
LESSON 4: Why are there similarities and differences in the traits we see between
modern penguins and ancient penguins?

PREVIOUS LESSON We analyzed data tables of bone related traits for ancient penguin fossils and modern penguins and developed a timeline-based representation of the patterns
in the data. We analyzed images, maps, and descriptions of the environments of where these fossils formed.

THIS LESSON

PUTTING PIECES TOGETHER,
PROBLEMATIZING

1 day

We revise our initial explanation to account for the patterns in the data from the previous lessons. We still have
many candidate ideas for what might be causing these patterns. We wonder whether we would see a similar
pattern in the types of other organisms. We add questions to our Driving Question Board.

NEXT LESSON We will examine fossil case studies to analyze the data for ancient and modern horseshoe crabs, horses, and whales. We will develop a model to represent
patterns in character differences over time and in different environments.

BUILDING TOWARD NGSS

MS-LS1-4, MS-LS4-1, MS-LS4-2,
MS-LS4-3, MS-LS4-4, MS-LS4-6

WHAT STUDENTS WILL DO

4.A Develop an explanation based on preliminary evidence to illustrate that changes over time occur in the existence, diversity, and disappearance
of different kinds of penguins throughout history.

WHAT STUDENTS WILL FIGURE OUT

Some type(s) of ancient penguins must have produced 18 lines of descendants that are alive today. This means that some of those
penguins are changing somehow over many generations or we are missing the fossils of penguins from long ago that are more similar to or
identical to the ones of today.
If it's the former, we have a suspicion that the different types of penguins live(d) in different places are/were likely better adapted for their
particular environment.



Lesson 4 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 3 min NAVIGATION
Reorient to our unit questions. Turn and talk with a partner to identify one new thing we have figured out to
help answer the questions and to identify new questions or wonderings.

A

2 3 min TAKE STOCK OF PREVIOUS GROUPINGS
Review previous groupings for modern and ancient penguins to prepare for coming to agreement on a way
to organize all the penguins.

B

3 10 min DEVELOP CONSENSUS PENGUIN GROUPINGS
As a class, develop a consensus representation of penguin groupings.

C prepared space on a board for the consensus
representation, penguin data cards from lesson 1
and 3, prearranged in time periods and taped to
board

4 5 min ANALYZE CONSENSUS REPRESENTATION OF PENGUIN GROUPINGS
Review groupings of modern and ancient penguins to identify how many penguins each card represents (an
individual penguin vs. a large group or population of penguins).

D timeline model, Population - All The Individuals Of
A Particular Type Of Organism, optional: a sheet of
paper listing examples of samples from student
experiences in their 7th grade math class

5 15 min DEVELOP AN EXPLANATION BASED ON EVIDENCE
Using evidence from the penguin groupings, add to, change, or create a new mini explanation in response
to the following 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?”

E-G 3 Explanations in Progress Tracker, transparent
tape, 3 sheets of chart paper, markers

6 4 min ANALYZE OUR EXPLANATIONS
Review our explanations with a critical eye to identify gaps, holes, or missing evidence.

H

7 3 min NAVIGATION
Turn and talk with a neighbor about what we should investigate next to strengthen our explanations and
help us answer our questions.

I-J

End of day 1



Lesson 4 • Materials List
per student per group per class

Lesson materials science notebook
3 Explanations in Progress Tracker
transparent tape

prepared space on a board for the consensus representation
penguin data cards from lesson 1 and 3
prearranged in time periods and taped to board
timeline model
Population - All The Individuals Of A Particular Type Of Organism
optional: a sheet of paper listing examples of samples from student experiences in their 7th grade math class
3 sheets of chart paper
markers

Materials preparation (20 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Make 1 copy of the Ideas for Data and Information We Need poster from the end of Lesson 1 for each student.

Prepare a large space on a whiteboard or a bulletin board to organize the ancient and modern penguin cards. You can do this over the existing timeline model from lesson 2 as shown here. Or
you could create a new timeline next to the previous 1.

Make sure there is enough vertical space to fit either all 18 of the modern penguin cards on it. An example for how to create this space is provided.

Add small pieces of painters tape to each of the modern penguin data cards from lesson 1 and all the ancient
penguin data cards from lesson 2 to prepare to post the cards to the board.

