
LESSON 2: How similar or different are different types of penguins?
PREVIOUS LESSON We recorded what we notice and wonder about penguins living today and of a fossil of a giant penguin from long ago. We developed initial explanations of how

these penguins could be connected. We brainstormed possible mechanisms to help explain two things: (1) Where did all the ancient penguins go? and (2) Where
did all the different types of modern penguins come from? We developed a Driving Question Board to guide future investigations.

THIS LESSON

INVESTIGATION

2 days

 

We analyze data on a set of heritable characters in modern penguins to look for patterns and infer connections
between them and Pedro. We develop questions on how other heritable characters (bone related) would
compare for these penguins and for other ancient penguin fossils.

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

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

2.A Analyze and interpret data to find patterns across heritable traits between different types of modern penguins and ancient penguins.

2.B Ask questions about ancient ancestors of modern penguins based on close analysis of patterns in the trait data for modern penguins and
Pedro, comparing this to information on the data cards from Lesson 1, orienting to corresponding bones in skeletal models of penguins and
humans, and rewatching the penguin live cam or video recording from Lesson 1; describe the type of data that would be needed in order to answer
some of these questions.

WHAT STUDENTS WILL FIGURE OUT

Penguins have heritable external physical characters like feather color and shape, beak color, and eye ring patterns.
Penguins have heritable internal physical characters related to various bone structures. There is some variation in these across different
types of penguins.
Some types of penguins share many more traits in common with other types of penguins than others.



Lesson 2 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 14 min NAVIGATION
Introduce Progress Tracker and determine direction for the class to
investigate. Connect ideas about heritable trait variation to
predictions about what penguin ancestors might look like.

A-D Driving Question Board, timeline model from Lesson 1

2 14 min EXPLORE A SET OF HERITABLE TRAITS FOR MODERN
PENGUINS
Look for patterns of shared traits and organize different types of
penguins into groups based on these.

E-G External Trait Variations Key, 1 strip of penguin stickers, Penguin data cards from lesson 1 in
clear plastic half sheet covers, Data Strips: External Trait Variations In Modern Penguins And
Pedro, 2 binder clips, 1” ball of sticky tak, chart paper (optional), tape (optional)

3 8 min SHARE IDEAS ABOUT WHERE TRAIT VARIATION CAME FROM
Discuss ideas about where the combinations of traits shared by the
groups came from.

H-I

4 4 min ORIENTING TO SKELETAL STRUCTURES
Examine and discuss several images in order to understand some
structures that show trait variation among penguin groups.

J-P

5 4 min RECORDING NEW QUESTIONS
Record questions we would like to investigate after learning more
about the skeletal structures in penguins and the relationship to
structures in our own skeletons.

Q 2 sticky notes, External Trait Variations Key in a clear plastic sheet cover, Penguin data
cards from lesson 1 in clear plastic half sheet covers, Data Strips: External Trait Variations In
Modern Penguins And Pedro, 2 binder clips, 1” ball of sticky tak

End of day 1

6 5 min SHARING NEW QUESTIONS WITH WHOLE CLASS
Share questions that we recorded about skeletal structures and
how structures look different when the function is also different.

R

7 15 min EXPLORE HERITABLE BONE TRAITS FOR MODERN PENGUINS
AND PEDRO
Work in pairs to sort the penguins based on variation in traits
related to the skeleton of penguins.

S 1 strip of penguin stickers, External Trait Variations Key in a clear plastic sheet cover,
Internal Trait Variations Key in a clear plastic sheet cover, Data Strips: Internal And External
Trait Variations In Modern Penguins And Pedro, 19 paper clips, binder clip, 1” ball of sticky
tak.

8 10 min BUILDING UNDERSTANDINGS DISCUSSION TO SHARE
PATTERNS AND MAKE PREDICTIONS
Bring students together in a whole-group discussion to share what
patterns they noticed while sorting the penguins using these traits
so they have ideas to build on for the next activity.

U

9 5 min UPDATING PROGRESS TRACKER
Make a claim in the Progress Trackers about whether Pedro is an
ancestor to modern penguins and list the evidence students have
gathered that support their claim.

V



Part Duration Summary Slide Materials

10 5 min PREDICTING THE CHARACTERISTICS OF PENGUINS A FEW
MILLION YEARS AGO
Use the patterns we have discovered to individually predict the
number of shared characteristics that might be present in a
penguin from a time between present day and when Pedro lived.

W

11 4 min RECORDING NEW QUESTIONS
Record new questions to share with the class at the start of the
next lesson.

X 2 sticky notes, External Trait Variations Key in a clear plastic sheet cover, Internal Trait
Variations Key in a clear plastic sheet cover, Data Strips: Internal And External Trait
Variations In Modern Penguins And Pedro, 19 paper clips, 2 binder clips, 1” ball of sticky tak.

End of day 2



Lesson 2 • Materials List
per student per group per class

Lesson materials science notebook
External Trait Variations Key
1 strip of penguin stickers
2 sticky notes

Penguin data cards from lesson 1 in clear plastic half sheet covers
Data Strips: External Trait Variations In Modern Penguins And Pedro
2 binder clips
1” ball of sticky tak
chart paper (optional)
tape (optional)
External Trait Variations Key in a clear plastic sheet cover
Internal Trait Variations Key in a clear plastic sheet cover
Data Strips: Internal And External Trait Variations In Modern Penguins And Pedro
19 paper clips
binder clip
1” ball of sticky tak.

Driving Question Board
timeline model from Lesson 1

Materials preparation (60 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.

