-518, 522-525

2. Materialsfrom humansocieties disturb both physical anand chemical cycles of the Earth. Unit 1: All of Unit 1, 2-6, 7-9, 11-13, 17-23, 56-61
Unit 2: All of Unit 2, 72-74,76-77, 89

Unit3: Inferred in Unit3

Unit 6: 372-373, 401

Unit 8: 490-497, 497-500, 509, 522-525

13
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Many factorsinfluence environmental quality. Factors thatstudents mightinvestigateinclude
populationgrowth, resource use, population distribution, overconsumption, the capacity of technology
tosolve problems, poverty, therole of economic, political, and religious views, and differentways
humansview the Earth.

NATURAL AND HUMAN-INDUCED HAZARDS
Normal adjustments of Earth may be hazardous for humans. Humansliveat theinterfacebetweenthe
atmosphere drivenby solar energy and the upper mantle where convection creates changesin the
Earth'ssolid crust. Associeties have grown, becomestable, and valued aspects of theenvironment,
vulnerability tonatural processes of change hasincreased.

Humanactivities canenhance potential forhazards. Acquisitionof resources, urban growth,and
waste disposal canacceleraterates of natural change.

Somehazards, suchas earthquakes, volcanoes, and severe weather, arerapid and spectacular. Also,
thereareslow and progressive changes thatalsoresultin problems forindividuals and societies, for
example, change instream channel position, erosion of bridge foundations, sedimentationinlakes
and harbors, and continuing erosionand wasting of soiland landscapes.

Naturalhazards present the the need forhumans toassess potential dangerandrisk. Studentsshould
understand the costs and trade-offs of various hazards ranging from those with minorrisk toafew
people tomajor catastrophes with major risk tomany people. Thescale of events and theaccuracy
withwhichscientistsand engineers can (and cannot) predictevents areimportant considerations.

Unit 1: All of Unit 1, 2-6, 7-9, 11-13, 17-23, 56-61
Unit 2: All of Unit 2, 72-74, 76-77,132-134
Unit3: Populationstudy 191-193

Unit 4: 248

Unit 7: 468

Unit 8: 490-497, 497-500, 509, 522-525

Unit 2: All of Unit 2, 72-77, 89
Unit 7: 460-461

Unit 1: All of Unit 1, 2-6, 7-9, 11-13, 17-23, 56-61
Unit 2: 72-77, 89

Unit3: Inferred in Unit 3, 165-167

Unit 6: 372-373, 401

Unit 8: 490-496, 497-500

Unit 2: 72-77, 89
Unit 7: 457

Unit 1: 64-67
Unit2:72-77,132-134 (Congress and Forum)

14
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ScIENCE AND TECHNOLOGY IN LocAL, NATIONAL, AND GLOBAL CHALLENGES
1.  Scienceand technology are essential social enterprises, butalone they can only indicate whatcan
happen, notwhatshould happen. Thelatterinvolves human decisions aboutthe use of knowledge.

2. Understandingbasicconceptsand principles of science and technology should precedeactive debate
abouttheeconomics, policies, politics,and ethics of various science- and technology-related
challenges. But, understandingscience alone willnotresolvelocal, national, or global challenges.

3. Progressinscienceand technology canrelatetosocialissues and challenges. Funding prioritiesand
health problemsserve as examples of ways thatsocial issues influence scienceand technology.

Unit 1: 64-67

Unit2:132-134 (Congress and Forum)
Unit 3: 191-193

Unit 4: 248

Unit 5: 348-361

Unit 6: 404-407, 416-420

Unit 7: 482-485

Unit 8: 511-515

Unit 1: 5-6, 10, Fig. 1.6 (p. 13,) 18-22, 24-27, 28-43, 49-
57, 59-61, 64-67

Unit2: Allof Unit2 (All activities are designed to build
science background for Congress and Forum) 78-80, 82-
84, 91-93, 120-121, 124-125

Unit3: Allof Unit3 (All activities are designed to build
science background for Congress & Forum)191-193
Unit 4: 239, 240-241, 248, 250, 272-276

Unit 5: 358-361

Unit 6: 416-420

Unit 7: 482-485

Unit 8: 496-497

Unit 1: 2-6, 7-9, 23, 58-59, 64-67
Unit2:132-134 (Congress and Forum)
Unit 3: 191-193

Unit 4: 239, 248, 250, 272-276

Unit 5: 358-361

Unit 6: 416-420

Unit 8: 496-497
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4.  Individualsand society mustdecide on proposalsinvolvingnew researchand technologies. Decisions
involveassessment of alternatives, risks, costs, and benefits and consideration of who benefitsand
whosuffers, who paysand gains, and whatare therisks and who bears them? Students should
understand theappropriatenessand value of basic questions — "Whatcan happen?" — "Whatare the
odds?" —and "How doscientists and engineers know what willhappen?"

5. Humanshaveamajoreffectonotherspecies. Theinfluence of humans on other organisms occurs
throughways, suchasland use — decreasing space available to other species, and pollution — changing
the chemical composition of air, soil, and water.

Unit1:“Congress” and “Forum” all units, 64-67
Unit 2: 132-134

Unit 3: 191-193

Unit 4: 239, 246-247, 248

Unit 5: 358-361

Unit 6: 416-420

Unit 8: 496-497, 513-516, 522-525

Unit 1: All of Unit 1, 17-23, 40-43, 53, 64-67
Unit 2: All of Unit 2, 72-77,132-134

Unit 3: All of Unit 3, 140-142, 165-167

Unit 4: 239

Unit 6: 372-373

Unit 7: 460-461, 473-480

Unit 8: 496-497, 513-516, 522-525
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SCIENCE As A HuMAN ENDEAVOR
Individuals and teams have contributed and will continue to contribute to the scientific enterpri
Doing science or engineering can be as simple as an individual conducting field studies or as
as hundreds of people working on a major scientific question or technological problem. Pursuit
science as a career or as a hobby can be both fascinating and intellectually rewarding.

Scientists have ethical traditions. Scientists abide values, such as commitment to peer review,

truthfully report the methods and outcomes of investigations, and make public the results of worklnit 3:

Violations of rules such as these rarely occur. If violations do occur, the scientists responsible
violations are strongly condemned.

NATURE OF SCIENTIFIC KNOWLEDGE
Science distinguishes itself from other ways of knowing and from other bodies of knowledge th
the use of empirical standards, logical arguments, and skepticism, as scientists strive for certa]
their proposed explanations.

sélnit 1: 9, 10, 16, 18, 23, 64-67
cdomileX All Bio Occupations, 90, 98
gunit 3: All Bio Occupations, 151-153, 161

Unit 4: All Bio Occupations, 221, 242, 248
Unit 5: 298, 321, 324, 358-359
Unit 6: 372-373, 413-414
Unit 7: 451, 456-458
Unit 8: 492-496, 496-497, 498
Unit 1: 64-67
191-193
outhe4: 221, 239, 272-276
Unit 5: 358-361
Unit 6: 413-414
Unit 7: 452, 465
Unit 8: 522-525
rdugit 1: 27-28, 28-31, 64-67

Forum, 132-134
191-193

nyndf2:
Unit 3:

267-268

Unit 5: 358-361

Unit 6: 405-407, 407-412, 413-414
Unit 7: 456-458

Unit 8: 506-507
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2. Scientific explanations must meet certain criteria. First and foremost, they must be consistent withit 1: 27-28, 47-55
experimental and observational evidence about nature, and must make accurate predictions, Whémt 2: 89, 122-123
appropriate, about systems being studied. They must also include a logical structure, rules of | Unit 3: 147-150, 176-178, 187-188
evidence, openness to criticism, reporting methods and procedures, and making knowledge pdblait 4: 198-199, 226-228, 243-244, 252-261, 262-265,
Explanations on how the natural world changes based on myths, personal beliefs, religious valu267-268
mystical inspiration, superstition, or authority, may be personally useful and socially relevant, Qutynit 5: 321, 324
they are not scientific. Unit 6: 372-375, 378-380, 380-381, 389-392, 396-398
Unit 7: 430-434, 456-458
Unit 8: 506-507

3. Because all scientific ideas depend on experimental and observational confirmation, all scientifitJnit 3: 157-160, 165-170, 174-175
knowledge is, in principle, subject to change as new evidence becomes available. The core idgaboit 4: 239, 248
science such as the conservation of energy or the laws of motion have been subjected to a wideWaiiéty 284-285, 288-292, 315-317, 321, 322-323, 324,
of confirmations and are therefore unlikely to change in the areas in which they have been teste8én 329-331, 338, 347-353, 354-355
areas where data or understanding are incomplete, such as the details of human evolution or pufstiGn880-381, 396-398
surrounding global warming, new data may well lead to changes current ideas or resolve currgntnit 7: 456-458
conflicts. In situations where information is still fragmentary, it is normal for scientific ideas to HeUnit 8: 497-500
incomplete, but it is also where the opportunity for making advances may be greatest.

HisToRICAL PERSPECTIVES
1. In history, diverse cultures have contributed scientific knowledge and technologic inventions. Thenit 1: 4
science that aided the development of modern industrialized societies began to be developed inUnit 3: 165-167, 188
Europe several hundred years ago. Western, as well as non-Western cultures (for example, Egyyhtiid: 217-218
Chinese, Hindu, and Arabic), have developed scientific ideas and solved human problems thrduihit 5: 324
technology. Unit 7: 456-458
Unit 8: 496-497

2. Usually, changes in science occur as small modifications in extant knowledge. The daily work pfUnit 1: 10, 16
science and engineering results in incremental advances in our understanding of the world anddwit 2: Bio Occupations, 90, 98
ability to meet human needs and aspirations. Much can be learned about the internal workings &fnit 3: 161
science and the nature of science from study of individual scientists, their daily work, and their|effoitst: 221, 242
to advance scientific knowledge in their area of study. Unit 5: 298, 321, 324
Unit 6: 396-397
Unit 7: 451, 465
Unit 8: 498
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Copernican revolution
Newtonian mechanics
Relativity

Geologic time scale
Plate tectonics
Atomic theory

Nuclear physics
Biological evolution

by evolving over time, almost always building on

Industrial revolution
Molecular biology
Information and communication
Quantum theory
Technology
Galactic universe
Medical and health technology
Germ theory

The historical perspective of scientific explanations demonstrates how scientific knowledge cha

earlier knowledge.

3. Occasionally, there are advances in science and technology that have important and Iong—las1|irignit 2
effects on science and society. Examples of such advances include the following:

Unit 3:
Unit 4:
Unit 5:
Unit 6:
Unit 7:
Unit 8:

nges

87, 88

165-167 (Malthus), 186-187 (Darwin)
217-218, 228-230

316-317, 352

380-381

428-434, 456-458

502-503
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ORDER AND ORGANIZATION
Science proceeds on the assumption that the behavior of the universe is not capricious, that n
the same everywhere, and it is understandable, and predictable. Students can develop under
of regularities in systems, and by extension, the universe; and they can develop understanding
basic laws, theories, and models that explain the world. Such examples as Newton's Laws of
and Motion, Kepler's Laws of Planetary Motion, Conservation Laws, and Darwin's Laws of Nat
Selection, all serve to demonstrate the idea of order and regularity. An assumption of order
establishes the basis for cause-effect relationships and predictability.

Prediction is the use of knowledge to identify and explain observations, or changes, in advanc
use of probability allows for greater or lesser certainty of predictions.

