
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.

Students generate questions based on their careful
observation of photos of unexpectedly large-
muscled animals as well as other examples of
differences in living things that otherwise seem
similar. They organize their questions onto a
Driving Question Board in order to seek additional
information about the phenomena of differences
among living things.

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

Students draw individual models to explain how
some animals could have such significantly bigger
muscles than a typical animal. They compare
models with other students and develop an initial
class consensus model to explain the
phenomenon.

2 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.

In this lesson, students must integrate information
from images of muscle tissue, video animations of
muscle movement, images of protein models with
captions, graphs of data about muscle cells, and
photos of muscle cells to describe how muscles
work, and then explain how the muscles of extra-
big animals compare with those of typical animals.

3 Analyze and interpret data to provide evidence for
phenomena.

Students analyze and interpret data about diet and
exercise in humans, protein content in cattle diets,
and images and data about protein deficiency in
animals to determine that dietary protein is
necessary for building and maintaining muscle
tissue, but that supplemental protein is not the
cause of extra-big muscles in cattle. Students
identify that while protein is necessary for building
muscle, exercise is the essential component to
building larger muscles.

3 Gather, read, and synthesize information from
multiple appropriate sources and assess the
credibility, accuracy, and possible bias of each
publication and methods used, and describe how
they are supported or not supported by evidence.

Students read two articles about how muscles grow
in response to exercise, and then develop a
checklist to compare the credibility and possible
bias of the two articles. Students use this checklist
to determine that the second article, which
contains research-based evidence, is the more
reliable of the two.

4 Unknown practice identifier: 2.5 develop and/or use
a model to predict and/or describe phenomena.

In this lesson, students work together to update the
class consensus model, taking into account the role
that diet and exercise play in musculature. Students
then use this model to predict the causes of the
musculature in heavily muscled cattle.

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

Students build a family tree using photos of
individuals in a cow family to uncover the patterns
in the appearance of the heavily muscled
phenotype. Students will be able to make
predictions about the possible phenotypes of the
offspring based on the patterns they observe from
their family tree.

This will be further developed into a model to
describe how the physical structures are linked to
inheritance. Students develop the idea that
chromosomes they see in the karyotype of Lorenc’s
muscle cell are a result of the chromosomes from
the sperm from the father that combined with the
chromosomes from the mother’s egg at
fertilization.
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6 Develop and/or use a model to predict and/or
describe phenomena.

Students develop models in their small groups and
as a class to describe the patterns they found
among the heavily muscled phenotype, the
versions of myostatin proteins, and the
chromosome symbols. They must represent on
their models how they predict the elements are
related, indicating that the cause(s) are unknown.
 After they read the evidence of scientific study
proving that causal relationship, students update
their model to show those causes.

6 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).

In this lesson, students critically read a summary of
the study that first identified myostatin. Since the
actual journal article is too complex for students at
this level, the text was written for classroom use
and includes the terms gene, allele, and genotype
so students can obtain the meanings of these
words while reading, in addition to determining
the central idea of the study: that scientists found a
cause-effect pattern between the myostatin gene,
protein, and heavily muscled phenotype. Students
must then use what they read as evidence to
support their ideas during a classroom discussion
about the study and this pattern.

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 evaluate whether an article about
myostatin is reliable, and then read it critically to
find its central ideas and obtain scientific
information about how the myostatin protein
functions typically and not. They connect this
information as evidence to support what they’ve
learned previously about the pattern of heavily
muscled animal phenotypes.

8 Evaluate limitations of a model for a proposed
object or tool.

In this lesson, students create a model that
explains that animals get extra-big muscles
because of the genotype they get from their
parents, which gives the instructions for building a
protein that leads to the trait observed. Students
then evaluate their model for limitations when
trying to explain why all babies don’t look like their
parents.

8 Develop a model to describe unobservable
mechanisms.

In this lesson, students work together to update the
class consensus model, taking into account the role
the genotype plays in musculature.