These are non consumables that you collect and reuse in all your classes:

Gather the preprinted color copies of Data Strips: External Trait Variations In Modern Penguins And Pedro from your kit. There should be one set of 19 data strips
and one cover strip clipped together with a binder clip for each pair of students (15 total sets).
Gather the preprinted color copies of Data Strips: Internal And External Trait Variations In Modern Penguins And Pedro from your kit. There should be one set of 19
data strips and one cover strip clipped together with a binder clip for each pair of students (15 total sets). Fold each strip in half so that the trait data from the
first sorting activity is on one side of the strip and trait data from the second sorting activity is on the other side of the strip. Secure each fold with a paper clip.
Clip all these back together with a binder clip.

Gather one of the following from your kit for every student in your largest class and place each in its own full-sheet clear page protector:
External Trait Variations Key
Internal Trait Variations Key

 Gather the sets of the 19 penguin cards in half-sheet clear protectors from Lesson 1 for every pair of students in your largest class. These should still be
binder clipped together still from lesson 1

These are consumables that will prepare students:
Gather the preprinted color copies of the penguin stickers from your kit. Cut four strips of stickers out of each letter-sized sheet. Each strip will contain
20 total (¾” x ¾”) sticker: 19 different penguin (modern and Pedro) labels) and one blank. Students will use 1 of these strips on day 1 and up to 2 more of
these strips on day 2 when they stick these into their science notebook to organize and annotate the patterns they see.

Test these video links:
Live penguin cam (only available 9 a.m.-5 p.m. EST): https://detroitzoo.org/penguins-live-cam/
Prerecorded video from penguin cam: www.teachersopensciedfieldtest.org/penguins

https://detroitzoo.org/penguins-live-cam/
file:///tmp/www.teachersopensciedfieldtest.org/penguins


Lesson 2 • Where We Are Going and NOT Going
Where We Are Going

The trait variation data used in this lesson were compiled and merged from two resources.
The first was the supporting online material for Fossil Evidence for Evolution of the Shape and Color of Penguin Feathers, published 12 November 2010 in Science, DOI:
10.1126/science.1193604.
The second was the appendix published along with Paleogene equatorial penguins challenge the proposed relationship between biogeography, diversity, and Cenozoic climate change.

Both of these databases were used by Dr. Julia Clarke (one the scientists in the audio recording in Lesson 1) and her collaborators to look for connections between modern penguins and extinct
penguin fossils. A subset of this much larger dataset the was selected for students to use in this lesson to make the data analysis task accessible for students. A supplemental teacher reference
that provides the original trait IDs in each of these databases is provided in Extended key for traits. This document will also provide a description of the characters that uses more details and
scientific names for body structures than in the corresponding ones in the student trait keys: External Trait Variations Key and Internal Trait Variations Key.

Students will still be working with progressively larger and more-complex data sets over this lesson and the next. In this lesson they identify relationships among 19 different penguins (a data
strip about each has 36 different physical characteristics on it). This sort of large data set analysis work is a key element of engaging in analyzing and interpreting data and looking for patterns
at the middle school level. This data analysis work will continue in the next lesson to look for patterns across time and geography for a larger set of ancient penguin fossils as well. It is
important to recognize that this data set is the largest and most complex one students will have worked with so far in the middle school OpenSciEd program, but they also have worked with
progressively more-complex data sets over the scope of the entire program and should now be well positioned to work with this more-complex data set now at the end of 8th grade.

This lesson establishes that the traits students are comparing are heritable, by drawing on their knowledge of genes and traits from OpenSciEd Unit 8.5: Why are living things different from one
another? (Muscles Unit). The “heritable trait variations” that students look at in Lessons 2-5 are introduced with the caveat included that they are “largely heritable”. Students will know from their
work in that prior unit that even these traits can be influenced by environmental factors (e.g., limited amount or type of food or particular nutrients as building blocks available for an individual;
so the environment will always have some effect on the amount of variation we see for that trait between two individuals). With that caveat, though, they will already have familiarity with
many external traits like feather color and shape, beak color, eye ring and eyebrow patterns being largely heritable as well as some aspects of musculature (an internal trait).

Where We Are NOT Going

That will be a sufficient connection to establishing that these trait variations are largely determined by genes. It is possible, however, that in making connections to genes and traits from
OpenSciEd Unit 8.5: Why are living things different from one another? (Muscles Unit) that some students may then ask for genetic data as well (or they may have suggested that idea at the end of
the previous lesson). While there are genetic data on modern penguins (as well as some ancient ones) as part of the original phylogenetic data sets cited above, students will not be analyzing
genetic information nor using such data in subsequent explanations and models. The structure of genetic information and how it can be used to establish lines of descent and common
ancestry is related to a set of disciplinary core ideas reserved for high school and is not the focus of this unit.

Students will need to use the idea that these traits are related to genes, but they may try to extend the idea that they developed in OpenSciEd Unit 8.5: Why are living things different from one
another? (Muscles Unit) that the cause of these different traits is due to having different alleles. This has the potential to be confusing because the same language or terminology (to describe the
changes in sequence) is not used when we start comparing organisms that are different species. Instead, we use the broader term character when we are comparing the similarities and
differences in traits of organisms across species. In reality there are many mechanisms that contribute to trait-level differences across taxa, and while there may still exist the type of
differences in gene sequence that allows there to be more than one allele for a gene, the differences in the traits that we are comparing are sometimes due to changes in the timing or degree
of the expression of the gene during development as a result of gene duplications or changes to regulatory elements that dictate when and where a gene is expressed. These ideas are far
outside the scope of the target disciplinary core ideas for middle school.



14 min

LEARNING PLAN for LESSON 2
1 · NAVIGATION
MATERIALS: science notebook, Driving Question Board, timeline model from Lesson 1

Connect to questions and ideas from the previous class. Have slide A displayed as students enter the classroom and ask them to stop by
the Driving Question Board and timeline model that is posted in a central place in the room. Students should look at the groups of questions
as well as the ideas we’ve recorded on the timeline model. As class begins, say, So far we’ve figured out a lot about how the penguins living today
and penguins that were alive long ago have many important similarities to one another, but also some key differences. We also figured out that we
have a lot of questions about how the penguins from long ago could be connected to penguins alive today. At the end of class we started to think
about what data we need to see and some ideas for investigations that would help us get that information. As you looked back to the DQB and the
timeline model when you came in, you may have thought of new or additional ideas for investigations. If that is the case, record those ideas in your
notebook now.

