
Developing and Using Science and Engineering Practices (by Lesson)

Lesson Elements of Science and Engineering Practice(s) Rationale

1 Ask questions that arise from careful observation of
phenomena, models, or unexpected results, to clarify
and/or seek additional information.

On day 4, students develop questions for the DQB
based on their careful observation of the
phenomenon—penguins that lived long ago, like the
fossil of a giant penguin named Pedro, appear to
have important anatomical similarities and
differences from penguins that are alive today.
Students develop the questions based on their
observation of the phenomenon, the development
of an initial explanation, the identification of
evidence needed to support and refute claims in
their explanation, and the identification of related
phenomena. Students will use these questions to
guide their investigations throughout the unit,
through which they will seek additional information
to help support or refute their claims.

1 Use graphical displays (e.g., maps, charts, graphs,
and/or tables) of large data sets to identify temporal
and spatial relationships.

On day 2, students analyze and interpret data on
penguin cards that include  modern and ancient
world maps and organism size comparison charts on
them.

1 Consider limitations of data analysis (e.g.,
measurement error), and/or seek to improve
precision and accuracy of data with better
technological tools and methods (e.g., multiple
trials).

One day 2, students look for connections across
multiple categories of penguin data (at least 3) and
compare these to those of other group members.

1 Apply scientific ideas, principles, and/or evidence to
construct, revise and/or use an explanation for real-
world phenomena, examples, or events.

On day 3, students develop an initial explanation to
answer the questions, “(1) Where did all the different
types of ancient penguins go? and (2) Where did all
the different types of modern penguins come from?”
In their explanation, students make a claim, articulate
a possible mechanism, and then identify types of
evidence that they would need to either support or
refute their claim.

2 Ask questions that arise from careful observation of
phenomena, models, or unexpected results, to clarify
and/or seek additional information.

Students ask questions that arise from careful
observation of phenomena, models, and
unexpected results, to clarify and/or seek additional
information, when they record their new questions in
their science notebooks at the end of day 1 and day
2, inspired by their close study of skeletal models of
penguins and humans, close analysis of trait
variation data, revisiting the penguin data cards from
Lesson 1, and rewatching the penguin zoo exhibit live
cam or video recording.

2 Ask questions that require sufficient and appropriate
empirical evidence to answer.

Students ask and record questions that require
sufficient and appropriate empirical evidence to
answer about heritable trait variations they expect to
find in other ancient fossils. They will share these on
the start day 1 of the next lesson, along with sharing
how looking at bone-related trait variations for
different types of ancient penguins could help
answer some of these questions.
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2 Use graphical displays (e.g., maps, charts, graphs,
and/or tables) of large data sets to identify temporal
and spatial relationships.

Students use graphical displays (tables) of large data
sets to identify temporal relationships when they
analyze patterns in [material: NS.L2.HO1] on day 1 of
this lesson and [material:NS.L2.HO2] on day 2 of this
lesson. The latter includes a set of 19 data strips
(tables) with 36 variables on each which students use
to look for connections between trait variations
across different types of penguins. They may also
make geographic or spatial connections when they
attach the data strips on the penguin data cards from
Lesson 1 (which have penguin distribution maps on
them).

2 Analyze and interpret data to determine similarities
and differences in findings.

Students analyze and interpret data to determine
similarities and differences in findings across all
different types of modern penguins and Pedro.

3 Use graphical displays (e.g., maps, charts, graphs,
and/or tables) of large data sets to identify temporal
and spatial relationships.

Students use graphical displays (tables) of large data
sets to identify spatial relationships when they
analyze patterns on day 1 using
[material:NS.L3.HO1], which includes a set of 32 data
strips (data tables) with either 17 or 36 variables on
each one, to look for connections between trait
variations across different types of penguins.

Students use graphical displays (maps, pictures,
descriptive text, and tables) of large data sets to
identify temporal and spatial relationships when
they analyze patterns on day 2 as they work with 14
data cards that include trait variation data tables,
global maps, descriptions of the fossil site(s), and
local and global environmental conditions, as well as
images showing the recovered fossil parts and an
artist's reconstruction of the entire penguin’s body
shape.