The behavior of units of matter, objects, organisms, or events in the universe can be described
statistical basis. Probability is the relative certainty (or uncertainty) that individuals can assign
selected events happening (or not happening) in a specified space or time. In science, reducti
uncertainty occurs through such processes as the development of knowledge of factors influen
objects, organisms, systems, or events; better and more observations; and better explanatory

Units of investigation and analysis can be identified as systems. Systems consist of an organi
group of related objects or components that form a whole. A subsystem is a system that is ent
contained within another system. Systems consist of boundaries, components, flow of resourc
(input and output), and feedback. Thinking and analyzing in terms of systems will help studen
track of mass, energy, objects, organisms, and events, and will facilitate understanding other ¢

atding i&: 32-38, 38-40
StbindliiZg84-87, 88
sldfit 3: 165-167
Cdjod 4: 217-218, 248
irelnit 6: 380-381

Unit 7: 441-442, 456-459

b UmelL: All “Bio Predictions,” 12, 23, 26, 29-31, 42, 54-5
Unit 2: 81
Unit 3: 182-185, 187-188
Unit 4: All Inquiries, 202-205, 212-216, 225-228, 232-

235, 243-244, 253-265, 267-269

Unit 5: 301-303, 316-320, 343-344

Unit 6: 378-380, 386-389, 392-396, 399-400
Unit 8: 497-500

i 1:
tonit 2:
otoit 3: 151-153, 154-160, 162-165, 165-167

cibigit 4: 201, 206, 211, 219-220, 231-232, 235-243, 244
madé|s249, 265-267

Unit 5: 301-303, 316-320, 343-344

Unit 6: 378-380, 386-389, 392-396, 399-400

14-15, 35-37
94-96

yddnit 1: 14-15, 40-43, 58-61

réipit 2: All of Unit 2, 79-80, 94-96, 99-104, 112-114, 127
bsl 23

fslkeieg: 147-150, 176-178, 187-188 (Same
dnveptigation)

such as those described in the other content standards. The idea of simple systems extends @ridnit 4: 206-211, 218-220, 224-225, 228, 231-232, 235-

includes subsystems and identifying the structure and function of systems, feedback and equili
as well as open and closed systems.

bddih, 244-247

Unit 6: 373-375, 388-392, 396-398
Unit 7: 430-442, 456-459

Unit 8: 508

T
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2.

Types and levels of organization and hierarchies provide useful ways of thinking about and
understanding the world. Types of organization include the periodic table and classification of
organisms. Physical systems can be described at different levels of organization, such as fung
particles, atoms, and molecules. Living systems also have different levels of organization, for
example, cells, tissues, organs, organisms, populations, and communities. Within these syste]
interactions between these components occur. The complexity and number of fundamental un
change in extended hierarchies of organization. Further, systems at different levels of organiz
may manifest different properties and forms and functions.

EviDENCE , MODELS AND EXPLANATION
Evidence consists of observations and data on which to base scientific explanations. Using eV
to understand interactions allows individuals to predict changes in natural and designed syste

Models are tentative schemes or structures that correspond to real structures, events, or class

Unit 1: 40-43, Fig. 1.3

Unit 2: 99-103

adrental 171-175

Unit 4: 206-211, 218-220, 224-225, 228, 231-232, 235-
341, 244-247

it8)nit 5: 329-337

atibmt 6: 373-375, 389-392

Unit 7: 436-442

Unit 8: 502-503

idéiitel: 7-9, 14-16, 24-25, 29-31

melnit 2: All “Inquiries” in Unit 2, 78-80, 82-84, 107-111,
112-116, 122, 128

Unit 3: 147-150, 176-178, 187-188 (Same
investigation)

Unit 4: 203-205, 211-216, 226-227, 232-235, 243-244,
252-265, 267-268

Unit 5: 321

Unit 6: 386-389, 393-396, 399-400, 405-412

Unit 7: 456-459

Unit 8: 492-496, 506-507

ebloit 1: 14-16, 24-25, 29-31

events and which have explanatory power. Models help scientists and engineers understand hdwit 2: 94-97

things work. Models take many forms including physical objects, plans, mental constructs, eq
and computer simulations.

| dfioibs: 157-160, 162-164

Unit 4: 203-205, 211-216, 243-244, 267-268
Unit 5: 292-294, 299-301, 331-335, 349-350
Unit 6: 393-396

Unit 7: 428-434, 453-455, 462-464

Unit 8: 511, 517-518
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3. Scientific explanations incorporate existing scientific knowledge and new evidence from obserydtloiisl: 29-31, 49-55
experiments, or models into internally consistent, logical statements. Different terms, such as| Unit 2: 89, 132-134
hypothesis, model, law, theory and paradigm are used to describe various types of scientific Unit 3: 157-160, 165-167
explanations. As students develop and as they understand more science concepts and procesddaijttheindividual Research--269, all Inquiries leading td
explanations should become more sophisticated. That is, they should give greater indications |ofladividual Research”
knowledge base and the use of scientific knowledge, evidence of logic, higher levels of analysig,Unit 5: 348
greater skepticism, and a clearer demonstration of the relationship between logic, evidence, apdJnit 6: 373-375, 380-381, 396-398
current knowledge in the formulation of scientific explanations. Unit 7: 430-434, 436-442, 452, 456-459, 468

ConsTAaNcy, CHANGE, AND M EASUREMENT
1. Although most things are in the process of becoming different—changing—there are propertiep ohit 1: 11-16, Fig. 1.11, 24-25, 32
objects and processes that are characterized by constancy. These include the speed of light, thenit 2: 76-77, 88, 105, 122
charge of an electron, and the total mass plus energy in the universe. Changes may occur, fof Unit 3: 157-160, 165-167, 169-178
example, in properties of materials, position of objects, motion, and form and function of systemgJnit 4: 244-247, 248
Interactions within and among systems result in change. Changes vary in rate, scale, and pattenit 8: 490-495, 497-500
Many changes occur in patterns that include trends and cycles.

2. Energy and matter can be transformed—changed. Nevertheless, when measured, the sum of|edsiigy: 29-32, 38-40
and matter in systems, and by extension in the universe, remains the same. Unit 2: 88, 107
Unit 8: 502-506

3. Changes in systems can be quantified. Evidence for interactions and subsequent change and thkait 1: 49-53
formulation of scientific explanations are often clarified through quantitative distinctions— Unit 2: 112-115, 120-121
measurement. Unit 3: 165-167, 169-178

Unit 4: 202-205, 226-228, 228-231, 232-238

Unit 7: 428-430, 430-436, 460, 462-464, 466-467, 468,
473-480

Unit 8: 502-503

4. Scale includes understanding that different characteristics, properties, or relationships within @ Unit 1: 54-55
system may change as its dimensions are increased or decreased. Unit 2: 106-112
Unit 3: 149-153
Unit 4: 202-205
Unit 7: 428-430
Unit 8: 490-495
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5. Rate involves comparing one measured quantity to another measured quantity, for example, 60 Wmetdrs13, Fig. 1.6, 17-23, Fig. 1.11
per second. Rate is also a measure of change for a part relative to the whole, for example, chaghlyeti@: 78-80
birth rate as a part of population growth. Unit 3: 157-160
Unit 4: 202-205, 226-228, 228-231, 232-238
Unit 6: 386-389
Unit 7: 462-464, 466-467

EvoLuTioNn AND EQuiILIBRIUM
1. Evolution is a series of more or less gradual changes that accounts for the present form and fyindtiar3: 165-167
of objects, organisms, and natural and designed systems. The general idea of evolution is thdt that 6: 380-384
present arises from materials and forms of the past. Evolution is most commonly associated witbrite7: 456-459, 460-461
biological theory explaining the process of descent, with modification of organisms from commaon
ancestors.

2. Equilibrium is a physical state in which forces and changes occur in opposite and off-setting | Unit 3: 165-167, 169-170
directions, or they are of the same magnitude, or they occur at equal rates. Steady state, baljnbmiiamdAll of Unit 4, 198-201, 211-216, 218
homeostasis also describe equilibrium states. Interacting units of matter tend toward equilibriynunit 7: 452, 468
states in which the energy content is a minimum and distribution is random. Unit 8: 496-497, 501, 504-506, 513-516, 522-525

Form anD FuncTION

1. Form and function are complementary aspects of units of matter, objects, organisms, and systgrdsiinl: 32-38

the natural and designed world. The form or shape of objects or systems is related to use, opéraign?: 82-88, 91-92, 120-121

and functions of the object or system. Understanding of form and function applies to different le\dié 4: 224-226, 228, 231-232, 237-238, 244-247, 266-

of organization. Students should be able to explain function by referring to form and explain fgrr2a¥

referring to function. Unit 5: 326, 329-331, 335-337, 338
Unit 6: 373-375, 389-392, 397-398
Unit 7: 430-432

23



CORRELATION TO NATIONAL SCIENCE STANDARDS FOR LIFE SCIENCE (PART 6)
SusmissioN TITLE : BIOLOGY: A CommuniTy CoNTEXT, BY LEONARD AND PENIcK, © 1998 (053865208X)

OBJECTIVES PAGE REFERENCES
THE CELL
1. Cells have particular structures that underlie their functions. Every cell is surrounded by a membhaind: 24-25, 28-31

that separates it from the outside world. Inside the cell is a concentrated mixture of thousands jofUnit 2: 85-87, 91-93

different molecules which form a variety of specialized structures that carry out such cell functiprgnis3: 147

energy production, transport of molecules, waste disposal, synthesis of new molecules, and th¢ sinitade206-211, 211-216, 222-224, 244-247

of genetic material. Unit 5: 287, 290-292, 294-297, 301-309, 310-311, 338
Unit 7: 430-432

2. Most cell functions involve chemical reactions. Food molecules taken into cells are broken downuait 1: 38-40
provide the chemical constituents needed to synthesize other molecules. Both breakdown and| Unit 2: 88
synthesis are made possible by a large set of protein catalysts, called enzymes. The breakdowh ©Ohit 4: 222-224, 225-228, 262-268
some of the food molecules enables the cell to store energy in specific chemicals that are used] to
power the many functions of the cell.

3. Cells store and use information to guide their functions. The genetic information stored in DNA ignit 3: 186-187
used to direct the synthesis of the thousands of proteins that each cell requires. Unit 5: 286-287, 290-292, 329-337, 344-346, 352
4. Cell functions are regulated. Regulation of cells occurs both through changes in the activity of thénit 4: 262-268

functions performed by proteins and the selective expression of individual genes, allowing cellq tonit 5: 294-309, 322-326
respond to their environment and to control and coordinate the synthesis and breakdown of sgecific
molecules, cell growth and division.

5. Plant cells contain chloroplasts, the site of photosynthesis. Plants, and some other organisms| wseit 4: 208-211, 214-216
solar energy to combine molecules of carbon dioxide and water into complex, energy rich orgahitnit 7: 430-432
compounds. This process of photosynthesis provides a vital connection between the sun and theJnit 8: 502-503, 504-506, 508
energy needs of living systems.

6. Cells can differentiate, and complex organisms can develop from the generation of differentiatedJnit 5: 288-289, 307-309, 347-348
progeny of cell division. In the development of complex multicellular organisms, the progeny fr¢m a
single cell form an embryo in which the cells differentiate to form the many specialized cells, tigsues
and organs that comprise the organism. This differentiation is controlled through the expressign of
different genes.
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THE MoLECULAR BaAsis oF HEREDITY

1. In all organisms, the instructions for specifying the characteristics of the organism are carried [ifJnit 5: 326-337, 347-353, 358-361
DNA, a large polymer formed from subunits of four kinds (A,G,C, and T). The chemical and Unit 7: 441

structural properties of DNA explain how the genetic information that underlies heredity is both

encoded in genes (as a string of molecular "letters") and replicated (by a templating mechanism).

Each DNA molecule in a cell forms a single chromosome.

2. Most of the cells in a human contain two copies of each of 22 chromosomes. In addition, there| i¥Jait 5: 286-292, 310-326, 338-339, 343-344
pair of chromosomes that determines sex: a female contains two X chromosomes and a male pdun#i7s 453-455
one X and one Y chromosome. Transmission of genetic information to offspring occurs through egg
and sperm cells that contain only one representative from each chromosome pair. An egg and|sperm
unite to form a new individual. The fact that the human body is formed from cells that contain to
copies of each chromosome--and therefore two copies of each gene--explains many features of human
heredity, such as how variations that are hidden in one generation can be expressed in the ngxt.

3. Changes in DNA (mutations) occur spontaneously at low rates. Some of these changes make htJnit 5: 344-346, 352, 354, 355, 358-361
difference to the organism, whereas others can change cells and organisms. Only mutations ip gaitv: 453-455
cells can create the variation that changes an organism's offspring.

BioLoGicaL EvoLuTion
1. Species evolve over time. Evolution is the consequence of the interactions of (1) the potential foUait 3: 165-167
species to increase its numbers, (2) the genetic variability of offspring due to mutation and Unit 6: 380-381
recombination of genes, (3) a finite supply of the resources required for life, and (4) the ensuingUnit 7: 453-455, 456-459, 465, 466-467
selection by the environment of those offspring better able to survive and leave offspring.

2. The great diversity of organisms is the result of more than 3.5 billion years of natural selection|addit 1: 41-43
evolution that has filled every available niche with life forms. Unit 4: 208-211
Unit 6: 380-381
Unit 7: All Unit 7, 426-427, 427-434, 434-436, 465, 466
467

3. Natural selection and its evolutionary consequences provide a scientific explanation for the fogslUnit 6: 380-381
record of ancient life forms, as well as for the striking molecular similarities observed among tHeUnit 7: 428-434, 456-459, 465, 466-467
diverse species of living organisms.
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The millions of different species of plants, animals, and micro-organisms that live on Earth tod
related by descent from common ancestors.

