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            Preface

        

        To the Student

        For Which Course Can This Book Be Used?

        This book is designed to be used as a review text for the New York State Regents course in Living Environment. The material presented illustrates and complements the Core Curriculum for this course. Don’t let the words “Core Curriculum” scare you. The Core Curriculum simply lists and describes what topics you must learn to complete this course. Because this book is comprehensive, it can be used to supplement any college-preparatory course in biology taught anywhere in the United States.

        What Special Features Does This Book Have?

        The topics in this book parallel those of the New York State Core Curriculum for Living Environment. The Core Curriculum is reproduced in its entirety within the text of this book. All Key Ideas, Performance Indicators, and Major Understandings for Standards 1 and 4 of the Core Curriculum appear within the text. In addition, this edition contains information about the laboratory experiences required of all New York State biology students.

        Each section contains the material considered to be most relevant to a Major Understanding. However, the contents of this book do not represent all the information you will be required to learn for this course. Requirements will vary among teachers and school districts. This book illustrates and explains the concepts contained in the Major Understandings. Students are expected to do more than simply memorize facts. You are also required to demonstrate understanding of scientific concepts. Your teacher may supplement material in the basic curriculum due to interest expressed by a class or a particular student. Feel free to ask your teacher about the areas of biology that interest you.

        Practice question sets that mirror the style and content of the Regents examination appear in this book. The multiple-choice questions usually require that you use your knowledge of biology to make judgments and to select an appropriate choice from among a number of possible responses. Free-response questions ask you to construct single-word, complete-sentence, or essay answers that are understandable as well as scientifically accurate. Graphical analysis questions challenge you to organize, represent in graphic form, and draw inferences from experimental data. 

        Answers Explained for the practice multiple-choice questions provide an extensive analysis of each question, not simply an answer key. The explanations give you information about why choices are correct or incorrect. Sample free-response and essay answers guide you toward the standard required to perform successfully on a Regents examination in biology. Graphs and charts provide guidance for construction of responses that will meet new Regents standards. 

        An extensive glossary provides an alphabetical listing of terms commonly used in biology courses together with simple, easy-to-understand definitions. Many of these terms will appear in Regents examination questions or in your reading assignments. 

        Finally, two full-length Regents examinations are included. They will give you an opportunity to test your knowledge of biology and to practice your question-answering skills before taking the Regents examination.

        Who Should Use This Book?

        Any student enrolled in the New York State course on Living Environment will find this book to be a valuable supplement to the regular class textbook. In addition, this book can be used to prepare for tests throughout the school year and for the year-end Regents examination on Living Environment. It will help you do your best on the Regents examination by increasing your self-confidence in your test-taking abilities.

        Students in any secondary-level biology course anywhere in the United States can use this book in much the same way. Its clear, concise style helps to clarify concepts. The absence of extraneous material enables you to concentrate on the learning standards without being bogged down in unnecessary details. 

        New York State Learning Standards

        Graduation Requirements

        Several graduation or commencement standards are required of students in New York State public schools regarding their performance in math, science, and technology. Living Environment Core curriculum addresses two of these standards as follows:

        
            	
                Standard 1: Students will use mathematical analysis, scientific inquiry, and engineering design, as appropriate, to pose questions, seek answers, and develop solutions.

            

            	
                Standard 4: Students will understand and apply scientific concepts, principles, and theories pertaining to the physical setting and living environment and recognize the historical development of ideas in science.

            

        

        The Core Curriculum for Living Environment was devised from these two commencement standards. The Core Curriculum is not a detailed outline, or syllabus, for biology. It does not prescribe what must be taught and learned in any particular classroom. Instead, it defines the skills and major understandings that you must master to achieve graduation standards for life science. 

        Key Ideas, Performance Indicators, and Major Understandings

        Each topic within the graduation standards is broken down into a number of Key Ideas. Key Ideas are broad, general statements about what you as a student will be expected to know. Within Standard 1, three Key Ideas are concerned with laboratory investigation and data analysis. Within Standard 4, seven Key Ideas present a set of concepts that are central to the science of biology. The unifying principles develop your understanding of the essential characteristics of living things and how these characteristics allow them to be successful in diverse habitats.

        Each Key Idea contains Performance Indicators. The Performance Indicators spell out what skills you should be able to demonstrate when you have mastered the Key Idea. Performance Indicators help you understand what is expected of you.

        Performance Indicators are further subdivided into Major Understandings. The Major Understandings contain specific concepts that you must master in order to demonstrate the skills required by a Performance Indicator. The Major Understandings contain the material that will appear on your Regents exam.

        Laboratory Component

        A meaningful laboratory experience is essential to the success of any science course. You’re expected to develop a good sense of how scientific inquiry is carried out by a professional scientist and how these same techniques can assist in the full understanding of scientific concepts. The Regents requires 1,200 minutes of laboratory experience coupled with satisfactory written reports of your findings.

        Living Environment Regents: Format and Scoring

        The format of the Living Environment Regents is as follows:

        
            	
                Part A: 35 multiple-choice questions that test your knowledge of specific factual information. All questions in Part A must be answered. 

            

            	
                Part B: Variable number of questions representing a mixture of multiple-choice and free-response items. Questions may be based on your direct knowledge of biology, interpretation of experimental data, analysis of readings in science, and the ability to deal with representations of biological phenomena. All questions must be answered in Part B. 

            

            	
                Part C: Variable number of free-response questions. Questions may be based on your direct knowledge of biology, interpretation of experimental data, analysis of readings in science, and ability to deal with representations of biological phenomena. All questions must be answered in Part C. 

            

            	
                Part D: Laboratory component of the Regents examination in which four required laboratory experiences are tested. See pages xvii and xviii for additional information on the Part D requirement. All questions must be answered in Part D.

            

        

        How to Study

        You’ve spent the school year learning many different facts and concepts—far more than you could hope to remember from one review session. Your teacher has drilled you on these facts and concepts. You’ve done homework, taken quizzes and tests, and reviewed the material at intervals throughout the year. Now it’s time to put it all together. The Regents exam may be only a few weeks away. If you and your teacher have planned properly, you will have finished the course material about a month before the exam. You now have to make efficient use of the days and weeks ahead to review all that you have learned and demonstrate your mastery of the material on the Regents. 

        It may seem like an impossible task, but you shouldn’t be discouraged. You’ve actually retained much more of the year’s material than you realize. The review process should be one that helps you to recall the many facts and concepts you have stored away in your memory. This book will help you to review this material as efficiently as possible. 

        You also have to get yourself in the right frame of mind. Being nervous and stressed during the review process won’t help you one bit. The best way to avoid being stressed during an exam is to be well rested, prepared, and confident. This book is here to help you get prepared and build your confidence. So, now is the time to get started on the road to a successful exam experience. To begin, carefully read and follow the following steps:

        
            	
                
                Get started! Start your review early; don’t wait until the last minute.  Allow at least two weeks to prepare for the Regents exam. Set aside an hour or two a day over the next two weeks for your review. Less than an hour a day is not enough time for you to concentrate on the material in a meaningful way; more than two hours a day will give diminishing returns on your investment of time.

            	
                
                Get lost! Find a quiet, comfortable place to study. You should seat yourself at a well-lit work surface free of clutter and in a room without distractions of any kind. (You may enjoy watching TV or listening to music curled up in a nice, soft chair, but these and other distractions should be avoided when studying.)

            	
                
                Get prepared! Make sure you have the tools you need to work, including this book, a pen and pencil, and some scratch paper for taking notes and doing calculations. Keep your class notebook at hand for looking up information between test-taking sessions. Have this book available for quick and efficient review of important concepts. 

            	
                
                Get focused! Concentrate on the study material in the question sets in this book. Think about the questions that you review. Read carefully and thoughtfully. Try to make sense out of the questions. Think carefully about the answers that you choose. See the section “Using This Book for Study” for additional information about question-answering techniques.

            	
                
                Get help! Use available resources, including a dictionary and the glossary of this book, to look up the meanings of unfamiliar words in the practice questions. Remember that these same terms can appear on the Regents exam, so take the opportunity to learn them now.

            	
                
                Go get ’em! Remember—study requires time and effort. Your investment in study now will pay off when you take the Regents exam.

        

        Using This Book for Study

        This book will be an invaluable tool for you if used properly. Answer all of the questions in the question sets and practice exams even though the exam directions may allow you to choose which questions to answer. The more you study and practice, the better your chances of increasing your knowledge about biology and of obtaining a high grade on the Regents exam. To maximize your chances, use this book as follows.

        
            	
                
                Answer all of the questions in each question set. Check and correct your responses by using Answers Explained and Wrong Choices Explained at the back of the book. Follow this procedure for each question set. Study your areas of weakness. Then redo the questions you missed on the first round. Make sure you now understand fully what the question is asking and what makes one answer choice the correct answer.

            	
                
                When you’ve completed the questions in all the question sets, go on to the examination section. Take the exam under test conditions. Plan to answer all test questions; allow yourself no choices at this stage of the study process.

            	
                
                Test conditions should include the following:
                
                    	Be well rested—get a good night’s sleep before attempting any exam

                    	Find a quiet, comfortable room in which to work

                    	Allow no distractions of any kind

                    	Have a pen, pencil, and some scratch paper handy

                    	Set an alarm clock or watch for the three-hour exam limit

                

            

            	
                
                This step is very important. Take a deep breath, close your eyes for a moment, and RELAX! Tell yourself that you know this material. You have lots of time to take the Regents exam; use it to your advantage by reducing your stress level. Forget about your plans for later—your first priority right now is to do your best on the Regents exam, whether it is a practice exam in this book or the real thing.

            	
                
                Read all test directions carefully. Be sure you know how many questions you must answer to complete each part of the exam. If test questions relate to a reading passage, diagram, chart, or graph, be sure you fully understand the supplemental information before you attempt to answer the questions that relate to it.

            	
                
                When answering the multiple-choice questions on the Regents exam, TAKE YOUR TIME! Be sure to read the stem of the question very carefully; read it over several times. These questions are painstakingly written by the test preparers, and every word is chosen to convey a specific meaning. If you read the questions carelessly, you may answer a question that was never asked. Read each of the four choices carefully, using a pencil to mark the test booklet next to the answer you feel is correct.

            	
                
                Remember that three of the choices are incorrect; these incorrect choices are called distracters because they are selected by the test preparers to seem like plausible answers to poorly prepared or careless students. Make sure that you think clearly, using everything you have learned about biology since the beginning of the year, to eliminate each of the distracters as correct answers. This elimination process is just as important to your success on the Living Environment Regents exam as knowing the correct answer. If more than one answer seems to be correct, reread the question to find the words that will help you to distinguish between the correct answer and the distracters. When you have made your best judgment about the correct answer, circle its number in pencil in your test booklet.

            	
                
                Free-response questions appear in a number of different forms. Students may be asked to select a term from a list, write the term on the answer sheet, and define the term. Students may be asked to describe some biological phenomenon or state a true fact in biology using a complete sentence. Students may be asked to read a value from a diagram of a measuring instrument and write that value in a blank on the answer sheet. Exercise care when answering this type of question—follow directions precisely. A complete sentence must contain a noun and a verb, must be punctuated, and must be written in an understandable way in addition to accurately answering the scientific part of the question. Values must be written clearly and accurately. They must include a unit of measure, if appropriate. Failure to follow the directions for a question may result in a loss of credit for that question. 

            	
                
                The essay or paragraph question is a special type of free-response question. Typically, essay or paragraph questions provide an opportunity to earn multiple credits for answering the question correctly. As in the free-response questions described above, you must follow the directions for a question if you hope to earn the maximum number of credits for the question. Typically, the question will outline exactly what must be included in your essay to gain full credit. Follow these directions step by step, double-checking to be certain that all question components are addressed in your answer. In addition, your essay or paragraph should follow the rules of good grammar and good communication so that it is readable and understandable. Of course, it should contain correct information and answer all parts of the question asked.

            	
                
                Graphs and charts are used in a special type of question that requires the student to organize and represent data in graphic format. Typically, for such questions you are expected to place unorganized data into ascending order in a data chart or table. You may also be asked to plot unorganized data on a graph grid, connect the plotted points, and label the graph axes appropriately. Finally, questions regarding data trends and extrapolated projections may be asked, requiring you to analyze the data in the graph and draw inferences from it. As with all examination questions, always follow all directions for the question. Credit can be granted only for correctly followed directions and accurate interpretation of the data.