3 Analyze and interpret data to determine similarities
and differences in findings.

Students analyze and interpret data to determine
similarities and differences in findings across
different types of variables using
[material:NS.L3.HO1] and [material:NS.L2.HO2] At
the start of day 1, they compare across trait variation
data. At the end of day 1, they do this while also
organizing the data on a timeline. In the middle of
day 2, they analyze the data across 3 or more
different factors (e.g., geographic location, global
environmental conditions, local environment,
relative size of the penguin) to determine additional
patterns and connections between these factors and
trait variations in the Ancient Penguin Data Cards.

4 Apply concepts of statistics and probability
(including mean, median, mode, and variability) to
analyze and characterize data, using digital tools
when feasible.

The class discusses issues related to sampling,
sample size, and variability to argue for what
inferences they can reliably draw from what is typical
in a penguin population when there are many
samples available from a population (e.g. modern
penguins) vs. very few or only one  (e.g. fossil
occurrences for different types ancient penguins).

4 Construct an explanation using models or
representations.

Students construct three mini explanations in
response to these questions: “Where did all the
different types of ancient penguins go? Where did all
the different types of modern penguins come from?
Why are there similarities and differences in the
traits we see between modern and ancient
penguins?” To construct these explanations, students
use various representations in the timeline model
they are developing as a class to represent the
similarities and differences in their characters.
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4 Apply scientific ideas, principles, and/or evidence to
construct, revise and/or use an explanation for real-
world phenomena, examples, or events.

Students revise their explanations to two questions
from lesson 1: “Where did all the different types of
ancient penguins go? Where did all the different
types of modern penguins come from? ” To
construct these explanations, students draw on the
data they identify the source of data that support
their explanations, and they draw on two science
ideas that have been developed in prior lessons a)
modern penguins must have descended from
ancient penguins and b) heritable traits are passed
on from parents to offspring.

5 Use graphical displays (e.g., maps, charts, graphs,
and/or tables) of large data sets to identify temporal
and spatial relationships.

Students examine a set of cards depicting ancient
and modern organisms and identify patterns in
similarities and differences in characters that can be
used to create organizational models on a timeline.

5 Analyze and interpret data to determine similarities
and differences in findings.

Students examine a set of cards depicting ancient
and modern organisms that use modern and ancient
world maps and a chart of the relative organism
sizeon them.

5 Respectfully provide and receive critiques about
one’s explanations, procedures, models, and
questions by citing relevant evidence and posing and
responding to questions that elicit pertinent
elaboration and detail.

On day 2 of this lesson, students will organize into
triads to share organizational models showing
patterns among characters, time periods in which
organisms live(d), and environmental conditions in
which organisms live(d). Students will ask and
answer clarifying questions about their models and
cite evidence from data sets to support their
thinking.

6 Ask questions to clarify and/or refine a model, an
explanation, or an engineering problem.

Students ask questions which will eventually help
refine a model to explain how a population can show
changes in trait distribution over time which will
eventually allow us to figure out how the characters
in penguins that lived long ago can be different from
the characters in modern penguins.

6 Apply concepts of statistics and probability
(including mean, median, mode, and variability) to
analyze and characterize data, using digital tools
when feasible.

Students examine the lack of variation in characters
when comparing groups of penguins that lived in
different places or different times and then discover
that when we zoom in and look at individuals within
the population (on a graph showing normal
distribution) the story is not as simple. There is
indeed a small amount of trait variation for each
character--individuals that are categorized as having
a trait variation in common might have additional
variation between them for that character.  

6 Apply scientific ideas, principles, and/or evidence to
construct, revise and/or use an explanation for real-
world phenomena, examples, or events.

Students create an explanation that they use to
support an argument about how modern penguins
are connected to penguins from long ago. They
present their scientific reasoning to support their
argument in service of coming to consensus on ideas
about descent.

6 Construct, use, and/or present an oral and written
argument supported by empirical evidence and
scientific reasoning to support or refute an
explanation or a model for a phenomenon or a
solution to a problem.

Students write an argument to defend an
explanation about how modern penguins are
connected to penguins from long ago. They present
their argument and use empirical evidence and
scientific reasoning to support their argument in
service of coming to consensus on ideas about
descent.
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7 Apply concepts of statistics and probability
(including mean, median, mode, and variability) to
analyze and characterize data, using digital tools
when feasible.