Prearrange the penguin cards in time periods on the board.

Print 1 color copy of Population - All The Individuals Of A Particular Type Of Organism, to add as a reference to
your Word Wall during the appropriate point indicated in the lesson.

Optional: On a separate sheet of paper list 1 or more examples of samples that students collected in
investigations and activities that they engaged in during their math classes in the prior year (7th grade). Talk to
your 7th grade math teachers ahead of time to find out specific examples to cite.



Lesson 4 • Where We Are Going and NOT Going
Where We Are Going

In this lesson, we are putting together a series of science ideas developed over previous lessons into three mini explanations. The science ideas include the following:
Different types of organisms in the fossil record: There are different types of things that lived long ago than now.
Environmental change: Ecosystems can change over time. Earth was different in the past than now.
Heritability of trait variation: Some aspects of trait variation are heritable, even in cases where there are aspects of it that are influenced by the environment.
Fossil record sequence: New things don’t come out of nowhere; they must have come from something slightly different in the past through a line of direct descendants.
Extinction: When the environment changes, some types of organisms disappear from Earth.

As the class analyzes the consensus representation developed in this lesson, you will work together to clarify that direct descendent means the idea that genetic information was passed down
from parent to offspring and is shared among individuals. Leverage prior knowledge from the OpenSciEd Unit 8.5: Why are living things different from one another? (Muscles Unit) that traits are
heritable and largely determined by genetic material passed down in sperm and egg. Contextualize the following in the timeline model representations you draw together:

A dot represents a population.
Arrows in the timeline model represent the descendants of that generation. The arrow represents all the mating events that produced offspring that became part of the next
generation.
The dot on the left side of an arrow therefore represents all of the individuals in that new generation along with any others that are still alive from the prior generation.

This lesson will leverage student reasoning about samples and populations that rely on ideas that they will have developed in CCSSM in 7th grade math classes. In that grade they will have
used random sampling to draw inferences about a population. As part of this work (CCSS.MATH.CONTENT.7.SP.A.1) they will have developed the understanding that statistics can be used to
gain information about a population by examining a sample of the population and that generalizations about a population from a sample are valid only if the sample is representative of that
population. Coordinate with your 7th grade math teacher to find out specific examples of simulations or data sets students worked with to generate statistics inferences based on random
sampling they carried out on a larger population that you can reference in your discussions. This will provide students an opportunity to use mathematical and computational thinking in the
context of this lesson.

Where We Are NOT Going

It's OK for students to keep thinking that ancient penguins and modern penguins might actually be the same species that just look really different over time and in different places. The larger
set of mechanisms that drive speciation events are not developed until high school.

While the class is working towards distinguishing whether the patterns they are finding hold true for the entire population versus just a single individual, students might not be ready to resolve
this yet either way. This is OK because we will work to solidify this understanding in Lesson 6, another putting-the-pieces-together lesson. This current lesson is designed to simply foreground
the problem of how much we can infer about a population from a very small sample size.

Because of this, it’s also OK if students suggest ideas about individuals rather than populations changing over time. Figuring out the distinction of what is changing will be the focus of Lesson 6
and beyond. While you can ask for clarification on whether students are suggesting one versus the other (or maybe both), avoid indicating whether either or both possibilities seem more
reasonable at this point.



3 min

3 min

10 min

LEARNING PLAN for LESSON 4
1 · NAVIGATION
MATERIALS: None

Reorient to the unit questions. Display slide A and remind students that we started our investigation by wondering whether Pedro, the large
penguin fossil found in Peru, could be connected to modern penguins. In Lesson 1, we identified two important subquestions: (1) Where did
all the different types of ancient penguins go? and (2) Where did all the different types of modern penguins come from?

Say, We’ve analyzed a lot of penguin data to figure out if Pedro could be connected to modern penguins and to help us answer the two sub-questions.
As we’ve made progress, we’re beginning to think about the connections between modern and ancient organisms in new ways.

Revist what we’ve figured out and identify new questions we have. Give students a few moments to talk with a partner about the following
questions on slide A:

What is one new thing you have figured out to help us answer these questions?
What new questions or wonderings do you have as a result of something you figured out?

KEY IDEAS The goal here is to help reorient students to what we have already figured out and to begin to brainstorm new
questions to add to the Driving Question Board.

