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OVERVIEW

The diversity strand of the Environmental Literacy Research Group is focused on developing a K-12 learning progression for students’ understanding of the role of diversity in natural systems (from the role of genetic diversity in populations, to the role of biodiversity in ecosystems) and how human actions affect and interact with that diversity. Our work is organized around two anchors; an upper anchor that describes the goal - what we propose high school graduates should understand and be able to do; and a lower anchor – a description of what students actually understand and are able to do, based on the findings from assessments. This document includes a description and discussion on both of these anchors. A brief report on our findings is presented, followed by three appendices that included more detailed results from Michigan students, Colorado students, as well as a set of sample assessment items from the secondary test.
The table on page 7 shows one representation of the upper anchor, broken down by elementary, middle and high school goals. And alternative representation is shown below, which focuses on what students should know on leaving high school, and which breaks down the systems into smaller units, and adds human engineered systems to the natural systems already present.
	
	Genes
	Individuals
	Populations
	Ecosystems
	Engineered Systems

	Systems
	Amino acids, DNA, genes, chromosomes, loci
	Individuals as collections of traits, differences between species.
	Genetic variation within populations
	Producers, consumers, decomposers. Trophic levels. Relationships between species.
	Agriculture

	Tracing Information
	Transcription, translation, meiosis, mutation recombination
	Life cycles, reproduction

genetic inheritance
	Sources of genetic variation

Sources of phenotypic variation

G x E
	Community structure, symbiosis, carrying capacity
	Plant and animal breeding – artificial selection

	Change over Time
	Mutation, recombination
	Life cycles, aging, environmental effects on phenotype
	Evolution by natural selection, extinctions, changes in population size, 
	Succession, population dynamics, 
	Habitat fragmentation

Invasive species

Pesticide resistance

Artificial selection

Reductions in biodiversity

Captive breeding programs


Data Sources

Tests were developed that included items that were aligned with each of the fundamental principles described above, and were administered in the fall of 2005 to classes of elementary, middle and high school students. The teachers participating in the working group administered the tests to their students, who were from suburban and rural Michigan schools. The items were a primarily open ended / short answer, but some items were multiple-choice, followed by an opportunity for students to explain why they chose their answer (a sample test can be found at the end of this document in Appendix 3. The results presented in this paper are based on a sample of 90 students, which included 30 from two different elementary classrooms, 30 from a single middle school classroom, and 30 from two different high school classrooms. The assessment items were coded using rubrics developed to look for patterns in responses. To assess reliability of the rubrics, two researchers independently coded a sample of tests and met to discuss discrepancies that occurred. Rubrics were refined based on this discussion. Results from the Michigan students can be found in Appendix 1.
The same tests were also used during the summer of 2006 in a pre-post format with 25 high school students participating in an Upward Bound course in Colorado. Results from the Colorado students can be found in Appendix 2.

Limitations of Current Assessments

While the assessments used thus far were developed with the upper anchor in mind, the data from these assessments has led to greater clarification of this anchor in the form of defined progress variables and learning performances, as described in the summary paper below. As such, current assessment items need to be modified and new assessment items need to be written in order to have greater alignment between the assessments and progress variables. Through modifying items in this way, future data can be analyzed with respect to specific learning performances, and the effectiveness of teaching experiments can be evaluated with respect to specific criteria.
Teaching Experiments

We are currently developing materials for teaching experiments that will take place in fall of 2006 and spring of 2007. These experiments will involve elementary, middle and high school teachers using materials designed to move students towards the upper anchors, and will focus on either within species diversity (primarily evolution by natural selection) or between species diversity (biodiversity and ecosystem processes). Since informed citizenship is an integral goal of the Environmental Literacy Research Group, the materials will be situated within contexts that connect natural and human systems. Our current thinking in this area is focused around human food systems – that is, how agricultural practices effect diversity within species, as well as biodiversity as a whole.
THE DEVELOPMENT OF A K-12 LEARNING PROGRESSION FOR DIVERSITY IN ENVIRONMENTAL SYSTEMS