9 Unknown practice identifier: 3.4 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 collect data about genotypic and
phenotypic outcomes resulting from crossing
individuals with specific genotypes (both
observational data and data that is actual
outcomes that result from coin toss simulations).
The patterns they uncover with regard to the
proportion of genotypes seen as the result of
crosses provide students with evidence that
supports the idea that alleles separate when sex
cells form and then recombine at fertilization. This
answers our question about why offspring don’t
always look like their parents or siblings, and
contributes to the development of a model that
will allow the selection of individuals to serve as
mates if certain phenotypes are desired outcomes.
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9 Unknown practice identifier: 5.4 apply
mathematical concepts and/or processes (e.g.,
ratio, rate, percent, basic operations, simple
algebra) to scientific and engineering questions and
problems.

Students examine several examples of pedigrees
to discover patterns in the proportion of
genotypes observed in offspring that result from
specific crosses. They use these patterns to develop
a model to explain the segregation and
recombination of alleles that happen during sexual
reproduction to help answer why offspring don’t
always look like their parents or their siblings. This
also helps us develop a model we can use to
choose which individuals to cross if we are
attempting to produce more animals with a certain
phenotype.

10 Apply mathematical concepts and/or processes
(e.g., ratio, rate, percent, basic operations, simple
algebra) to scientific and engineering questions and
problems.

Students determine the percentage of heavily
muscled cattle globally. In a computer simulation
of selective breeding in birds, students determine
changes over time in the distribution or frequency
of trait variations.

10 Evaluate data, hypotheses, and/or conclusions in
scientific and technical texts in light of competing
information or accounts.

Students read and evaluate two articles about
artificial selection and selective breeding in heavily
muscled cattle. They evaluate the data presented
and conclusions of both articles to determine that
the information is valid and that multiple
techniques can be used.

11 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.

Students carry out an investigation to produce data
to determine whether asexual reproducing
organisms have genetic information inside their
cells similar to sexually reproducing organisms.
When students extract the genetic information
from the banana (asexually reproducing) and
strawberry (sexually reproducing) they will have
visual evidence that both organisms have genetic
material inside.

12 Unknown practice identifier: 3.4 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.

In this lesson, students collect data by observing
live planaria before and after they are cut in half.
They will refer to their notes from today’s lesson
when they observe their planaria again in a future
lesson to answer their question about whether
offspring of asexual reproduction are identical to
their parent.

12 Unknown practice identifier: 8.5 communicate
scientific and/or technical information (e.g. about a
proposed object, tool, process, system) in writing
and/or through oral presentations.

In this lesson, students obtain scientific
information about how an organism reproduces
asexually. They design a slide to support an oral
presentation they give to communicate to their
classmates about how that organism reproduces
asexually.

13 Unknown practice identifier: 4.7 analyze and
interpret data to determine similarities and
differences in findings

Students read data to learn about different traits
and look at the similarities and differences
between their gene-to-trait stories.

13 Unknown practice identifier: 8.5 communicate
scientific and/or technical information (e.g. about a
proposed object, tool, process, system) in writing
and/or through oral presentations.

Students jigsaw some data about different traits to
understand the gene-to-trait story for each trait.
Students build a simple model to communicate
the relationship between different alleles and
phenotypes, and then communicate and compare
findings within small groups.

14 Unknown practice identifier: 5.1 use digital tools
(e.g., computers) to analyze very large data sets for
patterns and trends.

Students work as a class to measure many
sunflower seed lengths, collect them in a shared
spreadsheet (which facilitates gathering that many
data from a classroom-full of students), then use
an online tool to create a histogram. This tool
allows students to more quickly identify patterns in
the sunflower seed lengths and other trait variation
data.
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15 Develop and/or revise a model to show the
relationships among variables, including those that
are not observable but predict observable
phenomena.