2 · TAKE STOCK OF PREVIOUS GROUPINGS
MATERIALS: science notebook

Take stock of the different ways we’ve organized ancient and modern penguins. Display slide B. Say, We have discovered many connections
between ancient and modern penguins, so it seems like we are making major progress on our unit question. Let’s take stock of the different ways we
have been grouping penguins over the last few days.

Preview the next activity by saying, As a class, we are going to try to come to an agreement about how to best organize the ancient and modern
penguins in relation to one another.

Instruct students to take time individually to review all the previous penguin groupings they documented in their science notebook. Prompt
students to jot a few notes in their notebook about how they think the penguins should be shown on our consensus version.

3 · DEVELOP CONSENSUS PENGUIN GROUPINGS
MATERIALS: science notebook, prepared space on a board for the consensus representation, penguin data cards from lesson 1 and 3, prearranged in time periods and taped to board

Orient students to the goal of the activity. Gather students in a Scientists Circle. Say, As a class, we are going to try to come to an agreement
about how to best represent our current thinking about the connections between the penguins. We will create a public record of our penguin groupings.

Facilitate the Consensus Discussion. Present slide C and launch the discussion by saying, OK, now that you have had some time to gather your
ideas, let’s work as a group to come up with an arrangement that as a class we can agree on. I got us started by putting the penguin cards on the
board according to the corresponding time periods they are from.



5 min

Tell students that we will use the following pattern to reach consensus:
One student proposes a potential penguin grouping and justifies the
grouping decision with evidence.
Other students agree, disagree, or propose a modification to the
grouping (based on evidence).
Repeat this process until all the penguins are grouped in a way that the
class can agree on (for now).

Have students share suggestions for how to group the penguins. It may help to
offer sentence starters such as, “I think we should have a grouping for X, Y, and Z
penguins here because (give evidence for why they go together).” As students
share their proposed arrangement, move the penguin cards to the proposed
grouping or have students move the cards. Then have the class agree or disagree
with the proposed grouping. If there are disagreements, work through them and move the penguin cards accordingly. It may help to suggest
that some penguins can be placed between groupings. Continue, having another student propose another grouping.

KEY IDEAS Purpose of this discussion: The purpose of this discussion is to come to consensus on the groupings for ancient
and modern penguins.

Listen for these ideas:
Penguins that are closer in time to one another share more trait variations in common.
It is surprising that there are 18 different types of penguins still alive today.
We can group penguins based on a variety of different trait variations, and the groupings slightly
change depending on what we prioritize.

ADDITIONAL
GUIDANCE

There are many ways to group and regroup these penguins. Consider referencing the idea that evolutionary
biologists do exactly this work in an effort to develop an explanation from the data they collect. The goal here is
two fold: to get to an arrangement that (1) shows trait similarities and differences and (2) shows the traits are
more similar the closer in time the penguins are to each other.

4 · ANALYZE CONSENSUS REPRESENTATION OF PENGUIN GROUPINGS
MATERIALS: timeline model, Population - All The Individuals Of A Particular Type Of Organism, optional: a sheet of paper listing examples of samples from student experiences in their 7th
grade math class

Review the consensus representation of penguin groupings. When the class feels comfortable with a consensus representation of penguin
groupings, step back from the board and say, Wow, we have done a lot of work to carefully group the penguins based on similarities and
differences in character variation. In looking at our consensus representation, though, I’m noticing that our modern penguin cards and our ancient
penguin cards might actually be representing different things.

Lead a discussion to identify how many penguins each card represents. Start by reviewing groupings for the modern penguins and consider
how many penguins each penguin card represents. Then move to groupings for ancient penguins and consider how many penguins each
penguin card represents.✱

✱ ATTENDING TO EQUITY

Universal Design for Learning : When the
idea of a large group of penguins comes up,
remind students that in Palm Oil Unit we
often refer to all the people living in a
particular place, such as a city or state or
country, as the population of that place.
Emphasize that in biology the word
population is often used to represent all the
individuals that are the same type of
organism, such as all the king penguins.
Remind students that in the case of some



ADDITIONAL
GUIDANCE

It is important that students recognize the modern penguin cards represent what are typical trait variations in
the populations with greater certainty than the ancient penguin cards, which often represent just a very few
(and in many cases only one) occurrences (individuals) in the fossil record. But even in the case of modern
penguins, the descriptions on the data cards are based on a sample of individuals in the population. The
samples for modern penguins are much larger and so give us greater certainty about what is a typical trait
variation and how typical it is in their population. This relative uncertainty about ancient penguins based on a
very small sample size drives the need for additional evidence and motivates looking at patterns of character
traits in populations of organisms other than penguins in Lesson 5.