Students apply concepts of statistics and probability
(including mean, median, mode, and variability) to
analyze and characterize data they have been
assigned to analyze when they complete the related
“Identify: What do I see in the data?” sections of their
case.

7 Construct an explanation that includes qualitative or
quantitative relationships between variables that
predict(s) and/or describe(s) phenomena.

Students construct an explanation for the section of
the  case study they have been assigned as they
complete the “Identify: What do I see in the data?”
and “Interpret: What does this mean?” sections of
their case.  When they share out the later of these
they are trying to establish relationships between
variables in their section of the case and the
variables in a another section of the case.  Figuring
out the relationship between these variables is the
foundations work they do in their small group
discussion that enables them to develop a proposed
set of cause-and-effect relationships.

7 Construct an explanation using models or
representations.

Students construct an explanation by developing an
initial causal model with their group, built from index
cards and sticky notes on day 2 of this lesson, to
explain the series of cause-and-effect relationships
at work in their system that lead to the population-
level changes occurring over time. On day 2, they
also add to their explanation by using crosscutting
concepts as lenses for explaining additional
relationships in the system when they complete
[material:NS.L7.HO5] with two different partners. On
day 3, they individually identify parts and
interactions to add to the system model when they
complete [material:NS.L7.HO6]. And as a group they
revise their initial system model built from index
cards and sticky notes, reordering and/or adding
annotations to it to reflect their insights gained from
their work with [material:NS.L7.HO5] and
[material:NS.L7.HO6].

7 Critically read scientific texts adapted for classroom
use to determine the central ideas and/or obtain
scientific and/or technical information to describe
patterns in and/or evidence about the natural and
designed world(s).

Students critically read scientific texts adapted for
classroom use to determine the central ideas and/or
obtain scientific information to describe patterns in
and evidence about changes occurring in the case
study they have been assigned as they complete the
“Identify: What do I see in the data?” and “Interpret:
What does this mean?” sections of their case.

7 Integrate qualitative and/or quantitative scientific
and/or technical information in written text with that
contained in media and visual displays to clarify
claims and findings.

Students integrate qualitative and quantitative
scientific information in written text with that
contained in visual displays (photographs, scatter
plots, lines of best fit, histograms, and box plots) to
clarify claims and findings both when they complete
the related “Identify: What do I see in the data?” and
“Interpret: What does this mean?” sections for their
case and when they record interpretations from
other group members for their related section of the
case study.

8 Develop and/or use a model to predict and/or
describe phenomena.

Students develop a set of model ideas to describe
what is happening across four different phenomena
(different case studies) in day 1 of the lesson.
Students merge these to form generalizable model
ideas that work for all four cases on day 2 of the
lesson. And they use the set of general model ideas
to make predictions about what they expect to
happen in a simulated population of salmonella
bacteria.
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8 Develop a model to describe unobservable
mechanisms.

Students develop and communicate a set of model
ideas to describe what is happening across multiple
case studies (phenomena) that include inferences of
mechanisms at work in the system that are not
directly observable. These include structure-and-
function relationships, competition advantages
granted by some traits for specific types of
interactions in the environment, and selection for
certain traits over others for increased chances of
survival and reproduction.

8 Respectfully provide and receive critiques about
one’s explanations, procedures, models, and
questions by citing relevant evidence and posing and
responding to questions that elicit pertinent
elaboration and detail.

Students respectfully provide and receive critiques
about the model ideas they develop and revise with
different partners on day 1 of the lesson.

8 Construct, use, and/or present an oral and written
argument supported by empirical evidence and
scientific reasoning to support or refute an
explanation or a model for a phenomenon or a
solution to a problem.

Students co-construct a written record of model
ideas that are part of the reasoning that could be
used to support the concept of population-level
changes occurring in multiple phenomena. They
present these ideas to a second partner from a
different case-study group for evaluation and
refinement. Students then contribute these ideas to
a classroom consensus model on day 2 of the lesson.

9 Collect data to produce data to serve as the basis for
evidence to answer scientific questions or test design
solutions under a range of conditions.