INTRODUCTION
Background

Diversity occurs at many levels in natural systems, from genetic diversity in populations, to diversity of species in communities, to diversity of habitats and ecosystems. Diversity at any level is not a constant, but rather it changes over time due to a number of different processes, for example, genetic diversity in populations is increased by sexual reproduction and mutation, and is decreased by selection. Changes in the diversity in systems at different levels have direct effects on diversity in systems at other levels (e.g. habitat fragmentation can lead to reduced population sizes and consequently reduced genetic diversity). Humans are increasingly altering the structure of natural populations, and so are consequently having dramatic impacts on diversity at all levels, be that through altering the rate of births and deaths in populations; by removing selection pressures by introducing invasive species; or by altering ecosystems through agricultural or urban development. Since ecological and evolutionary theory is not merely science that can describe what has happened in the past, but also science that is predictive of what will happen in the future, it empowers us with a crucial understanding of the consequences of human alterations to natural systems. As such, we see an understanding of a) the systems in which diversity is present, b) the processes that conserve and transform information in and between systems, and c) the processes that result in the change in diversity over time, as being critical to scientific literacy, environmental literacy and responsible citizenship. 

Previous research has shown that many students simply don’t understand fundamental ecological and evolutionary theory. Students commonly hold alternative conceptions that differ from established scientific explanations in the discipline of evolution, in particular with respect to natural selection. Common misconceptions often include, but are not restricted to, Lamarckian (inheritance of acquired characteristics) or teleological (traits evolve for a purpose) explanations for natural phenomena (Anderson, Fisher & Norman, 2002; Clough & Driver, 1986; Scharmann & Harris, 1992; Cummins, Demastes, & Hafner, 1994, Bishop & Anderson, 1990). Such teleological reasoning is predominant among students at all levels, from the middle school to undergraduates (Rudolph & Stewart, 1998; Clough & Wood-Robinson, 1985; Lawson & Wesser, 1990; Settlage, 1994; Tamir & Zohar, 1991; Bishop & Anderson, 1990), and even among physics doctoral candidates (Chan, 1998) and medical students (Brundby, 1984). A key characteristic of all of these misconceptions is that they fail to consider the existence of diversity in populations and its role in evolutionary change.

Toward Environmental Literacy



This work forms part of an ongoing project design to develop K-12 learning progressions toward environmental literacy. As defined by the project, the three key practices of environmentally literate citizens include the abilities to: 

1. Engage in scientific inquiry to develop and evaluate scientific arguments from evidence.

2. Use scientific accounts of the material world as tools to predict and explain.

3. Use scientific reasoning in citizenship practices of environmental decision-making.

In this study, we focus primarily on practice 2 – scientific accounts related to diversity in natural systems, with the goals of:

a) Describing the kinds of accounts given by students of processes involving information and diversity.

b) Describing the degree to which students are successful in explaining phenomena as accounts of information-based systems and processes.

Learning Progressions

Our framework for this content is shown in Table 1 (at end of this document), and is focused around an understanding of a) systems in which diversity operates (e.g. genes, populations, species, communities); b) tracing information within and between systems (e.g. genetic and environmental effects on phenotype, tracing information through life cycles, tracing information across generations); and c) processes that lead to change over time (e.g. evolution through natural selection, succession, and changes in population size).

Learning progressions are descriptions of the successively more sophisticated ways of thinking about a topic that can follow one another as children learn about and investigate a topic over a broad span of time. As shown in Figure 1, a learning progression is made up of progress variables which serve as scales on which student development is measured. Graduations in these scales are defined as learning performances, which describe what students can do as they progress to more sophisticated ways of thinking.
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Figure 1. Components of the diversity learning progression (example learning performances are shown for the “tracing information” progress variable).

Each of the columns in Table 1 (systems, tracing matter, change over time) represents a progress variable that is being developed for the diversity learning progression. The descriptions of students’ accounts are used to develop the learning performances that make up the increasingly sophisticated levels of the progress variables.