This reasoning about samples and populations builds on ideas that students will have developed in 7th grade
math. In that grade they will have used random sampling to draw inferences about a population. As part of this
work (CCSS.MATH.CONTENT.7.SP.A.1) they will have developed the understanding that statistics can be used to
gain information about a population by examining a sample of the population and that generalizations about a
population from a sample are valid only if the sample is representative of that population.

ALTERNATE
ACTIVITY

If students are having difficulty recognizing that the traits of an individual penguin may not be representative of
the population, consider showing optional slide K. These photos showcase two individual penguins that have
different coloring of feathers than what is typically found in a population of king penguins. It can help drive
home the point that individuals within populations can often be very different from the rest of the population.
This understanding helps support the argument that it can be difficult to draw conclusions about what traits
were typical in an ancient population with great certainty based on just one fossil occurrence from that
population.

In a later lesson in the unit students will see more examples of such individual variation in the context of
understanding the source of new variations in a population via genetic mutations. If students don’t need
supplemental slide K now, skip it, as they will explore photos like these in greater depth in a later lesson.

Add Population - All The Individuals Of A Particular Type Of Organism to the word wall to represent the difference between an individual, a
sample, and the population. Finally, prompt students to consider how this influences the kinds of conclusions that can be drawn from the
groupings. Use the suggested prompts on slide D.✱

Suggested prompt Sample student response

Review your groupings for modern penguins. How many penguins
does each penguin card represent?

A large group of penguins.

A population of penguins.

Individual penguins plus their direct ancestors.

Review your groupings for ancient penguins. How many penguins does
each penguin card represent?

On some cards it indicated we have a fossil from only a single
occurrence, so in those cases it actually represents only one, individual
penguin.

On other cards we have fossils from more than one, individual
penguin (more than one occurrence in the fossil record), so in those
cases it represents more of the individuals in the population.

types of penguins, their entire population
may be living or breeding in multiple places,
as we saw in some of the maps from Lesson
1.

Add Population - All The Individuals Of A
Particular Type Of Organism to the Word Wall
to provide an example. Use this image to
contrast with the word individual, which
refers to one, single living organism that
makes up the larger population. The image
also provides an example of a sample (many
king penguins in the photo, but not the
entire population). Underneath this you may
want to add another sheet of paper that lists
the word sample again along with a
description of one or more examples of
samples that students collected in
investigations and activities that they
engaged in during their math classes in the
prior year (7th grade) (see next Guidance box
for further detail on the related math
standard).



Suggested prompts Sample student responses Follow-up questionsSuggested prompts Sample student responses Follow-up questions

How does this influence the kinds of
conclusions you can draw from your
groupings?

We can draw only limited conclusions about
ancient penguin populations. Since we have
bones from only one, individual penguin, we
aren’t sure if that penguin is representative of
the other penguins from that population or if
that penguin was somehow very different
from the other penguins.

How do the number of occurrences we have
for each type of penguin influence the
strength of the claims we can make about
what is typical in that population?

ADDITIONAL
GUIDANCE

As the class analyzes the consensus representation, use this opportunity to clarify that direct descendent means
the idea that genetic information was passed down from parent to offspring and is shared among individuals.
Leverage prior knowledge from the OpenSciEd Unit 8.5: Why are living things different from one another? (Muscles
Unit) that traits are heritable and largely determined by genetic material passed down in sperm and egg.
Contextualize the following in the timeline model:

Point out that the dots to the immediate left of the far-right modern penguins represents at least two
parents in the population before this generation - which we know must have been the case, because
some parents reproduced sexually and successfully raised an offspring. Since the current population
sizes for modern penguins are in the thousands, we can assume there were many parents in the
previous generation.
Dots therefore imply a population greater than one individual
Arrows in the timeline model represent the descendants of that generation. The arrow represents all
the mating events that produced offspring that became part of the next generation.
The dot on the left side of an arrow therefore represents all of the individuals in that new generation
along with any others that are still alive from the prior generation.