Students use a computer simulation to carry out two
investigations. They collect data from them that
serve as the basis for evidence to answer questions
about how a population changed in different
environments and over different lengths of time and
why other students may have gotten similar shifts in
the distribution of traits over time but not exactly the
same results.

9 Analyze and interpret data to determine similarities
and differences in findings.

Students generate data using a computer simulation.
They then analyze and interpret their own data and
compare their findings with a partner to determine
similarities and differences. Students also compare
findings for two different investigations in which they
use different hunting strategies.

9 Apply scientific ideas, principles, and/or evidence to
construct, revise and/or use an explanation for real-
world phenomena, examples, or events.

Students apply scientific ideas (from the General
Model of Natural Selection) to construct an
explanation for real-world phenomena (penguin-
related questions about heritable traits and
competitive advantages for relatively fast movement
in water and slow movement on land).

9 Apply scientific ideas or principles to design,
construct, and/or test a design of an object, tool,
process or system.

Students apply scientific ideas to identify the
elements and interactions that would need to be
redesigned in a simulation in order to represent an
environment where there are resources in it that
bacteria need for survival and reproduction. In
addition to providing these specs for the simulation,
they make predictions about whether these changes
would result in bacteria with a different number of
flagella that might have a competitive advantage for
surviving or reproducing in environments that have
different amounts or distribution of these sorts of
resources in them.
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9 Construct, use, and/or present an oral and written
argument supported by empirical evidence and
scientific reasoning to support or refute an
explanation or a model for a phenomenon or a
solution to a problem.

Students construct and present an oral and written
argument supported by empirical evidence (derived
from their analysis and interpretation of data from
the simulation) and scientific reasoning (from their
General Model of Natural Selection) to explain how
and why the population changed in a simulated
environment.

10 Conduct an investigation and/or evaluate and/or
revise the experimental design to produce data to
serve as the basis for evidence that meet the goals of
the investigation.

In this lesson, students plan and conduct an
investigation in a simulated environment to
determine how differences in environmental
conditions may cause observable changes in trait
variations over long periods of time. Students use
the findings from their simulation investigation to
develop an explanation for how and why trait
variations change over time.

10 Construct a scientific explanation based on valid and
reliable evidence obtained from sources (including
the students’ own experiments) and the assumption
that theories and laws that describe the natural world
operate today as they did in the past and will
continue to do so in the future.

Students develop an explanation based on the ideas
developed in the General Model to account for the
results of their simulation investigation. At the end of
the lesson, students predict what might happen to
particular trait variations if the simulation is run over
very long periods of time.

11 Ask questions that arise from careful observation of
phenomena, models, or unexpected results, to clarify
and/or seek additional information.

Students revisit the Driving Question Board on day 3
to answer questions and ask new questions based on
ideas developed during this unit and previous units in
this and other years.

11 Develop and/or use a model to predict and/or
describe phenomena.

Students use their model of natural selection to
account for the changes in some of the traits in
horses and penguins over millions of years in
response to changes in environmental conditions in
day 1 and day 2 of this lesson.

11 Construct a scientific explanation based on valid and
reliable evidence obtained from sources (including
the students’ own experiments) and the assumption
that theories and laws that describe the natural world
operate today as they did in the past and will
continue to do so in the future.

Students develop an explanation as a class for why
horses’ toes changed, and explain independently
why penguins’ beaks or body size changed over
millions of years, using their model of natural
selection, which though defined from observations
and tests they conducted in the present (in lesson 7-
10), is assumed to apply to all populations in the
past.

11 Critically read scientific texts adapted for classroom
use to determine the central ideas and/or obtain
scientific and/or technical information to describe
patterns in and/or evidence about the natural and
designed world(s).

Students read texts describing changing
environmental conditions over long periods of time
in the places where horses and penguins live, and
where their fossils were found. These texts also
include other details necessary for accurately
modifying the natural selection model to explain
horses’ toes and penguins’ beaks or body sizes.
Students identify and use this information as they
modify natural selection models on day 1 and day 2.