Share ideas with the class about our questions and ideas and add them to the
Progress Tracker. Say, As we are looking at these questions we had and the ideas for
investigations we thought of so far, it’s also clear there are many things that we have
already started to figure out, and we didn’t yet get a chance to add them to our
Progress Tracker. Let’s take some time to do that now, and it will also help refresh our
memory so we can get a productive start on some of these investigation ideas later in
this class. Let’s look back at this timeline model we started to create to help us recall
some of those ideas so we can record them on our Progress Tracker.

Distinguish between recent versus ancient penguins. Refer students to the
timeline model and the Driving Question Board we created in Lesson 1. Say, At
the end of the last lesson we had some questions about other ancient penguins like
Pedro. One question we had was something like, "Where did the penguins alive today
come from?" But we also wanted to know where the penguins in the past went and
how ancient penguins like Pedro are connected to modern penguins, like the emperor
and northern rockhopper penguins that are alive today.

Suggested prompt Sample student response

So though we aren’t sure of how penguins today could be connected to
particular penguins in the past, like Pedro from millions of years ago,
we do have a pretty good idea about how an individual penguin, let’s
say born this year, got here, right? Where did that penguin come from?

It hatched from an egg.

It came from its parents.

When the penguin parents mate, an egg gets fertilized. The female
penguin lays a fertilized egg, and that is where the baby came from.

And let’s say we go back 50 years. How do you think a type of penguin
alive today, like the emperor penguin, would be connected to emperor
penguins that were alive 50 years ago?

They would be their ancestors.

They would be their parents or grandparents.

✱ ATTENDING TO EQUITY

Universal Design for Learning: This citation
of another scientist’s contributions to the
data set that students are about to work with
can help increase the relevance of the work
students will be doing when they can (a) see
that many scientific efforts require
collaboration of multiple scientists or draw
on the contribution of many scientists and/or
(b) see themselves as having an opportunity
to contribute to the larger scientific
enterprise in the future in a way similar to
the work they are doing in class today.



Add a different-color dot to the timeline model to the left of one of the dots representing modern penguins. Connect the two dots
(representing penguins alive today and the parents of those penguins) using an
arrow pointing right.

Suggested prompt Sample student response

OK, so let’s make some claims about the relationship between parents
and offspring we are arguing for. Let’s say a chick is born and its
parents are emperor penguins, then what kind of penguin would the
chick be?

An emperor penguin.

And what about a different kind of penguin? Let’s say a chick is born
and it's an Adélie penguin, then what kind of penguins are its parents?

Adélie penguins.

OK great. The types of penguins we saw in the previous lesson mate
with their same type of penguin in particular parts of the world. So,
would we expect two of the same type of penguin parents to randomly
give birth to any of the other 17 different kinds of penguins?

No. Parents will have chicks that are the same type of penguins that
they are.

Say, So we could represent these recent ancestors by adding some dots and arrows
like this. A dot represents a generation of that type of penguin, not just a single
penguin. And an arrow will represent which type of penguins had which offspring.
Return to the timeline model and add a dot immediately preceding each dot that
represents a group of modern penguins. Add small arrows connecting those dots
to the modern penguins.



Suggested prompt Sample student response

OK, so what about a dot like this? When we connect it with an arrow to
the dot to the right, what is that showing?

It would be the same kind of thing--the dot shows the parents of that
group of penguins, or the grandparents of the penguins alive today.

Pick a dot representing one of the parent penguins and add a dot to the left of that one, and as students discuss this relationship also add the
arrow.

Say, OK, so it seems like we can easily explain these ancestors. (Refer to the timeline model showing the recent ancestors we have just
explained.) But we have a lot more questions about the penguins that existed way back here. (Refer to the part of the timeline model showing
millions of years ago.) Let’s add some terminology to help us be able to talk about these different groups more clearly. We’ll call the penguins that
were living within the last hundred years or so that have a line of descendants alive today--that is, the parents, grandparents, great grandparents,
and so on of modern penguins--the “immediate ancestors”. Add “Immediate Ancestors” to the timeline model to label the section of the model
that goes back a few hundred years or so.

Say, When we are considering the penguins we found evidence of from millions of years ago, we’ll stick to referring to those as “ancient penguins”.
Label the “Ancient Penguins” section of the timeline model indicating the time these penguins lived is everywhere to the left of the x-axis
break.

ADDITIONAL
GUIDANCE

Students might have questions about the 100-year mark on the timeline--Why are we only going back that far
for the immediate ancestors? One line of reasoning to discuss with students is that we aren’t sure how far back
this pattern goes and maybe we should only take it back 50 years. Another line of reasoning is that we could
base how far back to go for the ancestors of modern penguins off of how long people have been taking trait
measurements of the penguins. In some cases, for some types of penguins, that record goes back more than
50 years, while in other cases it does not.



Start the two-column Progress Tracker in students’ science notebooks. Ask
students to turn to the section in their notebook reserved for their Progress
Tracker and create their two-column Progress Tracker as you show slide B. Say, As
we are looking at this timeline model, it is making me think about how much
information we will need to keep track of. When we were creating our explanation at
the end of the last lesson, we realized we would need to collect a lot more evidence. If
we had a place to keep track of all the ideas and patterns that we might eventually
use as evidence to support our claim, that will be really helpful. Let’s make the title of
the heading in the second column related to that purpose. Ask students to label the
columns as shown on the slide.