In this lesson, students revise their classroom
consensus model and individually develop other
models to show the relative estimated impact of
genes and environmental factors on different
traits.

15 Communicate scientific and/or technical
information (e.g. about a proposed object, tool,
process, system) in writing and/or

In this lesson, students work independently to read
about a trait and how its variations are influenced
by genes and environmental factors. After
planning what they will say in writing, students
communicate this scientific information in an
informal oral presentation to a small group of their
peers.

16 Construct an explanation using models or
representations.

On day 2 on this lesson, students work to construct
an explanation for patterns in goldfish breeding
results. They also build a model to explain how
genetic and environmental factors affect goldfish
growth. 

16 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 a research study adapted for
classroom use in the final assessment. They use a
checklist to critically read the text to determine
how the brown, speckled, and transparents traits
of goldfish are inherited. They need this
information to develop models and explanations
for the inheritance patterns in goldfish.

Developing and Using Crosscutting Concepts (by Lesson)

Lesson Elements of Crosscutting Concept(s) Rationale

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

Students try to figure out what might cause some
animals to have extra-big muscles. At this point in
the unit, students will be considering the possible
cause-and-effect relationships related to this
phenomenon (and other variations found in living
things), but they will not yet have evidence to
support their thinking. Later in the unit, students
will confirm cause-and-effect relationships to
make predictions about how living things can have
such wide variations in their features.

2 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.

In this lesson, students watch animations of
muscle movement (including the proteins actin
and myosin), as well as read text that accompanies
still images of the models used in the animations.
The students use the video, images, and text to
describe how the function of myosin and actin in
particular--as well as muscle movement in general-
-depends on the shapes of the parts involved.
Students write about and discuss how the structure
of muscle proteins and cells determines their
function.

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

Students use graphs, charts and images about diet
and exercise in humans, protein content in cattle
diets, and images and data about protein
deficiency in animals to find patterns about the
role of protein in building and maintaining muscle
tissue.
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3 Cause and effect relationships may be used to
predict phenomena in natural or designed systems.

Students analyze and interpret three data sets on
the effect of protein intake on muscle growth and
lean mass maintenance. They determine that
increased protein consumption can affect the
amount of muscle growth by increasing thickness
and area of muscle, and that people who consume
more protein in their diets maintain lean body
mass better than those who do not.

4 Unknown practice identifier: 2.2 cause and effect
relationships may be used to predict phenomena
in natural or designed systems.

In this lesson, students apply their findings about
the roles of diet and exercise to the classroom
consensus model describing the causes of different
musculature. Students discuss how exercising more
and less can affect musculature. Students also
discuss how a diet of more or less protein can
affect changes in musculature. Then students test
the limit of their class model by trying to use it to
predict the causes of the heavily muscled variation
in cattle.

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

Students build a family tree using photos of
individuals in a cow family to uncover the patterns
in the appearance of the heavily muscled
phenotype. Students will be able to make
predictions about the possible phenotypes of the
offspring based on the patterns of musculature
inheritance they observe from their family tree.

Students compare a karyotype of one of the
offspring’s muscle cells to chromosomes in the
parents’ sex cells to uncover the pattern that each
chromosome set in the offspring cell consists of
one chromosome that was in the egg cell and one
that was in the sperm cell.

6 Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation.

Students work in this lesson to find correlation
between the chromosome information and
myostatin proteins by constructing a family tree of
cattle and looking at which phenotypes happen
along with which chromosome and protein
shapes. The patterns they see at first are simply
correlational; we have no evidence at first about
which piece may or may not cause the other(s). It
is not until later in the lesson, when students read
and discuss a summary of the scientific study that
identified myostatin that they see evidence of
causation.