            	
                
                When you’ve completed the exam, relax for a moment. Check your time; have you used the entire three hours? Probably not. Resist the urge to quit. Go back to the beginning of the exam and, in the time remaining, retake the exam in its entirety. Try to ignore the penciled notations you made the first time through the exam. If you come up with a different answer the second time through, stop and read over the question with extreme care before deciding which is the correct response. Once you’ve decided on the correct response, finalize the answer in ink in the answer booklet. 

            	
                
                Score the exam using the answer key at the end of the exam. Review the Answers Explained section of Barron’s Regents Exams and Answers—Living Environment for each question to aid your understanding of the exam and material. Remember that understanding why an answer is incorrect is just as important as understanding why an answer is correct.

            	
                
                Finally, focus your between-exam study on your areas of weakness in order to improve your performance on the next practice exam. Complete all the practice exams using the preceding techniques.

        

        Test-Taking Techniques

        The following is a summary of test-taking techniques you should follow when taking the actual exam.

        
            	
                
                Complete your study and review at least one day before taking this examination. Last minute cramming may actually hurt, rather than help, your performance on the exam.

            	
                
                Be well rested the day of the exam. Get a good night’s sleep before taking any examination.

            	
                
                Bring two pens, two pencils, and an eraser to the exam. If your school requires it, bring some form of identification with you, as well. Wear a watch, or sit where you see a clock. Before entering the room, remember that you will remain for the entire three-hour examination period.

            	
                
                Be familiar with the format of the examination. You must answer all questions in Part A (multiple-choice questions), all questions in Part B (mixed-format questions), all questions in Part C (free-response questions), and all questions in Part D (mixed-format questions).

            	
                
                Before beginning the exam, take a deep breath, close your eyes for a moment, and RELAX. Use this technique any time you feel yourself tensing up during the exam.

            	
                
                Read all exam directions carefully. Be sure you fully understand supplemental information (reading passages, charts, diagrams, graphs) before you attempt to answer the questions that relate to it.

            	
                
                When answering questions on the Regents exam, TAKE YOUR TIME. Be sure to read the stem of multiple-choice questions very carefully. Read each of the four answer choices carefully, as well. With a pencil, make a mark in the test booklet next to the answer you feel is correct. If you’re temporarily stumped by a question, put a check mark next to it and go on to the next question. Come back to the question later, when your mind is clear.

            	
                
                Remember that three of the multiple-choice answers are incorrect (known as distracters). If more than one answer seems to be correct, reread the question to find the words that will help you distinguish between the correct answer and the distracters. When you have made your best judgment about the correct answer, circle its number in pencil on your answer sheet.

            	
                
                Be certain to follow directions when completing free-response questions. Use complete sentences whenever they’re required.

            	
                
                Complete charts and graphs according to instructions. If you’re instructed to circle some part of an answer, be sure to circle it. If the directions call for you to connect points or list items in ascending order, then be certain to do so.

            	
                
                Answer essay or paragraph questions according to instructions. Be sure to include correct information that addresses every required point. Doing so will help to ensure that you receive full credit for your answers.

            	
                
                When you have completed the exam, relax for a moment. Go back to the beginning and, in the time remaining, retake the exam in its entirety. Once you have decided on the correct response, finalize the answer by marking an X in ink through the penciled circle on the answer sheet for multiple-choice questions. Be sure to finalize all of the answers for all parts of the exam.

            	
                
                Be certain to sign the declaration on your answer sheet. Unless this declaration is signed, your exam cannot be scored. 

        

        Tips for Teachers

        For teachers and administrators in New York State public schools, this book will provide an excellent source of primary instructional material for locally developed curricula for Living Environment. The examples given and the factual material presented represent a reasonable body of knowledge to complement the commencement standards for life science. In addition, it will provide a ready source of review material to prepare students for the New York State Regents examination on Living Environment.

        All teachers will be able to use this book with their students as a companion to their regular textbooks and will find that students will gain considerable self-confidence and facility in test taking through its consistent use. Some school systems may wish to use this book as the primary text for their courses in college-preparatory biology; others may wish to employ it as the review text for test preparation.

        Local Curricula

        Teachers and administrators need to develop local curricula that complement the Core Curriculum, promulgated by the State in 1999. It is up to the teacher/administrator to decide what examples and factual knowledge will best illustrate the concepts presented in the Core Curriculum, what concepts need to be reinforced and enhanced, what experiences will add measurably to the students’ understanding of science, and what examples of local interest should be included.  The teacher will immediately recognize the need to go beyond this level in the classroom, with examples, specific content, and laboratory experiences that complement and illuminate these Major Understandings. It is on this level that the locally developed curriculum is essential. Each school system is challenged to develop an articulated K-12 curriculum in mathematics, science, and technology that will position students to achieve a passing standard at the elementary and intermediate levels, such that success is maximized at the commencement level.

        The addition of factual content must be accomplished without contradicting the central philosophy of the learning standards. If local curricula merely revert to the fact-filled syllabi of the past, then little will have been accomplished in the standards movement other than to add yet another layer of content and requirements on the heads of students. A balance must be struck between the desire to build students’ ability to think and analyze and the desire to add to the content they are expected to master.

        Essential Questions

        A key component of a thoughtfully developed local curriculum is the development of Essential Questions. Essential Questions state, in interrogative form, the key concepts we expect our students to master. Posed correctly by the teacher, they provide a pathway for students to follow as they pursue their study of the subject matter, in this case, the subject matter of biology. Essential Questions also help students answer the questions “Why do I have to know this material? What will I be able to do with what I learn? How will knowing this help me to achieve my life goals? How will having this skill contribute to my growth as a person and a citizen?”

        Teachers should be skilled in the art of developing Essential Questions, which serve as a guide not only to students but also to teachers. Essential Questions should be used by teachers in the preparation of class activities and of student performance assessments.

        A feature of this book is the inclusion of Essential Questions at key points throughout the text. These Essential Questions organize and frame the concepts to be understood and the skills to be mastered through the student’s study of biology. Likewise, they focus the concepts to better enable the teacher to develop class activities and assessments that truly add to the student’s experience in measurable ways. They are meant to stimulate the teacher to develop his or her own Essential Questions so as to make the local curriculum come alive and provide an opportunity for student engagement in the learning process.

        Included below is a listing of Essential Questions included in this book as samples to be considered by the teacher in delivering the Living Environment local curriculum. These questions are meant to be samples only, to help stimulate the teachers’ thinking as they develop their own Essential Questions to assist in student learning.

        Essential Questions:

        Standard 1:

        
            	Why is science important?

            	How is good science done?

        

        Key Idea 1.1

        
            	
                How do models help scientists understand natural phenomena?

                Performance Indicators:

                1.1.1  How does expressing an idea in visual or mathematical terms assist in our understanding?

                1.1.2  What can we learn from studying the work of others?

                1.1.3  How can we tell the difference between good information and bad information?

                1.1.4  How can data be effectively represented in a manner that assists in our understanding of science?

            

        

        Key Idea 1.2

        
            	
                What are the steps in the scientific method? 

            

            	
                How do these steps ensure that science is valid?

                Performance Indicators:

                1.2.1  How do questions and observations help scientists to conduct good experiments?

                1.2.2  How do scientists use the work of other scientists to help them in their own work?

                1.2.3  What is a hypothesis and how does it help the scientist to focus an experiment?

                1.2.4  What techniques and tools should be selected when designing an experiment?

            

        

        Key Idea 1.3

        
            	
                What are the different ways that scientists analyze scientific data?

                Performance Indicators:

                1.3.1  How can tables, charts, and graphs of data help to illustrate the findings of a scientific inquiry?

                1.3.2  How do scientists measure the accuracy of their own experimental results?

                1.3.3  How does a scientist draw inferences and conclusions based on data?

                1.3.4  How does one experiment lead to another once results are known?

                1.3.5  What are the appropriate ways to present the findings of a scientific investigation?

            

        

        Standard 4:

        
            	
                What are the principles that guide scientists in their study of the natural world?

            

            	
                How is modern science built on the work of scientists of the past?

            

        

        Key Idea 4.1

        
            	
                How are living things similar to and different from other living things and nonliving things?

                Performance Indicators

                4.1.1  How does the great variety of living species impact environmental stability?

                4.1.2  How are humans adapted to survive in their environment?

                4.1.3  How are unicellular life forms able to carry out the life processes needed to sustain life?

            

        

        Key Idea 4.2

        
            	
                How does genetic inheritance help ensure the continuity of life?

                Performance Indicators

                4.2.1  How does DNA control the inheritance of genetic traits in living things?

                4.2.2  What effect will genetic engineering have on the future of genetic inheritance?

                    What cautions should be considered in the use of genetic engineering?

            

        

        Key Idea 4.3

        
            	
                What has caused the wide variety of living things that have inhabited Earth over the past 3.5 billion years?

                Performance Indicator

                4.3.1  How do new species arise from previously existing species?

            

        

        Key Idea 4.4

        
            	
                What mechanisms are at work to create and perpetuate life on Earth?

                Performance Indicator

                4.4.1  How do living things produce more living things of the same kind?

            

        

        Key Idea 4.5

        
            	
                How do living things create a balanced steady state that maintains the living condition?

                Performance Indicators

                4.5.1  What biochemical reactions are common in living cells and promote the living condition?

                4.5.2  How does the body defend itself against disease?

                    What happens when a living organism gets sick?

                4.5.3  How do the activities that sustain the life of a cell contribute to the survival of a multicellular organism?

            

        

        Key Idea 4.6

        
            	
                How do species of different kinds depend on each other and contribute to each other’s survival?

            

            	
                How do conditions in the nonliving environment contribute to the survival of plant/animal communities?

                Performance Indicators

                4.6.1  What forces of nature manage the balance of species populations?

                4.6.2  Why is it important to protect endangered/threatened species and habitats?

                4.6.3  How do Earth’s environments affect, and how are they affected by, the living community?

            

        

        Key Idea 4.7

        
            	
                What is the proper role of the human species in the ecological community?

            

            	
                What responsibility does the human species have to protect the natural ecosystem?

            

            	
                What trade-offs must be considered when making economic and political decisions that affect the environment?

                Performance Indicators

                4.7.1  How do humans positively and negatively affect the ecosystem?

                4.7.2  How has human technology and the growth of the human population affected the quality of life for other species?

                4.7.3  How can humans take positive action to reverse the degradation of the natural environment caused by human technology?

            

        

        Lab Needs

        A positive benefit of the reduction of factual detail in the Core Curriculum is that it should allow more in-depth treatment of laboratory investigations to be planned and carried out than was possible under the previous syllabus. Laboratory experiences should be designed to address Standard 1 (inquiry techniques) but should also take into account Standards 2 (information systems), 6 (interconnectedness of content), and 7 (problem-solving approaches). They should also address the laboratory skills listed in Appendix A of the Core Curriculum and of this book.

        It is important to recognize that this and other assessment tools based on the learning standards may undergo transition in the first few years of implementation. Teachers and students should remain alert to the possibility of changes in the format and scoring of the Regents examination.

        New York State is a participant in a multi-state effort to develop “Common Core Standards” in biology. These standards are scheduled to be implemented in the near future. When implemented, these standards will require some changes in the way that biology is taught and tested.

    
        
            Unit
One


        

            Scientific Inquiry

        
        
            Standard 1

            Students will use mathematical analysis, scientific inquiry, and engineering design, as appropriate, to pose questions, seek answers, and develop solutions.

        

        Essential Questions:

        
            	Why is science important?

            	How is good science done?

        

        Good science is a logical, yet creative, process that applies human intelligence to discovering how the world and the universe work. It depends as much on the published reports of past scientific work as on the ongoing experimental method used to create new knowledge. Scientists continually question the meaning of scientific discoveries and develop new theories based on combining old knowledge with new knowledge. In this way, there is a continual turnover of knowledge that serves the best interests of all people everywhere.

        Discovering Truths

        Understanding scientific inquiry and discovery is important because the truths that emerge from this discovery can and should be used in everyday social and ethical decision making. These decisions often involve issues of personal and community health, economic considerations, and technological claims. To fail to develop basic scientific literacy is to place oneself and one’s community at great potential risk since proposed changes may carry significant negative consequences to any or all of these items.