Biological classifications indicate how organisms are related. Organisms are classified into a
hierarchy of groups and subgroups based on their similarities and reflecting their evolutionary
relationships. Species is the most fundamental unit of classification.

THE INTERDEPENDENCE OF ORGANISMS
The atoms and molecules on the Earth cycle among the living and nonliving components of th
biosphere.

Energy flows through ecosystems in one direction, from photosynthetic organisms to herbivore|
carnivores and decomposers.

Organisms both cooperate and compete in ecosystems. The interrelationships and interdepen
of these organisms may generate ecosystems that are stable for hundreds or thousands of yea

Living organisms have the capacity to produce populations of infinite size, but environments a
resources are finite. This fundamental tension has profound effects on the interactions betwee
organisms.

ayaite] :
Unit 7:

Unit 1:
Unit 4:
Unit 6:
Unit 7:

e Unit 1:
Unit 2:
Unit 8:

S thnit 1:
Unit 2:
Unit 4:
Unit 8:

dé&hidtek:
rénit 2:
Unit 3:
Unit 6:
Unit 7:
Unit 8:

ndUnit 1:
h Unit 2:
Unit 3:

Unit 7:
Unit 8:

28-31
436-442, 456-459, 460-461, 465, 466-467

41-43

208-210

380-381

436-442, 456-459, 460-461, 465, 466-467

31-37
82-88, 91-93
506-507

38-43

82-88, 99-103
225-228
502-503

24-26, 41-43

99-107, 119

Inferred in Unit 3, 140-142, 162-165, 165-167
380-381

443-450

504-506

2-6, 9, 11-13, 18-21, 64-67
94-96
All of Unit 3, 140-142, 147-150, 162-165, 165-

167, 176-178, 187-188

443-450, 452, 468, 473-480
490-497, 501, 502-506, 513-518
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5. Human beings live within the world's ecosystems. Increasingly, humans modify ecosystems as|d heisdlt 2-6, 9, 11-13, 18-21, 64-67
of population growth, technology, and consumption. Human destruction of habitats through dire&init 2: All of Unit 2, 72-77, 89, 119, 126-127, 132-134
harvesting, pollution, atmospheric changes, and other factors is threatening global stability, andUWnito3: All of Unit 3, 165-167, 182-185, 186, 188
addressed, ecosystems will be irreversibly damaged. Unit 6: 372-373, 401

Unit 7: 473-480

Unit 8: 490-497, 501, 502-506, 513-518

MATTER, ENERGY, AND ORGANIZATION IN LIVING SYSTEMS
1. All matter tends toward more disorganized states. Living systems require continuous input of gnérgy 1: 13-15, 24-25, 38-40, 53
to maintain their chemical and physical organizations. With death, and the cessation of energy lopit2: 82-88, 99-104
living systems rapidly disintegrate. Unit 3: 165-167
Unit 4: 225-228, 260-261
Unit 8: 502-506, 508

2. The energy for life ultimately derives from the sun. Plants capture light energy and use it to forprinit 2: 82-88
strong (covalent) chemical bonds between the atoms of carbon-containing (organic) molecules| Thnitsd: 208-211, 214-216, 262-265
molecules can be used to assemble larger molecules with biological activity (including proteins| DN 8: 501, 502-506
sugars and fats). In addition, the bonds between the atoms can be used as sources of energy for life
processes.

3. The chemical bonds of food molecules contain energy. Energy is released when the bonds of fpdshit 1: 29-32, 34-40, 43, Fig. 1.30
molecules are broken and lower energy bonds are formed in new compounds. Cells usually stgr&ttiis2: 106-112
energy temporarily in phosphate bonds of a small high-energy compound called ATP. Unit 4: 226-228, 262-265

4. The complexity and organization of organisms accommodate the need for obtaining, transfornjindpit 4: 201, 211-216, 222-224, 228-231
transporting, releasing, and eliminating the matter and energy used to sustain the organism.

5. The distribution and abundance of organisms and populations in ecosystems are limited by th¢ Unit 2: 106-112, 112-116
availability of matter and energy and the ability of the ecosystem to recycle organic materials. | Unit 3: All of Unit 3, 165-167

Unit 7: 473-480

Unit 8: 504-506, 506-508
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6. As matter and energy flow through different levels of organization of living systems--cells, orngnhlnit 1: 38-40, Fig. 1.30
organisms, communities--and between living systems and the physical environment, chemical| Unit 2: 82-88, 94-104, 106-112, 122-123
elements are transformed and recombined in different ways. Each transformation results in stqrayet 4: 201, 211-216, 222-224, 226-228, 228-231, 262-
and dissipation of energy into the environment as heat. Matter and energy are conserved in eac65
transformation. Unit 8: 502-503, 506-508

THE NERVOUS SYSTEM AND THE BEHAVIOR OF ORGANISMS

1.  Multicellular animals have nervous systems to generate behavior. Nervous systems are formed fdtvit 6: 367, 368, 373-375, 389-392, 396-398
specialized cells that conduct signals rapidly through the long cell extensions that make up nefves,

and the nerve cells communicate with each other by secreting specific excitatory and inhibitory

molecules. In sense organs, specialized cells detect light, sound, and specific chemicals and gnable

animals to monitor what is going on in the world around them.

2. Organisms have behavioral responses to internal changes and to external stimuli. Responses|tdJnit 4. 244-247
external stimuli can result from interactions with the organisms' own species and others, as wellkt 6: 367, 368, 386-389, 389-392, 392-396, 399-400
environmental changes. These responses can be either innate or learned. The broad patterns|of
behavior exhibited by animals have evolved to ensure reproductive success. Animals often live in
unpredictable environments, and so their behavior must be flexible enough to deal with uncertfinty
and change.

3. Like other aspects of an organism's biology, behaviors have evolved through natural selection| Unit 6: 380-381
Behaviors often have an adaptive logic when viewed in terms of evolutionary principles.

4. Behavioral biology has implications for humans, providing links to psychology, sociology, and | Unit 3: 169-175

anthropology. Unit 4: 239
Unit 6: 380-381, 396-398, 399-400, 405-407
Unit 8: 497-500
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THE NATURE OF SCIENCE

The Scientific World View
Scientists assume that the universe is a vast single system in which the basic rules are the sal
everywhere. The rules may change from very simple to extremely complex, but scientists oper.
the belief that the rules can be discovered by careful systematic study.

From time to time, major shifts occur in the scientific view of how the world works. More
often, however, the changes that take place in the body of scientific knowledge are small
modifications of prior knowledge. Change and continuity are persistent features of science.

No matter how well one theory fits observations, a new theory might fit them just as well or bette
might fit a wider range of observations. In science, the testing revising, and occasional discard
theories, new and old, never ends. This ongoing process leads to an increasingly better under

r;Ldeacher extension of first and second laws of

gl@rmodynamics on p. 88

456

br466-459
ng of
standing

of how things work in the world but not to absolute truth. Evidence for the value of this approach is

given by the improving ability of scientists to offer reliable explanations and make accurate
predictions.

Scientific Inquiry
Investigations are conducted for different reasons, including to explore new phenomena, to che
previous results, to test how well a theory predicts, and to compare different theories.

Hypotheses are widely used in science for choosing what data to pay attention to and what add
data to seek and for guiding the interpretation of the data (both new and previously available).

Sometimes, scientists can control conditions in order to obtain evidence. When that is not posg
practical or ethical reasons, they try to observe as wide a range of natural occurrences as possi
able to discern patterns.

There are different traditions in science about what is investigated and how, but they all have i
common certain basic beliefs about the value of evidence, logic and good arguments. And ther
agreement that progress in all fields of science depends on intelligence, hard work, imaginatior
even chance.

cicoided and Extended Inquiries throughout the text, e.g.
pp. 7-9. 54-55

tiéned8, 78, 100, 227, 255, 264, 386, 389, 392, 399, 408,
436

iRé-’k, 78, 226, 261
ble to be

teacher implemented
E is
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Scientists in any one research group tend to see things alike, so even groups of scientists may
trouble being entirely objective about their methods and findings. For that reason, scientific tea
expected to seek out the possible sources of bias in the design of their investigations and in thq
analysis. Checking each other’s results and explanations help, but that is no guarantee againg

haeer critiques of abstracts for Conferences, e.g., p. 46 a
mg. gl

ir data

t bias.

In the short run, new ideas that do not mesh well with the mainstream ideas in science often encbtteis6

vigorous criticism. In the long run, theories are judged by how they fit with other theories, the ra
observations they explain, how well they explain observations, and how effective they are in pre
new findings.

New ideas in science are limited by the context in which they are conceived; are often rejected hytélaeher extension about the controversy surrounding the

scientific establishment; sometimes spring from unexpected finding; and usually grow slowly, th
contributions from many investigators.

The Scientific Enterprise
The early Egyptians, Greek, Chinese, Hindu, and Arabic cultures are responsible for many scie|
and mathematical ideas and technological inventions.

Modern science is based on traditions of thought that came together in Europe about 500 years
People from all cultures now contribute to that tradition.

Progress in science and invention depends heavily on what else is happening in society, and h
often depends on scientific and technological developments.

Science disciplines differ from one another in what is studied, techniques used, and outcomes
but they share a common purpose and philosophy, and all are part of the same scientific enterg
Although each discipline provides a conceptual structure for organizing and pursuing knowledg
many problems are studied by scientists using information and skills from many disciplines.
Disciplines do not have fixed boundaries, and it happens that new scientific disciplines are bein
formed where existing ones meet and that some subdisciplines spin off to become new disciplin
their own right.

nge of
dicting

Fougtk of Charles Darwin described on pp. 456-459

htific

dgacher extension of Biooccupation on p. 324

stegcher extension of Figure 3.38 on p. 187; teacher exte
sion of Extended Inquiry 4.7 on p. 269, #1; 426

tdeghher implemented
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5. Current ethics in science hold that research involving human subjects may be conducted only wittesioher extension of Bioissue on p. 239
informed consent of the subjects, even if this constraint limits some kinds of potentially importar
research or influences the results. When it comes to participation in research that could pose rjsks to
society, most scientists believe that a decision to participate or not is a matter of personal ethic$ rather
than professional ethics.

—

6.  Scientists can bring information, insights, and analytical skills to bear on matters of public conce64-67
Acting in their areas of expertise, scientist can help people understand the likely causes of event8amtcupation on p. 161, Bioissue on p. 239
estimate their possible effects. Outside their area of expertise, however, scientists should enjoy|no
special credibility. And where their own personal, institutional, or community interests are at stake,
scientists as a group can be expected to be no less biased than other groups are about their perceived
interests.

7. The strongly held traditions of science, including its commitment to peer review and publication] g@eecritiques of abstracts for Conferences, eg., pp. 45-4
to keep the vast majority of scientists well within the bounds of ethical professional behavior. and p. 118
Deliberate deceit is rare and likely to be exposed sooner or later by the scientific enterprise itself.
When violations of these scientific ethical traditions are discovered, they are strongly condemnef by
the scientific community, and the violators then have difficulty regaining the respect of other scigntists.

8. Funding influences the direction of science by virtue of the decisions that are made on which resézacher extension of Bioissue on p. 239
to support. Research funding comes from various federal government agencies, industry, and private
foundations.

THE NATURE OF MATHEMATICS
Patterns and Relationships
1. Mathematics is the study of any patterns or relationships, whereas natural science is concerned 4/7l§-178
with those patterns that are relevant to the observable world. Although mathematics began lonf i@galier extension of Figure 3.24 on p. 167
practical problems, it soon focused on abstractions from the material world, and then on even nmore
abstract relationships among those abstractions.

2. Asin other sciences, simplicity is one of the highest values in mathematics. Some mathematicjateattyer extension of first and second laws of
to identify the smallest set of rules from which many other propositions can be logically derived.| thermodynamics on p. 88

3. Theories and applications in mathematical work influence each other. Sometimes a practical prdbkesher implemented
leads to the development of new mathematical theories; often mathematics developed for its own sake
turns out to have practical applications.
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New mathematics continues to be invented, and connections between different parts of mathenLatize&her extension/implementation

continue to be found.

Mathematics, Science, and Technology
Mathematical modeling aids in technological design by simulating how a proposed system wou
theoretically behave.