METHODS

During the fall of 2005 and the spring of 2006, we began work on developing assessment items that measure students’ awareness and understanding of the role of diversity in natural systems. Elementary, middle and high school tests were developed from these items, and administered across the K-12 range. In the summer of 2006, the high school test was administered in a pre/post format to 25 high school students participating in an Upward Bound course in Colorado. The students participating in the course were largely from low-income families and/or would be first generation college students. The course took place over 6 weeks, during which the students were engaged in a variety of field experiences that included inquiry into changes in disturbed ecosystems, tracking the process of ecosystem recovery after disturbance, and observing and measuring species diversity. The pre and posttests were coded according to rubrics developed by the researchers, and a sample of the tests was re-scored by an additional researcher to check for inter-rater reliability. Student responses were also examined to facilitate the definition of learning performances, that is, different levels of sophistication in students’ accounts were identified with respect to the three progress variables.
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RESULTS – Colorado data
Item 12. In Michigan, zebra mussels, and a plant called Purple Loosestrife have been introduced from different parts of the world. Their populations have rapidly expanded, and they are now taking up large areas of Michigan that were once home to other native species. 

a. Why do you think that these two species have done so well in their new environments?
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Item 14. Which ecosystems do you think are more stable, that is, more able to withstand stress, damage or disturbance? 

	Ecosystems with

low diversity

	Ecosystems with

medium diversity

	Ecosystems with

high diversity


Posttest Student Responses:

· “With less diversity, small changes can kill off entire populations while high diversity ecosystems have a better chance of having species that are resistant to a disturbance.”

· “An ecosystem with high diversity could withstand damage or stress because the species could adapt easier if more options were available.”

Defining Learning Performances

Table 2 shows an example of how student responses were used to help begin defining the learning performances. In this example, the item presented the students with an image of three differently shaped strawberries, and asked them to explain why the strawberries all grew to look a little different. Student responses are interpreted with respect to the “systems” progress variable.

	Student Response
	Categorization with respect to the Systems progress variable

	Because you can get strawberries from all over the world
	Selects inappropriate systems in which to frame response

	Maybe the strawberries all grew in different areas
	Reasons purely at the macroscopic level

	The plants they grew from had different genetics
	Selects an appropriate system in which to frame response

	Because each one might vary slightly when it comes to their genetics. This could effect how they look, along with where, when and what happened when they grew.
	Connects micro- and macroscopic systems in accounts


Table 2. Example of how student data is being used to define learning performances.

DISCUSSION

In general, the Colorado students’ responses to items on both the pretest and posttest showed a lack of knowledge of critical parts of systems, little success in connecting accounts between systems, and limited success in reasoning with fundamental principles.

The most significant improvements in students’ descriptions between the pretest and posttest were found in the items that were a) closely related to the systems they had been studying, and b) situated within generic systems (e.g. the Diversity and Stability item). Items that required students to apply their understanding to specific and unique contexts showed little improvement in performance (e.g. the Invasive Species item). Greater improvement in student performance was seen in the items related to ecological, rather than evolutionary change, again reflecting the focus of the course instruction.

As described above, these Colorado data, as well as the data from the previous administration of the tests in elementary, middle and high schools, are being used to inform the development of progress variables and learning performances with respect to the growth in student understanding of the role of diversity in natural systems. We are currently refining the learning performances, as well as decreasing their grain size, within each of the three progress variables; Table 3 represents how student data has currently informed our thinking in this area.

	
	Systems
	Tracing Information
	Change Over Time

	Levels
	
	
	

	Simple
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Complex
	Selects inappropriate systems in which to frame response
	No tendency to trace information
	Non-scientific speculation

	
	Reasons purely at the macroscopic level
	Describes organisms (or other systems) as collections of traits / info.
	Describes “why” change occurred, not “how”

	
	Selects an appropriate system in which to frame response
	Traces information between generations, or through life cycles
	Describes a mechanism (how), includes misconceptions

	
	Connects micro- and macroscopic systems in accounts
	Reasons by applying the tracing matter principle to new/complex contexts
	Describes the appropriate scientific mechanism


Table 3. Learning performances for the three progress variables, derived from student data.

