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The Next Generation Science Standards (NGSS Lead States 2013) outline a new set of
expectations for what students should know and be able to do in science. The over-
arching goal of the NGSS, as defined by the National Research Council (NRC) in A
Framework for K-12 Science Education (NRC 2012), is

to ensure that by the end of 12th grade, all students have some appreciation
of the beauty and wonder of science; possess sufficient knowledge of
science and engineering to engage in public discussions on related issues;
are careful consumers of scientific and technological information related to
their everyday lives; are able to continue to learn about science outside
school; and have the skills to enter careers of their choice, including (but not
limited to) careers in science, engineering, and technology. (p. 1)

To accomplish this goal, teachers will need to help students become proficient in
science by the time they graduate from high school. The NRC suggests that students
need to understand four core ideas in the life sciences, be aware of seven crosscutting
concepts that span the various disciplines of science, and learn how to participate in
eight fundamental scientific practices in order to be considered proficient in science
(NRC 2012). The three dimensions of the Framework, which form the basis for the
NGSS, are summarized in Figure 1.

FIGURE 1

The three dimensions of the framework for the NGSS

Life Sciences Core Ideas
From molecules to organisms: Structures and processes

Ecosystems: Interactions, energy, and dynamics
Heredity: Inheritance and variation of traits

Biological evolution: Unity and diversity

Crosscutting Concepts Scientific Practices

e Patterns e Asking questions

* Cause and effect: Mechanism and explanation * Developing and using models

¢ Scale, proportion, and quantity ¢ Planning and carrying out investigations

¢ Systems and system models ¢ Analyzing and interpreting data

* Energy and matter: Flows, cycles, and ¢ Using mathematics and computational thinking

conservation * Constructing explanations

* Structure and function ¢ Engaging in argument from evidence

* Stability and change ¢ Obtaining, evaluating, and communicating

information
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The NRC also calls for teachers to use new instructional approaches that are
designed to foster the development of science proficiency. This book will help teach-
ers accomplish this task by providing a set of 27 lab investigations that were designed
using an innovative approach to laboratory instruction called Argument-Driven
Inquiry (ADI). The lab investigations are aligned with the content, crosscutting
concepts, and scientific practices outlined in the NRC Framework. These lab investi-
gations allow students to develop the disciplinary-based literacy skills outlined in
the Common Core State Standards, for English language arts NGAC and CCSSO 2010),
because the ADI instructional model calls for students to give presentations to their
peers; respond to questions; and then write, evaluate, and revise reports as part of
each lab. Thus, this book can help teachers make lab instruction more meaningful
for students and enable students to learn more inside the school science laboratory.
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The Importance of Helping Students Become Proficient in Science

The new aim of science education in the United States is for all students to become
proficient in science by the time they finish high school. Science proficiency, as defined
by Duschl, Schweingruber, and Shouse (2007), consists of four interrelated aspects.
First, it requires individuals to know important scientific explanations about the
natural world, to be able to use these explanations to solve problems, and to be
able to understand new explanations when they are introduced. Second, it requires
individuals to be able to generate and evaluate scientific explanations and scientific
arguments. Third, it requires that individuals understand the nature of scientific
knowledge and how scientific knowledge develops over time. Finally, and perhaps
most important, it requires that individuals be able to participate in scientific prac-
tices (such as designing and carrying out investigations, constructing explanations,
and arguing from evidence) and communicate in a scientific manner. Science profi-
ciency, in other words, involves more than an understanding of important concepts;
it also involves being able to do science.

In the past decade, however, the importance of learning how to participate in
scientific practices has not been acknowledged in state standards. In addition, many
states have attempted to make their science standards “more rigorous” by adding
more content to them rather than designing them so they emphasize the core ideas
and crosscutting concepts described by the National Research Council (NRC) in A
Framework for K=12 Science Education (NRC 2012). The increasing number of science
standards, along with the pressure to “cover” them that results from the use of
high-stakes tests targeting facts and definition, has unfortunately forced teachers
“to alter their methods of instruction to conform to the assessment” (Owens 2009, p.
50). Teachers, as a result, tend to focus on content and neglect the practices of science
inside the classroom. Teachers also tend to move through the science curriculum
quickly to ensure that they cover all the standards before the students are required
to take the high-stakes assessment.

The current focus on covering all the standards, however, does not seem to be
working. For example, The Nation’s Report Card: Science 2009 (National Center for
Education Statistics 2011) indicates that only 21% of all 12th-grade students who
took the National Assessment of Educational Progress in science scored at the pro-
ficient level. The performance of U.S. students on international assessments is even
bleaker, as indicated by their scores on the science portion of the Programme for
International Student Assessment (PISA). PISA is an international study that was
launched by the Organisation for Economic Co-operation and Development (OECD)
in 1997, with the goal of assessing education systems worldwide; more than 70 coun-
tries have participated in the study. The test is designed to assess reading, math, and
science achievement and is given every three years. The mean score for students in

Argument-Driven Inquiry in Biology: Lab Investigations for Grades 9-12
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the United States on the science portion of the PISA in 2012 is below the international
mean, and there has been no significant change in the U.S. mean score since 2000
(OECD 2012; see Table 1). Students in countries such as China, Korea, Japan, and
Finland score significantly higher than student in the United States. These results
suggest that U.S. students are not learning what they need to learn to become profi-
cient in science, even though teachers are covering a great deal of material.

THBLE 1

PISA scientific literacy performance for U.S. students

U.S. rank/Number

U.S. mean of OECD countries
score* assessed Top three performers

2000 499 14/27 Korea (552)
Japan (550)
Finland (538)

2003 491 22/41 Finland (548)
Japan (548)
Hong Kong-China (539)

2006 489 29/57 Finland (563)
Hong Kong-China (542)

Canada (534)

2009 499 15/43 Japan (552)

Korea (550)
Hong Kong-China (541)

2012 497 36/65 Shanghai-China (580)
Hong Kong-China (555)
Singapore (551)

*The mean score of the PISA is 500 across all years.
Source: OECD 2012

In addition to the poor performance of U.S. students on national and international
assessments, empirical research in science education indicates that a curriculum that
emphasizes breadth over depth and neglects the practices of science can actually
hinder the development of science proficiency (Duschl, Schweingruber, and Shouse
2007; NRC 2005, 2008). As noted in the Framework (NRC 2012),

i National Science Teachers Association
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K-12 science education in the United States fails to [promote the
development of science proficiency], in part because it is not organized
systematically across multiple years of school, emphasizes discrete facts
with a focus on breadth over depth, and does not provide students with
engaging opportunities to experience how science is actually done.” (p. 1)

The NRC goes on to recommend that science teachers spend more time focusing
on key ideas to help students develop a more enduring understanding of biology
content. They also call for science teachers to start using instructional strategies
that give students more opportunities to learn how to participate in the practices
of science. Without this knowledge and these abilities, students will not be able to
engage in public discussions about scientific issues related to their everyday lives, to
be consumers of scientific information, or to have the skills needed to enter a science
or science-related career. We think the school science laboratory is the perfect place
to focus on key ideas and engage students in the practices of science and thus to help
them develop the knowledge and abilities needed to be proficient in science.

How School Science Laboratories Gan Help Foster the Development of Science Proficiency

Laboratory activities look rather similar in most high school classrooms (we define a
school science laboratory activity as “an opportunity for students to interact directly
with the material world using the tools, data collection techniques, models, and
theories of science” [NRC 2005, p. 3]) (Hofstein and Lunetta 2004; NRC 2005). The
teacher usually begins a laboratory activity by first introducing his or her students
to a concept through a lecture or some other form of direct instruction. The teacher
then gives the students a hands-on task to complete. To support students as they
complete the task, teachers often provide students with a worksheet that includes
a procedure explaining how to collect data, a data table to fill out, and a set of
analysis questions. The hope is that the experience gained through completion of the
hands-on task and worksheet will illustrate, confirm, or otherwise verify the concept
that was introduced to the students at the beginning of the activity. This type of
approach, however, is an ineffective way to help students understand the content
under investigation, learn how to engage in important scientific practices, improve
communication skills, or develop scientific habits of mind (Duschl, Schweingruber,
and Shouse 2007; NRC 2005). Most laboratory activities therefore do little to promote
the development of science proficiency.