Mathematics and science as enterprises share many values and features: belief in order, ideal
honesty and openness, the importance of criticism by colleagues, and the essential role played
imagination.

Mathematics provides a precise language for science and technology-to describe objects and e
characterize relationships between variables, and to argue logically.

Developments in science or technology often stimulate innovations in mathematics by presentir
kinds of problems to be solved. In particular, the development of computer technology (which it

d22-23, Figure 2.25 on p. 103, Figure 3.24 on p. 167

5 tfacher implemented
Py

veriig; 169, 177-178

gl8&y
self

relies on mathematics) has generated new kinds of problems and methods of work in mathematics.

Developments in mathematics often stimulate innovations in science and technology.

Mathematical Inquiry
Some work in mathematics is much like a game-mathematicians chose an interesting set of rul
then play according to those rules to see what can happen. The more interesting the results, th
The only limit on the set of rules is that they should not contradict one another.

Much of the work of mathematicians involves a modeling cycle, which consists of three steps: (1
abstractions to represent things or ideas, (2) manipulating the abstractions according to some |
rules, and (3) checking how well the results match the original things or ideas. If the match is n
considered good enough, a new round of abstraction and manipulation may begin. The actual
need not go through these processes in logical order but may shift from one to another in any o

teacher implemented

£R@hA@06
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THE NATURE OF TECHNOLOGY
Technology and Science
Technological problems often create demand for new scientific knowledge, and new technologig
it possible for scientists to extend their research in new ways or to undertake entirely new lines
research. The very availability of new technology itself often sparks scientific advances.

Mathematics, creativity, logic, and originality are all needed to improve technology.

Technology usually affects society more directly than science because it solves practical probler

s2a®keN4, 504-505, 513-515

pfteacher extension of Figure 4.24 and information about
dialysis on p. 220

teacher extension of Biooccupation on p. 498
Biooccupation on p. 501

505-506, 514-515, 522-523

teacher extension of Figure 4.24 and information about
dialysis on p. 220

Biooccupation on p. 501

NS ahcb15

serves human needs (and may create new problems and needs). In contrast, science affects spdaopccupation of p. 501

mainly by stimulating and satisfying people’s curiosity and occasionally by enlarging or challeng
their views of what the world is like.

Design and Systems

ingioissue on p. 156
teacher extension of Figure 4.24 and information about
dialysis on p. 220

In designing a device or process, thought should be given to how it will be manufactured, opergtel§-19

maintained, replaced, and disposed of and who will sell, operate, and take care of it. The costs
associated with these functions may introduce yet more constraints on the design.

The value of any given technology may be different for different groups of people and at differen
points in time.
Complex systems have layers of controls. Some controls operate particular parts of the system

control other controls. Even fully automatic systems require human control at some point.

Risk analysis is used to minimize the likelihood of unwanted side effects of a new technology. T
public perception of risk may depend, however, on psychological factors as well as scientific one

Biooccupation on p. 10
Figure 8.12 on p. 513

t9, 11, 64-67
Bioissue on p. 156, Figure 4.23 on p. 219
Biooccupation on p. 501

aedcher extension of Figure 4.2 on p. 200

hd7-18, 552-524
S.
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5.

The more parts and connections a system has, the more ways it can go wrong. Complex syste
usually have components to detect, back up, bypass, or compensate for failures.

To reduce the chance of system failure, performance testing is often conducted using small-sca
models, computer simulations, analogous systems, or just the parts of a system thought to be le
reliable.

Issues in Technology
Social and economic forces strongly influence which technologies will be developed and used.
will prevail is affected by many factors, such as personal values, consumer acceptance, patent |
availability of risk capital, the federal budget, local and national regulations, media attention,
economic competition, and tax incentives.

Technological knowledge is not always as freely shared as scientific knowledge unrelated to

technology. Some scientists and engineers are comfortable working in situations in which somg

secrecy is required, but others prefer not to do so. It is generally regarded as a matter of individ
choice and ethics, not one of professional ethics.

In deciding on proposals to introduce new technologies or to curtail existing ones, some key qu
arise concerning alternatives, risks, costs, and benefits. What alternative ways are there to ach
same ends, and how do the alternatives compare to the plan being put forward? Who benefits
suffers? What are the financial and social costs, do they change over time, and who bears the
are the risks associated with using (or not using) the new technology, how serious are they, ang
in jeopardy? What human, material, and energy resources will be needed to build, install, oper
maintain, and replace the new technology, and where will they come from? How will the new
technology and its waste products be disposed of and at what costs?

The human species has a major impact on other species in many ways: reducing the amount d

meacher extension of Figure 4.24 on p. 220
teacher extension of 520-521

€506-507
amtacher extension of Figure 1.7 on p. 14

Wiz g
pBRidseie on p. 239

teacher implemented

ual

pstiored

iggacher extension of Bioissue on p. 239
and who

n? What

who is

hte,

f Attleof Unit One, 132-134

earth’s surface available to those other species, interfering with their food sources, changing th¢ Bioissue on p. 239

temperature and chemical composition of their habitats, introducing foreign species into their

ecosystems, and altering organisms directly through selective breeding and genetic engineering.

Human inventiveness has brought new risks as well as improvements to human existence.

126-127
Teacher extension of world population video (see
p. 140)
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THE PHYSICAL SETTING
The Universe

The stars differ from each other in size, temperature, and age, but they appear to be made up ¢f the

same elements that are found on the earth and to behave according to the same physical princ
Unlike the sun, most stars are in systems of two or more stars orbiting around one another.

On the basis of scientific evidence, the universe is estimated to be over ten billion years old. Th
current theory is that its entire contents expanded explosively from a hot, dense, chaotic mass.
condensed by gravity out of the clouds of molecules of the lightest elements until nuclear fusion
light elements into the heavier ones began to occur. Fusion released great amounts of energy
millions of years. Eventually, some of the stars exploded, producing clouds of heavy elements f
which other stars and planets could later condense. The process of star formation and destruct
continues.

Increasingly sophisticated technology is used to learn more about the universe. Visual, radio,
ray telescopes collect information from across the entire spectrum of electromagnetic waves; co|
handle the avalanche of data and increasingly complicated computations to interpret them; spa
probes send back data and materials from the remote parts of the solar system; and accelerato
subatomic particles energies that simulate conditions in the stars and in the early history of the
universe before stars formed.

Mathematical models and computer simulations are used in studying evidence from many sour
order to form a scientific account of the universe.

The Earth
Life is adapted to conditions on the earth, including the force of gravity that enables the planet
an adequate atmosphere, and an intensity of radiation from the sun that allows water to cycle b
liquid and vapor.

Processes That Shape The Earth
Plants alter the earth’s atmosphere by removing carbon dioxide from it, using the carbon to ma
sugars and releasing oxygen. This process is responsible for the oxygen content of the air.

The formation, weathering, sedimentation, and reformation of rock constitute a continuing “rock
cycle” in which the total amount of material stays the same as its form changes.

ples.

b teacher extension of 430-431
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Figure 1.29 on p. 40
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3. The slow movement of material within the earth results from heat flowing out from the deep intgriacher extension of volcanic activity shown in Figure 7.
and the action of gravitational forces on regions of different density. on p. 431

4. The solid crust of the earth-including both the continents and the ocean basins-consist of sepatateacher implemented
plates that ride on a denser, hot, gradually deformable layer of the earth. The crust sections mgve very
slowly, pressing against one another in some places, puling apart in other places. Ocean-floor plates
may slide under continental plates, sinking deep into the earth. The surface layers of these pIaTes may
fold, forming mountain ranges.

5. Earthquakes often occur along the boundaries between colliding plates, and molten rock from beleacher implemented
creates pressure that is released by volcanic eruptions, helping to build up mountains. Under the ocean
basins, molten rock may well up between separating plates to create new ocean floor. Volcanid activity
along the ocean floor may form undersea mountains, which can thrust above the ocean’s surfage to
become islands.

Structure of Matter

1. Atoms are made of a positive nucleus surrounded by negative electrons. An atom’s electron 33
configuration, particularly the outermost electrons, determine how the atom can interact with other

atoms. Atoms form bonds to other atoms by transferring or sharing electrons.

2. The nucleus, a tiny fraction of the volume of an atom, is composed of protons and neutrons, eagheacher extension of 32-38
almost two thousand times heavier than an electron. The number of positive protons in the nudleus
determines what an atom’s electron configuration can be and so defines the element. In a neutfal atom,
the number of electrons equals the number of protons. But an atom may acquire an unbalancef charge
by gaining or losing electrons.

3. Neutrons have a mass that is nearly identical to that of protons, but neutrons have no electric chéegeher extension of 32-38
Although neutrons have little effect on how an atom interacts with others, they do affect the mass and
stability of the nucleus. Isotopes of the same element have the same number of protons (and therefore
electrons) but differ in the number of neutrons.

4. The nucleus of radioactive isotopes is unstable and spontaneously decays, emitting particles arjdieacher extension of 32-38
wavelike radiation. It cannot be predicted exactly when, if ever, an unstable nucleus will decay,|but a
large group of identical nuclei decay at a predictable rate. This predictability of decay rate allows
radioactivity to be used for estimating the age of materials that contain radioactive substances.

o
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Scientists continue to investigate atoms and have discovered even smaller constituents of whic
electrons, neutrons, and protons are made.

When elements are listed in order by the masses of their atoms, the same sequence of properti
appears over and over again in the list.

Atoms often join with one another in various combinations in distinct molecules or in repeating
dimensional crystal patterns. An enormous variety of biological, chemical, and physical phenor]
can be explained by changes in the arrangement and motion of atoms and molecules.

N teacher extension of 32-38

eseacher extension of 32-38

hB2e38
nena

The configuration of atoms in a molecule determines the molecule’s properties. Shapes are parti€iglare/4.5 on p. 247, 266-267

important in how large molecules interact with others.

The rate of reactions among atoms and molecules depends on how often they encounter one a

teacher extension of 32-38

NABR267

which is affected by the concentration, pressure, and temperature of the reacting materials. Some atoms

and molecules are highly effective in encouraging the interaction of others.

Energy Transformation
Whenever the amount of energy in one place or form diminishes, the amount in other places or
increases by the same amount.

Heat energy in a material consists of the disordered motions of its atoms or molecules. In any
interactions of atoms or molecules, that statistical odds are that they will end up with less order
they began-that is, with the heat energy spread out more evenly. With huge numbers of atoms
molecules, the greater disorder is almost certain.

Transformations of energy usually produce some energy in the form of heat, which spreads aro
radiation or conduction into cooler places. Although just as much total energy remains, its bein
spread out more evenly means less can be done with it.

Different energy levels are associated with different configurations of atoms and molecules. Sorn
changes of configuration require an input of energy whereas others release energy.

f8Bns

88
than
and

LA®150, 106-111
p Figure 2.25 on p. 103

heeacher extension of 32-38
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5.  When energy of an isolated atom or molecule changes, it does so in a definite jump from one vzlllwmtcher extension of 32-38
another, with no possible values in between. The change in energy occurs when radiation is aljsorbed
or emitted, so the radiation also has distinct energy values. As a result, the light emitted or abgorbed
by separate atoms or molecules (as in gas) can be used to identify what the substance is.

6. Energy is released whenever the nuclei of very heavy atoms, such as uranium or plutonium, splittegoher extension of 32-38
middleweight ones, or when very light nuclei, such as those of hydrogen, and helium, combine |nto
heavier ones. The energy released in each nuclear reaction is very much greater than the enefgy given
off in each chemical reaction.

Motion
1. The change in motion of an object is proportional to the applied force and inversely proportiona| to the
mass.

2. All motion is relative to whatever frame of reference is chosen, for there is no motionless frame [from
which to judge all motion.

3. Accelerating electric charges produce electromagnetic waves around them. A great variety of | 84-86
radiations are electromagnetic waves: radio waves, microwaves, radiant heat, visible light, ultrgviolet
radiation, x-rays, and gamma rays. These wavelengths vary from radio waves, the longest, to gamma
waves, the shortest. In empty space, all electromagnetic waves move at the same speed-the “speed of
light”.