In the fall of 2007 we will be conducting teaching experiments across the K-12 range with teaching materials designed to move students through the stages of the learning progression. Since it is virtually impossible to conduct studies that follow the development of understanding in individual students over periods of years, we will instead be examining how students at different stages of their education can progress from one part of the progression to the next, with appropriate instruction. Connecting these pieces across the K-12 range will allow us to study long term learning by using short term studies. We will also be broadening the tests (and the teaching experiments) to include not only items focused on accounts, but also the inquiry and citizenship portions of the environmental literacy framework. 
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	Systems
	Processes (Tracing Information)
	Processes (Change Over Time)

	Elementary
	1. Levels of organization: individuals, species.

2. Ways of describing organisms: phenotype, life cycle stage, kingdoms.

3. Variation: phenotype within species, lifecycle stage within species, between species. 
	Parent – offspring.

Food webs / chains.

Life cycles.
	Adaptations.

Population size.

Anthropogenic effects in ecosystems.

	Middle
	1. Levels of organization: genes, individuals, populations, species, communities, ecosystems.

2. Ways of describing organisms: phenotype/phylogenetic, life cycle stage, acquired vs. genetic, ecological.

3. Variation: genotype in populations, species in communities.
	Community structure.

Genetic inheritance.

Genetic and environmental influences on phenotype.
	Population level genetic variation and differential survival.

Population size and genetic variation.

Competition, predation, symbiosis.

Anthropogenic effects in ecosystems.

	High
	1. Levels of organization: alleles, genes, individuals, populations, species, communities, ecosystems.

2. Ways of describing organisms: phenotype, life cycle stage, phylogenetic, acquired vs. genetic, ecological.

3. Variation: genotype in populations, species in communities.
	Community structure.

Genetic inheritance.

Genetic and environmental influences on phenotype.

Homology / analogy.

Reproduction, mutation.
	Population level genetic variation and differential survival.

Population size and genetic variation.

Natural (and artificial) selection.

Population dynamics of  competition, predation, symbiosis.

Succession

Anthropogenic effects in ecosystems.


Table 1. Content framework for the environmental literacy diversity strand.
APPENDIX 1

MSU Environmental Science Literacy Project

SUMMARY OF THE DIVERSITY WORKING GROUP FINDINGS (MICHIGAN)
Christopher D. Wilson (May 2006)

Strawberry (E, M & H)

Fundamental Principles

· Function
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Students are not making the connection between genetic and phenotypic variation – that is, they are not identifying genetic variation as an explanation for phenotypic variation in strawberries.

Students are making the connection between environmental variation and phenotypic variation. Explanations for phenotypic variation usually involve the plants receiving different amounts of sunlight, water, or growing in different areas.
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“Each strawberry experienced different stimuli and had a different niche so they turned out different”

“Because they were grown in different climates”

“Maybe one didn't get enough air, sunlight or water”

Fundamental Principles

· Function

Deepening awareness of processes and systems: Making the invisible visible.

· Connections between Human and Natural Systems

Students making this connection:

Elementary 10%

Middle 70%

High 67%

Differences in appearance between wild and supermarket strawberries were usually explained by human influence in middle and high school students, such as genetic modification, consistency of growing conditions, use of pesticides/fertilizers, or selection for quality. Elementary school students tended to respond that they either just grew differently, or that they grew in different places.

Fish (E, M & H)
Fundamental Principles

· Structure

The middle and high school students generally held a correct scientific conception that individuals in a population vary extensively in their characteristics. The elementary school students tended to either think that all organisms are identical, or that they appear the same but have internal differences.
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“They are the same species but [have] different genes”

“No two organisms can look / behave exactly alike”

“You can't see inside them. Also they look a lot like each other”

Of the middle and high school students who got the question correct, only 12% of them explained their answer by referring to genetic variation. The most common responses were that the fish were all from the same species, or that no two living things can possibly be identical (.e.g “It is a proven fact that no two organisms look exactly alike and act the same”).