One way to address this problem is to change the focus of laboratory instruc-
tion. A change in focus will require teachers to place more emphasis on “how we
know” (i.e., how new knowledge is generated and validated) in addition to “what
we know” about life on Earth (i.e., the theories, laws, and unifying concepts). Science
teachers will also need to focus more on the abilities and habits of mind that students

Argument-Driven Inquiry in Biology: Lab Investigations for Grades 9-12
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need to have in order to construct and support scientific knowledge claims through
argument and to evaluate the claims or arguments made by others (NRC 2012). As
explained in the Framework (NRC 2012), argumentation (i.e., the process of propos-
ing, supporting, and evaluating claims) is essential practice in science:

Scientists and engineers use evidence-based argumentation to make the
case for their ideas, whether involving new theories or designs, novel ways
of collecting data, or interpretations of evidence. They and their peers then
attempt to identify weaknesses and limitations in the argument, with the
ultimate goal of refining and improving the explanation or design (p. 46).

The NRC therefore calls for argumentation to play a more central role in the
teaching and learning of science.

In addition to changing the focus of instruction, teachers will need to change the
nature of laboratory instruction to promote and support the development of science
proficiency. To change the nature of instruction, teachers need to make laboratory
activities more authentic by giving students an opportunity to engage in scientific
practices instead of giving them a worksheet with a procedure to follow and a data
table to fill out. These activities, however, also need to be educative for students in
order to help student develop the knowledge and abilities associated with science
proficiency; students need to receive feedback about how to improve and teachers
need to help students learn from their mistakes.

The argument-driven inquiry (ADI) instructional model (Sampson and Gleim
2009; Sampson, Grooms, and Walker 2009, 2011) was designed as a way to make lab
activities more authentic and educative for students and thus help teachers promote
and support the development of science proficiency inside the classroom. This
instructional model reflects research about how people learn science (NRC 1999)
and is also based on what is known about how to engage students in argumenta-
tion and other important scientific practices (Berland and Reiser 2009; Erduran and
Jimenez-Aleixandre 2008; McNeill and Krajcik 2008; Osborne, Erduran, and Simon
2004; Sampson and Clark 2008).

Organization of This Book

The remainder of this book is divided into two parts. Part I begins with two text chap-
ters describing the ADI instructional model and the development and components
of the ADI lab investigations. Part II contains the lab investigations, including notes
for the teacher, student handouts, additional information for students, and checkout
questions. Four appendixes contain standards alignment matrices, timeline and pro-
posal options for the investigations, and a form for assessing the investigation reports.
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LAB 12

lab 12. Explanations for Animal Behavior: Why Do Great
White Sharks Travel Over Long Distances?

Teacher Notes

Purpose

The purpose of this lab is to introduce students to many of the theories and concepts used
by biologists to study and explain the behavior of animals. This lab also gives students
an opportunity to design and carry out an investigation with the goal of developing an
explanation for the long-range movement of great white sharks, using an online database
available at the OCEARCH website. This database, called Global Shark Tracker, allows
students to see the location of several great white sharks and to track their long-range
movement over time. Students will also learn about the different methods used by sci-
entists to answer research questions and how scientific knowledge can change over time.

The Content

Behavior is how an animal responds to sensory input. Behavior has both proximate and ulti-
mate causes. Proximate mechanisms include the hormonal, nervous, and environmental
stimuli that elicit a particular behavior pattern. Ultimate causes are the reasons why the
behavior pattern evolved over time. Genes and the environment influence the behavior of
animals. An innate behavior is one that occurs in all individuals of a population, regardless
of individual differences in experience, whereas a learned behavior is one that develops
only within specific individuals and stems from experience. Behavioral ecologists tend
to examine behaviors such as foraging, courtship rituals, and migration through the lens
of natural selection. Therefore, many of the explanations for animal behavior posed by
scientists are based on the assumption that animals behave in a way that increases their
fitness (or reproductive success).

Social behavior refers to the interactions that take place between two or more animals,
usually of the same species. Social behaviors that are competitive in nature, such as the estab-
lishment of a dominance hierarchy or a territory, enable one animal to gain an advantage in
obtaining access to limited resources (such as food or a mate). Social behaviors that are more
cooperative in nature, such as pack hunting, enable animals to expend less energy to obtain
the resources needed to survive. Finally, specific reproductive behaviors, such as courtship
rituals or migration to a breeding ground, tend to increase the likelihood of finding a mate or
to maximize the quantity of partners or the quality of a single partner. Most behaviors that
animals engage in are explained by looking for ways that a behavior increases the likelihood
that the animal will survive, find a mate, and produce offspring. A similar approach can be
used to explain the long-range movements of the great white shark.
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Timeline

The instructional time needed to implement this lab investigation is 180-250 minutes.
Appendix 2 (p. 391) provides options for implementing this lab investigation over several
class periods. Option E or G (250 minutes) should be used if students are unfamiliar with
scientific writing because either of these options provides extra instructional time for scaf-
folding the writing process. You can scaffold the writing process by modeling, providing
examples, and providing hints as students write each section of the report. Option F or H
(180 minutes) should be used if students are familiar with scientific writing and have the
skills needed to write an investigation report on their own. In options F and H, students
complete stage 6 (writing the investigation report) and stage 8 (revising the investigation
report) as homework.

Materials and Preparation

The materials needed to implement this investigation are listed in Table 12.1. The
OCEARCH Global Shark Tracker database, available at http://sharks-ocearch.verite.com., is
free to use and can be run online using an internet browser. There is also a companion app
for the website that can be used on mobile devices. The app can be downloaded for free
from the Apple App store or Google Play. You should access the website or download the
mobile app and learn how it works before beginning the lab investigation. In addition, it
is important to check if students can access and use the website from a school computer
because some schools have set up firewalls and other restrictions on web browsing.

TBLE 121

Materials list
Computer with internet access 1 per group
Student handout 1 per student
Investigation proposal C (optional) 1 per group
Whiteboard, 2' x 3™ 1 per group
Peer-review guide and instructor scoring rubric 1 per student

* As an alternative, students can use computer and presentation software such as Microsoft PowerPoint or Apple
Keynote to create their arguments.

Topics for the Explicit and Reflective Discussion
Concepts That Can Be Used to Justify the Evidence

To provide an adequate justification of their evidence, students must explain why they
included the evidence in their arguments and make the assumptions underlying their
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analysis and interpretation of the data explicit. In this investigation, students can use the
following concepts to help justify their evidence:

¢ Animals often engage in specific types of behaviors (e.g., foraging, migration,
establishment and defense of a territory, courtship displays) because these
behaviors tend to increase reproductive success (or fitness).

* Animal behavior results from both genetic and environmental factors. Some
behaviors, as a result, are inherited and fixed, whereas others are learned though

experience.

We recommend that you review these concepts during the explicit and reflective discus-
sion to help students make this connection.

How to Design Better Investigations

It is important for students to reflect on the strengths and weaknesses of the investigation
they designed during the explicit and reflective discussion. Students should therefore be
encouraged to discuss ways to eliminate potential flaws, measurement errors, or sources
of bias in their investigations. To help students be more reflective about the design of their
investigation, you can ask the following questions:

¢ What were some of the strengths of your investigation? What made it scientific?
* What were some of the weaknesses of your investigation? What made it less scientific?

¢ If you were to do this investigation again, what would you do to address the
weaknesses in your investigation? What could you do to make it more scientific?

Crosscutting Concepts

This investigation is well aligned with three crosscutting concepts found in A Framework
for K-12 Science Education, and you should review these concepts during the explicit and
reflective discussion.

® Patterns: Patterns are often used to guide the organization and classification of life on
Earth. In addition, a major objective in biology is to identify the underlying cause of
observed patterns, such as the long-term movements of the great white shark.