4.  Whenever one thing exerts a force on another, an equal amount of force is exerted back on it.

5. The observed wavelength of a wave depends upon the relative motion of the source and the obgerver. If
either is moving toward the other, the observed wavelength is shorter; if either is moving away, the
wavelength is longer. Because the light seen from almost all distant galaxies has longer wavelengths
than comparable light here on earth, astronomers believe that the whole universe is expanding

6. Waves can superpose on one another, bend around corners, reflect off surfaces, be absorbed QyFigure 2.10 on p. 86
materials they enter, and change direction when entering new material. All these effects vary with
wavelength. The energy of waves (like any form of energy) can be changed into other forms of gnergy.
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Forces of Nature
1. Gravitational force is an attraction between two masses. The strength of the force is proportionatéadher extension of 32-38
masses and weakens rapidly with increasing distance between them.

2.  Electromagnetic forces acting within and between atoms are vastly stronger than the gravitatiopgkacher extension of 32-38
forces acting between the atoms. At the atomic level, electric forces between oppositely chargeq
electrons and protons hold atoms and molecules together and thus are involved in all chemical
reactions. On a larger scale, these forces hold solid and liquid materials together and act betwgen
objects when they are in contact-as in sticking or sliding friction.

3. There are two kinds of charges-positive and negative. Like charges repel one another, oppositq ¢baohes extension of 32-38
attract. In materials, there are almost exactly equal proportions of positive and negative charges,
making materials as a whole electrically neutral. Negative charges, being associated with electfons,
are far more mobile in materials than positive charges are.

A very small excess or deficit of negative charges in a material produces noticeable electric forceseacher extension of 32-38

4. Different kinds of materials respond differently to electric forces. In conducting materials such gs
metals, electric charges flow easily, whereas in insulating materials such as glass, they can moye
hardly at all. At very low temperatures, some materials become superconductors and offer no
resistance to the flow of current. In between these extremes, semiconducting materials differ gieatly in
how well they conduct, depending on their exact composition.

5. Magnetic forces are very closely related to electric forces and can be thought of as different aspetésciier extension of 32-38
single electromagnetic force. Moving electric charges produce magnetic forces and moving magnets
produce electric forces. The interplay of electric and magnetic forces is the basis for electric mdtors,
generators, and many other modern technologies, including the production of electromagnetic Waves.

6. The forces that hold the nucleus of an atom together are much stronger than the electromagneli¢dfacter extension of 32-38
That is why such great amounts of energy are released from the nuclear reactions in the sun and other
stars.

THE LIvING ENVIRONMENT
Diversity of Life
1. The variation of organisms within a species increases the likelihood that at least some memberp 98 1i87-188, 456-459
species will survive under changed environmental conditions, and a great diversity of species increases
the chance that at least some living things will survive in the face of large changes in the envirgnment.
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2. The degree of kinship between organisms or species can be estimated from the similarity of thqird3B:439
sequences, which often closely matches their classification based on anatomical similarities.

Heredity
1. Some new gene combinations make little difference, some can produce organisms with new and310-315
perhaps enhanced capabilities, and some can be deleterious.

2. The sorting and recombination of genes in sexual reproduction results in a great variety of posgit#89-303
gene combinations from the offspring of any two parents.

3. The information passed from parents to offspring is coded in DNA molecules. 284, 330

4. Genes are segments of DNA molecules. Inserting, deleting, or substituting DNA segments can| a4, 344-346
genes. An altered gene may be passed on to every cell that develops from it. The resulting features
may help, harm, or have little or no effect on the offspring’s success in its environment.

5. Gene mutations can be caused by such things as radiation and chemicals. When they occur in s&44-346
cells, the mutations can be passed on to the offspring; if they occur in other cells, they can be passed on
to descendant cells only. The experiences an organism has during its lifetime can affect its off$pring
only if the genes in its own sex cells are changed by the experience.

6. The many body cells in an individual can be very different from one another, even though they ara0a| 309
descended from a single cell and thus have essentially identical genetic instructions. Different parts of
the instructions are used in different types of cells, influenced by the cell’'s environment and pagt
history.

Cells

1. Every cell is covered by a membrane that controls what can enter and leave the cell. In all but ji@6-208
primitive cells, a complex network of proteins provides organization and shape and, for animal gells,

movement.

2. Within each cell are specialized parts for the transport of materials, energy capture and releasq, pe&&lth0
building, waste disposal, information feedback, and even movement. In addition to these basic|cellular
functions common to all cells, most cells in multicellular organisms perform some special functign that
others do not.
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The work of the cell is carried out by the many different types of molecules it assembles, mostly
proteins. Protein molecules are long, usually folded chains made from 20 different kinds of amir
molecules. The function of each protein molecule depends on its specific sequence of amino a
the shape the chain takes is a consequence of the attractions between the chain’s parts.

The genetic information in DNA molecules provides instructions for assembling protein molecul
The code used is virtually the same for all life forms.

Complex interactions among the different kinds of molecules in the cell cause distinct cycles of

teacher extension of 209
o-acid
ids and

pgeacher extension of 208-209, 229-337

240-241, 294

activities, such as growth and division. Cell behavior can also be affected by molecules from other

parts of the organism or even other organisms.

Gene mutation in a cell can result in uncontrolled cell division, called cancer. Exposure of cell
certain chemicals and radiation increases mutations and thus increases the chance of cancer.

oteacher extension of 344-346

Most cells function best within a narrow range of temperature and acidity. At very low temperafu8?-266

reaction rates are too slow. High temperatures and/or extremes of acidity can irreversibly chan
structure of most protein molecules. Even small changes in acidity can alter the molecules and
they interact. Both single cells and multicellular organisms have molecules that help to keep th
acidity within a narrow range.

A living cell is composed of a small number of chemical elements-mainly carbon, hydrogen, nitr
oxygen, phosphorous, and sulfur. Carbon, because of its small size and four available bonding
electrons, can join to other carbon atoms in chains and rings to form large and complex molecy

Interdependence of Life
Ecosystems can be reasonably stable over hundreds or thousands of years. As any population
organisms grows, it is held in check by one or more environmental factors: depletion of food or
sites, increased loss to increased number of predators, or parasites. If a disaster such as flood
occurs, the damaged ecosystem is likely to recover in stages that eventually result in a system
the original one.

Like many complex systems, ecosystems tend to have cyclic fluctuations around a state of roug
equilibrium. In the long run, however, ecosystems always change when climate changes or wh
or more new species appear as a result of migration or local evolution.

he the
how
e cell's

pP@BA38, teacher extension of 206
les.

of5-77, 162-169

nesting

or fire
Similar to

h104-105
eNn one
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3. Human beings are part of the earth’s ecosystem. Human activities can, deliberately or inadvertlemiyof Unit One, 105
alter the equilibrium in ecosystems. Biooccupation on p. 90

Flow of Matter and Energy
1. At times, environmental conditions are such that plants and marine organisms grow faster thar] 105
decomposers can recycle them back to the environment. Layers of energy-rich organic material] heaeher extension of Figure 7.5 on p. 432
been gradually turned into great coal beds and oil pools by the pressure of the overlying earth. [By
burning these fossil fuels, people are passing most of the stored energy back into the environment as
heat and releasing large amounts of carbon dioxide.

2. The amount of life any environment can support is limited by the available energy, water, oxyggny 2nt¥
minerals, and by the ability of the ecosystems to recycle the residue of dead organic materials. [Human
activities and technology can change the flow and reduce the fertility of the land.

3. The chemical elements that make up the molecules of living things pass through food webs and &igure 1.30 on p. 43, Figure 2.30 on p. 107
combined and recombined in different ways. At each link in a food web, some energy is stored jn
newly made structures but much is dissipated into the environment as heat. Continual input of energy
from sunlight keeps the process going.

Evolution of Life
1. The basic idea of biological evolution is that the earth’s present-day species developed from eafli¢é56
distinctly different species.

2. Molecular evidence substantiates the anatomical evidence for evolution and provides additional d&3&i437
about the sequence in which various lines of descent branched off from one another.

3. Natural selection provides the following mechanism for evolution: some variation in heritable | 456-459
characteristics exists within every species, some of these characteristics give individuals an adJyantage
over others in surviving and reproducing, and the advantaged offspring, in turn, are more likely| than
others to survive and reproduce. The proportion of individuals that have advantageous characteristics
will increase.

4. Heritable characteristics can be observed at the molecular and whole-organism-in structure, chpadiry53-455
or behavior. These characteristics strongly influence what capabilities an organism will have apd how
it will react, and therefore influence how likely it is to survive and reproduce.
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5. New heritable characteristics can result from new combinations of existing genes or from mutat|o#32f478
genes in reproductive cells. Changes in other cells of an organism cannot be passed on to the |next
generation.

6. Natural selection leads to organisms that are well suited for survival in particular environments| 458-459
Chance alone can result in the persistence of some heritable characteristics having no survival|or
reproductive advantage or disadvantage for the organism. When an environment changes, thg survival
value of some inherited characteristics may change.

7. The theory of natural selection provides a scientific explanation for the history of life on earth ay 456-459
depicted in the fossil record and in the similarities evident within the diversity of existing organigms.

8. Life on earth is thought to have begun as simple one-celled organisms about 4 billion years agq. 430-432
During the first 2 billion years, only single-cell microorganisms existed, but once cells with nucle
developed about a billion years ago, increasingly complex multicellular organisms evolved.

9.  Evolution builds on what already exists, so the more variety there is, the more there can be in thel62-464
future. But evolution does not necessitate long-term progress in some set direction. EvolutionafyFigure 7.12 on p. 438
changes appear to be like the growth of a bush: some branches survive from the beginning with little
or no change, many die out altogether, and other branches repeatedly, sometimes giving rise t¢ more
complex organisms.

THE HumAN ORGANISM

Human Identity
1. The similarity of human DNA sequences and the resulting similarity in cell chemistry and anatojmy2, 292, 352-353
identify human beings as a single species.

2. Written records and photographic and electronic devices enable human beings to share, compile3Tise413
and misuse great amounts of information and misinformation. No other species uses such
technologies.

Human Development

1. As successive generations of an embryo’s cells form by division, small differences in their immed@0&, 309
environments cause them to develop slightly differently, by activating or inactivating different pafts of

the DNA information.

44



CORRELATION TO BENCHMARKS FOR ScIENCE LITERACY FOR GR. 9-12, RRoJecT 2061
SusmissioN TiTLE : BIOLOGY: A CommuniTy CoNTEXT, BY LEONARD AND PENIck , © 1998 (053865208X)

OBJECTIVES PAGE REFERENCES

2. Using artificial means to prevent or facilitate pregnancy raises questions of social norms, ethicg, Bioissue on p. 156
religious beliefs, and even politics. teacher extension of 307

3. The very long period of human development (compared to that of other species) is associated Witiedleber extension of 347, 378-381
prominent role of the brain in human evolution. The ability to learn persists throughout life and |may
improve as people build a base of ideas and come to understand how to learn well. Human mehtal
abilities that apparently evolved for survival are used for newly invented cultural purposes such fas art,
literature, ritual, and games.

4. The development and use of technologies to maintain, prolong, sustain, or terminate life raise 308,353, 358-359, 376-378
moral, ethical, and legal issues. Bioissue on p. 156, Bioissue on p. 239, Bioissue on
p. 356

Basic Functions
1. The immune system is designed to protect against microscopic organisms and foreign substan¢e?AB&50, 267-268
enter from outside the body and against some cancer cells that arise within.

2. The nervous system works by electrochemical signals in the nerves and from one nerve to therx@dom, 373-374, 389-390
hormonal system exerts its influence by chemicals that circulate in the blood. These two systens also
affect each other in coordinating body systems.

3. Communication between cells is required to coordinate their diverse activities. Some cells secret240-241, 366-367, 373-374, 376-378
substances that spread only to nearby cells. Others secrete hormones, molecules that are carrjed in the
bloodstream to widely distributed cells that have special receptor sites to which they attach. Algng
nerve cells, electrical impulses carry information much more rapidly than is possible by diffusion or
blood flow. Some drugs mimic or block the molecules involved in transmitting nerve or hormong
signals and therefore disturb normal operations of the brain and body.

4. Reproduction is necessary for the survival of any species. Sexual behavior depends strongly on teacher extension of 206-207, teacher extension of 380-B81
cultural, personal, and biological factors. Bioissue on p. 156

Learning

1. Differences in the behavior of individuals arise from the interaction of heredity and experience-the&78-381
effect of each depends on what the other is. Even instinctive behavior may not develop well if the
individual is exposed to abnormal conditions.
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The expectations, moods, and prior experiences of human beings can affect how they interpret
perceptions or ideas. People tend to ignore evidence that challenges their beliefs and to accep
evidence that supports them. The context in which something is learned may limit the contexts
which the learning can be used.

Human thinking involves the interaction of ideas, and ideas about ideas. People can produce n
associations internally without receiving information from their senses.