Many elementary school students referred to the picture in their response and saw the question as testing their ability to examine the image. 

Cheetah (M & H)
Fundamental Principles

· Change Over Time

As students’ familiarity of the process of evolution by natural selection increased from middle to high school, so did their misconceptions. Significantly more high school than middle school students described a teleological explanation for the cheetahs evolving greater speed (e.g. “Their ancestors couldn't keep up with the prey so they would die or scavenge for food. So they kept trying to get the prey and eventually they would be able to keep up”). Very few students described a Lamarckian process of inheritance (e.g. “As they evolved more, they had to learn how to run faster to catch their prey. So it was passed from generation to generation”).
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“The cheetahs need to evolve because the game became faster”

“The ability to run fast is due to the eagerness to get where they want to go”

“The cheetahs got faster by chasing faster animals”

Transition from informal (metaphorical) to model-based reasoning

· Model-Based Reasoning

Of the students who attempted to describe the process of natural selection, almost all of them provided a narrative account of the process. Almost no students referred in their responses to key “rules” governing the process of natural selection, such as: 

· Individuals in a population are not identical, but vary in many characteristics.

· Survival is not random, certain traits provide an advantage.

· Populations change over time as the frequency of advantageous alleles / traits increases.

· Reference to the genetic basis of natural selection.

Many students described cheetahs as adapting to their environment, but as mentioned above, this change was usually associated with a “need” to adapt, and focused on individual cheetahs. 

Elephants (M & H)
Fundamental Principles

· Change Over Time

Transition from informal (metaphorical) to model-based reasoning

· Model-Based Reasoning

High school students were twice as likely as middle school students to select the more diverse population of elephants as being more likely to survive a severe drought. 
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“Some elephants have a greater chance of survival if they are different, because some may more resistant to drought”

“They all have different tolerances”

“They don't have babies and don't have to watch for them”

The two key rules of the model that students with a good understanding would use in answering this question are:

· Individuals in a population are not identical, but vary in many characteristics.

· Survival is not random, certain traits provide an advantage.

In the explanations of why the students selected their answer, very few students showed evidence of using these rules. Responses from students who did appear to be using the model included “If group B is exactly identical, they will all die at the same time” (middle school), “Some elephants have a greater chance of survival if they are different, because some may be more resistant to drought” (high school), and “[In population A] some elephants may be able to go without water, but if population B is all the same and they need a lot of water, then they wouldn't be able to survive”.

Many of the middle school students were either distracted by the size of the elephants (e.g. “The smaller would die, the largest would survive”, and “They are bigger and can store more water and food than the little ones”), or appeared to hold the view that elephants are extremely cooperative (e.g. “The big elephants can store more water and give to the smaller elephants” and “They all have different abilities so they can help each other out”).

Porcupine Fish (E & M)
Fundamental Principles

· Structure

Students at both elementary and high school were able to identify a number of characteristics that would help the fish survive. The average number of traits identified by elementary students was 3.9, whereas the average number of traits identified by middle school students was 2.5. While both sets of students frequently identified the fish’s spines, fins and eyes, the elementary students also often identified the fish’s gills, mouth, color and body shape as adaptations to its environment.
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Fundamental Principles

· Function
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When describing the adaptive value of their identified traits, over 90% of students at both elementary and middle schools were able to correctly associate the trait with its function. 