® Cause and Effect: Mechanism and Explanation: One of the main objectives of science is
to identify and then test potential causal relationships.

® Scale, Proportion, and Quantity: It is critical for scientists to recognize what is
relevant or important at different sizes, times, or energy scales. It is also important
for scientists to think proportionally about the phenomenon they are studying and
not just in absolute values. For example, in this investigation it is important (and
useful) to think in proportions rather than in absolute numbers.
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The Nature of Science and the Nature of Scientific Inquiry

It is important for students to understand that scientists use different methods to answer differ-
ent types of questions. Examples of methods include experiments, systematic observations of
a phenomenon, literature reviews, and analysis of existing data sets; the choice of method
depends on the objectives of the research. There is no universal step-by-step scientific
method that all scientists follow; rather, different scientific disciplines (e.g., biology vs.
physics) and fields within a discipline (e.g., ecology vs. molecular biology) use different
types of methods, use different core theories, and rely on different standards to develop
scientific knowledge. For example, in this investigation the students use an existing data-
base rather than collecting data in the field. It is also important for students to understand
that scientific knowledge can change over time. A person can have confidence in the validity
of scientific knowledge but must also accept that scientific knowledge may be abandoned
or modified in light of new evidence or because existing evidence has been reconceptual-
ized by scientists. There are many examples in the history of science of both evolutionary
changes (i.e., the slow or gradual refinement of ideas) and revolutionary changes (i.e.,
the rapid abandonment of a well-established idea) in scientific knowledge. Biologists, for
example, long worked under the assumption that great white sharks are coastal territorial
predators that rarely interact with other members of the species. However, as scientists
learned more about the long-range movements of the great white shark, they abandoned
these views. Great white sharks are now considered to be migratory predators that spend
a great deal of time in the open ocean. This is but one example of how scientific knowledge
is tentative and often revised to better account for natural phenomena.

You should review and provide examples of these two important concepts of the nature
of science (NOS) and the nature of scientific inquiry (NOSI) during the explicit and reflec-
tive discussion.

Hints for Implementing the Lab

® Learn how to use the online database before the lab begins. It is important for you
to know how to use the database so you can help students when they get stuck or
confused.

¢ A group of three students per computer tends to work well.

¢ Allow the students to play with the database as part of the tool talk before they
begin to design their investigation or fill out an investigation proposal. This gives
students a chance to see what they can and cannot do with the database.

* Be sure that students record actual values (e.g., number of individuals in a location
or time in each location), rather than just attempting to hand draw what they see
on the computer screen.

* Encourage the students to take “screen shots” of the migration patterns they
observe using the database and then use the images in their reports.
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Topic Connections

Table 12.2 provides an overview of the scientific practices, crosscutting concepts, disci-

plinary core ideas, and support ideas at the heart of this lab investigation. In addition,

it lists NOS and NOSI concepts for the explicit and reflective discussion. Finally, it lists
literacy and mathematics skills (CCSS ELA and CCSS Mathematics) that are addressed

during the investigation.

THBLE 12.2

Lab 12 alignment with standards

Scientific practices

Asking questions

Planning and carrying out investigations

Analyzing and interpreting data

Using mathematics and computational thinking
Constructing explanations

Engaging in argument from evidence

Obtaining, evaluating, and communicating information

Crosscutting concepts

Patterns
Cause and effect: Mechanism and explanation
Scale, proportion, and quantity

Core idea

LS2: Ecosystems: Interactions, energy, and dynamics

Supporting ideas

Animal behavior
Foraging
Territories
Mating
Migration

NOS and NOSI
concepts

Methods used in scientific investigations
Science as a body of knowledge

Literacy connections
(CCSS ELA)

Reading: Key ideas and details, craft and structure, integration of
knowledge and ideas

Writing: Text types and purposes, production and distribution of
writing, research to build and present knowledge, range of writing
Speaking and listening: Comprehension and collaboration,
presentation of knowledge and ideas

Mathematics
connection
(CCSS Mathematics)

Reason quantitatively and use units to solve problems
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lab 12. Explanations for Animal Behavior: Why Do Great
White Sharks Travel Over Long Distances?

Lab Handout

Introduction

Shark populations worldwide are declining in areas where they were once common. As
a result, the International Union for Conservation of Nature (IUCN), has classified many
species of shark as threatened with extinction. One species of shark that is currently on the
IUCN “Vulnerable” list is the great white shark (Carcharodon carcharias). The great white
shark is found in coastal surface waters of all the major oceans. It can grow up to 6 m (20
ft.) in length and weigh nearly 2,268 kg (5,000 Ib). The great white shark reaches sexual
maturity at around 15 years of age and can

A great white shark

live for over 30 years. Great white sharks are
apex predators (see the figure to the right).
An apex predator is an animal that, as an
adult, has no natural predators in its ecosys-
tem and resides at the top of the food chain.
These sharks prey on marine mammals, fish,
and seabirds.

Great white shark conservation has
become a global priority in recent years.
However, our limited understanding of their
behavior has hindered the development

of effective conservation strategies for this
species. For example, little is known about
where and when great white sharks mate, where they give birth, and where they spend
their time as juveniles. We also know that some great white sharks travel long distances,
such as from Baja California to Hawaii or from South Africa to Australia, but we do not
know why they make these journeys. There are, however, a number of potential explana-
tions that have been suggested by scientists. For example, great white sharks might travel
long distances because they need to do one or more of the following:

* Find and establish a territory (an area that they defend that contains a mating site
and sufficient food resources for them and their young) once they reach sexual
maturity or after losing a territory to other great white sharks.

* Migrate between a foraging site and a mating site on an annual or seasonal basis.

Argument-Driven Inquiry in Biology: Lab Investigations for Grades 912
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e Forage for food —slowly traveling over long distances allows the sharks to find,
capture, and consume new sources of food along the way without expending a
great deal of energy.

¢ Find a foraging site with other sharks in it and cooperate with them to capture
prey and minimize the amount of energy required to capture and consume food.

¢ Follow their prey as the prey migrates on an annual or seasonal basis.

* Move between several different foraging areas because they quickly deplete their
food source in a given area and must move onto new foraging areas to survive.

All of these potential explanations are plausible because they can help a great white
shark survive longer or reproduce more. It is difficult, however, to determine which of
these potential explanations is the most valid or acceptable because we know so little about
the life history and long-range movements of the great white shark. Most research on this
species has been carried out at specific aggregation sites (such as the one near Dyer Island in
South Africa). Although this type of research has enabled scientists to learn a lot about the
feeding behaviors and short-range movements of the great white shark, we know very little
about how they act in other places. A group called OCEARCH (www.ocearch.org), however,
is trying to facilitate more research on their life history and long-range movements so peo-
ple can develop better conservation strategies to help protect the great white shark.

This group of researchers has been catching and tagging great white sharks to docu-
ment where they go over time. To tag and track a great white shark, OCEARCH places
a SPOT tag on the shark’s dorsal fin. These tags emit a signal that is picked up by global
positioning satellites. Unfortunately, the signal can only be detected when the shark’s
dorsal fin breaks the surface of the water and a satellite is directly overhead. Researchers at
OCEARCH call these signals “pings.” The time span between pings can vary a great deal
(from once an hour to once in a three-week period) because of individual shark behavior
and the orbit of a satellite.

OCEARCH has created the Global Shark Tracker database (www.ocearch.org) and a
companion app for mobile devices (visit the Apple App Store or Google Play to download
the free app) to share the real-time data they collect (see the figure on the opposite page).
This database allows users to see the current location of all the sharks that the OCEARCH
researchers have tagged. It also allows users to track the movement of each shark over
time. Users can also search for sharks by name, sex (male or female), and stage of life
(mature or immature).

Your Task

Use the OCEARCH Global Shark Tracker database to identify patterns in the long-range
movements of the great white shark, and then develop an explanation for those patterns.
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You will use an online database called Global Shark Tracker to conduct your investigation.
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The guiding question of this investigation is, Why do great white sharks travel over

You can access the database by going to the following website: www.ocearch.org.