Developing and Using Crosscutting Concepts (by Lesson)

Lesson Elements of Crosscutting Concept(s) Rationale

1 Graphs, charts, and images can be used to identify
patterns in data.

On days 1 and 2, students compare penguins alive
today to one another and to a fossil of a penguin
from long ago. They do this using penguin cards,
which include images of penguins, maps of where
they live, and charts depicting their relative sizes.
Students utilize the images and charts to identify
patterns in penguins living today.
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1 Cause and effect relationships may be used to
predict phenomena in natural or designed systems.

On day 3, students develop initial explanations to
answer the questions, “(1) Where did all the different
types of ancient penguins go? and (2) Where did all
the different types of modern penguins come from?”
These questions are based on the phenomenon of
an ancient penguin fossil from 36 million years ago
named “Pedro” found in Peru by Dr. Julia Clark. In the
students' explanations, they make claims about what
happened to the penguins from long ago (effect)
and where modern penguins came from (effect).
They then articulate possible mechanisms (causes)
that could have contributed to the observed
outcomes. Students generate an initial list of several
different mechanisms (causes) that could have
contributed to the observed outcomes. Throughout
the unit, students will investigate these mechanisms.

2 Patterns can be used to identify cause and effect
relationships.

Students identify common ancestors as a probable
cause and effect relationship for why certains types
of penguins have so many heritable traits in
common during their partner talk for slide H on day 1
and slide U on day 2.

2 Graphs, charts, and images can be used to identify
patterns in data.

Students use tables to identify patterns in data (for
connections between different types of penguins)
when they analyze trait variation data in [material:
NS.L2.HO1] on day 1 of this lesson and
[material:NS.L2.HO2] on day 2 of this lesson. They
also use these patterns to make predictions about
what they will see in additional trait variation data,
and they record questions about these at the end of
day 1 and the end of day 2 of this lesson.

3 Graphs, charts, and images can be used to identify
patterns in data.

Students will develop and use a graphical display (a
timeline) of large data sets (32 data strips with either
17 or 36 variables on each one) to identify patterns
when they sort, create, and annotate a timeline
poster for trait variations in penguins in day 1.

They use data cards in day 2 of the lesson that
include global maps as well as images showing the
recovered fossil parts and an artist's reconstruction
of the entire penguin’s body shape to determine
additional patterns and connections between these
factors and trait variations in the 14 ancient and 18
modern types of penguins.

4 Patterns can be used to identify cause and effect
relationships.

At the end of this lesson the class identifies two
possibilities for why there are no ancient penguin
fossils with exactly the same heritable internal
characteristics as any modern penguins: a) the
population of their descendants might be changing
over many generations, or b) the sample size of
occurrences in the fossil record is too small and we
may be missing the fossils that show an exact match
to characteristics of modern penguins. ars, based on
patterns in the data they have analyzed over the last
3 lessons.
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4 Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.

Students construct three mini explanations in
response to these questions: “Where did all the
different types of ancient penguins go? Where did all
the different types of modern penguins come from?
Why are there similarities and differences in the
traits we see between modern and ancient
penguins?” In their explanations for the first two
questions, students consider differences in the trait
variations for particular characters in penguin species
over time. In their explanations for the third
question, students consider what might have
changed over time to make claims about stability
and change in penguin character variations.

5 Graphs, charts, and images can be used to identify
patterns in data.

On days 1 and 2 of this lesson, students examine
images of ancient and modern organisms to identify
patterns of similarities and differences among them.
Data sets include structures such as bones or shells,
artists’ renditions of the organism, the size of the
organism, as well as maps, geologic timescales, and
environmental conditions by location for where and
when the organism lived.

5 Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.

After students develop models showing patterns of
similarities (stability) and differences (change) based
on characters in ancient and modern organisms,
they reevaluate those models based on new data
about when organisms live(d) and what the
environmental conditions are or were like at the time
the organism lived.

6 Patterns can be used to identify cause and effect
relationships.

As a class, students identify a new cause and effect
relationship for the differences between ancient and
modern organisms, namely that some of the traits in
a population of descendents of an ancient type of
the organism  must be changing over millions of
years, based on patterns they found in the data from
lesson 5 and before.

6 Phenomena may have more than one cause, and
some cause and effect relationships in systems can
only be described using probability.