Facilitate a class discussion about what ideas we should include in our Progress
Tracker from Lesson 1. Set up the discussion with students still focused on the
timeline model. Refer to the line with the question mark pointing from Pedro
toward modern penguins or to the sticky note that indicates questions about
where the rest of the ancient penguins would go on the timeline. Say, To help
decide what to include in this Progress Tracker, think about the ideas or patterns we
uncovered that would help support a claim about how Pedro or the other ancient penguins are connected to the penguins of today.

Question What did we see or uncover in the data?

How could penguins and other
things living today be
connected to the things that
lived long ago?

There are a lot of different penguins alive today.
There are different ways to group the penguins.
Sometimes they group by location.
All the penguins have a lot of traits in common even when they
aren’t the same type of penguin.

ADDITIONAL
GUIDANCE

The purpose of this Progress Tracker is to keep track of our ideas over the course of the storyline to make it easy
to put these pieces together down the line. In this case another use for the tracker is to have a place we can
easily access to find data, patterns, and ideas that we can later use as evidence to support our claims. The
tracker also serves as a way to allow students to get comfortable and become confident recording the ideas
they come up with as a class (rather than waiting to copy down the teacher’s notes). For this reason Progress
Trackers should not be “graded” and should allow for a way for students to record their ideas. The example
provided is just a sample entry of what we predict some students might say. Keep in mind these entries should
always be in students' own words of what they figure out--it's OK if the Lesson 1 entry for each student does
not match this example.



Suggested prompt Sample student response

OK, so if we did not witness the parent penguins here (refer to the
timeline model dots that represent the parents of current penguins)
giving birth or caring for any of these modern penguins (refer to the
dots that represent the current penguins) and we wanted to see which
of these groups of parents (refer again to the parents dots) are the
most immediate ancestors for any individual penguin we find alive
today (refer again to the dots of the current penguins), what evidence
would we want to collect to figure out which type of penguin it is?

We would see what it looks like and match it to the type of penguins
that look most similar.

If there were several kinds that looked very similar, we might look at
how they act or where they live.

OK, then what if we wanted to see how modern penguins are related
to more-distant ancestors that still fall within this “Immediate
Ancestor” time frame, (refer to the timeline model showing within the
last 100 years or so) like say great-great-great-grandparents, what
evidence would we want to collect?

We would look for the same kinds of things--we would try to find the
penguins that looked most like the current penguins and match them
up with the great-great-great-grandparents.

Would we want to look at traits that are mostly inherited, like those
that could be passed on, or traits that are mostly impacted by the
environment? Why?

We would need to look at traits that are mostly inherited because
that’s what we know can be passed down from generation to
generation.

Say, Right, we would need to compare characteristics or traits that are mostly heritable. We've already compared some traits between penguins alive
today in Lesson 1, but we haven't really specifically identified or compared characteristics or traits that we know are heritable ones between penguins
alive today. Let’s refresh ourselves on what it means for a trait to be heritable. We learned in Muscles Unit that trait variations are always impacted by
both genes and the environment, but they don’t always have equal impact. Sometimes genes have a greater impact on traits and sometimes the
environment has a greater impact. Go to slide C.

ADDITIONAL
GUIDANCE

We are looking into “heritable trait variations” in Lessons 2-5 with the caveat included that they are “largely
heritable”. We know that even these traits can be influenced by environmental factors (e.g., limited amount or
type of food or particular nutrients as building blocks available for an individual; so the environment will always
have some effect on the amount of variation in a trait we see between two individuals).

Revisit the examples of heritable traits we’ve studied before. Say, These are some of the organisms we looked at in the Muscles Unit.

Suggested prompt Sample student response

What were some trait variations in these organisms that we argued
were mostly heritable, meaning that the environment played a
relatively minor role in the variation we saw in the trait between
individuals?

Super-heavy musculature in cattle.

Coloring of fur/hide/skin in some cases but not others (e.g., flamingos’
pinkness).

Wasp face patterning.

Length of our arm spans.



14 min

Connect these ideas to penguins.✱ Show slide D and say, Scientists like Dr. Sara Bertelli have collected data on similar sets of traits like these
external characteristics you mentioned. The characteristics or characters that they collected data on are largely heritable ones too. They collected
these from the 18 types of modern penguins. Researchers like Julia Clarke and Ali Altimanaro build on data sets like this to try to figure out how
penguins of today are connected to penguins of the past.

2 · EXPLORE A SET OF HERITABLE TRAITS FOR MODERN PENGUINS
MATERIALS: External Trait Variations Key, 1 strip of penguin stickers, science notebook, Penguin data cards from lesson 1 in clear plastic half sheet covers, Data Strips: External Trait Variations
In Modern Penguins And Pedro, 2 binder clips, 1” ball of sticky tak, chart paper (optional), tape (optional)

Explore a set of characters of extant penguin traits for which scientists have gathered data. Display slide E. Say, Here is a subset of some of
the traits Dr. Sara Bertelli collected and published data on that scientists have determined are mostly heritable. That is, these are traits for which the
environment plays only a minor role in trait variation. These traits are similar to being heavily muscled in cattle or having a certain body color in
goldfish--it’s a physical characteristic of an individual that is mostly based on the genetic material it received from its parents. Scientists refer to the
trait category they are measuring as the character. This slide shows 19 character categories in five different groups.

Show slide F. Say, For each character, there are different possible trait variations found in the modern penguins. For example, for head plumes, there
are penguins that have head plumes and there are penguins that don’t. This trait will be reported as either present or absent for this character. Other
characters may have more than two trait variations possible. For example, for the color of the top of the feet, there are four different variations found
in penguins: dark coloration, pinkish coloration, orange coloration, or whitish coloration. These are just two examples of the type of trait variations
you will see in the key for these 19 different heritable characters.