    
        
	I. Explanations of Natural Phenomena

        
            Key Idea 1—Purpose of Scientific Inquiry

            The central purpose of scientific inquiry is to develop explanations of natural phenomena in a continuing and creative process.

        

        Essential Question:

        
            	How do models help scientists understand natural phenomena?

        

        Scientific inquiry is used as a tool to aid scientists in the study of the natural world. Scientists ask questions, pose hypotheses, design experiments to test these hypotheses, collect and organize data, analyze collected data, draw inferences, and develop conclusions. Major scientific principles are developed from the combined knowledge that results from such experimentation. Scientific inquiry is a creative process that has been ongoing since humans have been on the Earth and will continue long into the future. We are only beginning to unlock the many secrets of the natural world.

        Following Procedures

        Scientific inquiry depends on an objective application of certain procedures. Some of these include modeling, research, reconciliation of opposing viewpoints, and presentation of explanations. The following sections will discuss each of these processes.

        Modeling

        Essential Question:

        
            	How does expressing an idea in visual or mathematical terms assist in our understanding?

        

        Performance Indicator 1.1.1  The student should be able to elaborate on basic scientific and personal explanations of natural phenomena and develop extended visual models and mathematical formulations to represent one’s thinking. 

        Modeling is a way of putting complex scientific data into understandable terms. These models may be mathematical models, schematic models, or physical models. Models frequently use easy references to help you understand complex principles and relationships.

        Scientific explanations are built by combining evidence that can be observed with what people already know about the world. Scientific explanations of natural phenomena come from many different sources, including scientific and personal observations. The modern scientist builds on the work of many earlier scientists who asked questions, developed hypotheses, designed experiments, made observations, analyzed experimental results, and drew inferences and conclusions. These scientists also wrote about their experiments and results, creating vast amounts of scientific literature. Scientists often compare their results with the results of other scientists performing the same or similar experiments.

        In many cases, these scientists developed models to better understand and to help others understand their thinking. A biochemist, for example, may develop a model of a biochemical pathway in the form of a series of formulas that represent different steps in that pathway. An ecologist may model a complex set of nutritional relationships in the form of a food web or pyramid. A geneticist may use three-dimensional models to illustrate how the shape of a molecule of DNA helps to predict how it will carry out its genetic control. A cytologist may find that a physical model of a cell helps to explain the movement of materials through the cell membrane. In each of these examples, a model was developed to help explain an abstract scientific concept. During your study of biology, you will be expected to be able to develop models to illustrate what you learn.

        Decision Making

        An important way to enlarge one’s scientific knowledge is to use it to make sound decisions. Science provides knowledge, but values are also essential to making effective and ethical decisions about the application of scientific knowledge. You need to understand scientific knowledge and its implications for social action. Technological advance can impact the lives of individuals, communities, and civilizations. Therefore, the decision must be made whether or not an advance should be introduced, controlled, or set aside. 

        As a responsible individual, you have an obligation to use your knowledge of scientific principles to make such judgments and act accordingly. You have an ethical and moral responsibility to exercise sound judgment based on a solid understanding of scientific fact.

        Research

        Essential Question:

        
            	What can we learn from studying the work of others?

        

        Performance Indicator 1.1.2  The student should be able to hone ideas through reasoning, library research, and discussion with others, including experts. Humans sharpen their intellect by reasoning, reading the ideas of others, and discussing topics with people whose ideas may differ from their own. 

        By starting with the knowledge base of past generations, we develop ever greater understanding of the world around us. We constantly seek to understand natural phenomena in greater and greater detail. This is possible only by applying the scientific method of inquiry.

        Inquiry involves asking questions and locating, interpreting, and processing information from a variety of sources. Scientists do not rely solely on the results of their own experiments when developing scientific principles. To broaden their knowledge, they depend heavily on a large body of scientific literature created from centuries of experimentation, thinking, and discussion. Each new generation of scientists adds to this body of knowledge and moves forward with the discovery of scientific truths. 

        Reconciliation of Opposing Viewpoints

        Essential Question:

        
            	How can we tell the difference between good information and bad information.

        

        Performance Indicator 1.1.3  The student should be able to work toward reconciling competing explanations and clarify points of agreement and disagreement. 

        Inquiry involves making judgments about the reliability of the source and relevance of information. Not all material written about science is reliable or accurate. In some cases, such material may be misleading or biased and may unfairly represent the data in order to support a particular point of view. Good scientific writing involves complete explanation of the experimental method used, a clear presentation of the data, and an objective analysis of the data with respect to other, prior experimentation. 

        In order to be useful to science, the results of these reported experiments have to be reproducible by other scientists using the same experimental methods. Experiments that are not reproducible are considered unreliable and are usually not considered in this process. A good scientist also needs to be able to sort through scientific literature and discard material that does not appear to be relevant to the inquiry at hand. Relevant material should be reviewed and summarized as an introduction to the new inquiry, even though it may suggest conclusions that differ from the scientist’s hypothesis. 

        Scientific explanations are accepted when they are consistent with experimental and observational evidence and when they lead to accurate predictions. A scientific principle, if it is to gain widespread acceptance, must enable scientists to make accurate predictions of how the natural world operates under a given set of conditions. The conclusions drawn from experimental results must accurately reflect an objective analysis of the data gathered from such experiments. These conclusions must predict the outcome of similar experimentation with reasonable accuracy in order to be considered valid. When they do not do so, conclusions are thrown into question until further investigation is conducted to determine their validity.

        All scientific explanations are tentative and subject to change or improvement. Each new bit of evidence can create more questions than it answers. This increasingly leads to better understanding of how things work in the living world. Scientists are always at work to add to the body of knowledge we call science. This new knowledge often supports, but sometimes contradicts, previously held understandings. When contradictions occur, further scientific work is needed to determine where the truth lies.

        Scientists do not always agree on the interpretation of scientific data. Divergent ideas and attitudes, as well as diametrically opposed conclusions and theories, also exist. Far from impeding the development of scientific thinking, these divergent concepts are used to stimulate new thinking and experimentation in a never-ending quest for the truths behind the theories. Ultimately, some theories are proven incorrect. However, the process of continual questioning and inquiry is responsible for moving science in a positive direction.

        Presentation of Explanations

        Essential Question:

        
            	How can data be effectively represented in a manner that assists in our understanding of science?

        

        Performance Indicator 1.1.4  The student should be able to coordinate explanations at different levels of scale, points of focus, and degrees of complexity and specificity, and recognize the need for such alternative representations of the natural world.

        The information drawn from scientific investigation is discussed and analyzed from different points of view. By changing the way they look at the data, scientists begin to see patterns and trends not immediately apparent from a one-dimensional analysis.

        When data collected from an experiment is represented graphically, the scale used to represent the dependent variable may be large or small. A large scale includes a wide range of possible data points. A small scale uses fewer possible data points. When a large scale is used, small variations in the data may not be easily seen. By decreasing the scale of the graph, the range of data represented is reduced so that small variations can be seen more easily. Analytical methods may involve decreasing the scale of the data to amplify small changes, or increasing it to examine general trends.

        Looking at a broad range of data or focusing on specific components of the data may isolate the specific change being measured. The focus area may be the point at which the experimental variable has the most significant effect on the dependent variable. By focusing on this narrow range of data, the researcher can learn much about the changes that occur within this range. The scientist may then design a new experiment that breaks the experimental variable into smaller increments in order to determine more precisely how small changes in the experimental variable work to affect the dependent variable.

        Changing the way data is viewed may involve describing the data in new ways to highlight a researcher’s interpretation of the results of one or more scientific studies. Many concepts in the life sciences are extremely complex, with multiple variables operating at once to produce conditions that effect the changes noted by the researcher. It is often the job of the researcher to reduce this complexity for the reader by increasing the specificity of the study. By dealing with a single variable at a time, the researcher determines the effect of each variable independent of the others. When the isolated effect of each variable is understood, the reader can then comprehend how multiple environmental conditions affect the dependent variable in complex ways.

        Well-accepted theories are the ones that are supported by different kinds of scientific investigations often involving the contributions of individuals from different disciplines. These varying methods of interpretation help to illuminate the data in new ways and to stimulate still more ideas about its meaning. Well-accepted theories are those supported by investigations involving different scientific disciplines (for example, biochemistry, cytology, genetics). As more and more evidence mounts supporting a theory, the more credibility it gains with the scientific community. Each discipline reports its findings independently of the others so that independent corroboration is achieved. In this way, an inference becomes a hypothesis, which then may develop into an accepted theory, and finally it becomes established scientific principle.



    
        II. Testing of Proposed Explanations

        
            Key Idea 2—Methods of Scientific Inquiry

            Beyond the use of reasoning and consensus, scientific inquiry involves the testing of proposed explanations involving the use of conventional techniques and procedures that usually require considerable ingenuity.

        

        Essential Questions:

        
            	What are the steps in the scientific method?

            	How do these steps help to ensure that science is valid?

        

        Scientific inquiry involves several well-defined procedural steps known collectively as the scientific method. These steps include several elements, the first five of which are discussed in the following section:

        
            	
                
                Pose a scientific question based on observation of the natural world.

            	
                
                Review available scientific literature relating to the scientific question.

            	
                
                Develop a hypothesis about the proposed answer to the scientific question.

            	
                
                Design an appropriate experimental procedure to test the hypothesis.

            	
                
                Collect and record data resulting from the experimental procedure.

        

        By following this design, the researcher defines his/her goals prior to commencing an experiment. Doing so helps the researcher to focus on the problem at hand. The researcher can then conduct the experiment in a manner that will generate useful data. This data can then be analyzed to yield new knowledge about how the natural world operates.

        Question and Observation

        Essential Question:

        
            	How do questions and observations help scientists to conduct good experiments?

        

        Performance Indicator 1.2.1  The student should be able to devise ways of making observations to test proposed explanations. 

        Scientific inquiry, as its name implies, always begins with the fundamental step of asking a question. A nonscientist may be curious about something he/she observes in nature and ask a question something like “How do leaves turn color in the fall?” or “Why do fruit flies have red eyes?” While questions such as these provide a starting point for inquiry, they do not lend themselves to easy and understandable answers. They do not point to aspects of the observed phenomena that can be measured. They are focused more on reasons for the phenomena than on their observable and measurable characteristics.

        By contrast, a scientific question is always asked in terms of observable qualities and measurable quantities. Scientific questions might ask “What pigments are found in the leaves of sugar maple trees?” or “What is the inheritance pattern of red eyes in fruit flies?” Questions such as these lead the researcher toward established laboratory methods. For instance, chromatography (separating pigments of differing molecular characteristics) and genetic crosses (studying the inheritance of genetic traits) provide clues to the broader questions posed above.

        These questions, even though less general, can be broken down still further into even more specific, measurable questions. For example, “What pigment is most abundant in sugar maple leaves?” “How does temperature affect the production of chlorophyll in sugar maple leaves?” “What is the relative rate of destruction of the leaf pigments chlorophyll and anthocyanin under constant, intense white light?” and “At what temperature does chlorophyll function most effectively? Least effectively?” The researcher uses these, more focused, questions to help point the way toward research studies. These studies should produce data that lead to new knowledge about natural phenomena.

        The simplest method for testing is direct field observation of the experimental subject. Such observations may be conducted informally but by taking careful notes. Later, more formal and controlled observations may be made as a part of an experimental procedure. Such observations are always made objectively, accurately, and in great detail.

        Conventional laboratory techniques may take on various characteristics depending on what idea is being tested and what variables are being measured. For example, an investigation into the anatomic characteristics of an earthworm should be conducted using dissection tools. An experiment designed to discover the different pigments present in a maple leaf should employ techniques of chromatography. An inquiry into the genetics of the fruit fly should include the tools and techniques necessary to isolate, mate, and count the offspring of fruit flies displaying specific genetic characteristics.

        Review of Literature

        Essential Question:

        
            	How do scientists use the work of other scientists to help them in their own work?

        

        Performance Indicator 1.2.2  The student should be able to refine research ideas through library investigations, including electronic information retrieval and reviews of the literature, and by peer feedback obtained from review and discussion.

        A vast body of scientific information is available on a wide range of scientific topics. This information is available in books, professional journal articles, research databases, and other reference sources. This literature may contain the findings of other scientists who have conducted similar studies in the past. It may provide good clues to the researcher as to the likely outcome of his/her investigation. Pertinent sources in the scientific literature are normally cited in the introductory material of a report on the experiment at hand.