Safety Precautions

1. Use caution when working with electrical equipment. Keep away from water
sources in that they can cause shorts, fires, and shock hazards. Use only GFI-

protected circuits.

2. Wash hands with soap and water after completing this lab.

3. Follow all normal lab safety rules.

Getting Started

Your first step in this investigation is to learn more about what is already known about the

great white shark. To do this, check the following websites:
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* Animal Diversity Web (hitp://animaldiversity. ummz.umich.edu/accounts/Carcharodon_
carcharias)

* MarineBio (http://marinebio.org/species.asp?id=38)

¢ The Smithsonian National Museum of Natural History Ocean Portal (http://ocean.
si.edu/great-white-shark)

You can then use the OCEARCH Global Shark Tracker database to identify patterns in
the long-range movement of great white sharks. To accomplish this task, it is important for
you to determine what type of data you will need to collect and how you will analyze it.

To determine what type of data you will need to collect, think about the following questions:

* What data will you need to determine if there are patterns in the long-range
movements of great white sharks?

¢ What data will you need to determine if there are sex-related, age-related, or
geographic region-related differences in the long-range movements of great
white sharks?

To determine how you will analyze your data, think about the following questions:

* How can you identify a pattern in the ways great white sharks move over long
distances?

¢ How can you determine if there are patterns in the way great white sharks move
over long distances based on sex, age, or geographic region?

* What type of table or graph could you create to help make sense of your data?

Once you have identified patterns in the ways great white sharks move over long dis-
tances, you will then need to develop an explanation for those patterns. You can develop
one of your own or see if one of the explanations outlined in the “Introduction” section of
this investigation is consistent with the patterns you identified. These explanations stem
from what scientists know about the behavior of other animals and reflect some of the
theories that scientists currently use to explain animal behavior.

Investigation Proposal Required? [J Yes O No

Connections to Crosscutting Concepts and to the Nature of Science and the
Nature of Scientific Inquiry

As you work through your investigation, be sure to think about

¢ the importance of identifying patterns,

¢ the importance of identifying the underlying cause for observations,
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¢ the importance of examining proportional relationships,
* how scientific knowledge can change over time, and

* how the methods used by scientists depend on what is being studied and the
research question.

Argumentation Session

Once your group has finished collecting and ana-

lyzing your data, prepare a whiteboard that you can  Argument presentation on a whiteboard

use to share your initial argument. Your whiteboard The Guiding Question:
should include all the information shown in the g '

figure to the right. Our Claim:

To share your argument with others, we will be
using a round-robin format. This means that one ||gyr Evidence: Our Justification
member of your group will stay at your lab station of the Evidence:

to share your group’s argument while the other
members of your group go to the other lab stations
one at a time to listen to and critique the arguments

developed by your classmates.

The goal of the argumentation session is not to

convince others that your argument is the best one; rather, the goal is to identify errors
or instances of faulty reasoning in the arguments so these mistakes can be fixed. You will
therefore need to evaluate the content of the claim, the quality of the evidence used to
support the claim, and the strength of the justification of the evidence included in each
argument that you see. In order to critique an argument, you will need more information
than what is included on the whiteboard. You might, therefore, need to ask the presenter
one or more follow-up questions, such as:

¢ Why did you decide to focus on those data?

¢ What did you do to analyze your data? Why did you decide to do it that way? Did
you check your calculations?

¢ [s that the only way to interpret the results of your analysis? How do you know
that your interpretation of your analysis is appropriate?

* Why did your group decide to present your evidence in that manner?

* What other claims did your group discuss before you decided on that one? Why
did your group abandon those alternative ideas?

* How confident are you that your claim is valid? What could you do to increase
your confidence?
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Once the argumentation session is complete, you will have a chance to meet with your
group and revise your original argument. Your group might need to gather more data or
design a way to test one or more alternative claims as part of this process. Remember, your
goal at this stage of the investigation is to develop the most valid or acceptable answer to
the research question!

Report

Once you have completed your research, you will need to prepare an investigation report
that consists of three sections that provide answers to the following questions:

1. What question were you trying to answer and why?

2. What did you do during your investigation and why did you conduct your
investigation in this way?

3. What is your argument?

Your report should answer these questions in two pages or less. This report must be
typed, and any diagrams, figures, or tables should be embedded into the document. Be
sure to write in a persuasive style; you are trying to convince others that your claim is
acceptable or valid!
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lab 12. Explanations for Animal Behavior: Why Do Great
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Checkout Questions

Nowhere in the world is there a movement of animals as spectacular as the wildebeest
migration that occurs from July to October each year in Africa. Over 2 million wildebeest
travel from Serengeti National Park in Tanzania to the greener pastures of Maasai Mara
National Reserve in Kenya. The wildebeest expend a lot of energy to migrate because of
the great distance they travel. The wildebeest also have to cross the Mara River in Maasai
Mara, where crocodiles will prey on them. In addition, the wildebeest will be hunted,
stalked, and run down by the large carnivores found in the Maasai Mara. Many wildebeest,
as a result, do not survive the migration.

1. Given the fact that wildebeest must expend a lot of energy and may even die
during a migration, why would wildebeest engage in this type of behavior?

2. There is a single, universal, step-by-step scientific method that all scientists follow
regardless of the type of question that they are trying to answer.

a. I agree with this statement.

b. Idisagree with this statement.

Explain your answer, using examples from your investigation about animal
behavior.
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3. Scientific knowledge may be abandoned or modified in light of new evidence or
because of the reconceptualization of prior evidence and knowledge.

a. Iagree with this statement.

b. Idisagree with this statement.

Explain your answer, using information from your investigation about animal
behavior.

4. Scientists often attempt to identify patterns in nature. Explain why the
identification of patterns is useful in science, using an example from your
investigation about animal behavior.

5. Scientists often attempt to identify the underlying cause for the observations they
make. Explain why the identification of underlying causes is so important in
science, using an example from your investigation about animal behavior.

6. Scientists often need to look for proportional relationships. Explain what a
proportional relationship is and why these relationships are important, using an
example from your investigation about animal behavior.
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introduction, 309, 309-310
investigation proposal, 311
materials, 310

report, 312
safety precautions, 310
task and guiding question, 310
teacher notes for, 304-308
content, 304
hints for implementing lab, 307
materials and preparation, 305, 305
purpose, 304
timeline, 305
topic connections, 308, 308, 386—-389
topics for explicit and reflective discussion,
306-307
Bird migration and climate change. See Environmental
Influences on Animal Behavior lab
Bird populations and Eurasian Collared-Dove spread.
See Competition for Resources lab
Blood type. See Inheritance of Blood Type lab
Brain structure of mammals. See Descent With
Modification lab
Bug Hunt Camouflage simulation, 341-350, 348
Bug Hunt Speeds simulation, 315-325, 323