ADDITIONAL
GUIDANCE

Students may attempt to make connections back to OpenSciEd Unit 8.5: Why are living things different from one
another? (Muscles Unit) and ask about the number of alleles connected to these trait variations. This has the
potential to be confusing because the same language (to describe the changes in sequence) is not used when
we start comparing organisms that are different species. If students are attempting to make these connections,
agree that there are small differences regarding the genes, and those differences cause the traits to be different,
but reinforce the idea that instead of describing these differences at the gene and allele variation level, we use
the broader terms character and trait variation when we are comparing organisms that do not belong to the
same species. You may explain that many of the traits we are looking at depend on more than one gene, so it
would be too complicated to try to keep track of all the alleles involved.

Determine connections between different groups of penguins by looking at shared traits. Ask students to turn to the next set of two
blank pages in their science notebook. Show slide G. Say, Let’s look for any connections in these heritable traits across all the different

types of penguins of today. Prepare the two blank pages in your science notebook to record what patterns you notice. I will distribute the data strips to
you first and then five minutes to sort them. If after five minutes of that sorting you also want the penguin data cards from the last lesson too you can
request those. These are optional to use if you wish.

Assign students to work in pairs. Distribute External Trait Variations Key to every student. Distribute one set of data strips from Data Strips:
External Trait Variations In Modern Penguins And Pedro to each pair and have them begin sorting the data.✱

Optional: five minutes later ask if any groups also want the penguin data cards from Lesson 1. If so, distribute the cards to them and a 1” ball
of sticky tack for breaking into pieces and securing data strips to data cards if they wish.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING PATTERNS

Students need to find patterns in this rather
large set of data. While they have been
working with progressively more-complex
sets of data, this may still intimidate some
students. If students are struggling to group
the strips, make sure they are laying them all
out to view simultaneously. There are many
traits that are shared, so encourage them to
notice the differences first, and then they can
look for the shared differences, i.e., things that
are similar between them but different than
the rest of the penguin groups. For example
it isn’t necessarily productive to focus on the
shared traits that are shared by all the
penguins (like scaly feathers), so have them
zero in on differences and then find out who
shares those same differences.



After students work for another five minutes, reserve the last four minutes for them to record
their patterns. Ask them to pause their sorting work and tell them that you are now distributing

a set of 19 penguin stickers (¾” x ¾” each). Each student will get their own set to add into their science
notebook as a way to record how they clustered and organized the penguin data so far.

Remind students to annotate the groups of penguin stickers as well as to include any patterns that
informed the grouping.

ALTERNATE
ACTIVITY

There are many ways students could record their ideas here if the stickers are not an option. If students are
given a piece of chart paper they may use this space to organize their groups and sort the penguin data strips
into groups instead of the stickers and record their organization any of the following ways:

Students may attach the data strips to the chart paper with tape and leave it for the next class
meeting; in this case you will need to make extra copies of the data strips for students so you have
enough available for each class of students.
Students may take a photo of the arrangement and upload the photo somewhere so the teacher can
print the artifact, allowing students to attach this in their science notebook the following class
meeting.
Students can take a photo of their arrangement and transfer the information in the photo to their
notebooks outside of class time or as part of home learning.



8 min

ASSESSMENT
OPPORTUNITY

Building towards: 2.A.1 Analyze and interpret data to find patterns across heritable traits between different
types of modern penguins and Pedro and use these to predict patterns between the trait variations found in
these penguins and other types of ancient penguins.

What to look/listen for: You will look for the following when you collect student notebooks at the end of this
day:

Some types of traits are shared across all the penguins.
Certain types of penguins share many more traits in common than others.
Optional: You may see this next idea. It's OK if you don’t yet: The types of penguins that have more
trait variations in common may be more closely related (or are more likely to have descended from a
common ancestor) than those that have less in common.

What to do: Students will have left a sticky note on their Progress Tracker page. Use this to leave feedback that
encourages more questioning. Here is one way to do that. Restate a notice based on what they said. Reinforce
that their noticing is interesting. Raise your own wondering. Here is an example: I noticed that you saw that
Humboldt and Galápagos penguins share a lot of traits in common. That is so interesting considering where they live.
This has me wondering now if there is some connection to that.

As students are working in pairs, circulate and listen to discussions to capture ideas that will be useful to build on during the class discussion.
It may be helpful to go back and present slide E, which shows the key for the traits for students to quickly look up and refer to as they are
sorting.

3 · SHARE IDEAS ABOUT WHERE TRAIT VARIATION CAME FROM
MATERIALS: science notebook

Share ideas about patterns we noticed. Bring students back together and say, Let’s share some of the patterns we recorded in our science
notebooks.

Suggested prompt Sample student response

What patterns emerged as you and your partner began sorting the
data strips?

Emperor and king penguins share the same variations for all of these
traits except one.

Others like macaroni, southern rockhopper, and royal have all the
same traits in common.

Erect-crested, Snares, and northern rockhopper also have all the
same traits in common.

OK, so they matched for all the traits we compared in the data strips.
But we just looked at a subset of the heritable traits that scientists
Julia, Ali, and Sara use to look for these sorts of connections. Does that
imply that they have every single heritable trait in common?

Accept all responses.

Did they look identical in the photos you looked at? No.



Suggested prompt Sample student response

Do the groups of penguins with shared traits have anything else in
common in the photos on the data cards?

These were groups of penguins that we found (in Lesson 1) that looked
similar in the photos too (e.g., the tall ones or the ones with a
particular black and white striping pattern on their body and head).

Make connections to the Muscles Unit to think about where this variation comes from. Show slide H. Give students time with their partners
from the previous activity to consider the questions on the slide:

What are two types of penguins that have the same traits for all the characters you compared?
Where did all these penguins get this common set of traits from?

As partners are working, listen for students to share ideas about genes that were passed on from their family or their biological parents.
Students may also suggest the idea of mutations that happened in the past and were passed on to the offspring at some point. If students
don’t raise the idea of mutations here, that is fine. It will be surfaced in Lesson Set 3. Take note of the students sharing these ideas so they
can be called into the class discussion if they do not otherwise surface.