Physical Health
Some allergic reactions are caused by the body’s immune responses to usually harmless envirg
substances. Sometimes the immune system may attack some of the body’s own cells.

Faulty genes can cause the body parts or systems to work poorly. Some genetic diseases appe
when an individual has inherited a certain faulty gene from both parents.

New medical techniques, efficient health care delivery systems, improved sanitation, and a fulle
understanding of the nature of disease give today’s human beings a better chance of staying he
than their forebears had. Conditions now are very different from which the species evolved. BU
of the differences may not be good for human health.

Some viral diseases, such as AIDS destroy critical cells of the immune system, leaving the body
to deal with multiple infection agents and cancerous cells.

Mental Health
Stresses are especially difficult for children to deal with and may have long-lasting effects.

Biological abnormalities, such as brain injuries or chemical imbalances, can cause or increase
susceptibility to psychological disturbances.

Reactions of other people to an individual’s emotional disturbance may increase its effects.

ng@b-166, 272-276, 382-384

n

nadr§b-166, 272-276, 378-379, 382-384

rneAgntab7-268

aP86i288, 309-316, 321, 338

r219-220
aBhyissue on p. 239
t Baoecupation on p. 221

AR 7

teacher extension of 182-184

366
Bioissue on p. 368

Bioissue on p. 368

Human beings differ greatly in how they cope with emotions and may therefore puzzle one anoth&ioissue on p. 89

Ideas about what constitutes good mental health and proper treatment for abnormal mental sta
from one culture to another and from one time period to another.

fe36Vary

46




CORRELATION TO BENCHMARKS FOR ScIENCE LITERACY FOR GR. 9-12, RRoJecT 2061
SusmissioN TiTLE : BIOLOGY: A CommuniTy CoNTEXT, BY LEONARD AND PENIck , © 1998 (053865208X)

OBJECTIVES

PAGE REFERENCES

HumaN Society
Cultural Effect on Behavior
Cultural beliefs strongly influence the values and behaviors of the people who grow up in the cu
often without their being fully aware of it. Response to these influences varies among individua

The ways that unacceptable social behavior is punished depend partly on beliefs about the purg
punishment and about its effectiveness. Effectiveness is difficult to test scientifically because
circumstances vary greatly and because legal and ethical barriers interfere.

Social distinctions are a part of every culture, but take many different forms, ranging from rigid
based solely on parentage to gradations based on the acquisition of skill, wealth, or education.
Differences in speech, dress, behavior, or physical features are often taken by people to be sign
social class. The difficulty in moving from one social class to another varies greatly with time, p
and economic circumstances.

Heredity, culture, and personal experience interact in shaping human behavior. Their relative
importance in most circumstances is not clear.

Group Behavior
The behavior of a group may not be predictable from an understanding of each of its members.

Social organizations may serve business, political, or social purposes beyond those for which th
officially exist, including unstated ones such as excluding certain categories of people from acti

Social Change
The size and rate of growth of the human population in any location is affected by economic, pd
religious, technical, and environmental factors. Some of these factors, in turn, are influenced b
size and rate of growth of the population.

The decisions of one generation both provide and limit the range of possibilities open to the ne
generation.

Mass media, migrations, and conquest affect social change by exposing one culture to another
Extensive borrowing among cultures has led to the virtual disappearance of some cultures but g
modest change in others.

[tdf2q-407, 416-417, 418-420
S.

036e6-867, 418-420

tlddSe6suggested research topic #2)

s of
lace,

380-381, 418-420
Bioissue on p.89

272-276
Bioissue on p. 89

€972-276

ities.

liie4, 182-185
the

t193
Bioissue on p. 239

Figure 3.16 on p. 159
nly
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To various degrees, governments try to bring about social change or to impede it through polici
laws, incentives, or direct coercion. Sometimes such efforts achieve their intended results and
sometimes they do not.

Social Trade-Offs
Benefits and costs of proposed choices include consequences that are long-term as well as shg
and indirect as well as direct. The more remote the consequences of a personal or social decig
harder it usually is to take them into account in considering alternatives. But benefits and costs
difficult to estimate.

In deciding among alternatives, a major question is who will receive the benefits and who (hot
necessarily the same people) will bear the costs.

Social trade-offs are often generational. The cost of benefits received by one generation may fg
subsequent generations. Also, the cost of a social trade-off is sometimes borne by one generat
although the benefits are enjoyed by their descendants.

Political and Economic Systems
In the free market model, the control of production and consumption is mainly in private hands,
best allocation of resources is believed to be achieved by individuals and the organizations com
in the marketplace. Individual initiative, talent, and hard work are expected to be rewarded wit
success and wealth. Government's role is primarily to protect political and economic freedoms
society as a whole-even at the cost of some individual or group material benefits.

In the central-planning model, production and consumption are controlled by the government.

best allocation of resources is thought to be achieved through government planning by experts.
Dedication to the good of society as a whole is expected to motivate initiative, talent, and hard v
The main purpose of government is to promote comparable welfare for all individuals and group
at the cost of some individual or group freedoms.

In practice, countries make compromises with regard to economic models. Central planning ha
allow for some individual initiative, and markets have to provide some protection for unsuccessf

pR72-276
Bioissue on p. 156

ristE3m,15
idBioiksue on p. 156
may be

64-67, 272-276, 522-525
Bioissue on p. 156

[152PtBe5
oBioissue on p. 156

Hazher implemented
beting

or

TBénissue on p. 156
vork.

S-even

steacher implemented
|

competitors. The countries of the world use elements of both systems and are neither purely frg¢e-

market nor entirely centrally controlled. Countries change, some adopting more free market po
and practices, others more central planning ones, and still others doing some of each.

icies
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Social Conflict

Conflict between people or groups arises from competition over ideas, resources, power, and sta#.67, 165, 272-276

Social change, or the prospect of it, promotes conflict because social, economic, and political cH
usually benefit some groups more than others. That, of course, is also true of the status quo.

anges

Conflicts are especially difficult to resolve in situations in which there are few choices and little jo®82-184, 272-276

for compromise. Some informal ways of responding to conflict-use of pamphlets, demonstratior]
cartoons, etc.-may sometimes reduce tensions and lead to compromise but at other times they
inflammatory and make agreement more difficult to reach.

Conflict within a group may be reduced by conflict between it and other groups.

Intergroup conflict does not necessarily end when one segment of society gets a decision in its
for the “losers” may then work all the harder to reverse, modify, or circumvent the change. Eve
the majority of the people in a society agree on a social decision, the minority who disagree mu
protected from oppression, just as the majority may need protection against unfair retaliation frg
minority.

Global Interdependence
The wealth of a country depends partly on the effort and skill of its workers, it natural resources
the capital and technology available to it. It also depends on the balance between how much its
products are sought by other nations and how much of other nations’ products it seeks. Even if
country could produce everything it needs for itself, it would still benefit from trade with other
countries.

Because of increasing international trade, the domestic products of any country may be made U
by parts made in other countries. The international trade picture is often complicated by politica
motivations taking priority over economic ones.

Migration across borders, temporary and permanent, legal and illegal, plays a major role in the
availability and distribution of labor in many nations. It can bring both economic benefits and pq
problems.

The growing interdependence of world social, economic, and ecological systems does not alway
greater worldwide stability and often increases the cost of conflict.

Sy
may be

64-67, 191-192, 272-276

fate@cher extension of 272-276
N when

5t be

m the

, 408 (see applications), 182-184, self-check questions 4
5on p. 519
a

plioeste applications), self-check question 5 on p. 519
|

Figure 3.16 on p. 159
litical

SUSRAY85, 496-497, 520-521
teacher extension of 524
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THe DesiGNED WORLD
Agriculture
New varieties of farm plants and animals have been engineered by manipulating their genetic
instructions to produce new characteristics.

Government sometimes intervenes in matching agricultural supply to demand in an attempt to
stable, high quality, and inexpensive food supply. Regulations are often also designed to prote
farmers from abrupt changes in farming conditions and from competition by farmers in other
countries.

teacher extension of 350-352, 504

ensure a
t

Agricultural technology requires trade-offs between increased production and environmental harrhZ2&adi27

between efficient production and social values. In the past century, agricultural technology led f
huge shift of population from farms to cities and a great change in how people live and work.

Materials and Manufacturing
Manufacturing processes have been changed by improved tools and techniques based on more
scientific understanding, increases in the forces that can be applied and the temperatures that
reached, and the availability of electronic controls that make operations occur more rapidly and
consistently.

Waste management includes considerations of quantity, safety, degradability, and cost. It requ
social and technological innovations, because waste-disposal problems are political and econor
well as technical.

Scientific research identifies new materials and new uses of known materials.

0 a

tieacheyhimplemented

can be

irég-21
hic as

Bioissue on p. 239
Biooccupation on p. 16

Increased knowledge of the molecular structure of materials helps in the design and synthesis ¢f Bieaccupation on p. 16

materials for special purposes.

Energy Sources and Use
A central factor in technological change has been how hot a fire could be made. The discovery
fuels, the design of better ovens and furnaces, and the forced delivery of air or pure oxygen hayv
progressively increased the available temperature. Lasers are a new tool for focusing radiation
with great intensity and control.

of hew
g
energy
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At present, all fuels have advantages and disadvantages so that society must consider the trad
among them.

Nuclear reactions release energy without the combustion products of burning fuels, but the radi
of fuels and by-products poses other risks.

Industrialization brings an increased demand for the use of energy. Such usage contributes to
standard of living in the industrially developing nations but also leads to more rapid depletion of
earth’s energy resources and the environmental risks associated with the use of fossil and nucl

Decisions to slow the depletion of energy sources through efficient technology can be made at r
levels, from personal to national, and they always involve trade offs of economic costs and socig
values.

Communication
Almost any information can be transformed into electrical signals. A weak electrical signal can
used to shape a stronger one, which can control other signals of light, sound, mechanical devic
radio waves.

The quality of communication is determined by the strength of the signal in relation to the noise

b tefisher extension of Figure 7.5 on p. 432

haeticler extension of 32-33

theduigdr extension of Figure 2.40 on p. 126
the
par fuels.

naegcher implemented

es, or

that

tends to obscure it. Communication errors can be reduced by boosting and focusing signals, shielding

the signal from internal and external noise, and repeating information, but all of these increase
Digital coding of information (using only 1’s and 0’s) makes possible more reliable transmission
information.

As technologies that provide privacy in communication improve, so do those for invading privac

Information Processing
Computer modeling explores the logical consequences of a set of instructions and a set of data
instructions and the data input of a computer model try to represent the real world so the comp
show what would actually happen. In this way, computers assist people in making decisions by
simulating the consequences of different possible decisions.

Redundancy can reduce errors in storing or processing information but increases costs.

COStS.
of

~

The
iter can
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3. Miniaturization of information-processing hardware can increase processing speed and portabilitfzigure 4.41 on p. 234
reduce energy use, and lower cost. Miniaturization is made possible through higher purity materials
and more precise fabrication technology.

Health Technology
1. Owing to the large amount of information that computers can process, they are playing an incrg¢aBigghg 4.41 on p. 234
larger role in medicine. They are used to analyze data and to keep track of diagnostic informatfon
about individuals and the statistical information on the distribution and spread of various maladjes in
populations.

2. Almost all body substances and functions have daily or longer cycles. These cycles often need fdHigure 3.14 on p. 155
taken into account in interpreting normal ranges for body measurement, detecting disease, and
planning treatment of illness. Computers aid in detecting, analyzing, and monitoring these cycles.

3.  Knowledge of genetics is opening whole new fields of health care. In diagnosis, mapping of gep&ko
instructions in cells makes it possible to detect defective genes that may lead to poor health. In
treatment, substances from genetically engineered organisms may reduce the cost and side effg¢cts of
replacing missing body chemicals.

4. Inoculations use weakened germs (or parts of them) to stimulate the body’s immune system to fe246
This reaction prepares the body to fight subsequent invasions by actual germs of that type. Some
inoculations last for life.

5. Knowledge of molecular structure and interactions aids in synthesizing new drugs and predictifjgtélaelner extension of pp. 246-247 and p. 249
effect.

6. The diagnosis and treatment of mental disorders are improving but not as rapidly as for physicg@lteacher implemented
health. Techniques for detecting and diagnosing these disorders include observation of the bemavior,
in-depth interviews, and measurements of body chemistry. Treatments range from conversatioh to
affecting the brain physically with chemicals, electric shock or surgery.