C
Cancer cells. See Normal and Abnormal Cell Division
lab
Cell Cycle lab, 50-59
checkout questions for, 58-59
lab handout for, 54-57
argumentation session, 56, 56-57
connections, 56
getting started, 55-56
introduction, 54, 54
investigation proposal, 56
materials, 55
report, 57
safety precautions, 55
task and guiding question, 55
teacher notes for, 50-53
content, 50
hints for implementing lab, 52—-53
materials and preparation, 50-51, 51
purpose, 50
timeline, 50
topic connections, 53, 53, 386-389
topics for explicit and reflective discussion,
51-52
Cell division. See Normal and Abnormal Cell Division
lab
Cell Structure lab, 39-49
checkout questions for, 48—-49
lab handout for, 44-47
argumentation session, 46, 46—47
connections, 45—46
getting started, 45
introduction, 44, 44
investigation proposal, 45
materials, 44
report, 47
safety precautions, 44—45
task and guiding question, 44
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teacher notes for, 39—42
content, 39
hints for implementing lab, 42
materials and preparation, 40, 40
purpose, 39
timeline, 39-40
topic connections, 42, 43, 386—-389
topics for explicit and reflective discussion,
41-42
Cellular Respiration lab, 86—99
checkout questions for, 98—99
lab handout for, 93-97
argumentation session, 96, 96—-97
connections, 96
getting started, 95, 95-96
introduction, 93-94
investigation proposal, 96
materials, 94-95
report, 97
safety precautions, 95
task and guiding question, 94
teacher notes for, 86—91
content, 86-87
hints for implementing lab, 90-91
materials and preparation, 87, 88
purpose, 86
timeline, 87
topic connections, 91, 92, 386-389
topics for explicit and reflective discussion,
89-90
Checkout questions, xviii, 22, 24. See also specific
labs
Chromosomes and Karyotypes lab, 236—-249
checkout questions for, 247-249
lab handout for, 242—-246
argumentation session, 244-245, 245
connections, 244
getting started, 243-244, 244
introduction, 242-243
investigation proposal, 244
materials, 243
report, 245-246, 246
safety precautions, 243
task and guiding question, 243
teacher notes for, 236—240
content, 236, 237
hints for implementing lab, 240
materials and preparation, 237—-238, 238
purpose, 236
timeline, 237
topic connections, 240, 241, 386—-389
topics for explicit and reflective discussion,
238-240
Claim, 5-8,6,7
Classification of unknown microscopic organism. See
Cell Structure lab
Climate change and bird migration. See
Environmental Influences on Animal Behavior
lab
Collecting data, 4-5
Color traits of Wisconsin Fast Plant. See Mendelian
Genetics lab
Common Core State Standards for English language
arts (CCSS ELA), x, 12, 13, 19, 22, 388. See

also Literacy connections for labs

Common Core State Standards for mathematics

(CCSS Mathematics), 19, 22, 388. See also
Mathematics connections for labs

Communication skills, xv, xvii. See also Literacy

connections for labs
argumentation session, 9, 9-10, 16
explicit and reflective discussion, 10-11, 16
investigation report, 11-14

Comparative Mammalian Brain Collections database,

329, 334, 335

Competition for Resources lab, 210-222

checkout questions for, 220-222
lab handout for, 215-219
argumentation session, 218, 218-219
connections, 218
getting started, 217-218
introduction, 215-216, 216
investigation proposal, 218
materials, 216-217, 217
report, 219
safety precautions, 217
task and guiding question, 216
teacher notes for, 210-213
content, 210
hints for implementing lab, 213
materials and preparation, 211, 211
purpose, 210
timeline, 211
topic connections, 213, 214, 386-389
topics for explicit and reflective discussion,
211-213

Components of a scientific argument, 5-6, 6

criteria for evaluation of, 6-7
layout on a whiteboard, 7

Computer simulations, 3, 21

Bug Hunt Camouflage, 341-350, 348

Bug Hunt Speeds, 315-325, 323

Drosophila, 290-298

Ecology Lab, 153—-161, 160

Fast Plants Online Genetics Simulations, 224,
225

karyotype, 237, 238

Observing One or Two Traits in Wisconsin Fast
Plants, 225, 230, 230—231

Rabbits Grass Weeds, 126—134, 133

Wolf Sheep Predation, 139-148, 147

Core ideas, alignment of lab investigations with, ix,

xv, 22, 387
Biodiversity and the Fossil Record, 308
Cell Cycle, 53
Cell Structure, 43
Cellular Respiration, 92
Chromosomes and Karyotypes, 241
Competition for Resources, 214
Descent With Modification, 332
DNA Structure, 255
Ecosystems and Biodiversity, 157
Environmental Influences on Animal Behavior, 183
Enzymes, 117
Explanations for Animal Behavior, 170
Human Evolution, 361
Inheritance of Blood Type, 281
Interdependence of Organisms, 196
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Mechanisms of Evolution, 319
Mechanisms of Speciation, 345
Meiosis, 268
Mendelian Genetics, 228
Models of Inheritance, 294
Normal and Abnormal Cell Division, 65
Osmosis and Diffusion, 30
Photosynthesis, 78
Population Growth, 130
Predator-Prey Population Size Relationships, 143
Transpiration, 105
Whale Evolution, 376
Cri du chat syndrome. See Chromosomes and
Karyotypes lab
Criteria for evaluation of a scientific argument, 67
Critical-thinking skills, 9
Crosscutting concepts, ix, xv
alignment of lab investigations with, 22, 386-387
Biodiversity and the Fossil Record, 306, 308,
311
Cell Cycle, 52, 53, 56
Cell Structure, 41, 43, 45-46
Cellular Respiration, 89-90, 92, 96
Chromosomes and Karyotypes, 239, 241, 244
Competition for Resources, 212, 214, 218
Descent With Modification, 330, 332, 336
DNA Structure, 253, 255, 257
Ecosystems and Biodiversity, 155, 157, 160—
161
Environmental Influences on Animal Behavior,
181-182, 183, 187
Enzymes, 115-116, 117, 121
Explanations for Animal Behavior, 168, 170,
174-175
Human Evolution, 359, 361, 366
Inheritance of Blood Type, 279-280, 281,
284-285
Interdependence of Organisms, 194—-195, 196,
198-199
Mechanisms of Evolution, 317, 319, 324
Mechanisms of Speciation, 343, 345, 349
Meiosis, 266, 268, 271
Mendelian Genetics, 226, 228, 231-232
Models of Inheritance, 292, 294, 297
Normal and Abnormal Cell Division, 63, 65, 69
Osmosis and Diffusion, 28, 30, 34
Photosynthesis, 76-77, 78, 82
Population Growth, 128, 130, 134
Predator-Prey Population Size Relationships,
142,144, 148
Transpiration, 102—103, 105, 109
Whale Evolution, 374, 376, 380
class discussions of, 11

D
Data analysis, 5-9
Data collection, 45
Descent With Modification lab, 328-340
checkout questions for, 338—-339
lab handout for, 333-337
argumentation session, 336, 336—337
connections, 336
getting started, 335-336
introduction, 333, 333-334

investigation proposal, 336
materials, 334
report, 337
safety precautions, 334—335
task and guiding question, 334
teacher notes for, 328—-331
content, 328
hints for implementing lab, 331
materials and preparation, 329, 329
purpose, 328
timeline, 328-329
topic connections, 331, 332, 386-389
topics for explicit and reflective discussion,
329-331
Designing a controlled experiment, 4-5
role of teacher in, 15
Development of a tentative argument, 5-9, 6
choice of medium for, 7-8, 10
example of, 8
goal of, 8
layout on a whiteboard, 7
role of teacher in, 8-9, 16

“Diversity in the Fossil Record Data” Excel file, 305, 310

DNA Structure lab, 250-262
checkout questions for, 261-262
lab handout for, 256—260
argumentation session, 257, 257-258
connections, 257
DNA fact sheet, 259-260
getting started, 257
introduction, 256
investigation proposal, 257
materials, 256
report, 258
safety precautions, 256
task and guiding question, 256
teacher notes for, 250-255
content, 250, 250-251, 251
hints for implementing lab, 254-255
materials and preparation, 252, 252
purpose, 250
timeline, 251-252
topic connections, 255, 255, 386—-389
topics for explicit and reflective discussion,
252-254

Down syndrome. See Chromosomes and Karyotypes

lab
Drosophila simulation, 290—298

E
eBird database, 180, 185-186, 211, 216
Ecology Lab simulation, 153—-161, 160
Ecosystems and Biodiversity lab, 153—165
checkout questions for, 163—165
lab handout for, 158-162
argumentation session, 161, 161-162
connections, 160-161
getting started, 159-160, 160
introduction, 158, 159
investigation proposal, 160
materials, 159
report, 162
safety precautions, 159
task and guiding question, 159
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teacher notes for, 153—-156
content, 153
hints for implementing lab, 156
materials and preparation, 154, 154
purpose, 153
timeline, 154
topic connections, 156, 157, 386—-389
topics for explicit and reflective discussion,
154—156

Environmental Influences on Animal Behavior lab,

179-191
checkout questions for, 189—191
lab handout for, 184—188
argumentation session, 187, 187-188
connections, 187
getting started, 186—-187
introduction, 184, 184-185
investigation proposal, 187
materials, 185
report, 188
safety precautions, 186
teacher notes for, 179-182
content, 179-180
hints for implementing lab, 182
materials and preparation, 180, 180
purpose, 179
timeline, 180
topic connections, 182, 183, 386—389
topics for explicit and reflective discussion,
181-182

Enzymes lab, 113-124

checkout questions for, 123—124
lab handout for, 118—-122
argumentation session, 121, 121-122
connections, 121
getting started, 120
introduction, 118, 118, 119
investigation proposal, 121
materials, 119
report, 122
safety precautions, 120
task and guiding question, 119
teacher notes for, 113—117
content, 113
hints for implementing lab, 116
materials and preparation, 114, 114
purpose, 113
timeline, 113
topic connections, 116—117, 117, 386—-389
topics for explicit and reflective discussion,
115-116

Eurasian Collared-Dove and native bird populations.