Share ideas about where different traits in penguins came from. Bring students back together to share the ideas they talked about.

Suggested prompt Sample student response

So remind me again, where would, for example, an emperor penguin
that is alive today get these traits from? (Hold up the emperor penguin
strip that lists the traits for each character.)

If these traits are heritable and all these types of penguins have a
certain variation, then they must have inherited them from their
parents.

Their parents were also emperor penguins.

Show slide I that illustrates some penguin families. Resume the discussion.

Suggested prompt Sample student response

We don't see king penguins having babies that grow up to be gentoo
penguins or erect-crested penguins. We don’t see any of these
penguins having babies that grow up to be like another type of
penguin. Each type of penguin breeds with a penguin that is the same
type. So that means penguins of the same type pass on the same
combinations of trait variations (like spiky yellow hair-dos or being
really tall or holding eggs on their feet) only to their own kind of babies.
How long do you think these different types of penguins have been
passing on these same trait variations to their offspring?

Grandparents at least, because people have been studying these
populations for at least a few years (generation time is only around 5
years).

Maybe since the beginning of time.

Maybe since penguins were first on Earth.

Since Pedro was around.

Millions of years.

Thousands of years.

I don’t know. That is a good question.



Motivate the need for more data. Say, OK, this raised a lot of different ideas about how far back in time we would see these same combination of
traits in their ancestors. We at least know that the immediate ancestors would have these traits in common, but we don’t really have enough evidence
to fully support our ideas yet about how far back in time this pattern would hold … and everyone has a lot of different ideas, so we will definitely need
a way to determine which ideas are supported by the most evidence.

Motivate the need for a different set of characters. Say, We compared external traits in modern penguins to Pedro. We also compared those
traits between different types of modern penguins. But comparing only these traits doesn’t provide us enough data to make evidence-based claims
about all ancient penguins. We’d need to look at heritable traits within ancient penguins too, right? The problem is we don’t have the same kind of
data available that we were just looking at in modern penguins when we start looking at fossils. We know from what Dr. Clarke said that if we look for
fossils, it's very rare to find evidence of any sort of characters that have to do with external features like feathers because those structures are rarely
preserved. Her team was lucky with Pedro. Most of the time the only thing that is preserved in a fossil is just the shape of some of the bones that made
up the skeleton of the organism.

Connect to prior work with internal heritable traits work in OpenSciEd Unit 8.5: Why are living things different from one another? (Muscles
Unit). Say, In addition to heritable traits that are external, we’ve previously studied some internal traits that we know are largely heritable too. In our
Muscles Unit you figured out that some aspects of musculature are heritable. Some aspects of bone structures are heritable too. When we are looking
at variation in bone structures or muscle structures, it’s useful to think about how the structures work together because muscles have to attach to
bones in order to make them move. While muscles structure doesn’t preserve well in fossils, bone structures do. Let’s orient to some of the bone
structures that Dr. Bertelli and other researchers have determined are largely heritable in penguins and other animals.



4 min

4 min

4 · ORIENTING TO SKELETAL STRUCTURES
MATERIALS: None

(Skip slide J)

Orient to the skeletal structures for the penguins. Spend only 30-45 seconds on each of the next six slides for this orientation. Say, You’ve
made some initial predictions about how skeletal structures in penguins would compare, so now let’s orient to some of the skeletal structures for the
penguins that are heritable that we have trait variation data for.

Present slide K. Say, One of these will be related to the shape of the tip of its beak. We analyzed data on this character earlier too in the external
trait data sets. But the rest of the internal heritable traits we have data on are for characters we didn’t see in the earlier data set. For example, there
will also be data on the shape of the side of its skull.

ADDITIONAL
GUIDANCE

This depressed part of the skull that is referred to on the list of characters is called the temporal fossa. Medical
terms and latin names like this are not used in the student resources. They have been replaced with alternate
descriptions using less precise but more commonly encountered words. If you are curious about what the latin
names for some of those structures are, that further detail is provided in the teacher reference Extended key for
traits.

Present slide L. Say, Another set of characters will be related to the shape of the shoulder blade. This image shows where the shoulder blade bone is
located in both a penguin and in us. This image can help you orient to where you can also try to feel the surface of your shoulder blade on your own
body if you wish. Notice how the position of that bone changes as you move your arm in different ways.

Present slide M. Say, Another set of characters will be related to the kneecap and femur. This image shows where both of these bones are located in
a penguin and in us. The femur is the underlying bone in the upper part of our leg or our thigh. It’s easy to feel your kneecap; that bone is pretty close to
the surface in our bodies.

Present slide N. Say, Another set of characters will be related to the humerus. This image shows where this bone is located in us and in penguins. The
humerus is the underlying bone in the upper part of our arm. Our biceps are on one side of the bone and our triceps are on the other. These muscles
attach to other bones in the arm. Other muscles attach the humerus to the shoulder blade and other bones in our chest and back.

Present slide O. Say, The last set of characters will be related to heritable musculature variation in this part of the body and in the leg. There is only
musculature data for modern penguins, not for Pedro, since muscles aren’t structures that form fossils. For this character, there are three possible trait
variations. So like in the earlier data set, you will see a number associated with each possible variation. But in the case of Pedro you will see a
question mark for this trait variation since it could not be determined from the fossil that was available.

Present slide P. Say, The rest of the characters, however, are ones that can be found in fossils. Where there are more complete fossils like Pedro, you
will see it has one of the trait variations listed, such as the three listed here for shoulder blade shape. But anywhere the data were not available
because the skeleton was incomplete, you will see a question for that specific trait variation.