Summary of Results 

1. Structure of Systems.

Natural systems can be perceived as a set of nested boxes, with alleles and genes at one extreme and global systems at the other. In-between lie organisms, populations, species, communities and ecosystems – some of these systems being familiar to students, and some of these being largely invisible. One portion of the learning progression towards understanding how diversity functions in natural systems is a therefore moving from a disconnected awareness and understanding of these systems, so reasoning by making connections between microscopic, macroscopic, and large scale levels. We analyzed the data from 2 items concerning the structure of natural systems, one requiring students to diagram their conceptions of the diversity of life, and the other concerning students’ awareness of diversity within individual populations. In the former, all students’ diagrams contained various types of animals (consumers), whereas only around 50% of middle and high school students’ diagrams included plants (producers). This figure was 90% for the elementary school students – it is unclear why the elementary school students (from two different schools) included plants in their diagrams so much more frequently than the middle and high school students. Importantly, decomposers were very rarely mentioned by students at any level. In the item on diversity within populations, we saw that awareness of diversity increased progressively from elementary to high school, but genetic variation as the origin of that diversity was rarely mentioned. Instead of making that connection, students used rules with little scientific basis, such as “It is a proven fact that no two organisms look exactly alike and act the same.”

2. Processes that Connect Systems

The systems mentioned above are connected by a number of natural processes, and so reasoning within the constraints on processes that connect these systems, particularly tracing information between them, is the second portion of the learning progression. For example, students should be able to describe and reason about the connections between genotype and phenotype, and the connections between traits / adaptations and environmental pressures. To examine students understanding of the connections between levels of systems, the test included items about why strawberries do not all look identical, and how students connected the adaptations of a porcupine fish to environmental pressures. In the first of these items, students saw the phenotypic variation in strawberries as being entirely the result of environmental variation and not genetic variation (or a combination of the two), and so were failing to make a significant connection between systems. In the porcupine fish item, students were relatively successful at identifying characteristics of the fish that were adaptations to its environment, as well as connecting those adaptations to specific environmental pressures.

3. Change over Time

The processes that connect the systems described above result in change in the diversity in systems over time. Reasoning about how change occurs in these systems requires students to be aware of and apply a number of scientific rules, and to model the mechanisms governing the connections. For example, the process of natural selection is governed by the rules that individuals in a population are not identical; survival is not random (certain traits provide an advantage); and that populations change over time as the frequency of advantageous alleles / traits increases. When reasoning about processes involving natural selection, students need to select and apply the rules that are appropriate to the particular system. Two items dealing with change in diversity in systems over time were included on the test, one asking students to explain how modern day cheetahs that can run at 60mph evolved from ancestors that could run only at 20mph, and one asking students to predict if a diverse or homogenous population of elephants would be more likely to survive a severe drought. In the cheetah item, few middle school students saw a need for a mechanism for how change occurred, and instead described why they adapted. High school students saw a greater need to describe a mechanism, but those that did mostly described Lamarckian or teleological mechanisms, rather than constructing their responses around a scientific model. Similarly, in the elephants item students rarely constructed their responses around the scientific model, and instead thought in non-scientific ways that made sense to them. Interestingly, these often included anthropomorphic explanations involving elephants sharing water or other human society-influenced accounts.

Implications for Developing a Learning Progression

The results from our tests highlight two of the other common themes across the work of the Environmental Literacy Research Group, these being the transition from stories about events to model-based accounts of processes in systems; and increasing awareness of “invisible” parts of systems. As they got older, students consistently saw a greater need to describe mechanisms for changes over time (moving from a “why”, to a “how”), but were unable to use scientific models in developing those explanations. This need for model-based reasoning is a critical step in developing environmental science literacy. Students also need to move from focusing their thinking around highly visible parts of systems such as individual organisms, to a more conceptual view of the natural world that includes the connected, but more “invisible” parts of systems such as populations and communities. 
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The figure above illustrates how students’ reasoning (the colored area) is focused around systems at the macroscopic level and those which are easily experienced. One of our challenges is therefore to expand the scope of students’ reasoning by making the more distant systems visible to students, and developing meaningful and engaging experiences at these levels. 

APPENDIX 2

MSU Environmental Science Literacy Project

SUMMARY OF THE DIVERSITY WORKING GROUP FINDINGS (COLORADO)
Josie Zesaguli (August 2006)
APPENDIX 3

MSU Environmental Science Literacy Project

Secondary Diversity Pretest (posttest was the same for the above data)
Diversity Pretest (High School)
Science is easier to understand if you can make connections between what you know now and the new ideas you are studying. This is a test that will help us know what you know now.