See Competition for Resources lab

Evidence, 5-7,6, 7

criteria for evaluation of, 6-7, 8
justification of, 56, 6

Evolution and bug populations. See Mechanisms of

Evolution lab

Evolution of family Hominidae. See Human Evolution

lab

Evolutionary theory of descent with modification.

See Descent With Modification lab; Human
Evolution lab; Whale Evolution lab

Explanations for Animal Behavior lab, 166-178

checkout questions for, 177-178

lab handout for, 171-176
argumentation session, 175, 175-176
connections, 174-175
getting started, 173-174
introduction, 171, 171-172
investigation proposal, 174
materials, 173, 173
report, 176
safety precautions, 173
task and guiding question, 172-173

teacher notes for, 166—-170
content, 166
hints for implementing lab, 169
materials and preparation, 167, 167
purpose, 166
timeline, 167
topic connections, 170, 170, 386—-389
topics for explicit and reflective discussion,

167-169
Explicit and reflective discussion, 10-11
role of teacher in, 10-11, 16
topics for specific labs, 21

Biodiversity and the Fossil Record, 306-307

Cell Cycle, 51-52

Cell Structure, 41-42

Cellular Respiration, 89—-90
Chromosomes and Karyotypes, 238—240
Competition for Resources, 211-213
Descent With Modification, 329-331
DNA Structure, 252—-254

Ecosystems and Biodiversity, 154—-156

Environmental Influences on Animal Behavior,

181-182
Enzymes, 115-116
Explanations for Animal Behavior, 167—-169
Human Evolution, 358-360
Inheritance of Blood Type, 279-280
Interdependence of Organisms, 194—-195
Mechanisms of Evolution, 317-318
Mechanisms of Speciation, 342-344
Meiosis, 265-267
Mendelian Genetics, 225-227
Models of Inheritance, 291-292
Normal and Abnormal Cell Division, 62—-64
Osmosis and Diffusion, 27-29
Photosynthesis, 76-77
Population Growth, 127—-129

Predator-Prey Population Size Relationships,

141-143
Transpiration, 101—103
Whale Evolution, 373-375

Eye protection, 23

F

Fast Plants Online Genetics Simulations, 224, 225
Fish population of Lake Grace. See Interdependence

of Organisms lab
Food source and cellular respiration in yeast. See
Cellular Respiration lab
Food webs. See Ecosystems and Biodiversity lab

Fossils. See Biodiversity and the Fossil Record lab

Fruit fly traits, inheritance of. See Models of
Inheritance lab
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G
Genetic disorders. See Chromosomes and
Karyotypes lab
Geographic isolation and speciation. See
Mechanisms of Speciation lab
Great White Shark travel distances. See Explanations
for Animal Behavior lab
Guiding question. See also specific labs
components of tentative argument for, 5-7, 6
designing a method and collecting data for
investigation of, 4-5
identification of, 3

H
Herbivore population growth. See Population Growth lab
High-stakes tests, xv
Hints for implementing labs, 21-22. See also specific
labs
Human Evolution lab, 356-370
checkout questions for, 369-370
lab handout for, 362—-368
argumentation session, 367, 367-368
connections, 366
getting started, 365, 365366, 366
introduction, 362, 362—-364, 363
investigation proposal, 366
materials, 364
report, 368
safety precautions, 364
task and guiding question, 364
teacher notes for, 356-360
content, 356, 357
hints for implementing lab, 360
materials and preparation, 357-358, 358
purpose, 356
timeline, 357
topic connections, 360, 361, 386—-389
topics for explicit and reflective discussion,
358-360

|
Identification of task and guiding question, 3
role of teacher in, 3, 15
Inheritance of Blood Type lab, 276-288
checkout questions for, 287-288
lab handout for, 282—286
argumentation session, 285, 285—286
connections, 284285
getting started, 284, 284
introduction, 282, 282-283
investigation proposal, 284
materials, 283
report, 286
safety precautions, 283
task and guiding question, 283
teacher notes for, 276—-280
content, 276, 276-277, 277
hints for implementing lab, 280
materials and preparation, 278, 278-279
purpose, 276
timeline, 277
topic connections, 280, 281, 386—-389
topics for explicit and reflective discussion,
279-280

Inheritance of color traits of Wisconsin Fast Plant.
See Mendelian Genetics lab
Inheritance of fruit fly traits. See Models of
Inheritance lab
Insect populations. See Mechanisms of Evolution lab;
Mechanisms of Speciation lab
Institute of Education Sciences, 19
Instructional materials for labs, 22—-24
additional information, 23
checkout questions, 24
investigation proposal, 23, 400-402
lab handout, 22
peer-review guide and instructor scoring rubric,
23-24, 403-404
safety precautions, 22-23
Instructor scoring rubric, 23—24, 403-404
Interdependence of Organisms lab, 192—209
checkout questions for, 208-209
lab handout for, 197—-207
argumentation session, 199, 199-200
connections, 198-199
getting started, 198
introduction, 197, 197
investigation proposal, 198
Lake Grace information packet, 201-207
materials, 197
report, 200
safety precautions, 198
task and guiding question, 197
teacher notes for, 192—195
content, 192
hints for implementing lab, 195
materials and preparation, 192-193, 193
purpose, 192
timeline, 192
topic connections, 195, 196, 386—389
topics for explicit and reflective discussion,
194-195
International assessments, xv—xvi, xvi
Introduction labs, 19
Invasive species. See Competition for Resources lab
Investigation proposal, 4-5, 19, 22, 23, 399. See also
specific labs
proposal A format, 400
proposal B format, 401
proposal C format, 402
Investigation report, 11—14. See also specific labs
components of, 11-12
format and length of, 12
peer review of, 12, 13, 14, 17, 23-24, 403-404
revision and submission of, 14, 17
writing of, 11-13, 17

J
Justification of the evidence, 5-6, 6, 7. See also
specific labs

K

Karyotype simulation kits, 237-238, 240

Karyotypes. See Chromosomes and Karyotypes lab;
Meiosis lab

L
Lab equipment, 3
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Lab handouts for students, 3, 22. See also specific
labs
Lab investigations, 19—24
alignment with standards, 19, 22, 386-389
application labs, 19
consistency with argument-driven inquiry
instructional model, 19
to foster development of science proficiency,
Xvii—xviii
grant support for creation of, 19
instructional materials for, 22-24
introduction labs, 19
research on learning outcomes of, 19-20
resources for, 19
teacher notes for, 20—22
Leaf surface area and water movement through a
plant. See Transpiration lab
Light effects on rate of photosynthesis. See
Photosynthesis lab
Literacy connections for labs, 388. See also Common
Core State Standards for English language arts
Biodiversity and the Fossil Record, 308
Cell Cycle, 53
Cell Structure, 43
Cellular Respiration, 92
Chromosomes and Karyotypes, 241
Competition for Resources, 214
Descent With Modification, 332
DNA Structure, 255
Ecosystems and Biodiversity, 157
Environmental Influences on Animal Behavior, 183
Enzymes, 117
Explanations for Animal Behavior, 170
Human Evolution, 361
Inheritance of Blood Type, 281
Interdependence of Organisms, 196
Mechanisms of Evolution, 319
Mechanisms of Speciation, 345
Meiosis, 268
Mendelian Genetics, 228
Models of Inheritance, 294
Normal and Abnormal Cell Division, 65
Osmosis and Diffusion, 30
Photosynthesis, 78
Population Growth, 130
Predator-Prey Population Size Relationships, 144
Transpiration, 105
Whale Evolution, 376