15 min5 · DEVELOP AN EXPLANATION BASED ON EVIDENCE
MATERIALS: science notebook, 3 Explanations in Progress Tracker, transparent tape, 3 sheets of chart paper, markers

Reorient to our original goal. Say, When we first started this unit, we decided to see if we could figure out where all the different types of ancient
penguins went and where all the different types of modern penguins came from. We have made a lot of progress on these questions, so let’s revisit
them to see if we can add to, change, or create a new explanation in response to each question. Let’s think about each question one at a time.

Distribute 3 Explanations in Progress Tracker and have students tape it into their notebook. Tell students that we will be using this handout to
keep track of our ideas.

Stop and jot ideas about “Where did all the different types of ancient penguins go?” Project slide E and tell students that we are going to
start by thinking about the question “Where did all the different types of ancient penguins go?” Give students a minute to look back at their
initial explanations from Lesson 1. Then instruct students to jot down their ideas in the related, “What I figured out section” on 3 Explanations in
Progress Tracker. Remind them to include a description of the sources of evidence that currently support their explanation, or if they don’t
have any evidence, then they should include a description of the type of additional data they would need to support or refute their
explanation.

Lead a mini consensus discussion about “Where did all the different types of ancient penguins go?” Have students share their ideas.
As the class agrees upon key ideas, record the ideas on a piece of chart paper titled “Where did all the different types of ancient

penguins go?” Students should add additional ideas in their notebook on the 3 Explanations in Progress Tracker. As students share their ideas,
prompt students to back up their ideas with evidence.

KEY IDEAS Purpose of this discussion: To come to consensus on the progress we have made in answering the question,
“Where did all the different types of ancient penguins go?”

Listen for these ideas:
The ancient penguins could have completely died off or gone extinct, likely because of an
environmental change.
Optional: Some lines of descendants from one or more groups of ancient penguins (either the
individuals or their populations) could have changed so much that they were no longer recognizable.
They could have somehow changed into modern penguins. Note: don’t assume that the entire class is in
agreement on “change” yet if the class isn’t pushing for it now.

Stop and jot ideas about “Where did all the different types of modern penguins come from?” Project slide F and transition to thinking
about the question “Where did all the different types of modern penguins come from?” Give students a minute to look back at their initial
explanations from Lesson 1. Then instruct students to jot down their ideas about this question in their science notebook and remind them of
the two different types of things they can put in the ”Source of evidence” box: evidence that currently supports their explanation or, if they
don’t have any evidence, they should include a description of the type of additional data they would need to support or refute their
explanation.

Lead a mini consensus discussion about “Where did all the different types of modern penguins come from?” Have students share their
ideas. As the class agrees upon key ideas, record the ideas on a piece of chart paper titled “Where did all the different types of modern
penguins come from?” Students should add additional ideas in their notebook on the 3 Explanations in Progress Tracker. As students share
their ideas, prompt students to back up their ideas with evidence.



KEY IDEAS Purpose of this discussion: To come to consensus on the progress we have made in answering the question,
“Where did all the different types of modern penguins come from?”

Listen for these ideas:
At least one type of ancient penguins had descendents that are alive today. This type(s) of penguins
can be similar to one of the fossils that we have seen or not to fossils that we have not seen because
they are assumed to be undiscovered fossils.
Different types of modern penguins must have descended from different lines of penguin ancestors
that stretch back many, many generations.
Optional: The modern penguins could have come from some type of ancient penguin(s) that changed
so much that they were no longer recognizable. Note: don’t assume that the entire class is in agreement
on “change” yet if the class isn’t pushing for it now.

Stop and jot ideas about “Why are there similarities and differences in the traits we see between modern and ancient penguins?” Project
slide G and transition to thinking about the question on the slide. Give students a minute to look back at their previous two mini explanations
and jot down notes about the question on the slide.

Lead a mini consensus discussion about “Why are there similarities and differences in the traits we see between modern and ancient
penguins?” Have students share their ideas. As the class agrees upon key ideas, record the ideas on a piece of chart paper titled “Why are
there similarities and differences in the traits we see between modern and ancient penguins? Students should add additional ideas in their
notebooks on the 3 Explanations in Progress Tracker. As students share their ideas, prompt students to back up their ideas with evidence.