Please answer these questions as carefully and completely as you can. If you aren’t sure of the answer, please write any thoughts that you have. If you can help us to understand how you think about these questions, then we can do a better job of explaining science in ways that make sense to you.
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Please put your initials (not your full name) in the boxes:

                                                                                                         First      Middle     Last

Date _______________________

Class ______________________  Teacher ____________________________
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1. Cheetahs are able to run faster than 60 miles per hour when chasing prey. How would a biologist explain how the ability to run fast evolved in cheetahs, assuming their ancestors could only run 20 miles per hour?

MUSICAL INSTRUMENTS

            String Instruments                               Wind Instruments                   Percussion

                    Woodwind              Brass
      Plucked              Bowed    






                                          Metallic          Skinned

                                     Flutes     Clarinets
Harps     Guitars












                                              Cymbals   Bells
                         Violins     Cellos



                                  Trumpets    Saxophones
                 Drums    Tambourines
2. The above diagram shows musical instruments being broken down and categorized into smaller groups, and then into smaller groups again and again. In the same way, break down living things into as many different groups as you can, then continue to break those groups down into smaller and smaller groups, as far as you can go.

All Living Things

3. Scientists have long believed that the 14 species of finches on the Galapagos Islands evolved from a single species of finch that migrated to the islands one to five million years ago. Recent DNA analyses support the conclusion that all of the Galapagos finches evolved from a warbler finch. Different species live on the different islands. For example, the medium ground finch and the cactus finch live on one island; the large cactus finch occupies another island. One of the major changes in the finches is in their beak size and shapes.

3a. In the finch population, what are the primary changes that occur gradually over time?

a) The traits of each finch within a population gradually change.

b) The proportions of finches having different traits within a population change.

c) Successful behaviors learned by finches are passed on to offspring through their genes.

d) Mutations occur to meet the needs of the finches as the environment changes.

Answer:__________

3b. How did the different beak types first arise in the Galapagos finches?

a. The changes in the finches’ beak size and shape occurred because of their need to be able to eat different kinds of food to survive.

b. Changes in the finches’ beaks occurred by chance, and when there was a good match between beak structure and available food, those birds had more offspring.

c. The changes in the finches’ beaks occurred because the environment induced the desired genetic changes.

d. The finches’ beaks changed a little bit in size arid shape with each successive generation, some getting larger and some getting smaller.
Answer:__________

3c. What type of variation in finches is passed to the offspring?

a. Any behaviors that were learned during a finch’s lifetime.

b. Only characteristics that were beneficial during a finch’s lifetime.

c. All characteristics that are genetically determined.

d. Any characteristics that were positively influenced by the environment during a finch’s lifetime.
Answer:__________

3d. What caused populations of birds having different beak shapes and sizes to become distinct species distributed on the various islands?

a. The finches were quite variable, and those whose features were best suited to the available food supply on each island reproduced most successfully.

b. All finches are essentially alike and there are not really fourteen different species.

c. Different foods are available on different islands and for that reason, individual finches on each island gradually developed the beaks they needed.

d. Different lines of finches developed different beak types because they needed them in order to obtain the available food.
Answer:__________

3e. Populations of finches are made up of hundreds of individual birds. Which statement describes how similar they are likely to be to each other?

a. The finches share all of the same characteristics and are identical to each other.

b. The finches share all of the essential characteristics of the species: the minor variations they display don’t affect survival.

c. The finches are all identical on the inside, but have many differences in appearance.

d. The finches share many characteristics, but also vary in many features.

Answer:__________

4a. Below are pictures of a Michigan forest and a Michigan corn field. In the boxes below each picture, list as many living things as you can that might be living in each of these places. 

                                    Forest                                                         Corn Field

     [image: image6.jpg]


                 [image: image7.jpg]





4b. Explain why it might be important to preserve our forests.

5a. How many different types of animals and plants do you think live in:

	
	Animals
	Plants

	a. Your schoolyard
	
	

	b. Michigan
	
	

	c. The world
	
	


5b. Other than animals and plants, what other types of things do you think live in these places? Name as many as you can. 