M
Mammalian brain structure. See Descent With
Modification lab
Materials and preparation for labs, 21. See also
specific labs
Mathematics connections for labs, 388. See
also Common Core State Standards for
mathematics
Biodiversity and the Fossil Record, 308
Cell Cycle, 53
Cellular Respiration, 92
Competition for Resources, 214
Descent With Modification, 332
Ecosystems and Biodiversity, 157
Environmental Influences on Animal Behavior, 183

Enzymes, 117
Explanations for Animal Behavior, 170
Human Evolution, 361
Interdependence of Organisms, 196
Mechanisms of Evolution, 319
Mechanisms of Speciation, 345
Mendelian Genetics, 228
Models of Inheritance, 294
Normal and Abnormal Cell Division, 65
Osmosis and Diffusion, 30
Photosynthesis, 78
Population Growth, 130
Predator-Prey Population Size Relationships, 144
Transpiration, 105
Mechanisms of Evolution lab, 315-327
checkout questions for, 326-327
lab handout for, 321-325
argumentation session, 324, 324-325
connections, 324
getting started, 322-324, 323
introduction, 321
investigation proposal, 324
materials, 322
report, 325
safety precautions, 322
task and guiding question, 322
teacher notes for, 315-319
content, 315-316
hints for implementing lab, 318
materials and preparation, 316, 316
purpose, 315
timeline, 316
topic connections, 319, 319, 386—-389
topics for explicit and reflective discussion,
317-318
Mechanisms of Speciation lab, 341-355
checkout questions for, 354-355
lab handout for, 346-353
argumentation session, 349-350, 350
connections, 349
getting started, 347-349, 348
introduction, 346, 346
investigation proposal, 349
materials, 346
Natural Selection and Species Concept Fact
Sheet, 352-353
report, 350-351
safety precautions, 347
task and guiding question, 346
teacher notes for, 341-344
content, 341
hints for implementing lab, 344
materials and preparation, 342, 342
purpose, 341
timeline, 341-342
topic connections, 344, 345, 386—-389
topics for explicit and reflective discussion,
342-344

Meiosis lab, 263-275

checkout questions for, 274-275

lab handout for, 269-273
argumentation session, 271-272, 272
connections, 271
getting started, 271, 271
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introduction, 269, 269—270
investigation proposal, 271
materials, 270

National Weather Service database, 180, 186
The Nation’s Report Card: Science 2009, xv
Natural selection. See Mechanisms of Evolution lab;

report, 272-273
safety precautions, 270-271
task and guiding question, 270
teacher notes for, 263—267
content, 263, 263—-264
hints for implementing lab, 267
materials and preparation, 264, 264-265, 265
purpose, 263
timeline, 264
topic connections, 267, 268, 386—-389
topics for explicit and reflective discussion,
265-267
Mendelian Genetics lab, 224-235
checkout questions for, 234-235
lab handout for, 229-233
argumentation session, 232, 232-233
connections, 231-232
getting started, 230, 230-231
introduction, 229
investigation proposal, 231
materials, 230
report, 233
safety precautions, 230
task and guiding question, 229
teacher notes for, 224—227
content, 224
hints for implementing lab, 227
materials and preparation, 225, 225
purpose, 224
timeline, 224-225
topic connections, 227, 228, 386—-389
topics for explicit and reflective discussion,
225-227
Migration of birds and climate change. See
Environmental Influences on Animal Behavior
lab
Models of Inheritance lab, 289—-301
checkout questions for, 300—-301
lab handout for, 295-299
argumentation session, 298, 298
connections, 297
getting started, 296297
introduction, 295, 296
investigation proposal, 297
materials, 296
report, 299
safety precautions, 296
task and guiding question, 296
teacher notes for, 289—293
content, 289-290
hints for implementing lab, 293
materials and preparation, 290-291, 291
purpose, 289
timeline, 290
topic connections, 293, 294, 386—-389
topics for explicit and reflective discussion,
291-292

N
National Assessment of Educational Progress, xv
National Research Council (NRC), ix—x, xv, xvii, xviii, 22

Mechanisms of Speciation lab

Nature of science (NOS) and nature of scientific

inquiry (NOSI) concepts, alignment of lab
investigations with, 11, 16, 19, 20, 22, 389

Biodiversity and the Fossil Record, 307, 308, 311

Cell Cycle, 52, 53, 56

Cell Structure, 41-42, 43, 45-46

Cellular Respiration, 90, 92, 96

Chromosomes and Karyotypes, 239-240, 241,
244

Competition for Resources, 213, 214, 218

Descent With Modification, 330-331, 332, 336

DNA Structure, 254, 255, 257

Ecosystems and Biodiversity, 156, 157, 160—161

Environmental Influences on Animal Behavior,
182, 183, 187

Enzymes, 116, 117, 121

Explanations for Animal Behavior, 169, 170,
174-175

Human Evolution, 359-360, 361, 366

Inheritance of Blood Type, 280, 281, 284-285

Interdependence of Organisms, 195, 196, 198—
199

Mechanisms of Evolution, 318, 319, 324

Mechanisms of Speciation, 343-344, 345, 349

Meiosis, 266-267, 268, 271

Mendelian Genetics, 226—227, 228, 231-232

Models of Inheritance, 292, 294, 297

Normal and Abnormal Cell Division, 64, 65, 69

Osmosis and Diffusion, 28-29, 30, 34

Photosynthesis, 77, 78, 82

Population Growth, 128-129, 130, 134

Predator-Prey Population Size Relationships,
142—-143, 144, 148

Transpiration, 103, 105, 109

Whale Evolution, 374-375, 376, 380

Next Generation Science Standards (NGSS), ix, ix
NOAA National Climatic Data Center database, 180,

185, 186

Normal and Abnormal Cell Division lab, 6072

checkout questions for, 71-72
lab handout for, 66—-70
argumentation session, 69, 69-70
connections, 69
getting started, 68
introduction, 66, 66—67
investigation proposal, 69
materials, 67
report, 70
safety precautions, 68
task and guiding question, 67
teacher notes for, 60—64
content, 60-61, 61
hints for implementing lab, 64
materials and preparation, 62, 62
purpose, 60
timeline, 61
topic connections, 64, 65, 386—-389
topics for explicit and reflective discussion,
62—-64
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o
Observing One or Two Traits in Wisconsin Fast Plants
simulation, 225, 230, 230231
OCEARCH Global Shark Tracker database, 166, 167,
172-174,173
Organisation for Economic Co-operation and
Development (OECD), xv
Osmosis and Diffusion lab, 26-38
checkout questions for, 36-38
lab handout for, 31-35
argumentation session, 34, 34—35
connections, 34
getting started, 33, 33-34
introduction, 31-32
investigation proposal, 34
materials, 32
safety precautions, 32
task and guiding question, 32
teacher notes for, 26—30
content, 26
hints for implementing lab, 29
materials and preparation, 2627, 27
purpose, 26
timeline, 26
topic connections, 30, 30, 386—-389
topics for explicit and reflective discussion,
27-29