5 · RECORDING NEW QUESTIONS
MATERIALS: science notebook, 2 sticky notes, External Trait Variations Key in a clear plastic sheet cover, Penguin data cards from lesson 1 in clear plastic half sheet covers, Data Strips: External
Trait Variations In Modern Penguins And Pedro, 2 binder clips, 1” ball of sticky tak

Add new questions to our science notebook. Show slide Q and say, You have made some predictions about how these heritable traits
might compare in different types of penguins, and you’ve oriented to where some of these bones are in us. Next time, we’ll look at these trait



5 min

variations in modern penguins and Pedro first and then look at them for a bunch of other ancient penguin fossils too. Before we do, record any new
questions you now have.

Distribute 2 sticky notes to each student and have students use these to mark in their notebook where they recorded their questions and
where they entered their Progress Tracker entry for today.

Prepare data strips and data cards for the next class. After students have had 3 minutes to record their questions, ask students to do the
following:

Remove any sticky tack from the data cards and data strips.
Secure the entire set of data strips together with a binder clip.
Secure the entire set of data cards together with a binder clip
Turn these in along with External Trait Variations Key to reuse with your next class.

Collect student notebooks to formatively assess the questions they are raising at this point in the lesson and what they recorded in their
Progress Trackers earlier in the lesson.

ASSESSMENT
OPPORTUNITY

2.B.1 Ask questions about ancient ancestors of modern penguins based on close analysis of patterns in the trait
data for modern penguins and Pedro, comparing this to information on the data cards from Lesson 1, orienting
to corresponding bones in skeletal models of penguins and humans, and rewatching the penguin live cam or
video recording from Lesson 1; describe the type of data that would be needed in order to answer some of
these questions.

What to look/listen for: Students have marked the page these questions are on with a sticky note. Look for a
line of new questions that emerged from the sources of data they investigated today. This is likely to include
questions based on either of the following:

how similar bone-related trait variation will be in the penguins (or in other organisms)
how structural variation in bone and/or muscle might be related to function

What to do: If you see no bone-related questions, it is appropriate to leave a question on the sticky note such
as this: Did you have any questions about predicted differences or similarities in the shape or size of bones in
different types of penguins?

End of day 1

6 · SHARING NEW QUESTIONS WITH WHOLE CLASS
MATERIALS: science notebook

Share new questions with the whole class. Returns students’ notebooks to them. Present slide R. Summarize by saying, Last time, we made
some initial predictions about the bone structures in different types of penguins, and we started considering connections between variations in their
structure and their function.

Allow students to have some time to look back at their science notebook. Then ask students to share their responses to the following
questions that are listed on the slide:

What new questions did this raise for you?
How might examining bone structures across different types of penguins help make progress on some of these questions?



15 min7 · EXPLORE HERITABLE BONE TRAITS FOR MODERN PENGUINS AND PEDRO
MATERIALS: 1 strip of penguin stickers, science notebook, External Trait Variations Key in a clear plastic sheet cover, Internal Trait Variations Key in a clear plastic sheet cover, Data Strips:
Internal And External Trait Variations In Modern Penguins And Pedro, 19 paper clips, binder clip, 1” ball of sticky tak.

Explore a set of additional heritable traits that scientists have gathered data on for modern penguins. Say, Let’s look for any connections
across the different types of penguins for these additional data that we introduced to you last time. Let’s start with the same penguins we looked at in
the last investigation, which included all modern penguins and Pedro. That will be 19 data strips to look at. Then after first looking at those we can
add in even more data strips from other ancient penguin fossils too.✱

ADDITIONAL
GUIDANCE

Students may ask about how you measure the bones of a living penguin. In the case of modern types of
penguins, scientists often have taken bone measurements from penguins that have recently died. So when
they refer to these measurements, they are still from a modern type of penguin, but that individual penguin is
no longer alive.

Determine connections between different groups of penguins by looking at shared traits. Ask students to turn to the next two blank pages
of their science notebook. Show slide T. Say, You will have 12 minutes to analyze and sort the related data. Prepare these pages in your science
notebook to record what patterns you notice. You will see the strips are folded in half with a paperclip so that you can start the sorting based on only
the bone and muscle data first. This is the side that has light gray and dark gray colored table cells. Keep this side of the strips facing you. Once you’ve
sorted based on these data, raise your hand to ask for another set of stickers to use in your notebook to make an annotated record of how you sorted
them. After doing that you can then remove the paper clips and unfold the data strips so you can look at the external traits from last time in
combination with the new set of internal traits.

Assign students to work in pairs. Distribute to each pair one copy each of External Trait Variations Key, Internal Trait Variations Key, and the
paper clip-secured data strips from Data Strips: Internal And External Trait Variations In Modern Penguins And Pedro. As students are working in
pairs, circulate to listen in for ideas that will be useful to build on during the class discussion.

Distribute the next set of resources to pairs of students that indicate they are ready. When a pair of students raise their hands indicating
they are ready for stickers, distribute these to each student of that pair.

Optional: After students document the groups and any annotations in their science notebooks, invite them to unfold the data strips and look
for new patterns. If they wish they can request the penguins data cards from Lesson 1 too, and a 1” ball of sticky tac to any students if they
want to use them as well. If so, encourage them to attach their data strips to the penguin data cards with sticky tac. Ask them to add new
annotations to their science notebook based on what they notice.



10 min8 · BUILDING UNDERSTANDINGS DISCUSSION TO SHARE PATTERNS AND MAKE PREDICTIONS
MATERIALS: science notebook

Share patterns and ideas that were noticed during the sorting activity. Bring students together and ask them to share what they noticed
when comparing the way they sorted the penguins based on external characteristics to what they noticed when they sorted using the
characteristics about the bones.

Suggested prompt Sample student response

What patterns emerged as you and your partner began sorting the
data strips based on just bone data?

Some types of penguins share a lot of identical variations in common
across all these traits.

The modern ones fall into three groups that share all of the bone trait
variations in common. One group is emperor and king. A second group
is African, Magellanic, Humboldt, and Galápagos. And the third group
is the rest.