Students examine trait distribution for a specific
character in two different populations to lay the
foundation for the idea that trait variation may be
one (of a set) of important parts or components in
what is causing population-level changes over time.
In future lessons, students will argue that this cause
will contribute to a higher likelihood for survival and
reproduction for individuals with a certain variation
of trait compared to individuals in the population
with a different variation of a trait for a given
character.

6 Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.

Students further develop the concept of stability and
change in population when they examine the lack of
variation in characters when comparing groups of
penguins that lived in different places or different
times and then discover that when we zoom in and
look at individuals within the population the story is
not as simple. There is indeed a small amount of trait
variation for each character--individuals that are
categorized as having a trait variation in common
might have additional variation between them for
that character.  
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7 Patterns can be used to identify cause and effect
relationships.

Students use patterns to identify cause-and-effect
relationships when they complete the “Interpret:
What does this mean?” section based on their
summary of the patterns in the “What do I see in the
data?” section for their related part of the data they
were assigned on day 1.

7 Graphs, charts, and images can be used to identify
patterns in data.

Students look for patterns in the shifts in relative
proportion and amount of resources in the
environment as well as shifts in the relative
proportion and distribution of traits in the population
as well as shifts to determine what are the key things
changing in the population and the environment in
their case study.

7 Cause and effect relationships may be used to
predict phenomena in natural or designed systems.

Students create inferences for what the data mean in
the context of the larger phenomenon (the change
in the traits found in their population over many
generations) when they complete the “Interpret:
What does this mean?” section, and they use these
to try to align their predictions with those of the rest
of the group when they share with their team and
discuss how these may be connected together.

7 Phenomena may have more than one cause, and
some cause and effect relationships in systems can
only be described using probability.

Students identify that their population-level changes
have more than one cause and some of the cause-
and-effect relationships in their systems are
probabilistic (based on increased or decreased
chances of surviving and reproducing) when they
work with their group to develop their initial system
model on day 2 and revise it on day 3.

7 Complex and microscopic structures and systems
can be visualized, modeled, and used to describe
how their function depends on the shapes,
composition, and relationships among its parts;
therefore, complex natural and designed
structures/systems can be analyzed to determine
how they function.

Students consider how the variation in the function
of complex structures (wing length, beak length,
surface patterning, and timing of flower formation)
affects the function of these structures in relation to
other objects and interactions in the ecosystem
(cars, seeds, predators, rainfall patterns). They
consider this when they read the overview of their
case together with their group and when they
complete the related structure and function prompts
in [material:NS.L7.HO5].

7 Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.

Students develop explanations of what is remaining
stable (no new trait variations are entering the
population) and what is changing (environmental
interactions, which individuals die and reproduce,
and the distribution of traits in the population) by
examining the changes over time (across seasons,
years, and generations). Their work on
[material:NS.L7.HO5], in particular, helps them
identify what is not changing at an individual level
(the traits) and what is (the competitive
[dis]advantage for surviving) as well as what is not
changing at a population level (no new trait
variations entering it) and what is (removal of some
individuals due to death, addition of some
individuals due to birth, and shifts in the distribution
of the traits found in the population in subsequent
generations).



Lesson Elements of Crosscutting Concept(s) Rationale

8 Phenomena may have more than one cause, and
some cause and effect relationships in systems can
only be described using probability.

Students develop a general model that includes
multiple cause-and-effect relationships that link trait
variation to environmental conditions and then chain
these together in a cause-and-effect sequence that
relies on the traits granting a structural or functional
advantage for some individuals either for getting
resources needed for survival and reproduction or for
avoiding something fatal in their environment.
Students describe competitive advantage using a
qualitative descriptor of probability--namely, that
“some traits give individuals a better chance for (x)
than others”.

8 Unknown practice identifier: 6.4 Students visualize the interaction between trait
variation and the environment in the system
diagram they present. They work as a class to co-
develop a generalized system model for all 4 case
studies that describes how the function of the traits
depends on both the relationship to their structure
and what the environment conditions are. This
allows students to see natural selection as an
emergent phenomenon that results from the
interaction between two parts of the system--trait
variation in the population and the environmental
conditions.

8 Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.