        Increasingly, these resources are available though networked computer databases. You should possess the skills needed to search the Internet to locate reliable research information and to discriminate among sources based on their authenticity. This may require focusing on the archived databases of universities and research laboratories while excluding data sources that do not carry the endorsement of such institutions. You should recognize that posting information on the Internet does not require the editorial scrutiny of competent scientists that is necessary to publish in a professional journal. For this reason, exercise care when using the Internet for conducting literature reviews since the data and analyses presented may be inaccurate, misleading, or biased.

        Development of a research plan involves researching background information and understanding the major concepts in the area being investigated. Recommendations for methodologies, use of technologies, proper equipment, and safety precautions should also be included. Such sources provide information about the appropriate methods and techniques to be used in conducting research in a particular area of scientific inquiry. They also inform the reader about what equipment and safety precautions should be used in such investigations. Having this information available in the literature saves valuable time since these techniques and precautions do not have to be discovered by each research scientist conducting a study in a similar area of inquiry. Having this information available also assists the researcher in developing a formal hypothesis.

        Finally, being able to review and summarize information gained from such sources and to discuss it with other researchers engaged in the same sorts of investigations is an important skill. Peer feedback can benefit all participants since the shared information and ideas provide everyone with a better understanding of the phenomena being studied. Collaborative sharing is also an important skill that you, as a student, should learn.

        Hypothesis and Research Plan

        Essential Question:

        
            	What is a hypothesis and how does it help the scientist to focus an experiment?

        

        Performance Indicator 1.2.3  The student should be able to develop and present proposals including formal hypotheses to test explanations, that is, predict what should be observed under specific conditions if the explanation is true.

        Hypotheses are predictions based upon both research and observation. A hypothesis is an educated guess made by a researcher about the likely outcome of an investigation. It is a prediction of what should be observed in an experiment run under a specific set of conditions. Hypotheses are based upon both research and observation.

        Hypotheses are widely used in science for determining what data to collect and as a guide for interpreting the data. The hypothesis serves as a guide. It assists the researcher in designing the experiment and interpreting the data derived from that experiment. For example, a hypothesis concerning the effect of temperature on bacterial growth might state, “Escherichia coli bacteria will grow best at human body temperature.” This hypothesis suggests that a series of identical experimental setups be created that provide a nutrient medium to a single species of bacterium. It further suggests that these setups be placed under a range of temperatures including temperatures below, at, and above human body temperature. Finally, it suggests that bacterial growth be measured in some way that will give the researcher a clear, objective understanding of differential growth rates.

        If the researcher has interpreted the literature appropriately, the hypothesis will often be correct, and the results of the experiment will be as predicted. However, the experimental results may not match the hypothesis. When this occurs, it is not viewed as a failure by the researcher but as a means to suggest more probing questions that get at the real relationships among the variables in the experiment.

        Experimentation

        Essential Question:

        
            	What tools and techniques should be selected when designing an experiment?

        

        Performance Indicator 1.2.4  The student should be able to carry out a research plan for testing explanations, including selecting and developing techniques, acquiring and building apparatus, and recording observations as necessary.

        Carrying out a research plan requires a procedure, or set of steps. These steps are laid out within the plan and are specific to the experimental question being asked.

        Development of a research plan for testing a hypothesis requires planning to avoid bias (for example, repeated trials, large sample size, and objective data-collection techniques). A research plan is developed in such a way as to provide objective data that will help to answer the experimental question without introducing bias into the experiment. Bias is the tendency to prejudice the results of an experiment with one’s own assumptions about the likelihood of its outcome. While developing a hypothesis is an important step in scientific research, the researcher must not let that hypothesis color his/her objective interpretation of the data. To do otherwise would be to introduce bias into the experiment. To ensure objective results, researchers use techniques such as repeated trials, large sample size, adequate controls, and objective data collection techniques.

        
            [image: image]
        

        The equipment being used, the method being followed, and the means of recording and analyzing data must be appropriate to answering that question. For example, an experiment to determine the structural similarities of five species of worm would probably require dissection equipment and a dissecting microscope. It would involve studying and collecting data about the external and internal structures of a reasonable number of representatives of each species. An experiment on the effects of auxins on geranium stem growth, on the other hand, would require several geranium plants, various concentrations of auxins, a constant light source, and instruments to measure stem elongation and rate of bending. Each experiment has its own unique setup and design. Following is a description of some of the commonly used techniques and tools used by biologists when performing scientific investigations.

        The Compound Light Microscope

        The compound light microscope, developed hundreds of years ago by early scientists such as Anton von Leeuwenhoek and Robert Hooke, still represents a major tool of cell study used by biologists all over the world. Compound light microscopes of the type used in most school laboratories produce magnifications of 50× to 500× and are suitable for viewing whole cells and large organelles such as nuclei and chloroplasts. Since this tool is used commonly in the biology classroom, it is important that you understand its parts and workings thoroughly. The critical parts of the microscope include:

        
            	
Eyepiece lens (ocular) is the lens closest to the eye during study.

            	
Objective lens is the lens closest to the object of study.

            	
Coarse-adjustment knob is used to make large changes in the focus of the microscope; fine adjustment knob is used for small changes.

            	
Light source provides light, which must pass through the object in order to make it visible through the microscope.

            	
Diaphragm is used to make changes in the quality and amount of light passing through the object and entering the objective lens.
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                Compound Light Microscope
            

        

        The compound light microscope provides two major advantages to the
            scientist studying the cell structure of living things:

        
            	
Magnification is the quality of the compound light microscope that makes the image of an object appear larger than the object itself. The magnification of a compound light microscope is determined by multiplying the power of the ocular by the power of the objective lens (for example, 10× ocular × 40× objective = 400× total magnification).

            	
Resolution is the quality of the compound light microscope that makes it possible to see two or more objects that are very close together as separate objects.

        

        Use of the microscope is an important skill best learned in the laboratory. Practical laboratory experience is the best way to master the skills involved in preparing wet mount slides, focusing the microscope, and making observations of biological specimens. Students may wish to attempt to answer the practice questions below in conjunction with such practical laboratory experience. These questions are provided here and in the Laboratory Skills section to illustrate the kind of question that may be asked on the Regents examination. See the Laboratory Skills section for additional information.

        Scientific Measurement

        The researcher must also have a good understanding of the various units of measurement and means of data collection used in each type of research study. The metric system is used universally in scientific measurement. Knowledge of the relative sizes of various metric measures is important to accurate data collection. For example, the units of linear measure include the meter (m), the centimeter (cm—1/100 of a meter), millimeter (mm—1/1,000 of a meter), and micrometer (μm—1/1,000,000 of a meter). The units of volume include the liter (l) and milliliter (mL). The metric unit of temperature is the degree (°C). Metric units of mass include the gram (g), kilogram (kg), and milligram (mg).
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                Cell Measurement
            

        

        The Micrometer

        Understanding the use of the compound microscope and the units of measurement for microscopic objects is very important for conducting research in the biological sciences. The unit of linear measurement used to measure cells and their organelles is the micrometer (µm). Micrometers are so small that 1,000 of them can fit inside 1 millimeter, and a million of them are required to equal 1 meter. Cells typically are found to have diameters of between 10 and 50 micrometers. If the diameter of the microscope field of view is known, it can be used to estimate the size of objects under it. The low-power field can be measured directly by placing a metric ruler under the low-power field of view. Most low-power fields have diameters of between 1,200 and 1,600 micrometers (1.2 and 1.6 millimeters). The diameter of a high-power field can be determined mathematically using a simple proportion as follows:

        
            
                
            

        

        To illustrate the use of this proportion, assume you are using a microscope with a 100× low-power magnification and a 400× high-power magnification. Direct measurement shows that the low-power field diameter is 1,200 micrometers (1.2 mm). The diameter of the high-power field is determined by substituting the known values into the formula and solving algebraically for the unknown value as follows.

        
            
            
        

        Indicators, Stains, Tools, and Safety

        The use of indicators and stains is also important for working in this field, as is a basic knowledge of the structure of the cell. Indicators are used to help determine the chemical composition of materials used in the laboratory. Common indicators include litmus (acid/base indicator), Benedict’s solution (simple sugar indicator), Lugol’s iodine (starch indicator), and bromthymol blue (carbon dioxide indicator). Stains are used to increase the contrast of cell organelles so that they can be viewed under the microscope more easily. See the Laboratory Skills section for additional information.

        Being able to use and accurately read a variety of different measuring tools, including metric rulers, thermometers, balances, and graduated cylinders, is important to good data collection. The techniques for using these measuring tools are best learned in the laboratory, where demonstration and practice will provide valuable teaching and learning opportunities. Students may wish to attempt to answer the practice questions that follow in conjunction with such practical laboratory experience. See the Laboratory Skills section for additional information.

        Finally, a good understanding of laboratory safety is essential for conduction laboratory work in any area of study. Like the use of measuring tools, laboratory safety is something that is best learned in practice. A few simple safety rules should always be followed, however. A sampling is shown below. See the Laboratory Skills section for additional information.

        
            	Always follow instructions given to you by your instructor and by your laboratory manual.

            	Never use laboratory equipment that is damaged or with which you are unfamiliar.

            	Never endanger yourself or others with dangerous horseplay in the laboratory.

            	Never touch, taste, or smell objects, chemicals, or solutions unless you know what they are and know they are safe.

            	Always wear protective eyewear when working with chemicals, hot liquids, or sharp tools.
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                            A biologist plans to spend a year investigating the mating behavior of a certain species of frog. To make meaningful observations, the biologist should observe

                    

                    
                        	
                            
                            a small number of frogs in their natural habitat

                        	
                            
                            a large number of frogs in their natural habitat

                        	
                            
                            several groups of frogs maintained in different temperatures in the laboratory

                        	
                            
                            several groups of frogs maintained on different diets in the laboratory

                    

                    
                

                	
                    
                        
                        In the diagram below, letter A represents the starting volume of liquid in a graduated cylinder. Letter B represents the volume after 8 milliliters of this liquid was removed.
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                        This information indicates that the scale on this graduated cylinder is in milliliter increments of

                    

                    
                        	
                            
                            1

                        	
                            
                            2

                        	
                            
                            8

                        	
                            
                            4

                    

                    
                

                	
                    
                    
                        
                            
                            Which sentence represents a hypothesis?

                    

                    
                        	
                            
                            Environmental conditions affect germination.

                        	
                            
                            Boil 100 milliliters of water, let it cool, and then add 10 seeds to the water.

                        	
                            
                            Is water depth in a lake related to available light in the water?

                        	
                            
                            A lamp, two beakers, and elodea plants are selected for the investigation.

                    

                    
                

                	
                    
                    
                        
                            
                            Zebra finches are small black-and-white birds that lay eggs about the size of a bean seed. Which unit of measurement is best for accurately measuring the length of these eggs?

                    

                    
                        	
                            
                            millimeters

                        	
                            
                            micrometers

                        	
                            
                            feet

                        	
                            
                            meters

                    

                    
                

                	
                    
                        
                        Each division of the metric ruler shown in the diagram below equals 1 millimeter.
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                        The diameter of the field of vision is approximately

                    

                    
                        	
                            
                            2,800 μm

                        	
                            
                            3,700 μm

                        	
                            
                            4,400 μm

                        	
                            
                            4,700 μm

                    

                    
                

                	
                    
                    
                        
                            
                            How does a control setup in an experiment differ from the other setups in the same experiment?

                    

                    
                        	
                            
                            It tests a different hypothesis.

                        	
                            
                            It has more variables.

                        	
                            
                            It differs in the one variable being tested.

                        	
                            
                            It utilizes a different method of data collection.

                    

                    
                

                	
                    
                    
                        
                            
                            When a test tube of water containing elodea (an aquatic plant) is placed near a bright light, the plant gives off gas bubbles. When the light is placed at different distances from the plant, the rate of bubbling is affected. The experimental variable in this demonstration is the

                    

                    
                        	
                            
                            concentration of gas in the water

                        	
                            
                            type of aquatic plant in the test tube

                        	
                            
                            amount of water in the test tube

                        	
                            
                            distance of the plant from the light

                    

                    
                

                	
                    
                    
                        
                            
                            Which procedure would be part of a laboratory investigation designed to determine if a specific nutrient is present in a food?

                    

                    
                        	
                            
                            Test a moist sample of the food with pH paper.