6a. To the right is a picture of some strawberries. They are all slightly different sizes and slightly different shapes. Why do you think these strawberries all grew to look a little different?


6b. Do you think wild strawberries look more or less 

alike than do strawberries found in the supermarket? 

6c. Why do think this is so?


7. The picture to the right shows a group of fish. Which statement below best describes the appearance of a group of fish such as this?

a) The fish are all identical to each other.

b) The fish are all identical on the inside, but have many differences in appearance.

c) The fish are all identical in appearance, but are all different on the inside.

d) The fish share many characteristics, but also vary in many features.

e) The fish are all completely unique and share no features with other fish.

Your answer: 


8. Below are two populations of 15 elephants. Population A contains elephants that are all slightly different, while Population B contains elephants that are all identical. Which of the two populations do you think is most likely to survive if there was a severe drought?

                     Population A

                                              Population B
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	Circle one:
	Population A

	Population B

	Both have an equal chance of surviving



9. Each species in an ecosystem has a different role, and is affected by the other species in that ecosystem. For example, some insects pollinate flowers, provide food for animals that eat them, and recycle dead biological material. What roles do you think the following organisms play in their ecosystems?

	Oak Tree



	Bacteria



	Humans
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10. Above is a picture of two sisters. In the boxes below, describe two ways HOW two sisters look alike and how they look different, and the reasons for WHY they look alike and different.



[image: image39.png]H =0.00%

c =0.20%

Target = 6.00%




11. The graph above shows the distribution of moth coloration in a population of 1000 moths living on an island. The curve shows that there are a small number of dark moths, a large number of medium colored moths, and a small number of light moths. If a bird species was introduced to the island that ate light colored moths, but couldn’t see dark colored moths, how would this change the distribution of moth coloration on the island? 

Draw you answer in a graph below:






Please explain why you chose your answer:


                  Zebra Mussels



    Purple Loosestrife
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12. In Michigan, zebra mussels, and a plant called Purple Loosestrife have been introduced from different parts of the world. Their populations have rapidly expanded, and they are now taking up large areas of Michigan that were once home to other native species. 

a. Why do you think that these two species have done so well in their new environments?


b. Why do you think invasive species such as these might be a problem in new ecosystems?
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13. The diverse range of domestic dogs has evolved from wolves over the last 15,000 years by humans deliberately breeding for desirable traits, such as size, strength and agility. In the boxes below, explain how this process is similar and different to the way wild animals evolve naturally, such as the fish in the picture on the right.
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14a. Species diversity is not the same throughout the world; some areas contain lots of different species, while others contain relatively few. One pattern is the increase in diversity from the poles to the equator: while the tropical areas around the equator team with life, temperate areas which are closer to the poles have fewer kinds of plants and animals, while the polar regions have even fewer. 
Why do you think this might be the case?


14b. Which ecosystems do you think are more stable, that is, more able to withstand stress, damage or disturbance? Circle one

	Ecosystems with

low diversity
	Ecosystems with

medium diversity
	Ecosystems with

high diversity


Explain why you chose your answer:

           


Diversity


Learning Progression





Progress Variables


systems,


tracing information,


change over time,


inquiry,


citizenship





Learning 


Performances


e.g. Describes organisms 


as a set of traits,


Traces information 


between generations,


Describes sources of new


 information (sex, mutation . . .)








made up of





made up of





Group 3. Name:_________________








Group 4. Name:_________________








Other Living Things:





Explain why you chose your answer:








Explain why you chose your answer:








HOW they look alike:                   WHY they look alike:





1.					Reason: 











2.					Reason:





HOW they look different:             WHY they look different:





1.					Reason: 











2.					Reason:
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  Number











           Dark moths                      Medium moths                  Light moths
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  Number





           Dark moths                     Medium moths                  Light moths





How the processes are similar





How the processes are different





  Less diverse











         More diverse











  Less diverse
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