Students explain that some things in their system
change (e.g., environmental changes and
population-level changes). They explain that other
things in their system remain stable (no trait changes
occur in individuals for these heritable traits, the
genes the offspring inherit were ones the parents
already had).

8 Small changes in one part of a system might cause
large changes in another part.

Students link a small change in one part of a system
(e.g., lichen or no lichen on a tree, a bit less rain one
year) to changes that appear in the population over
subsequent generations.

8 Stability might be disturbed either by sudden events
or gradual changes that accumulate over time.

Students make predictions around a series of
thought experiments to consider how much change
would accumulate over different amounts of time as
well as whether gradual versus sudden
environmental changes would produce similar or
different outcomes in different populations.

9 Graphs, charts, and images can be used to identify
patterns in data.

Students run computer simulation investigations
which generate two different graphs to depict
results--a histogram and a line graph. Using both
graphs, students compare the results of their own
investigation to a partner’s investigation. Students
uncover patterns in their results to help make claims
about trends (and variability) in trait-distribution
shifts over time.
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9 Phenomena may have more than one cause, and
some cause and effect relationships in systems can
only be described using probability.

Students run the same computer simulation but
engage with it in two different ways, either as a white
blood cell that hunts bacteria by chasing them
around or as a white blood cell that stays in one
place and lets the bacteria run into it. There are
different outcomes (effect) depending upon the
different hunting strategies (cause). Further, there is
an element of random chance affecting the
outcomes of the computer simulation--some
bacteria just happen to be closer to or further away
from the white blood cell at the start of simulation
and as they move around. This adds a second cause
that can impact variability in outcomes (effect) that
foregrounds the probabilistic nature of competitive
(dis)advantage of traits. This helps students
recognize that this class of cause-and-effect
relationships can best be described using ideas
related to the probability that a particular bacterium
will survive and reproduce. In page 1 of
[material:NS.L9.H02] students consider what
additional parts and interactions could be redesigned
into the simulation that are likely to have a causal
relationship to which traits would give individual
bacteria a competitive advantage for getting the
resources they need to survive and reproduce. This
adds a third set of causes that could influence the
outcomes in the population (effect).

10 Graphs, charts, and images can be used to identify
patterns in data.

Students run computer simulations which generate
graphs to depict results. Using graphs, students
compare the results of multiple trials of their own
investigations. Students uncover patterns in their
results to help make claims about trends (and
variability) in trait-distribution shifts over time.

10 Phenomena may have more than one cause, and
some cause and effect relationships in systems can
only be described using probability.

In this lesson, students set up environmental
conditions in a simulated environment and observe
how trait variations change in a population over time.
In the simulation, even if students set up the
environmental conditions in exactly the same way,
students may observe different outcomes simply
based on how the bacteria in the simulation are
originally positioned or how they move over time.
Students observe that availability of resources in the
environment impacts an individual bacterium’s ability
to stay alive in addition to its placement within the
environment. Students run the simulations many
times to observe the likelihood of a certain outcome,
thus beginning to build the understanding that
specific outcomes can only be predicted using
probability.

10 Small changes in one part of a system might cause
large changes in another part.

In the simulations, students can make small changes
to the environment. Depending on their setups,
most students will observe that very small changes
made to environmental conditions can cause large
changes to trait variations in a population over time.

11 Cause and effect relationships may be used to
predict phenomena in natural or designed systems.

The natural selection model is a chain of cause and
effect relationships. Students use these relationships
to predict the types of environmental interactions
with traits that result in populations of organisms
with very different traits over a long period of time.
They use the natural selection model on day 1 and
day 2.



Lesson Elements of Crosscutting Concept(s) Rationale

11 Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.

Students explain how traits in a population that are
relatively stable over short time periods can change
substantially over long periods of time. They apply
the model of natural selection to explain changes in
two different natural systems (horses and penguins)
over time on days 1 and 2.

11 Stability might be disturbed either by sudden events
or gradual changes that accumulate over time.

Students developed the model of natural selection
in Lesson 8 using data that described relatively
sudden events. On days 1 and 2 in this lesson,
students use this model to explain substantial trait
changes that occurred as a result of gradual
environmental changes that accumulated over long
periods of time.