                        	
                            
                            Add Lugol’s iodine solution to a sample of the food.

                        	
                            
                            Place a sample of the food into a test tube containing methylene blue.

                        	
                            
                            Add bromthymol blue to a sample of the food.

                    

                    
                

                	
                    
                    
                        
                            
                            What is the first step of a scientific investigation?

                    

                    
                        	
                            
                            Perform the experiment.

                        	
                            
                            Analyze the experimental data.

                        	
                            
                            Formulate a hypothesis.

                        	
                            
                            State the problem.

                    

                    
                

                	
                    
                    
                        
                            
                            By using one or more complete sentences, state one safety procedure that a student should follow when dissecting a preserved frog.

                        __________________________________________

                    

                    
                

                	
                    
                    
                        
                            
                            A new drug for the treatment of asthma is tested on 100 people. The people are evenly divided into two groups. One group is given the drug and the other group is given a glucose pill. The group given the glucose pill serves as the

                    

                    
                        	
                            
                            experimental group

                        	
                            
                            limiting factor

                        	
                            
                            control

                        	
                            
                            indicator

                    

                    
                

                	
                    
                    
                        
                            
                            A scientific study showed that the depth at which algae were found in a lake varied from day to day. On clear days, the algae were found as much as 6 meters below the surface of the water but were only 1 meter below the surface on cloudy days. Which hypothesis best explains these observations?

                    

                    
                        	
                            
                            Light intensity affects the growth of algae.

                        	
                            
                            Wind currents affect the growth of algae.

                        	
                            
                            Nitrogen concentration affects the growth of algae.

                        	
                            
                            Precipitation affects the growth of algae.

                    

                    
                

                	
                    
                        
                        The diagram below represents a hydra as viewed with a compound light microscope.
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                        If the hydra moves toward the right side of the slide preparation, which diagram best represents what will be observed through the microscope?

                    

                    
                        	
                            
                            
                                [image: image]
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                        The diagram below represents two cells next to a metric measuring device as seen under low power with a compound light microscope.
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                        		What is the length of a nucleus of one of these cells?

                    

                    
                        	
                            
                            100 μm

                        	
                            
                            500 μm

                        	
                            
                            1,000 μm

                        	
                            
                            1,500 μm

                    

                    
                

                	
                    
                        
                        The diagram below represents measurements of two leaves.

                    
                        [image: image]
                    

                

                	
                    
                    
                        The difference in length between leaves A and B is closest to

                    

                    
                        	
                            
                            20 mm	

                        	
                            
                            20 cm	

                        	
                            
                            0.65 m

                        	
                            
                            1.6 μm
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                            2 The biologist should observe a large number of frogs in their natural habitat. The large sample will help to ensure the probability that the sample will be representative of the species’s behavior. Observing the frogs in their natural habitat will ensure that no unusual conditions exist that may influence how the frogs react to each other.

                        Wrong Choices Explained

                        (1) Observing a small number of frogs in their natural habitat will not ensure that a representative sample has been taken. If a few of the frogs in a small sample behave in an unusual way, they will represent a larger percentage of a small sample than they would of a large sample.

                        (3), (4) Observing several groups of frogs maintained in different temperatures in the laboratory or several groups of frogs maintained on different diets in the laboratory will introduce variables that interfere with the natural behaviors of the frogs. Changes in temperature or diet may affect the frogs’ behavior greatly, making the observations dependent on these experimental conditions instead of the natural factors that affect the frogs’ behavior.

                    



	

                        
                            
                            2 Counting the number of lines on the cylinder between the meniscus at A and the meniscus at B yields the number 4. Since a total of 8 milliliters was removed, the graduations on the cylinder must be 2 milliliters each. 

                        Wrong Choices Explained

                        (1) Graduations of 1 milliliter would yield eight lines with the removal of 8 milliliters from the cylinder.

                        (3) Graduations of 8 milliliters would yield one line with the removal of 8 milliliters from the cylinder.

                        (4) Graduations of 4 milliliters would yield two lines with the removal of 8 milliliters from the cylinder.

                    



	

                        
                            
                            1 The statement environmental conditions affect germination represents a hypothesis. This statement contains a belief about the outcome of an investigation in which a dependent variable (germination) is changed by an experimental variable (environmental conditions). Although very general, the statement still predicts an outcome and therefore meets the definition of a hypothesis.

                        Wrong Choices Explained

                        (2) The statement boil 100 milliliters of water, let it cool, and then add ten seeds to the water represents an experimental procedure, not a hypothesis.

                        (3) The statement is water depth in a lake related to available light in the water? represents an experimental question, not a hypothesis. 

                        (4) The statement a lamp, two beakers, and elodea plants are selected for the investigation represents a materials list for an experiment, not a hypothesis.

                    



	

                        
                            
                            1 The millimeter is the unit of measure most appropriate to perform this measurement. About 25.4 millimeters make up one inch.

                        Wrong Choices Explained

                        (2) The micrometer is a unit of measure used to describe the sizes of very small objects, such as cell organelles. It is not an appropriate unit of measure for an object of this size.

                        (3), (4) The foot and the meter are too large to be used to measure an object of this size, since the measurements would be fractional.

                    



	

                        
                            
                            2 A millimeter is made up of 1,000 micrometers. The number of whole millimeters shown in the diagram is 3 (3,000 micrometers). The amount of distance left to the right of the third millimeter is a little larger than half of a millimeter (about 70 micrometers). The total distance across the diameter, therefore, is approximately 3,700 micrometers. (HINT: remember to count as 1,000 micrometers the distance from the left edge of one millimeter mark to the left edge of the next millimeter mark.)

                        Wrong Choices Explained

                        (1), (3), (4) Each of these distracters has been chosen to catch the unwary student. Count carefully and mark on the test booklet if that will assist you.

                    



	

                        3 It differs in the one variable being tested is the way that the control setup differs from the experimental setups in the same experiment. In all other respects, it is identical to the experimental setups. For example, in an experiment testing how varying concentrations of enzymes affect the rate of hydrolysis of a substrate, an appropriate control would be a setup containing water, only, but identical to the experimental tubes in all other respects. This control assures that the water in which the enzyme is dissolved has no effect on the hydrolytic action.

                        Wrong Choices Explained

                        (1), (2), (4) The statements it tests a different hypothesis, it has more variables, and it utilizes a different method of data collection are not true of a control group in a properly designed experiment. The experimental design should seek to eliminate the differences between the experimental setups and the control setup. The more variables and differences between the control and experimental setups, the less reliable the results of, and the conclusions drawn from, the experiment.

                    



	

                        
                            
                            4                       The experimental variable is the condition changed (varied) by the experimenter. In this experiment, the condition varied is the distance of the plant from light.

                        Wrong Choices Explained

                        (1) No measure is being made of the concentration of gas in the water. If this condition is changing, it is incidental to the experiment.

                        (2) The aquatic plant type, in this case elodea, is a constant in the experiment as described.

                        (3) No measure is made of the amount of water in the test tube. If this condition is changing, it is incidental to the experiment.

                    



	

                        
                            
                            2                      Lugol’s solution will test for the presence of starch in foods. It turns blue black in the presence of starch.

                        Wrong Choices Explained

                        (1) pH paper is used to test how acidic or alkaline a solution is.

                        (3) Methylene blue is a commonly used stain in preparing wet-mount microscope slides.

                        (4) Bromthymol blue is used to detect the presence of carbon dioxide in a solution.

                    



	

                        
                            
                            4                         Before a scientist begins to study a natural phenomenon, he/she must first pose a question to be answered or a problem to be solved. If this step is skipped, much time is wasted in the laboratory studying factors that may have no direct bearing on the object of study. 

                        Wrong Choices Explained

                        (1), (2), (3) An appropriate sequence for conducting a scientific investigation is as follows:

                        
                            	state the problem

                            	
formulate a hypothesis (educated guess)

                            	define the experimental method

                            	perform the experiment

                            	gather experimental data

                            	analyze the experimental data

                            	draw inferences

                        

                    



	
                    
                    
                    
                        
                            
                            Goggles should be worn. OR Gloves should be worn. OR The student should take care not to touch the sharp scalpel to his skin. 

                        (NOTE: The preceding answers represent acceptable responses. Other complete-sentence responses are acceptable as long as they give correct information.)

                    

                

	

                        
                            
                            3                     The control group in an experiment duplicates all aspects of the experiment except the independent variable (the variable being tested). In this case, the drug is the independent variable, so the group given pills without the drug, but with glucose, is considered the control group.

                        Wrong Choices Explained

                        (1) The experimental group is the group that receives pills containing the drug rather than pills containing glucose.

                        (2) The term limiting factor relates to environmental conditions that limit the survival of individuals or populations.

                        (4) An indicator is a chemical that helps to determine the chemical characteristics of biological samples. Examples of indicators include bromthymol blue and litmus.

                    



	

                        
                            
                            1                      Of those given, the hypothesis light intensity affects the growth of algae best explains the observations reported. The intensity of natural light affects the depth to which it can penetrate the lake water. Algae can photosynthesize only in the presence of adequate light intensity. Therefore, we are led to the conclusion that the presence (or growth) of algae depends on the degree to which light is available (its intensity) in the environment.

                        Wrong Choices Explained

                        (2) The hypothesis wind currents affect the growth of algae has no basis for support in the reported observations. Not only is wind not mentioned as a variable, but logical analysis of the situation would indicate that wind is unlikely to directly affect algae 1 to 6 meters below the surface of the lake.

                        (3) The hypothesis nitrogen concentration affects the growth of algae has no basis for support in the reported observations. Nitrogen concentration is not mentioned as a variable in this experiment.

                        (4) The hypothesis precipitation affects the growth of algae has no basis for support in the reported observations. Precipitation is not mentioned as a variable in this experiment.

                    



	

                        
                            
                            
                                2                       Diagram 2 illustrates how the hydra will appear to move under the compound light microscope. The optics of this instrument invert the image of what is seen in the field of view, so that everything appears upside down. As the hydra moves right, its image will appear to move left. If the hydra moves away from the observer, its image will appear to move toward the observer, and so on.

                        Wrong Choices Explained

                        (1), (3), (4) These diagrams all represent incorrect illustrations of how the image will move in the field of view under the conditions stipulated.

                    



	

                        
                            
                            1 The approximate length of a nucleus of one of these cells is 100 μm. Two nuclei are visible as dark ovals within each of the two cells illustrated. Care should be taken to read the question carefully so that the correct object is measured.

                        Wrong Choices Explained

                        (2) 500 μm is the approximate length of one cell.

                        (3) 1,000 μm is the approximate length of both cells end to end.

                        (4) 1,500 μm is the approximate diameter of the field of view (actually closer to 1,600 μm).

                    



	

                        
                            
                            1 The difference in length between leaves A and B is closest to 20 mm. Leaf A is approximately 55 mm long, while leaf B is approximately 33 mm long. The difference, 22 mm, is closest to 20 mm.

                        Wrong Choices Explained

                        (2) 20 cm is ten times the correct measurement. Students should take care that the correct units are used in determining the lengths of these specimens.

                        (3) 0.65 m is a measurement equal to 650 cm or 6,500 mm (more than 2 feet) in length. These specimens are much smaller than this measurement.

                        (4) 1.6 μm is a measurement equal to 0.0016 mm or 0.00016 cm. These specimens are much larger than this measurement.

                    







        III. Analysis of Testing Results

        
            Key Idea 3—Analysis in Scientific Inquiry

            The observations made while testing proposed explanations, when analyzed using conventional and invented methods, provide new insights into natural phenomena.

        

        Essential Question:

        
            	What are the different ways that scientists analyze scientific data?

        

        Good, objective data analysis is very important to the scientific method of inquiry. The raw data from an investigation may be extensive, so proper organization and presentation of that data is important. Analysis of this data allows the researcher to compare experimental results against predicted results, to perform additional research, and finally to report confidently on the results of the research. The following section discusses the last five steps involved in data analysis.

        
            	
                
                Organize data in a manner that facilitates analysis.

            	
                
                Analyze data to identify trends and points of focus.

            	
                
                Summarize the data into a conclusion that answers the experimental question.

            	
                
                Propose and/or conduct additional research.

            	
                
                Report on the results of the investigation.

        

        By following this design, the researcher is able to analyze effectively and report on the results of an experiment. This organization and analysis follows certain conventions, allowing researchers from different parts of the world to understand each other’s work.