KEY IDEAS Purpose of this discussion: To come to consensus on the progress we have made in answering the question,
“Why are there similarities and differences in the traits we see between modern and ancient penguins?”

Listen for these ideas:
Penguins that are closer to one another in time share more similar traits.
They might share similar traits because the penguins might have common
We think that there might be differences in traits in different groups of penguins due to different
possible causes. You may hear one or more of these:

environment changes or differences such as
climate
availability and distribution of food, water, shelter
type and number of predators
availability of mates
disease or absence of disease

changes in genes or something inherited
something that happens within the individual in response to the environment
something that happens to some or all the members of the population within a lifetime or
over multiple generations
something that time causes (e.g., long periods of time always lead to some change, change
is constant)
something that is random

ancestors (they are related somehow, e.g., distant cousins).
Optional: The types of different penguins might be slowly changing over time.



ASSESSMENT
OPPORTUNITY

Building towards: 4.A Develop an explanation based on preliminary evidence to illustrate that changes over
time occur in the existence, diversity, and disappearance of different kinds of penguins throughout history.

What to look/listen for: Students include the following ideas in their explanations:
1. Some ancient penguins and all their descendants either died off and disappeared entirely or their

descendants became something else.
2. At least one type of ancient penguins had descendents that are alive today. This type(s) of penguins

can be similar to one of the fossils that we have seen or not because maybe we haven’t discovered
their fossils yet.

3. Different types of modern penguins must have descended from different lines of penguin ancestors
that stretch back many, many generations.

4. Optional ideas that may appear
a. The lines of descent for modern penguins split from a common ancestor at some point in

the past.
b. The lines of descent for modern penguins come from a population similar to one or more of

the ancient penguins in fossil record.
c. Something may be changing in a line of descent from some ancient penguins to modern

penguins - either changing within individuals, their offspring, and/or the entire population.
Possible causes that you may see students cite may include the following:

i. environment changes or differences such as
1. climate
2. availability or distribution of food, water, shelter
3. type and number of predators
4. availability of mates
5. disease or absence of disease

ii. changes in genes or something inherited
iii. something that happens within the individual in response to the environment
iv. something that happens to some or all the members of the population within a

lifetime or over multiple generations
v. something that time causes (e.g., long periods of time always lead to some change,

change is constant)
vi. something that is random

5. Students cite a line of evidence from the penguin cards and prior groupings for one or more of their
explanations or identify gaps or holes in their explanations that require additional evidence to support.

What to do: If students don’t have a version of ideas 1-3 above, you could include those statements as three
separate claims on a separate sheet of paper for students to evaluate and ask them whether they agree or
disagree with each claim and why. If students don’t have any of the ideas in 4, that is fine. You will look for a
version of ideas listed in 4d, in particular, in the revised explanations students will develop in Lesson 6. If
students don’t cite any evidence as described in idea 5, remind them to include at least one new line or type of
evidence that they would need to either support or refute their ideas for at least one of their explanations.



4 min6 · ANALYZE OUR EXPLANATIONS
MATERIALS: science notebook

Analyze explanations to identify gaps and evidence still needed. Display slide H and say, We made a lot of progress in our explanations, but I
am hearing that there might be some gaps, holes, or missing evidence to make our explanations really strong. Let’s take a moment to think about
what is missing from our explanations.

Lead a discussion to surface the missing pieces of evidence in the explanations.

Suggested prompt Sample student response

Where are there gaps, holes, or missing evidence in our explanations? For some types of ancient penguins here was only 1 occurrence found
(one sample), so for those we aren’t sure if these fossils are
representative of the whole penguin populations that lived at that
time.

We still aren’t sure why there are so many different kinds of penguins
living today.

Maybe there are better records out there to help us think about this
since we don’t have that many penguin fossils.

Are these connections or patterns true for just penguins or does this
same pattern hold true in other organisms?

What kind of evidence might make our explanations stronger? We would like to see more penguin fossils.

We would like to see records like this for other living things, perhaps
records that are more complete or have more examples.