Did the penguins in these groups also tend to share other traits in
common too, like the feather, nesting, and musculature ones you
looked at earlier?

Yes.



5 min

Making predictions about traits that a penguin’s ancestors will have. Present slide U. Ask students to work with their partner to discuss the
three questions posed on the slide for three minutes and then discuss these as a class.

Suggested prompt Sample student response

What are two types of penguins that have the same variations in
common for almost all the heritable traits you compared?

Emperor and king.

African and Magellanic.

Magellanic and Humboldt.

Humboldt and Galápagos.

Where did these penguins inherit their traits from? From their parents.

And where would their parents have inherited them from? From their parents (grandparents).

Why would they have so many heritable traits in common? Maybe they are part of the same family of penguins, just different
parts of the family (e.g., distant cousin).

Maybe they had an ancestor in common at some point in the past
(e.g., a great-great-great grandparent).

Maybe their environments are very similar or were very similar in the
past.

9 · UPDATING PROGRESS TRACKER
MATERIALS: science notebook

Reflect on whether Pedro could be an ancient ancestor of any modern penguins. Say, Let’s record our progress on a question that
emerged related to some of the ideas that you raised. The idea about what the ancient ancestors of the modern penguins might have looked

like has been suggested before. And, we’ve wondered how Pedro might be connected to modern penguins. So do you think Pedro could be an ancient
ancestor of any of the modern penguins? Why or why not? Show slide V. Say, Add this question to your Progress Tracker along with what you saw or
uncovered in the data that supports your argument.
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ASSESSMENT
OPPORTUNITY

2.A.2 Analyze and interpret data to find patterns across heritable traits between different types of modern
penguins and Pedro and use these to predict patterns between the trait variations found in these penguins and
other types of ancient penguins.

What to look/listen for: The prompt for this Progress Tracker entry is “Do you think Pedro could be an ancient
ancestor of any of the modern penguins? Why or why not?” You will look for the following when you collect
student notebooks at the end of this day:

Any claim is acceptable (e.g., Pedro is an ancestor, is not an ancestor, is related in some other way to
modern penguins or other ancient penguins, and so forth).
Justification should include citing patterns in the heritable trait data:

Pedro's entire set of traits doesn’t match any of the modern penguins.
If students say he is not related (or not an ancestor), they should discuss the amount of trait
variation that would need to match or be similar enough in order for them to be related.
Ideally, students may also raise a potential problem with this logic, since it implies that you
can only be related if you match on every or most heritable traits, but there are examples in
humans or cattle (from unit Muscles Unit) that they know about that refute that.
If they say he is related or might be related, they should discuss how that is possible given he
has so few trait variations in common and include some kind of connection between the
number of traits in common and relatedness (e.g., might be a distant ancestor because
distant ancestors might be less like future generations than more-immediate ancestors).

What to do: Students will have left a sticky note on their Progress Tracker page. If they don’t cite evidence
based on the trait variation data in the strips, then ask this general question: What particular patterns in the traits
that you compared led you to make this argument?

10 · PREDICTING THE CHARACTERISTICS OF PENGUINS A FEW MILLION YEARS AGO
MATERIALS: science notebook

Students make a prediction about the number of shared traits between groups of penguins based on the amount of time between where
they appeared in the fossil record. Display slide W and give students time to individually jot down a response to the directions shown on the
slide.

Prepare a page of your science notebook with this title: My prediction: The traits I would expect to see in the ancestors of _______
penguins from _______ million years ago .
Pick a particular type of modern penguin. Write it in the first blank of your page title.
Pick a point in time between when Pedro died (36 million years ago) and today. Write that in the second blank of your page title.
If you found a fossil of a penguin from that point in time, how do you predict the trait variations in its bone structures would
compare to your type of modern penguin?
How do you predict it would compare to Pedro?



4 min11 · RECORDING NEW QUESTIONS
MATERIALS: science notebook, 2 sticky notes, External Trait Variations Key in a clear plastic sheet cover, Internal Trait Variations Key in a clear plastic sheet cover, Data Strips: Internal And
External Trait Variations In Modern Penguins And Pedro, 19 paper clips, 2 binder clips, 1” ball of sticky tak.

Present slide X. Have students record in their science notebook new questions and ideas for data we need to answer some of the
questions.

Distribute 2 sticky notes to each student and have students use these to mark the location of where they recorded their questions and where
they entered their Progress Tracker entry for today.

Prepare data strips and data cards for the next class. Ask students to do the following:
Remove any sticky tack from the cards and strips.
Refold and paper clip the data strips from Data Strips: Internal And External Trait Variations In Modern Penguins And Pedro.
Secure the entire set of data strips together with a binder clip.
Secure the entire set of penguin cards together with a binder clip.
Turn these in along with External Trait Variations Key and Internal Trait Variations Key to reuse with your next class.

Collect student notebooks to formatively assess the questions they are raising at this point in the lesson and what they recorded in their
Progress Trackers earlier in the second day of this lesson.

ASSESSMENT
OPPORTUNITY

2.B.2 Ask questions about ancient ancestors of modern penguins based on close analysis of patterns in the trait
data for modern penguins and Pedro, comparing this to information on the data cards from Lesson 1, orienting
to corresponding bones in skeletal models of penguins and humans, and rewatching the penguin live cam or
video recording from Lesson 1; describe the type of data that would be needed in order to answer some of
these questions.

What to look/listen for: Students have marked the page these questions are on with a sticky note. Look for any
line of new questions that emerged related to how similar bone-related trait variation will be in the ancient
penguins (or in other organisms). This implies the need for comparing the same sort of data next time that they
looked at today, but for more ancient fossils.

What to do: If you see no bone-related questions, it is appropriate to leave a question on the sticky note, such
as this: What sort of questions do you have based on your predicted differences or similarities in the shape or
size of bones in different types of ancient penguins? How might exploring data for those characters help
answer your questions?