        Organization of Data

        Essential Question:

        
            	How can tables, charts, and graphs of data help to illustrate the findings of a scientific inquiry?

        

        Performance Indicator 1.3.1  The student should be able to use various methods of representing and organizing observations (for example, diagrams, tables, charts, graphs, equations, matrices) and insightfully interpret the organized data.

        Diagrams of observational data can be important for certain kinds of investigations, such as those carried out with the help of the compound microscope. The researcher focuses on the components being studied and sketches his/her interpretations of what is seen. The researcher emphasizes the details pertaining to the study at hand. Diagrams must be accurately labeled to be useful in research. An important skill to be used with this method is estimating the sizes in micrometers (μm) of microscopic objects when seen in the low-power and high-power fields.

        Charts or tables are appropriate for presenting many kinds of data. These grids have the experimental variable presented in ascending order on the left side of the chart or table and the dependent variable labeled at the top. The dependent variable values are placed next to the corresponding experimental variable data. A data matrix operates in much the same way. It organizes data by category for ease of comparison.

        When data elements relate to each other in complex ways, representing the data as mathematical equations is sometimes preferred. Such equations are derived only after extensive field and laboratory study have supplied extensive data that supports the mathematical model.

        Often, a graphic representation of the data will aid in its interpretation, especially where trends are clearly identifiable. Selecting the kind of graph that will best illustrate the data being analyzed is important. A line graph is useful when both experimental variable and dependent variable are numerical. A bar graph is used when the experimental variable cannot be expressed as a number but the dependent variable can be. Pie graphs are useful for depicting data that adds up to 100 percent of some value. Appropriately title the graph in each graph style. Label and scale the axes in line and bar graphs. Accurately plot data points in line and bar graphs or determine percentage sections in pie graphs. Connect points in line graphs, complete bars in bar graphs or complete sections in pie graphs.

        From these depictions of the data, seeing broad trends that would not be obvious if the data were not organized in chart or graphic formats becomes possible. By studying the trends in these data elements, researchers are able to develop new and more accurate hypotheses. These hypotheses are then tested using the scientific method of inquiry. With further data to review, researchers can make generalizations, draw inferences and conclusions, and formulate explanations of natural phenomena. At this point, the research is considered to have added new knowledge to science.

        Statistical Analysis of Data

        Essential Question:

        
            	How do scientists measure the accuracy of the results of their own experiments?

        

        Performance Indicator 1.3.2  The student should be able to apply statistical analysis techniques when appropriate to test if chance alone explains results. 

        One of the simplest statistical methods used in science is calculating the percentage of error. In this method, the value obtained in the laboratory investigation is compared with the result expected through a mathematical formula. The difference between these values is divided by the expected value, and the result multiplied by 100 to obtain the percentage of error in the experiment. The researcher should always speculate on the probable causes of the percentage of error. These causes generally fall into three categories: (1) experimenter error (the researcher fails to follow proper procedure), (2) instrument error (the laboratory equipment introduces error by being inaccurate), or (3) calculation error (calculating the values used in the experiment is inaccurate or rounded inappropriately).

        A slightly more complex method used to determine whether the data is valid within statistical norms is the test of statistical significance. The accuracy of any investigation depends on the size of the experimental sample being taken. Small samples often yield unreliable results, while large samples tend to yield more reliable results when probabilities are involved. The test of statistical significance compares what is expected according to probability against results obtained in the laboratory in the light of the size of the sample taken. Specific examples of tests of statistical significance are beyond the scope of this course of study, but may be implemented at the local level as necessary.

        Summary and Conclusion

        Essential Question:

        
            	How does a scientist draw inferences and conclusions based on data?

        

        Performance Indicator 1.3.3  The student should be able to assess correspondence between the predicted result contained in the hypothesis and the actual result.

        The student should reach a conclusion as to whether the explanation on which the prediction was based is supported. After conducting a well-designed experiment with appropriate controls; having collected, organized, and objectively analyzed data; and determining the reliability of this data, the researcher is then ready to summarize his/her findings in the form of a conclusion. In its simplest form, the conclusion restates the experimental question and hypothesis. Then it objectively assesses the accuracy of that hypothesis in light of the data presented. If the hypothesis and the experimental results closely correspond, the conclusion should then go on to examine whether the results were produced in a manner that follows the logic used by the researcher in developing the hypothesis. In a well-researched investigation, both the hypothesis and the logic behind it should be reasonably accurate.

        When a hypothesis is not supported by the experimental evidence, the conclusion should state that fact. The scientist should examine the literature review, experimental technique, and data analysis to try to detect flaws in the methodology used. Some fundamental omission in the literature review may have lead to the incorrect hypothesis. The techniques used may have been flawed, producing inaccurate data. The organization and analysis of the data may have been insufficient to permit trends to be appropriately identified. Far from being viewed as a failure, this situation is used by professional scientists to stimulate new questioning, additional research, and honed data analysis. Eventually, better results are obtained.

        Additional Research

        Essential Question:

        
            	How does one experiment lead to another once results are known?

        

        Performance Indicator 1.3.4  The student should be able to revise the explanation and contemplate additional research based on the results of the test and through public discussion.

        Investigations in science do not always work out as predicted. Frequently, the results vary in some way from those anticipated in the hypothesis. When this happens, a competent researcher will use the opportunity to examine the experiment, make improvements, and conduct further research. Performing additional research is basic to the pursuit of scientific knowledge.

        Hypotheses, even if found to be untrue, are valuable because they help to stimulate further investigation. As a part of the investigation, the researcher makes an objective judgment as to the accuracy of his/her hypothesis. If it is substantially correct, the hypothesis may add measurably to the information available to answer the question asked. Instead, it may take a partially answered question to new levels of understanding. If incorrect, the hypothesis leads the researcher to question the premise upon which the hypothesis was based, reexamine the literature for possible misinterpretation, and review the methods used to conduct the experiment. After performing this review, the researcher may well enter into a new round of experimentation to address any deficiencies found.

        Claims should be questioned if the data are based on samples that are very small, biased, or inadequately controlled or if the conclusions are based on the faulty, incomplete, or misleading use of numbers. Claims should be questioned if the experimental design is not consistent with generally accepted experimental procedure. If samples are small or unrepresentative, the data collected may not fairly represent the population as a whole, leading to skewed results. If the data are biased or slanted to match the researcher’s hypothesis, the objectivity of the entire investigation is called into question. Since science is based on objective interpretation of data, bias invalidates the inferences drawn from such experiments.

        If the experimental method is flawed (uses inappropriate tools or techniques), the data will be meaningless and not able to answer the question. An experiment that lacks appropriate controls (allows multiple variables to operate) does not allow the researcher to determine which variable is at work in producing the results reported. If data analysis is not accurate and objective, but rather is faulty, incomplete, or misleading, then trends in the data may be difficult or impossible to identify and project beyond the limited scope of the experiment. Conclusions drawn from flawed data or flawed data analysis are invalid since the basis of all science is objective data.

        
            [image: image]
        

        Claims should be questioned if fact and opinion are intermingled, if adequate evidence is not cited, or if the conclusions do not follow logically from the evidence given. Claims should be questioned if the data and its analysis are not objective in nature. If fact is mingled with opinion when reporting results, if adequate evidence is not cited, or if the conclusions do not follow logically from the evidence provided, be skeptical of the validity of the experiment. These flaws call into question the objectivity and completeness of the data collection and data analysis procedures. Good science is not based on opinion but on factual evidence. This evidence must be collected in sufficient quantity so it can provide a firm foundation for the conclusions drawn analyzing it. Conclusions must come from an objective analysis of the data collected and presented. Those that seem to ignore or make peripheral use of the data are immediately suspect and should be discarded.

        Report of Experimental Results

        Essential Question:

        
            	What are the appropriate ways to present the findings of a scientific investigation?

        

        Performance Indicator 1.3.5  The student should be able to develop a written report for public scrutiny that describes the proposed explanation, including a literature review, the research carried out, its result, and suggestions for further research.

        When scientific investigation results in valid conclusions, the researcher may choose to summarize his/her findings in a written report. If the findings are of sufficient significance, the report may be published in a professional journal or other medium for review by other researchers and the general public.

        Repeatability

        One assumption of science is that other individuals could arrive at the same explanation if they had access to similar evidence. Scientists make the results of their investigations public; they should describe the investigations in ways that enable others to repeat the investigations. A major assumption of professional science is that other researchers, by following the explicit descriptions found in such a report, could arrive at the same results as those reached in the original study.

        A scientific report should accurately and clearly summarize the literature examined when formulating the hypothesis, describe the methods used in designing and carrying out the investigation, present the data and its analysis in an organized fashion, state the conclusions drawn from this analysis, and suggest additional research to carry the investigation further. These items must be described in sufficient detail to allow others to duplicate the experiment in their own laboratories. If this is done and the same results are obtained, the additional research helps to validate the original investigation. If this is done but different results are obtained, doubt is cast on the original investigation and its conclusions.

        Peer Review

        Scientists use peer review to evaluate the results of scientific investigations and the explanations proposed by other scientists. They analyze the experimental procedures, examine the evidence, identify faulty reasoning, point out statements that go beyond the evidence, and suggest alternative explanations for the same observations. Peer review either lends support to, or helps to discredit, the reported investigation. It also guides the researcher in the investigation’s design, execution, analysis, and reporting.

        Peer review may be able to offer alternative explanations not presented by the researcher. Such peer review is meant to strengthen the quality of scientific inquiry and reporting. As this quality improves, so does the body of useful knowledge available to the public.

    
        
            
                Question Set 1.2—Analysis  of Testing Results 

                                                  
                
                
                
                
                
                
                
                


                

                

            

            
            	

            	
                1–4. Base your answers to questions 1 through 4 on the information and data table below and on your knowledge of biology. The table shows the average systolic and diastolic blood pressure measured in millimeters of mercury (Hg) for humans between the ages of 2 and 14 years.

                Data Table

                
                    

                    
                        
                        
                        
                            
                                	
                                	Average Blood Pressure (mm of Hg)
                            

                        
                        
                            
                                	Age
                                	Systolic
                                	Diastolic
                            

                            
                                	2
                                	100
                                	60
                            

                            
                                	6
                                	101
                                	64
                            

                            
                                	10
                                	110
                                	72
                            

                            
                                	14
                                	119
                                	76
                            

                        
                    

                

            

            	
                Directions (1–4)

                By using the information in the data table, construct a line graph on the grid provided, following the directions below.

                
            

             
                	
                    
                    
                        
                            
                            Mark an appropriate scale on each labeled axis.

                    

                    
                

                	
                    
                    
                        
                            
                            Plot the data for systolic blood pressure on your graph. Surround each point with a small triangle, and connect the points.

                        
                            [image: image]
                        

                    

                    
                

                	
                    
                    
                        
                            
                            Plot the data for diastolic blood pressure on your graph. Surround each point with a small circle, and connect the points.

                        
                            [image: image]
                        

                        
                            [image: image]
                        

                    

                    
                    
                

                	
                    
                    
                        
                            
                            By using one or more complete sentences, state one conclusion that compares systolic blood pressure with diastolic blood pressure in humans between the ages of 2 and 14 years.

                        _______________________________________

                    

                    




                	
                    
                    
                        
                            
                            The graph below shows the results of an experiment.

                        
                            [image: image]
                        

                    

                    
                        At 16°C, what percentage of the brook trout reached maximum size?

                    

                    
                        	
                            
                            30%

                        	
                            
                            55%

                        	
                            
                            75%

                        	
                            
                            95%

                    

                    
                

                	
                    
                    
                        
                            
                            An experiment is represented in the diagram below.

                        
                            [image: image]
                        

                    

                    
                        An inference that can be made from this experiment is that

                    

                    
                        	
                            
                            adult frog B will have the same genetic traits as the tadpole

                        	
                            
                            adult frog A can develop from only an egg and a sperm

                        	
                            
                            fertilization must occur in order for frog eggs to develop into adult frogs

                        	
                            
                            the nucleus of a body cell fails to function when transferred to other cell types

                    

                    
                

                	
                    
                    
                        
                            
                            The charts below show the relationship of recommended weight to height in men and women age 25–29.