7 Relationships can be classified as causal or
correlational, and correlation does not necessarily
imply causation.

Students consider whether the relationship
between gene, proteins, and muscle type can be
classified as causal or correlational in the
development of their models. They argue that
since genes are the only thing that  is inherited,
they must be  a causal agent for the emergence of
proteins and muscle type. In their reading they
determine that proteins are what provide cells
messages regarding whether to develop into
muscle cells or not, and therefore are causal agents
for muscle type.

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 read an article about the myostatin
protein, which contains diagrams to support their
understanding that the protein’s shape (structure)
directly affects its function. Through this reading
and the discussion that follows, they determine
that the typical shape of the myostatin protein
allows it to function (sending a “stop” message to
cells), whereas the different shape of
nonfunctional myostatin prevents it from sending
that “stop” message and in turn allows more
muscle cells to develop.
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8 Cause and effect relationships may be used to
predict phenomena in natural or designed systems.

In this lesson, the class builds a classroom
consensus model to show a chain of cause and
effect for how the genotypes of both typical and
heavily muscled cattle are different, that these
differences were passed on through the alleles on
the chromosomes they inherited), and that these
differences causes different shape proteins to be
built, which then causes cell signaling differences.
This different signaling, in turn, cues the creation of
a different amount of muscle cells, which we can
observe in the different cattle phenotypes.

8 The observed function of natural and designed
systems may change with scale.

In this lesson, the class creates a classroom
consensus model to show how the genotype
affects cattle musculature. From the class
Consensus Discussion, students realize that
different parts of our model are at different scales.
By looking at these different scales, students are
able to see the process of how genes affect an
organism's visible phenotype through the
production of molecules they can not see directly.

9 Unknown practice identifier: 1.2 patterns in rates of
change and other numerical relationships can
provide information about natural and human
designed systems.

Students recognize patterns in the proportions
offspring with genotypes observed as a result of
several different specific parental crosses. They use
these patterns to develop a model to explain the
segregation and recombination of alleles that
happens during sexual reproduction and use this
information to predict the outcome of future
known crosses.

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

Students read two articles and run a computer
simulation to determine how selective breeding in
sexually reproducing (cause) organisms results in a
change over time in the distribution or frequency
of phenotypes and genotypes of the population
toward the selected traits (effect).

11 Phenomena that can be observed at one scale may
not be observable at another scale.

Genetic information cannot be visualized looking
at an organism like a banana or strawberry.
However, students use the CCC of scale to think
about where the genetic information must be held
and what must happen in order to release the
genetic information and somehow make it visible.
Students use a protocol that allows the genetic
information to be extracted and visualized to
compare an asexually vs sexually reproducing fruit
to see if genetic information can be visualized in
both.

12 Unknown practice identifier: 2.2 cause and effect
relationships may be used to predict phenomena
in natural or designed systems.

Asexual reproduction results in the same genetic
information in parents and offspring (no variation
like with sexual reproduction).

13 Unknown practice identifier: 1.3 patterns can be
used to identify cause and effect relationships

Students examine and compare different traits to
see how the gene causes the trait we observe.
Students look for patterns to see what
commonalities there are between the gene-to-
protein stories for each example.

13 Unknown practice identifier: 2.2 cause and effect
relationships may be used to predict phenomena
in natural or designed systems.

Students use what they know about genes causing
proteins, which can affect phenotypes, to
understand other examples of traits and the genes
and proteins related to them.

14 Unknown practice identifier: 1.4 graphs, charts, and
images can be used to identify patterns in data.

Students create histograms of several collections of
trait variation data. They notice the bell-shaped
curve shape in each histogram, and use this pattern
to understand the range of variation within traits.
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15 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 identify evidence of
multiple causes that affect trait variations, and they
use models with differently-sized arrows to
describe the relative amount of impact each of
these causes has on these trait variations.

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

Students are using cause and effect when they
write answers to their questions on the Driving
Question Board, which is to ultimately find the
cause for why living things look different from one
another. Also, students are explaining causal
mechanism for a new phenomenon of goldfish
coloration and growth patterns.