KEY IDEAS Purpose: To identify the weaknesses in our current explanations in order to identify additional information or
evidence that we need to strengthen our explanations

Listen for these ideas:
Some type(s) of ancient penguins must have produced 18 lines of descendants that are alive today. This
means that some of those penguins are changing somehow over many generations or we are missing
the fossils of penguins from long ago that are more similar to or identical to the ones of today.
If it's the former we have a suspicion that these different types of penguins live in different places
because they are different in those places and are likely better adapted for that environment. If it is the
latter, then we need more fossil data to support or refute that possibility



3 min7 · NAVIGATION
MATERIALS: science notebook

Summarize our progress thus far. Say, It sounds like we have figured out some important things. I hear you saying that we think that there is likely
some kind of relationship between modern penguins and ancient penguins that can be explained by looking at direct descendants of penguins. When
we look at the traits of the penguins, we have some decent evidence to support it, but we don’t have many examples of ancient penguins, and there
seem to be some gaps in the record of fossils, or at least the fossil record we have discovered. We also have some hints that the environment might be
playing an important role, but we need to know more about the changing environment. Finally, we aren’t sure if these same patterns apply to the
other living things that we had questions about on our Driving Question Board. Let’s figure out where we should go next.

Determine what we should investigate next. Display slide I. Prompt students to turn and talk with a partner about what we should do next
to strengthen our explanations and help us answer our questions. Have students share their ideas with the class.

Add to the Word Wall. As students are talking, add to the Word Wall the phrase “fossil record” and the following definition:
the total number of fossils that have been discovered as well as the information that can be determined from them

Conclude the lesson by looking forward to the next lesson. Refer to the definition of fossil record added to the Word Wall. Say, OK, so we’ve
explored some of the fossil record, but we’ve only been looking at the penguin-related part of it. It sounds like it would be really productive to check out
some other types of living things found in the fossil record to see if we can find some patterns that are more complete than those we found for
penguins. Let’s pick up there next time.

Revisit the Driving Question Board to answer questions. Show slide J. Distribute to each student a copy of the Ideas for Data and
Information We Need poster from the end of Lesson 1. Ask students to use the back of this sheet for the following work.

Prompt students to visit the Driving Question Board and select one question from it that they feel they have made progress on. Students will
likely select a penguin-specific question. Prompt students to develop a short answer to the question based on their work in Lessons 1-4.
Remind students to write the question they chose on one sticky note and their answer on a second sticky note of a different color if possible.
Then they should attach these together.

ADDITIONAL
GUIDANCE

The protocol students follow here to answer questions from the DQB is written assuming the teacher has more
than one section of this class and the DQB is a compilation of the questions from all sections. This is why the
students are asked to rewrite the question on a new sticky note. If you have only one section of the class, the
students can use the sticky notes from the DQB and will only need one additional sticky note to answer the
question.

Then ask students to evaluate the list of investigation ideas on their copy of the poster. Ask them to put a check mark next to each idea for an
investigation that we’ve pursued in some way or made some progress on. If time is short this part or all of it can be assigned as home
learning.

✱ ATTENDING TO EQUITY

Universal Design for Learning: The goal in
this sort of activity is to help students
recognize that the work the class has done
so far has made substantial progress on the
class’s questions and ideas for data and
investigations needed to answer these
questions. Such self-reflection helps
reinforce a sense of agency and relevance.

Based on results from the pilot of the unit, it
is anticipated that at this point in the unit,
students will check off about half or more of
the ideas for investigations and data they
brainstormed in Lesson 1. If you don’t have
time for this activity in this lesson, it is
recommended you do it as the first activity
of the next class meeting before resuming
the outline in the learning plan in the Teacher
Guide for Lesson 5.



Additional Lesson 4 Teacher Guidance

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

CCSS.MATH.CONTENT.7.SP.A.1 Understand that statistics can be used to gain information about a
population by examining a sample of the population; generalizations about a population from a sample are
valid only if the sample is representative of that population. Understand that random sampling tends to
produce representative samples and support valid inferences.

Ideas related to what can be inferred about a population from a sample are leveraged in the discussions on day
1 of this lesson. In particular, the relative uncertainty based on a very small sample size (e.g., one or very few
occurrences in the fossil for any type of ancient penguin) drives the need for additional evidence and motivates
looking at patterns of character traits in populations of organisms other than penguins in Lesson 5. Referencing
students’ prior-grade work and understandings about samples and populations can help support cross-
curricular coherence for students.