                        
                            [image: image]
                        

                    

                    
                        The recommended weight for a 6'0" man with a small frame is closest to that of a

                    

                    
                        	
                            
                            5'10" man with a medium frame

                        	
                            
                            5'9" woman with a large frame

                        	
                            
                            6'0" man with a medium frame

                        	
                            
                            6'0" woman with a medium frame

                    

                    
                

	

                
                	
                    8–11. Base your answers to questions 8 through 11 on the information below and on your knowledge of biology.

                    A group of biology students extracted the photosynthetic pigments from spinach leaves using the solvent acetone. A spectrophotometer was used to measure the percent absorption of six different wavelengths of light by the extracted pigments. The wavelengths of light were measured in units known as nanometers (nm). One nanometer is equal to one-billionth of a meter.  The following data were collected:

                    
                        	yellow light (585 nm)—25.8% absorption

                        	blue light (457 nm)—49.8% absorption

                        	orange light (616 nm)—32.1% absorption

                        	violet light (412 nm)—49.8% absorption

                        	red light (674 nm)—41.0% absorption

                        	green light (533 nm)—17.8% absorption

                        
                    

                    
                

                	
                    
                    
                        
                            
                            Complete all three columns in the data table below so that the wavelength of light either increases or decreases from the top to the bottom of the data table.

                        
                            

                            
                                
                                    
                                        	Color of Light
                                        	Wavelength of Light (nm)
                                        	Percent Absorption

                                            by Spinach Extract
                                    

                                
                                
                                    
                                        	 
                                        	 
                                        	 
                                    

                                    
                                        	 
                                        	 
                                        	 
                                    

                                    
                                        	 
                                        	 
                                        	 
                                    

                                    
                                        	 
                                        	 
                                        	 
                                    

                                    
                                        	 
                                        	 
                                        	 
                                    

                                    
                                        	 
                                        	 
                                        	 
                                    

                                
                            

                        

                    

                    
                    
                

                	
                    Directions (9–10): By using the information in the data table, construct a line graph on the grid provided, following the directions below.

                

                	
                    
                    
                        
                            
                            Mark an appropriate scale on the axis labeled “Percent Absorption.”

                    

                    
                    
                

                	
                    
                    
                        
                            
                            Plot the data from the data table on your graph. Surround each point with a small circle, and connect the points.

                        
                            [image: image]
                        

                    

                    
                    
                

                	
                    
                    
                        
                            
                            Which statement is a valid conclusion that can be drawn from the data obtained in this investigation?

                    

                    
                        	
                            
                            Photosynthetic pigments in spinach plants absorb blue and violet light more efficiently than red light.

                        	
                            
                            The data would be the same for all pigments in spinach plants.

                        	
                            
                            Green and yellow light are not absorbed by spinach plants.

                        	
                            
                            All plants are efficient at absorbing violet and red light.

                    

                    




                	
                    
                    
                        
                            
                            The graph below represents the results of an investigation of the growth of three identical bacterial cultures incubated at different temperatures.

                        
                            [image: image]
                        

                    

                    
                        Which inference can be made from this graph?

                    

                    
                        	
                            
                            Temperature is unrelated to the reproductive rate of bacteria.

                        	
                            
                            Bacteria cannot grow at a temperature of 5°C.

                        	
                            
                            Life activities in bacteria slow down at high temperatures.

                        	
                            
                            Refrigeration will most likely slow the growth of these bacteria.

                    

                    
                

                	
                    
                    
                        
                            
                            A study was conducted using two groups of ten plants of the same species. During the study, the plants were placed in identical environmental conditions. The plants in one group were given a growth solution every 3 days. The heights of the plants in both groups were recorded at the beginning of the study and at the end of a 3-week period. The data showed that the plants given the growth solution grew faster than those not given the solution.

                    

                    
                        When other researchers conduct this study to test the accuracy of the results, they should

                    

                    
                        	
                            
                            give growth solution to both groups

                        	
                            
                            make sure that the conditions are identical to those in the first study

                        	
                            
                            give an increased amount of light to both groups of plants

                        	
                            
                            double the amount of growth solution given to the first group

                    

                    
                

                	
                    
                    
                        
                            
                            Worker bees acting as scouts are able to communicate the distance of a food supply from the hive by performing a waggle dance. The graph below shows the relationship between the distance of a food supply from the hive and the number of turns in the waggle dance every 15 seconds.

                        
                            [image: image]
                        

                    

                    
                        By using one or more complete sentences, state the relationship between the distance of the food supply from the hive and the number of turns the bee performs in the waggle dance every 15 seconds.

                        _________________________________________

                    

                    
                

                	
                    
                    
                        
                            
                            Based on experimental results, a biologist in a laboratory reports a new discovery. If the experimental results are valid, biologists in other laboratories should be able to perform

                    

                    
                        	
                            
                            an experiment with a different variable and obtain the same results

                        	
                            
                            the same experiment and obtain different results

                        	
                            
                            the same experiment and obtain the same results

                        	
                            
                            an experiment under different conditions and obtain the same results
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                            Systolic pressure is higher than diastolic pressure. OR Both systolic pressure and diastolic pressure increase between the ages of 2 and 14. 

                        (NOTE: Other correct, complete-sentence responses are acceptable.)

                    



	

                        
                            
                            
                                4 Brook trout growth is represented by the lighter solid line in the graph. By tracing along the horizontal axis to 16°C and then tracing up to the point at which the brook trout line is encountered, we see that the growth rate is between 80% and 100% but closer to 100%. Estimate about 95%.

                        Wrong Choices Explained

                        (1) Brook trout growth rate is at 30% when the water temperature is about 18°C. Largemouth bass growth rate is about 30% at 16°C.

                        (2) None of the species indicated have growth rates of 55% at 16°C. Brook trout growth rate is at 55% at about 17.5°C.

                        (3) Brook trout growth rate falls to 75% at about 17°C. The growth rate of northern pike is at 75% at about 16°C.

                    



	

                        
                            
                            1 The diagram represents an experiment in cloning. Since the nucleus (which contains the genetic material) used in this experiment comes from a tadpole, the egg will produce new cells that have genetic characteristics identical to those of the tadpole.

                        Wrong Choices Explained

                        (2) It is unclear from this diagram how frog A came into being.

                        (3) This conclusion is refuted by the results of this experiment; a new frog was created without the use of fertilization.

                        (4) This conclusion is refuted by the results of this experiment. The tadpole nucleus was taken from an intestinal cell, which is a body cell.

                    



	

                        
                            
                            4 The chart on the left shows that a man 6'0" tall with a small frame has an ideal weight range of 149–160 pounds. Of the choices given, the closest comparison can be made to the ideal weight range of a 6'0" woman with a medium frame at 148–162 pounds.

                        Wrong Choices Explained

                        (1) The weight range shown for a 5'10" man with a medium frame is 151–163 pounds.

                        (2) The weight range shown for a 5'9" woman with a large frame is 149–170 pounds.

                        (3) The weight range shown for a 6'0" man with a medium frame is 157–170 pounds.

                    



	
                    
                    
                    
                    
                        
                        
                            

                            
                                
                                    
                                        	Color of Light
                                        	Wavelength of Light (nm)
                                        	Percent Absorption

                                            by Spinach Extract
                                    

                                
                                
                                    
                                        	Violet
                                        	412
                                        	49.8
                                    

                                    
                                        	Blue
                                        	457
                                        	49.8
                                    

                                    
                                        	Green
                                        	533
                                        	17.8
                                    

                                    
                                        	Yellow
                                        	585
                                        	25.8
                                    

                                    
                                        	Orange
                                        	616
                                        	32.1
                                    

                                    
                                        	Red
                                        	674
                                        	41.0
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                            1 The statement photosynthetic pigments in spinach plants absorb blue light and violet light more efficiently than red light is a valid conclusion that can be drawn from the data. The high point of the chart/graph data is very clearly shown to be over the blue and violet wavelengths of light.

                        Wrong Choices Explained

                        (2) The statement the data would be the same for all pigments in spinach plants is not supported by the results of this experiment. The chart/graph data show considerable variation in the experimental results as the wavelength of light varies.

                        (3) The statement green and yellow light are not absorbed by spinach plants is not supported by the results of this experiment. Although the chart/graph data show a lower absorption rate in these wavelengths, there is still some absorption in this range.

                        (4) The statement all plants are efficient at absorbing violet and red light is not supported by the results of this experiment. The experimental data is limited to the absorption of light by pigments found in one type of plant. This data cannot be extended to all plants unless all other types of plants are tested under the same experimental conditions and the results are found to be similar.

                    



	

                        
                            
                            4 Of those given, refrigeration will most likely slow the growth of these bacteria is the most reasonable inference that can be made from the graph data. The graph clearly shows a slower rate of growth (reproduction) at 5°C than at either 10°C or 15°C.

                        Wrong Choices Explained

                        (1) The inference that temperature is unrelated to reproductive rate of bacteria is not supported by the data. Temperature is the independent (experimental) variable in this study. It clearly has an influence on the bacterial reproductive rate.

                        (2) The inference that bacteria cannot grow at a temperature of 5°C is not supported by the data. The graph clearly shows that growth at this temperature, while slow, occurs at a steady pace.

                        (3) The inference that life activities in bacteria slow down at high temperatures is not supported by the data. The data indicates that, if anything, bacterial activity increases with increasing temperature. No data is shown for bacterial growth under temperatures above 15°C, so we cannot draw any inference about what will happen to the rate of bacterial growth at these extremes.

                    



	

                        
                            
                            2 These researchers should make sure the conditions are identical to those in the first study. The validity of any scientific experiment can be verified only if the same results are obtained under the same experimental conditions. Any change in these conditions will invalidate the results of the verification study.

                        Wrong Choices Explained

                        (1) If the researchers give growth solution to both groups, there will be no control group against which to compare the experimental group. The results of the verification study will be invalid since experimental conditions will have changed.

                        (3) If the researchers give an increased amount of light to both groups of plants, the original experimental method will be altered. The results of the verification study will be invalid since experimental conditions will have changed.

                        (4) If the researchers double the amount of growth solution given to the first group, the original experimental method will not be followed. The results of the verification study will be invalid since experimental conditions will have changed.

                    



	
                    
                    
                    
                    
                        
                            
                            130. The number of turns in the waggle dance decreases as the distance of the food supply from the hive increases. OR The closer to the hive the food source is located, the more turns there are in the waggle dance. 

                        (Note: Any correct, complete-sentence answer is acceptable.)

                    

                

	

                         3 Other biologists in other laboratories should be able to perform the same experiment and obtain the same results if the experimental results are valid. Any experimental results obtained by one scientist must be validated by independent research by other scientists following the same procedures.

                        Wrong Choices Explained

                        (1), (4) If different scientists perform an experiment with a different variable and obtain the same results or an experiment under different conditions and obtain the same results, they will have neither validated nor invalidated the results of the original experiment. All variables and conditions must be kept the same if the experimental results are to be properly tested.

                        (2) If different scientists perform the same experiment and obtain different results, the original experimental results will have been invalidated.

                    







        IV. Laboratory Requirements for Part D

        New York State’s biology students are required to complete four state-developed laboratory activities as part of their laboratory experience.

        In addition to performing these laboratory activities and completing laboratory reports on your findings for each of them, you will be expected to answer questions concerning them on the Living Environment Regents examination, Part D. Following this section are practice questions and answers based on the first four of these required laboratory activities as known at the time of this publication.

        Required Laboratory: The Beaks of Finches 

        This laboratory exercise explores the competitive advantages of beak sizes and shapes by means of a simulation activity. You are asked to examine a variety of common tools with which to pick up seeds of different sizes and to predict which tools will prove most and least effective in picking up a particular seed.

        In the data collection portion of the experiment, you and your partner will use the tool assigned to you to pick up seeds over four equal-length time trials. You are asked to record on a data chart the number of seeds picked up during each trial.

        In a variation of the data-collection process described above, you and your partner will join other lab teams to compare the effectiveness of your assigned tool against those of the other teams.

        By completing this laboratory activity, you will be able to:

        
            	Describe how structural differences in beak shape may affect the survival rate of members of a species;

            	Analyze the role of competition for limited resources in the survival of members of a species with varying beak shapes;

            	Comprehend how environmental conditions act to select favorable variations within a species;

            	Draw inferences and conclusions concerning the accuracy of your hypothesis.