P
Peer group review of investigation reports, 12, 13, 14
benefits of, 13
role of teacher in, 17
Peer-review guide, 12-14, 17, 19, 21, 22, 23-24,
403-404
pH effects on enzyme activity. See Enzymes lab
Photosynthesis lab, 73-85
checkout questions for, 84-85
lab handout for, 79-83
argumentation session, 82, 82—83
connections, 82
getting started, 80-82, 81
introduction, 79
investigation proposal, 82
materials, 79-80
report, 83
safety precautions, 80
task and guiding question, 79
teacher notes for, 73-78
content, 73
hints for implementing lab, 77-78
materials and preparation, 74, 74-75, 75
purpose, 73
timeline, 73
topic connections, 78, 78, 386—-389
topics for explicit and reflective discussion,
76-77
Phylogenetics. See Human Evolution lab; Whale
Evolution lab
Pop bead DNA kits, 252, 256, 264, 264
Population Growth lab, 126138
checkout questions for, 136—138
lab handout for, 131-135
argumentation session, 134, 134—-135
connections, 134

getting started, 132—-133, 133
introduction, 131, 131
investigation proposal, 134
materials, 132
report, 135
safety precautions, 132
task and guiding question, 132
teacher notes for, 126—129
content, 126
hints for implementing lab, 129
materials and preparation, 127, 127
purpose, 126
timeline, 127
topic connections, 129, 130, 386—-389
topics for explicit and reflective discussion,
127-129
Predation and bug population changes. See
Mechanisms of Evolution lab
Predator-Prey Population Size Relationships lab,
139-152
checkout questions for, 150-152
lab handout for, 145-149
argumentation session, 148, 148—149
connections, 148
getting started, 146—-147, 147
introduction, 145, 145-146
investigation proposal, 148
materials, 146
report, 149
safety precautions, 146
task and guiding question, 146
teacher notes for, 139—143
content, 139-140
hints for implementing lab, 143
materials and preparation, 140, 141
purpose, 139
timeline, 140
topic connections, 143, 144, 386—-389
topics for explicit and reflective discussion,
141-143
Preparation for labs, 21. See also specific labs
Programme for International Student Assessment
(PISA), xv—xvi, xvi
Protein synthesis. See Whale Evolution lab
Purpose of labs, 20. See also specific labs

R

Rabbits Grass Weeds simulation, 126—-134, 133

Reading skills, 13, 388. See also Literacy
connections for labs

Red blood cells, effect of exposure to distilled water.
See Osmosis and Diffusion lab

Report writing. See Investigation report

Revision and submission of investigation report, 14

role of teacher in, 17

Role of teacher in argument-driven inquiry

instructional model, 14-15, 15-17

S
Safety acknowledgment form, 23
Safety glasses or goggles, 23
Safety precautions, 22—23. See also specific labs
Science proficiency, x, xv—xviii
curricular organization and, xvi—xvii
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definition and components of, xv
performance of U.S. students on national and
international assessments, xv—xvi, xvi
science labs to foster development of, xvii—xviii
Scientific explanations, xv
Scientific habits of mind, xvii, 9
Scientific knowledge, xv, xvii—xviii, 11
Scientific practices, ix, xv, xviii, 19
alignment of lab investigations with, 22, 386
Biodiversity and the Fossil Record, 308
Cell Cycle, 53
Cell Structure, 43
Cellular Respiration, 92
Chromosomes and Karyotypes, 241
Competition for Resources, 214
Descent With Modification, 332
DNA Structure, 255
Ecosystems and Biodiversity, 157
Environmental Influences on Animal Behavior,
183
Enzymes, 117
Explanations for Animal Behavior, 170
Human Evolution, 361
Inheritance of Blood Type, 281
Interdependence of Organisms, 196
Mechanisms of Evolution, 319
Mechanisms of Speciation, 345
Meiosis, 268
Mendelian Genetics, 228
Models of Inheritance, 294
Normal and Abnormal Cell Division, 65
Osmosis and Diffusion, 30
Photosynthesis, 78
Population Growth, 130
Predator-Prey Population Size Relationships,
144
Transpiration, 105
Whale Evolution, 376
Scoring rubric, 23-24, 403-404
Skulls of Hominidae. See Human Evolution lab
Speaking and listening skills, 388. See also Literacy
connections for labs
Speciation. See Mechanisms of Speciation lab
Sport fish population of Lake Grace. See
Interdependence of Organisms lab
Stem and leaf color traits of Wisconsin Fast Plant.
See Mendelian Genetics lab
Supporting ideas for labs, 22. See also specific labs
Biodiversity and the Fossil Record, 308
Cell Cycle, 53
Cell Structure, 43
Cellular Respiration, 92
Chromosomes and Karyotypes, 241
Competition for Resources, 214
Descent With Modification, 332
DNA Structure, 255
Ecosystems and Biodiversity, 157

Environmental Influences on Animal Behavior, 183

Enzymes, 117

Explanations for Animal Behavior, 170
Human Evolution, 361

Inheritance of Blood Type, 281
Interdependence of Organisms, 196
Mechanisms of Evolution, 319

Index

Mechanisms of Speciation, 345
Meiosis, 268

Mendelian Genetics, 228

Models of Inheritance, 294

Normal and Abnormal Cell Division, 65
Osmosis and Diffusion, 30
Photosynthesis, 78

Population Growth, 130

Predator-Prey Population Size Relationships, 144
Transpiration, 105

Whale Evolution, 376

T
Teacher notes for labs, 20-22. See also specific labs
content, 20
hints for implementing lab, 21-22
materials and preparation, 21
purpose, 20
timeline, 20-21, 391-398
topic connections, 22, 386—389
topics for explicit and reflective discussion, 21
Teacher’s roles during stages of argument-driven
inquiry instructional model, 14-15, 15-17
Temperature and enzyme activity. See Enzymes lab
Temperature and rate of photosynthesis. See
Photosynthesis lab
Tentative argument
argumentation session on, 9, 9—10
development of, 5-9, 6-8
modification of, 10
Theory of descent with modification. See Descent
With Modification lab; Human Evolution lab;
Whale Evolution lab
Timeline for labs, 20-21. See also specific labs
option A format, 391
option B format, 392
option C format, 393
option D format, 394
option E format, 395
option F format, 396
option G format, 397
option H format, 398
“Tool talk,” 3, 15
Topic connections for labs, 22, 386—-389. See also
specific labs
Transpiration lab, 100-112
checkout questions for, 111-112
lab handout for, 106—110
argumentation session, 109, 109-110
connections, 109
getting started, 108, 108—-109
introduction, 106, 107
investigation proposal, 109
materials, 107
report, 110
safety precautions, 107-108
task and guiding question, 106
teacher notes for, 100-104
content, 100
hints for implementing lab, 103—104
materials and preparation, 101, 101
purpose, 100
timeline, 100
topic connections, 104, 105, 386—389
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topics for explicit and reflective discussion,
101-103
Tumor growth. See Normal and Abnormal Cell
Division lab

U
UniProt database, 373, 375, 378, 379

w
Water movement through a plant. See Transpiration lab
Water quality test kits, 193, 197, 198
Whale Evolution lab, 371-384
checkout questions for, 383-384
lab handout for, 377-382
argumentation session, 380, 380-381
connections, 380
getting started, 379-380
introduction, 377, 377-378, 378
investigation proposal, 380
Mammal Classification Fact Sheet, 382
materials, 378
report, 381

safety precautions, 378
task and guiding question, 378
teacher notes for, 371-375
content, 371, 371-372
hints for implementing lab, 375
materials and preparation, 373, 373
purpose, 371
timeline, 372
topic connections, 375, 376, 386—-389
topics for explicit and reflective discussion,
373-375
Wisconsin Fast Plant stem and leaf color traits. See
Mendelian Genetics lab
Wolf Sheep Predation simulation, 139-148, 147
Writing skills, 388. See also Literacy connections for
labs
Writing the investigation report, 11-13
role of teacher in, 12—-13, 17

Y

Yeast, food source and cellular respiration in. See
Cellular Respiration lab
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2. A well-organized series of 27 field-tested labs that cover molecules and
organisms, ecosystems, heredity, and biological evolution. The investigations are
designed to be more authentic scientific experiences than traditional laboratory
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