7. Biotechnology has contributed to health improvement in many ways, but its cost and applicatiof tea@her extension of 350-352
led to a variety of controversial social and ethical issues.
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THE MATHEMATICAL WORLD

Numbers
1. Comparison of numbers of very different size can be made approximately by expressing them as 201, 352
nearest powers of 10.

2. Numbers can be written with bases different from ten (which people probably use because of theitee@her extension of 201
fingers). The simplest base, 2, uses just two symbols (1, and 0, or on and off).

3. When calculations are made with measurements, a small error in the measurement may lead tp 22@rge
error in results.

4. The effects of uncertainties in measurements on a computed result can be estimated. teacher extension of 227

Symbolic Relationships
1. In some cases, the more of something there is, the more rapidly it may change (as the number ol b#h65, 338
is proportional to the size of the population). In other cases, the rate of change of something de¢pends
on how much there is of something else (as the rate of change of speed is proportional to the amount of
force acting).

2. Symbolic statements can be manipulated by rules of mathematical logic to produce other statemerig-469
the same relationship, which may show some interesting aspect more clearly. Symbolic statemegnts can
be combined to look for values of variables that will satisfy all of them at the same time.

3. Any mathematical model, graphic or algebraic, is limited in how well it represents how the world teacher extension of Figure 3.24 on p. 167
works. The usefulness of a mathematical model for predicting may be limited by uncertainties ip
measurements, by neglect of some important influences, or by requiring too much computation.
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4.

Tables, graphs, and symbols are alternative ways of representing data and relationships that c
translated from one to another.

When a relationship is represented in symbols, numbers can be substituted for all but one of th
symbols and the possible value of the remaining symbol computed. Sometimes the relationship
satisfied by one value, sometimes more than one, and sometimes maybe not at all.

The reasonableness of the result of a computation can be estimated from what the inputs and d
are.

Shapes
Distances and angles that are inconvenient to measure directly can be found from measurable
and angles using scale drawings or formulas.

There are formulas for calculating the surface areas and volumes of regular shapes. When thg
size of a shape changes by some factor, its area and volume change disproportionately: area i

proportion to the square of the factor, and volume in proportion to its cube. Properties of an object that

depend on its area or volume also change disproportionately.

83, 144, 157-159, 176, 379, 396, 434, 511
Figure 2.5 on p. 70, Figure 2.6 on p. 80, Figure 2.12 on

2.32 on p. 110, Figure 2.33 on p. 112, Figures 2.35 and
2.36 on p. 116, Figure 3.14 on p. 155, Figures 3.17 and
3.18 on p. 160, Figure 3.22 on p. 166, Figures 3.23 and
3.24 on p. 167, Figure 3.27 on p. 170. Figure 3.28 on
p. 171, Figure 3.29 on p. 172, Figure 3.30 on p. 173,
Figure 3.33 on p. 177, Figure 3.36 on p. 185, Figure 3.3
on p. 187, Figure 4.6 on p. 203, Figure 4.7 on p. 204,

p. 283, Figure 5.24 on p. 308, Figure 5.37 on p. 319, F4
About Sickle-cell Anemia on p. 325, Figure 5.56 on p. 34
Figure 6.9 on p. 376, Figure 6.13 on p. 386, Figure 6.1
7.9 on p. 434, Figure 7.18 on p. 444, Figure 7.33 on p. 1
Figure 7.35 on p. 455, Figure 7.36 on p. 455, Figure 7.4
on p. 462, Guided Inquiry 7.6 on p. 466, Figure 8.9 on
p. 503, Figure 8.11 on p. 506
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3. Geometric shapes and relationships can be described in terms of symbols and numbers-and vi¢e20drsa27
For example, the position of any point on a surface can be specified by two numbers; a graph represents
all the values that satisfy an equation; and if two equations have to be satisfied at the same timp, the
values that satisfy them both will be found where their graphs intersect.

4. Different ways to map a curved surface (like the earth’s) onto a flat surface have different advar|t®ges.

Uncertainty
1. Even when there are plentiful data, it may not be obvious what mathematical model to use to mak&?2
predictions from them or there may be insufficient computing power to use some models.

2. When people estimate a statistic, they may also be able to say how far off the estimate might bg. 147-149

3. The middle of a data distribution may be misleading-when the data are not distributed symmetrjcidBcher extension of Figure 7.36 on p. 455, teacher extgn-
or when there are extreme high or low values, or when the distribution is not reasonably smootip.sion of 546

4. The way data are displayed can make a big difference in how they are interpreted. 555-557

5. Both percentages and actual numbers have to be taken into account in comparing different groppsgure 3.30 on p. 173, 243-244
using either category by itself could be misleading.

6. Considering whether two variables are correlated requires inspecting their distributions, such ag Figure 3.28 on p. 171 and Figure 3.29 on p. 172
two-way tables or scatter plots. A believable correlation between two variables doesn’'t mean that
either one causes the other; perhaps some other variable causes them both or the correlation might be
attributable to chance alone. A true correlation means that differences in one variable imply
differences in the other when all other things are equal.

7. The larger a well-chosen sample of a population is, the better it estimates population summary| 115, 151-153
statistics. For a well-chosen sample, the size of the sample is much more important than the sige of the
population. To avoid intentional or unintentional bias, samples are usually selected by some rahdom
system.

8. A physical or mathematical model can be used to estimate the probability of real-world events. | Figure 3.18 on p. 160, Figure Figure 3.22 on p. 166, Figure
3.24 on p. 167
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Reasoning
1. To be convincing, an argument needs to have both true statements and valid connections amopgtmyresses and Forums, e.g. pp. 132-134, 191-193
Formal logic is mostly about connections among statements, not about whether they are true. FPeople
sometimes use poor logic even if they begin with true statements, and sometimes they use logig that
begins with untrue statements.

2. Logic requires a clear distinction among reasons: A reason may be sufficient to get a result, but Congresses and Forums, e.g. pp. 132-134, 191-193
perhaps is not the only way to get there; or, a reason may be necessary to get the result, but it tnay not
be enough by itself; some reasons may be both sufficient and necessary.

3. Wherever a general rule comes from, logic can be used in testing how well it works. Providing @ Congresses and Forums, e.g. pp. 132-134, 191-193
generalization to be false (just one exception will do) is easier than proving it to be true (for all gossible
cases). Logic may be of limited help in finding solutions to problems if one isn’t sure that genergl
rules always hold or that particular information is correct; most often, one has to deal with probabilities
rather thancertainties.

4. Once a person believes in a general rule, he or she may be more likely to notice cases agree wftiCdrayrdsses and Forums, e.g. pp. 132-134, 191-193
ignore cases that don’t. To avoid biased observations, scientific studies sometimes use observers who
don’t know what the results are “supposed” to be.

5.  Very complex logical arguments can be made from a lot of small logical steps. Computers are | Congresses and Forums, e.g. pp. 132-134, 191-193
particularly good at working with complex logic but not all logical problems can be solved by
computers. High-speed computers can examine the validity of some logical propositions for a very
large number of cases, although that may not be a perfect proof.

HisToRICAL PERSPECTIVES
Displacing the Earth from The Center of the Universe
1. People perceive that the earth is large and stationary and that all other objects in the sky orbit arsauther extension of Figure 2.20 on p. 96
it. That perception was the basis for theories of how the universe is organized that prevailed for over
2,000 years.

2. Ptolemy, an Egyptian astronomer living in the second century A.D., devised a powerful mathemnjatical
model of the universe based on constant motion in perfect circles, and circles on circles. With the
model, he was able to predict the motions of the sun, moon, and stars, and even of the irregula
“wandering stars” now called planets.

-
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3. In the 16th century, a Polish astronomer named Copernicus suggested that all those same mojjons
could be explained by imagining that the earth was turning around once a day and orbiting aroind the
sun once a year. This explanation was rejected by nearly everyone because it violated common sense
and required the universe to be unbelievably large. Worse, it flew in the face of the belief, univgrsally
held at that time, that the earth was the center of the universe.

4. Johannes Kepler, a German astronomer who lived at about the same time as Galileo, showed
mathematically that Copernicus’ idea of a sun-centered system worked well if uniform circular njotion
was replaced with uneven (but predictable) motion along off center ellipses.

5. Using the newly invented telescope to study the sky, Galileo made many discoveries that suppdrted the
ideas of Copernicus. It was Galileo who found the moons of Jupiter, sunspots, craters and moyntains
on the moon, and many more stars than were visible to the unaided eye.

6.  Writing in Italian rather than Latin ( the language of scholars at the time), Galileo presented
arguments for and against the two main views of the universe in a way that favored the newer \fiew.
That brought the issue to the educated people of the time and created political, religious, and stientific
controversy.

Uniting the Heavens and the Earth

1. Issac Newton created a unified view of force and motion in which motion everywhere in the unierse

can be explained by the same few rules. His mathematical analysis of gravitational force and motion
showed that planetary orbits had to be the very ellipses that Kepler had proposed two generatigns

earlier.

2. Newton’s system was based on the concepts of mass, force, and acceleration, his three laws ofjmotion
relating them, and a physical law stating that the force of gravity between two objects in the uniyerse
depends only upon their masses and the distance between them.

3. The Newtonian model made it possible to account for such diverse phenomena as tides, the orbits of
planets and moons, the motion of falling objects, and the earth’s equatorial bulge.

4.  For several centuries, Newton’s science was accepted without major changes because it explaixed SO
many different phenomena, could be used to predict many physical events (such as the appeargnce of
Halley’s comet), was mathematically sound, and had many practical applications.
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5. Although overtaken in the 20th century by Einstein’s relativity theory, Newton’s ideas persist and are
widely used. Moreover, his influence has extended far beyond physics and astronomy, serving ps a
model for other sciences and even raising philosophical questions about free will and the organfization
of social systems.

Relating Matter & Energy and Time & Space

1. As ayoung man, Albert Einstein, a German scientist, formulated the special theory of relativity,[which
brought about revolutionary changes in human understanding of nature. A decade later, he prqposed
the general theory of relativity, which, along with Newton’s work ranks as one of the greatest hyman
accomplishments in all of history.

2. Among the surprising ideas of special relativity is that nothing can travel faster than the speed pf light,
which is the same for all observers no matter how they or the light source happen to be moving

3. The special theory of relativity is best known for stating that any form of energy has mass, and that
matter itself is a form of energy. The famous relativity equation, E=4mlds that the transformation
of even a tiny amount of matter will release an enormous amount of other forms of energy, in thiat the c
in the equation stands for the immense speed of light.

4.  General relativity theory pictures Newton’s gravitational force as a distortion of space and time.

5.  Many predictions from Einstein’s theory of relativity have been confirmed on both atomic and
astronomical scales. Still, the search continues for an even more powerful theory of the archite¢ture of
the universe.

Extending Time
1. Scientific evidence implies that some rock near the earth’s surface is several billion years old. Bud3@ti#t57
the 19th century, most people believed that the earth was created just a few thousand years ago.

2. The idea that the earth might be vastly older than most people believed made little headway in s¢esatdeer extension of 457
until the publication of Principles of Geology by an English scientist, Charles Lyell, early in the 19th
century. The impact of Lyell's book was the result of both the wealth of observations it containefl on
the patterns of rock layers in mountains and the locations of various kinds of fossils, and of the fareful
logic he used in drawing inferences from his own data.

3. Informulating and presenting his theory of biological evolution, Charles Darwin adopted Lyell's pé&fiather extension of 457
about the age of the earth and his style of buttressing his argument with vast amounts of eviderrce.
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Moving the Continents
1. Early in the 20th century, Alfred Wegener, a German scientist, reintroduced the idea of moving| teacher extension of Figure 7.5 on p. 432
continents, adding such evidence as the underwater shapes of the continents, the similarity of plants
and animals in corresponding parts of Africa and South America, and the increasing separatior] of
Greenland and Europe. Still, very few contemporary scientists adopted his theory.

2. The theory of plate tectonics was finally accepted by the scientific community in the 1960’s, whgnteacher extension of Figure 7.5 on p. 432
further evidence had accumulated in support of it. The theory was seen to provide an explanation for a
diverse array of seemingly unrelated phenomena, and there was a scientifically sound physical
explanation of how such movement could occur.

Understanding Fire

1. Lavoisier invented a whole new field of science based on a theory of materials, physical laws, apdeacher extension of 32-34
guantitative methods, with the conservation of matter at its core. He persuaded a generation of
scientists that his approach accounted for the experimental results better than other chemical systems.