        

        Required Laboratory: Relationships and Biodiversity

        This laboratory exercise helps you to explore similarities and differences among different plant species. You will carry out observations of the gross and microscopic anatomical features, chemical characteristics, and genetic makeup of four simulated plant species.

        Based on your observations of anatomical features, you will be expected to develop a hypothesis concerning the species that is most similar to a hypothetical species, Botana curus. You and your lab partner will then conduct a number of tests, including chromatography, use of indicators, gel electrophoresis, and genetic sequencing, to test your hypothesis.

        As a result of completing this activity you should be able to:

        
            	Accurately predict the relative degree of relatedness of two or more plant species based on their anatomical features;

            	Analyze the results of several laboratory tests to determine the biochemical relatedness of two or more plant species;

            	Draw inferences and conclusions concerning the accuracy of your hypothesis.

        

        Required Laboratory: Making Connections 

        In this laboratory activity, you and your lab partner will explore the reactions of the human body to fatigue. An important skill needed for this activity is the ability to accurately take another person’s pulse. Once you have mastered this skill, you will be asked to use it as one of your primary data-collection techniques.

        You are asked first to determine your average resting pulse rate. This data will become the “baseline” data for your experiment. You will then be expected to pool this data with that of the rest of your class and to represent class data graphically on a histogram.

        In the next segment of the laboratory, you are asked to gather data about the effect of fatigue on muscle performance. Squeezing a clothespin repeatedly is the measurable activity.

        Finally, you will be presented with hypothetical conflicting claims concerning the relationship between exercise and the rate at which a clothespin can be squeezed. You and your lab partner are asked to develop a hypothesis concerning which of these claims you believe to be true. You will then be expected to design a scientific experiment to test your hypothesis.

        As a result of completing this experiment you will be able to:

        
            	Accurately determine the pulse rate of another person;

            	Collect, organize, and analyze class data on average pulse rate;

            	Develop a hypothesis concerning the effect of exercise on muscle performance;

            	Design and carry out an experiment to test your hypothesis;

            	Draw inferences and conclusions concerning the accuracy of your hypothesis;

            	Synthesize a report of your findings and present it to the class.

        

        Required Laboratory: Diffusion Through a Membrane

        This laboratory experience involves the creation of a simulated “cell” from dialysis tubing and some simple mixtures of common substances. The cell you create will behave in much the same way as a real cell. Like a real cell, it will contain a mixture of complex organic molecules suspended or dissolved in water. Like a cell membrane, the dialysis tubing will be a semipermeable membrane, allowing some substances to pass through and others not.

        Once constructed, the cell will be subjected to two chemical tests to determine the nature of its semipermeability.  These tests will involve the use of indicator solutions that indicate the presence of either glucose (blue-colored Benedict’s solution) or starch (tan-colored Lugol’s solution).

        In the second part of the experiment, you will be asked to investigate the nature of a special kind of diffusion known as osmosis (the diffusion of water).  You and your lab partner will place living cells in a solution containing dissolved salt.  Your observations will help you to understand the nature of osmosis in living tissues.

        By the time you complete this activity you should be able to:

        
            	Demonstrate the use of chemical indicators to identify substances dissolved or suspended in water;

            	Explain diffusion and osmosis as they relate to semipermeable membranes;

            	Describe how the various chemical substances used in this experiment diffused in or out of the semipermeable cell constructed from dialysis tubing.

        

        Required Laboratory: Adaptations for Reproductive Success in Flowering Plants

        No information was available about the details of this laboratory activity at the time of this revision. Presumably, this laboratory will deal with the structure and function of the flower as a reproductive structure found in many plant species.

        Required Laboratory: DNA Technology 

        No information was available about the details of this laboratory activity at the time of this revision. Presumably, this laboratory will deal with the various techniques used to analyze the structure and function of DNA.

        Required Laboratory: Environmental Conditions and Seed Germination 

        No information was available about the details of this laboratory activity at the time of this revision. Presumably, this laboratory will deal with how environmental conditions such as temperature, moisture, and oxygen affect the germination of seeds of various types.

    
        
            
                Question Set 1.3—Part D Required Laboratory Experiences 

                                                  
                
                
                
                
                
                
                
                


                

                

            

            
                
	

                
                	
                    Base your answers to questions 1 through 3 on the diagram below which represents various finch species on the Galapagos Islands, your specific knowledge of the laboratory entitled “The Beaks of Finches,” and your general knowledge of biology.

                    
                        [image: image]
                        
                            — from Galapagos: A Natural History Guide
                        

                    

                    
                

                	
                    
                    
                        
                            
                            An isolated island in the Galapagos supports four native finch species. These species are the large ground finch, the large tree finch, the small ground finch, and the small tree finch. A new species (the sharp-billed ground finch) is introduced to the island. Which of the native species will be most strongly affected by the introduction of the sharp-billed ground finch, and how will it be affected? In your answer, be sure to include:

                        
                            	the native finch species affected [1]

                            	what will likely occur that will affect this native species [1]

                        

                            	______________________________________

                        		______________________________________

                    

                    
                

                	
                    
                    
                        
                            
                            A major environmental change occurs on this island that eliminates most of the plants that produce small seeds, leaving only plants that produce large seeds with thick, hard coverings. In terms of food gathering, the finch species having the greatest adaptive advantage under this changed set of conditions is most probably the

                    

                    
                        	
                            
                            large ground finch

                        	
                            
                            small ground finch

                        	
                            
                            large tree finch

                        	
                            
                            small tree finch

                    

                    
                

                	
                    
                    
                        
                            
                            When one finch species tries to gain an advantage in obtaining the specific type of food it needs for survival to the disadvantage of other species in the same habitat, this represents

                    

                    
                        	
                            
                            variation within a species

                        	
                            
                            environmental change

                        	
                            
                            interspecies competition

                        	
                            
                            mutagenic agents

                    

                    







OEBPS/img/chapter001_4878-36_13b.png






OEBPS/img/chapter001_4878-36_13a.png





OEBPS/img/chapter001_4878-36_13c.png





OEBPS/img/chapter001_f124.png






OEBPS/img/chapter001_4878-36_13d.png





OEBPS/img/chapter001_fig129.png
INCHES ' T Y ] gl

cm, 1,

Leaf A

ié ! Leaf B





OEBPS/img/chapter01_b21-shutterstock_80793922.png






OEBPS/css/fonts_multiple_choice_multiple_choice.otf


OEBPS/img/1d57612bb8b342fd9287ebc2aa2808e8.png
(400x) (High — Power Field Diameter) = (100x) (1,200 pxm)
High — Power Field Diameter = 120,000/400 ym
High — Power Field Diameter = 300 um





OEBPS/img/cover.jpg
BARRON’S

Let’s Review
Regents

Living Environment

[ Comprehensive review and practice

[ Classroom supplement with hundreds
of questions and answers

Gregory Scott Hunter, M.A.






OEBPS/img/chapter01_b20-shutterstock_72564574.png





OEBPS/img/chapter01_b08.png
1mm = 1,000 xm

o <«— Cell Size

l«-———— 15 Micrometers ——I Typical Low-Power Field






OEBPS/img/chapter001_4878-30.png
Coarse-Adjust-
ment Wheel

Fine-Adjust- <¢———— Tube

ment Wheel .
Nosepiece

High-Power Objective
Stage Clips

Arm

Horseshoe Base —>






OEBPS/img/chapter001_fig122.png
IR






OEBPS/img/chapter001_4878-36.png






OEBPS/img/chapter001_fig111.png
Microscope
field

Metric
ruler





OEBPS/img/chapter001_fig115.png
Average Blood Pressure (mm of Hg)

‘The Effect of Age on Human Blood Pressure

120

110

100 fa r

90

80

70 Key

A Systolic blood pressure
60 (® Diastolic blood pressure

2 4 6 8 10 12 14
Age (yr)







OEBPS/img/front_matter1_barron_s_black-bar.png





OEBPS/css/fonts_handlee_handlee-regular.otf


OEBPS/img/chapter001_fig115-117_2.png
Average Blood Pressure (mm of Hg)

‘The Effect of Age on Human Blood Pressure

120

110

100 fa r

90

80

70 Key

A Systolic blood pressure
60 (® Diastolic blood pressure

2 4 6 8 10 12 14
Age (yr)






OEBPS/img/chapter001_fig115-117.png
Average Blood Pressure (mm of Hg)

‘The Effect of Age on Human Blood Pressure

120

110

100 fa r

90

80

70 Key

A Systolic blood pressure
60 (® Diastolic blood pressure

2 4 6 8 10 12 14
Age (yr)






OEBPS/img/chapter001_4878_9.png
Percent Absorption

100

90

80

70

60

50

40

30

20

400 450 500 550 600 650 700
Wavelength of Light (nm)





OEBPS/img/50fb16da69a04ab68c4a6df8dc4a7cec.png
Low-Power Magnification _ High-Power Field Diameter
High-Power Magnification  Low-Power Field Diameter






OEBPS/img/chapter01_402163_b30.png
Medium Finch
Ground

Vegetarian
Finch

Large Tree
Finch

animal
food

Sharp-billed
Ground Small Tree
Finch Finch

Cactus
Finch

Woodpecker
Finch

Warbler
Finch





OEBPS/img/chapter001_example_3.png
Example: @—@/Q





OEBPS/img/chapter001_fig116.png
Example: A—A/A






OEBPS/img/css_img_verini.tif





OEBPS/img/5c376ec8b41b413bb4ba091e82d0f4ec.png
100x __ High—Power Field Diameter
200% 1,200 pm





OEBPS/img/chapter001_fig118.png
Average Blood Pressure (mm of Hg)

‘The Effect of Age on Human Blood Pressure

Age (yr)

Key

A Systolic blood pressure
(® Diastolic blood pressure





OEBPS/img/chapter01_b14.png
l Cell from
O tadpole
intestine

nucleus from tadpole

intestine cell - : \
Two eggs
Nucleus from from frog A;
tadpole intestine their nuclei

Micropipette containing /

cell is implanted have been
in the egg destroyed by
ultraviolet
radiation
Egg fails
to develop

Egg develops
into adult frog





OEBPS/img/chapter001_fig120.png
Percentage of Fish
Reaching Maximum Size

Effect of Temperature on Growth of Fish

—
o
o

20

10 15 20 25 30
Water Temperature (YC)

Key

Brook trout

— — — Northern pike
Largemouth bass






OEBPS/img/chapter001_4878-49.png
Percent Absorption

Example: @—@/®

400 450 500 550 600 650 700
Wavelength of Light (nm)





OEBPS/img/chapter001_4878-47.png
HEIGHT-WEIGHT CHARTS

MEN Age 25-29

WOMEN Age 25-29

Weight (Ib) Weight (Ib)

Height Small |Medium Large Height Small |Medium Large
Feet | Inches | Frame Frame Frame Feet | Inches | Frame Frame Frame
5 2 128-134 [131-141 [138-150 4 10 102-111 |109-121 [118-131
5 3 130-136 |133-143 |140-153 103-113 |111-123 |120-134
5 4 132-138 |135-145 |142-156 104-115 |113-126 |122-137
5 5 134-140 |137-148 |144-160 106-118 |115-129 |125-140
5 6 136-142 |139-151 |146-164 108-121 [118-132 [128-143
5 7 138-145 [142-154 (149-168 111-124 |121-135 [131-147
5 8 140-148 [145-157 [152-172 114-127 |124-138 |134-151
5 9 142-151 |148-160 |155-176 117-130 |127-141 |137-155
5 10 144-154 |151-163 |158-180 120-133 |130-144 |140-159
5 11 146-157 [154-166 (161-184 123-136 |133-147 |143-163
6 0 149-160 |157-170 |164-188 126-139 |136-150 |146-167
6 1 152-164 [160-174 [168-192 129-142 [139-153 [149-170
6 2 155-168 (164-178 |172-197 132-145 [142-156 |152-173
6 3 158-172 |167-182 |176-202 135-148 |145-159 |155-176
6 4 162-176 [171-187 [181-207 138-151 [148-162 |158-179






OEBPS/img/chapter01_b20.png
Number of Turns in
Waggle Dance Every 15 Seconds

—

- N W~ 00 O N 00 © O

0

1,000 2,000 3,000 4,000 5,000 6,000
Distance of Food Supply (meters)





OEBPS/img/chapter001_bio_f126.png
Number of Bacteria
per mL of Culture

10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

24

48
Time (hr)

72

10YC

51C

96