2. Lavoisier’s system for naming substances and describing their reactions contributed to the rapi¢l teacher extension of 32-34
growth of chemistry by enabling scientists everywhere to share their findings about chemical reqctions
with one another without ambiguity.

3. John Dalton’s modernization of the ancient Greek ideas of elements, atom, compound, and mojeeseher extension of 32-34
strengthened the new chemistry by providing a physical explanation for reactions that could be
expressed in quantitative terms.

4.  While the basic ideas of Lavoisier and Dalton have survived, the advancement of chemistry sing¢adhelrer extension of 32-34
time now makes possible an explanation of the bonding that takes place between atoms during
chemical reactions in terms of the inner working of atoms.

Splitting the Atom
1. The Curies made radium available to researchers all over the world, increasing the study of teacher extension of 33
radioactivity and leading to the realization that one kind of atom may change into another kind, [and so
it must be made up of smaller parts. These parts were demonstrated by other scientists to be g small,
dense nucleus that contains protons and neutrons and is surrounded by a cloud of electrons.

2. Ernest Rutherford of New Zealand and his colleagues discovered that the heavy radioactive elgment
uranium spontaneously splits itself into a slightly lighter nucleus and a very light helium nucleuq.

59



CORRELATION TO BENCHMARKS FOR ScIENCE LITERACY FOR GR. 9-12, RRoJecT 2061
SusmissioN TiTLE : BIOLOGY: A CommuniTy CoNTEXT, BY LEONARD AND PENIck , © 1998 (053865208X)

OBJECTIVES

PAGE REFERENCES

Later, Austrian and German scientists showed that when uranium is struck by neutrons, it split$ into
two nearly equal parts plus one or two extra neutrons. Lisa Meitner, an Austrian physicist, was|the

first to point out that if these fragments added up to less mass than the original uranium nucle
Einstein’s special relativity theory predicted that a large amount of energy would be released.
Fermi, an Italian working with colleagues in the United States, showed that the extra neutrons
more fusions and so to create a sustained chain reaction in which a prodigious amount of energ
given off.

A massive effort went into developing the technology and building the first nuclear fission bomb
in Japan in World War Il, the nuclear fusion weapons that followed, and the reactors for the cor
release of nuclear energy to produce electric power. Nuclear weapons and energy remain matt
public concern and controversy.

Radioactivity has many uses other than generating energy, including in medicine, industry, ang
scientific research in many different fields.

Explaining the Diversity of Life
The scientific problem that led to the theory of natural selection was how to explain similarities
the great diversity of existing and fossil organisms.

Prior to Charles Darwin, the most widespread belief was that all known species were created at
same time and remained unchanged throughout history. Some scientists at the time believed t
features an individual acquired during its lifetime could be passed on to its offspring, and the sp
could thereby gradually change to fit its environment better.

Darwin argued that only biologically inherited characteristics could be passed on to offspring. S
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these characteristics were advantageous in surviving and reproducing. The offspring would als¢ inherit

and pass on those advantages, and over the generations the aggregation of these inherited ad
would lead to a new species.

The quick success of Darwin’s book Origin of the Species, published in the mid-1800s, came fr
clear and understandable argument it made, including the comparison of natural selection to th
selective breeding of animals in wide use at that time, and from the massive array of biological

fossil evidence it assembled to support the argument.
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5. After publication of Origin of the Species, biological evolution was supported by the rediscovery p#8i& 456
genetic experiments of an Austrian monk, Gregor Mendel, by the identification of genes and hojwv they
are sorted in reproduction, and by the discovery that the genetic code found in DNA is the samgq for
almost all organisms.

6. By the 20th century, most scientists had accepted Darwin’s basic idea. Today that still holds tryeéeacher extension of 456-459
although differences exist concerning the details of the process and how rapidly evolution of the
species takes place. People usually do not reject evolution for scientific reasons but because thpy
dislike its implications, such as the relation of the human beings to other animals, or because they
prefer a biblical account of creation.

Harnessing Power

1. The Industrial Revolution happened first in Great Britain because that country made practical ugsdezfcher extension of video on world population (see p. 1§0)
science, had access by sea to world resources and markets, and had an excess of farm workerg willing

to become factory workers.

2. The Industrial Revolution increased the productivity of each worker but it also increased child lapor
and unhealthy working conditions, and it gradually destroyed the craft tradition. The economic
imbalance of the Industrial Revolution led to a growing conflict between factory owners and workers
and contributed to the main political ideologies of the 20th century.

3. The Industrial Revolution is still underway as electric, electronic, and computer technologies chptegcher implemented
patterns of work and bring them economic and social consequences.

CommoN THEMES

Systems
1. A system usually has some properties that are different from those of its parts, but appear becaugd 8247
the interaction of those parts.

2. Understanding how things work and designing solutions to problems of almost any kind can be| 201-205
facilitated by systems analysis. In defining a system, it is important to specify its boundaries anfl
subsystems, indicate its relation to other systems, and identify what its input and its output are ¢xpected
to be.
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3.  The successful operation of a designed system usually involves feedback. The feedback of out;Luzm}rZOl, 305
some parts of a system to input of other parts can be used to encourage what is going on in the system,
discourage it, or reduce its discrepancy from some desired value. The stability of a system can [be
greater when it includes appropriate feedback mechanisms.

4. Even in some very simple systems, it may not always be possible to predict accurately the result t¢dacher implemented
changing some part or connection.

Models

1. The basic idea of mathematical modeling is to find a mathematical relationship that behaves in|ti€6-167
same ways as the objects or processes under investigation. A mathematical model may give insight

about how something really works or may fit observations very well without any intuitive meaning.

2. Computers have greatly improved the power and use of mathematical models by performing 185
computations that are very long, very complicated, or repetitive. Therefore computers can show the
consequences of applying complex rules or changing the rules. The graphic capabilities of computers
make them useful in the design and testing of devices and structures and in the simulation of
complicated processes.

3. The usefulness of a model can be tested by comparing its predictions to actual observations in {h2ed87-188, 202-205, 331-335
world. But a close match does not necessarily mean that the model is the only “true” model or the only
one that would work.

Constancy and Change

1. A system in equilibrium may return to the same state of equilibrium if the disturbances it experi¢nt@s-188, 198-201, 211-216
are small. But large disturbances may cause it to escape that equilibrium and eventually settle finto

some other state of equilibrium.

2. Along with the theory of atoms, the concept of the conservation of matter led to revolutionary advadc&s
in chemical science. The concept of conservation of energy is at the heart of advances in fields|as
diverse as the study of nuclear particles and the study of the origin of the universe.

3. Things can change in detail but remain the same in general (the players change but the team fekigins;1.29 on p. 40, Figure 3.24 on p. 167
cells are replaced, but the organism remains). Sometimes counterbalancing changes are necegsary for
a thing to retain its essential constancy in the presence of changing conditions.
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Graphs and equations are useful (and often equivalent) ways for depicting and analyzing patte||n49362, 157-160, 166-167, 170, 176-178, 202-205, 308,

change.

379, 388-389, 396, 511

In many physical, biological, and social systems, changes in one direction tend to produce opp¢se®393, 305

(but somewhat delayed) influences, leading to repetitive cycles of behavior.

In evolutionary change, the present arises from the materials and forms of the past, more or les
gradually, and in ways that can be explained.

Most systems above the molecular level involve so many parts and forces and are so sensitive t
differences in conditions that their precise behavior is unpredictable, even if all the rules for chg
known. Predictable or not, the precise future of a system is not completely determined by its pr
state and circumstances but also depends on the fundamentally uncertain outcomes of events
atomic scale.

Scale
Representing large numbers in terms of powers of ten makes it easier to think about them and
compare things that are greatly different.

Because different properties are not affected to the same degree by changes in scale, large cha
scale typically change the way that things work in physical, biological, or social systems.

As the number of parts of a system grow in size, the number of possible internal interactions in
much more rapidly, roughly with the square of the number of parts.

HaBITs oF MIND
Values and Attitudes

Figure 3.24 on p. 167, Figure 4.2 on p. 200
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Crébdes

Know why curiosity, honesty, openness, and skepticism are so highly regarded in science and haedtieyr directed

are incorporated into the way science is carried out; exhibit those traits in their own lives and vg
them in others.

View science and technology thoughtfully, being neither categorically antagonistic nor uncritica
positive.

lue

Iyteacher directed
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Computation and Estimation
Use ratios and proportions, including constant rates, in appropriate problems.

Find answers to problems by substituting numerical values in simple algebraic formulas and jug
whether the answer is reasonable by reviewing the process and checking against typical values

Make up and write out simple algorithms for solving problems that take several steps.
Use computer spreadsheet, graphing, and database programs to assist in quantitative analysis
Compare data for two groups by representing their averages and spread graphically.

Express and compare very small and very large numbers using powers-of-ten notation.
Trace the source of any large disparity between an estimate and the calculated answer.

Recall immediately the relations among 10, 100, 1000, 1 million, and 1 billion (knowing, for exa
that 1 million is a thousand thousands).

Consider the possible effects of measurement errors on calculations.
Manipulation and Observation

Learn quickly the proper use of new instruments by following instructions in manuals or by takir

instructions from an experienced user.

Use computers for producing tables and graphs and for making spreadsheet calculations.

Troubleshoot common mechanical and electrical systems, checking for possible causes of malf
and decide on that basis whether to make a change or get advice from an expert before procee

Use power tools safely to shape, smooth, and join wood, plastic, and soft metal.

Communication Skills
Make and interpret scale drawings.

158, 230, 319, 343, 445, 454, 503

ge, 158, 227, 389

176-178, 256
185, 444
115, 225-228
265, 329
151-152

nigyre 3.30 on p. 173

151-152, 259

9234

185, 444

LrR3idn,
ding.

121, 214-216
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2. Write clear, step-by-step instructions for conducting investigations, operating something, or follpvég
a procedure.

3. Choose appropriate summary statistics to describe group differences, always indicating the spre¢aabsfract preparations for Conferences, e.g., pp. 45-46, {.
the data as well as the data’s central tendencies. 118

4. Describe spatial relationships in geometric terms such as perpendicular, parallel, tangent, similateacher implemented
congruent, and symmetrical.

5. Use and correctly interpret relational terms such as if...then, and, or, sufficient, necessary, somg,8évery,
not, correlates with, and causes.

6. Participate in group discussions on scientific topics by restating or summarizing accurately what @g8ters93
have said, asking for clarification or elaboration, and expressing alternative positions. Conferences, e.g., pp. 45-46, p. 118

7. Use tables, charts, and graphs in making arguments and claims in oral and written presentation4.32-134
Conferences, e.g., pp. 45-46, p. 118

Critical Response Skills
1. Notice and criticize arguments based on the faulty, incomplete, or misleading use of numbers, suCbragesses and Forums, e.g. pp. 132-134, 191-193
in instances when (1) average results are reported, but not the amount of variation around the g\aysfyact presentations for Conferences, e.g., pp. 45-46, p.
(2) a percentage or a fraction is given, but not the total sample size (as in “9 out of 10 dentists | 118
recommend...”), (3) absolute and proportional quantities are mixed (as in “3,400 more robberieg in our
city last year, whereas other cities had an increase of less than 1%), or (4) results are reported |with
overstated precision (as in representing 13 out of 19 students as 68.42%).

2. Check graphs to see that they do not misrepresent results by using inappropriate scales or by fhiéibgttact presentations for Conferences, e.g., pp. 45-46, p.

specify the axes clearly. 118
3. Wonder how likely it is that some event of interest might have occurred just by chance. abstract presentations for Conferences, e.g., pp. 45-46,
118

4. Insist that the critical assumptions behind any line of reasoning be made explicit so that the validiBonfiresses and Forums, e.g. pp. 132-134, 191-193
the position being taken-whether one’s own or that of others-can be judged. abstract presentations for Conferences, e.g., pp. 45-46,
118
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5. Be aware when considering claims, that when people try to prove a point, they may select only [h@atageesses and Forums, e.g. pp. 132-134, 191-193
that support it and ignore any that would contradict it. abstract presentations for Conferences, e.g., pp. 45-46,
p. 118

6. Suggest alternative ways of explaining data and criticize arguments in which data, explanation$, @ongresses and Forums, e.g. pp. 132-134, 191-193
conclusions are represented as the only ones worth consideration, with no mention of other abstract presentations for Conferences, e.g., pp. 45-46,
possibilities. Similarly, suggest alternative trade-offs in decisions and designs and criticize thogepn118
which major trade-offs are not acknowledged.
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