
LESSON 6: How are organisms living today connected to organisms that lived long ago?
PREVIOUS LESSON We examined fossil case studies to analyze the data for ancient and modern horseshoe crabs, horses, and whales. We developed a model to represent patterns

in character differences over time and in different environments.

THIS LESSON

PUTTING PIECES TOGETHER,
PROBLEMATIZING

2 days

We argue for whether the fossil data we’ve been investigating represents what is found in only one individual or
represents what is typical of any individual in their population. We construct revised explanations for how
modern organisms are connected to ancient organisms. We add new questions to our Driving Question Board
related to possible mechanisms causing this change.

NEXT LESSON We will explore four cases where trait distributions in the population changed over a few generations. We will use a jigsaw strategy to analyze data from
different studies on our group’s assigned case. We will develop arguments for how what was happening in the different studies could be connected to one
another. We will develop a model to explain what was causing the shift in trait distribution over time for our individual cases.

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

6.A: Construct, use, and/or present an oral and written argument supported by empirical evidence and scientific reasoning to support an
explanation for whether the types of things that lived long ago are ancestors to the modern organisms we see today (stability and change).

6.B: Ask questions related to what is causing changes in a whole population of organisms?

WHAT STUDENTS WILL FIGURE OUT

There are clear patterns of differences in the body structures of certain types of organisms over really long periods of time (multiple
generations) and across different environments.
There must have been some population(s) of ancient organisms that had offspring that were lines of descendants that led to modern
organisms.
We don’t agree on what those lines of descent were, but we have some possible candidates.
The traits are somehow changing in a line of descendants from one of the ancient populations to one of the modern ones.
We have some different ideas about what might be causing such changes in a whole population of descendants.



Lesson 6 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 7 min NAVIGATION
Recall what we figured out in our previous lesson and reflect on the idea of whether
the characters we kept track of were shared by all individuals in the population.

A-B navigation model

2 5 min ANALYZE DATA WITH A PARTNER
Examine the number of samples that exists for each type of penguin fossil we have
looked at.

C Analyzing and Interpreting Fossil Data

3 12 min BUILDING UNDERSTANDINGS DISCUSSION
Participate in a Building Understandings Discussion to surface the idea that
individuals that belong to the same populations share a set of common characters,
but there is still variation in traits between individuals of a population.

D-I navigation model, 1 sheet of chart paper, markers

4 7 min CONSTRUCT AN ARGUMENT ABOUT ANCIENT AND MODERN PENGUINS
Write a new argument making a claim about how modern penguins are connected
to penguins from long ago.

J DQB, navigation model, markers

5 13 min CONSENSUS DISCUSSION ABOUT PENGUIN DESCENT
Participate in a whole-group discussion to come to consensus about whether a line
of descendants exists between modern and ancient penguins.

K DQB, navigation model, New Model Ideas chart, markers

End of day 1

6 8 min NAVIGATION
Revisit arguments we put forward to support our claim about descendents and
problematize ideas that need to be true if the dots do indeed connect between
ancient and modern penguins.

M navigation model, Driving Question Board

7 10 min CONSTRUCT AND SHARE EXPLANATIONS
Individually record ideas students have that could explain how traits in an entire
population of descendents could change and then share the ideas with the whole
class.

N 1 sheet of chart paper, markers, navigation model

8 4 min DEVELOP NEW QUESTIONS
Jot down new questions about what could cause a population to change and how it
could change.

O Several 3”x3” (or 3”x5”) sticky notes, fine-tip permanent marker

9 15 min SHARE QUESTIONS TO THE DRIVING QUESTION BOARD
Add new questions to the DQB and organize like questions into groups.

P students' completed sticky notes, a few extra 3”x3”(or 3”x5”) sticky notes,
fine-tip permanent marker, Driving Question Board, chart markers,
optional: 8”x6” sticky note (or 1 half sheet of paper with transparent tape)

10 3 min NAVIGATION
Think about how we might investigate the new questions we have.

Q

End of day 2



Lesson 6 • Materials List
per student per group per class

Lesson materials science notebook
Analyzing and Interpreting Fossil Data
DQB
Several 3”x3” (or 3”x5”) sticky notes
fine-tip permanent marker
students' completed sticky notes
a few extra 3”x3”(or 3”x5”) sticky notes

navigation model
1 sheet of chart paper
markers
DQB
New Model Ideas chart
Driving Question Board
chart markers
optional: 8”x6” sticky note (or 1 half sheet of paper with transparent tape)

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 enough copies of Analyzing and Interpreting Fossil Data for every student in your largest class (you will collect these and reuse for all classes).

Have data cards (specifically, king and Galápagos penguin cards) from Lesson 1 available in case some students have trouble seeing the slide.

Have 2 pieces of chart paper ready (one for each day) and chart markers.

Have 3” x 3” sticky notes available for students to add questions to the DQB on day 2.



Lesson 6 • Where We Are Going and NOT Going
Where We Are Going

Day 1
Students will apply scientific ideas to construct an explanation for the anatomical similarities and differences among modern and ancient organisms to infer evolutionary relationships. They
will review the patterns in the anatomical similarities and differences between various organisms living today and between extant organisms and organisms in the fossil record to enable the
reconstruction of evolutionary history and the inference of lines of evolutionary descent. Though evolutionary mechanisms won’t be developed until the next lesson set, eliciting initial or new
candidate ideas of what is causing the apparent changes in a population over time is the focus of this lesson.

Further reflection on the fossil record patterns they analyzed previously gets students to the idea that a given type of organism doesn’t come out of nowhere, they must have come from
something slightly different in the past through a line of direct descendants. When we examine the fossil record we can see that organisms of the same type that existed closer in time share
more similarities than organisms of that type that are separated by more time in the fossil record.

In this lesson we again surface the importance of thinking about whether what we are seeing and describing is applicable at a population level versus an individual level. It is important to keep
pressing on the idea (that we carried over from OpenSciEd Unit 8.5: Why are living things different from one another? (Muscles Unit)) that trait variation exists between individuals in the population.
While we won’t directly work with the differences between the individuals that make up a population in this lesson, students will need to look for evidence of this in the next lesson, and in
lLesson 8 they will need to include those data as part of the mechanisms they use to describe how natural selection happens (specifically, that selection will “act” on the individual phenotypes,
but we can only see the effects of this process at the population level as the proportion of individuals in a population with certain trait changes over time).

Students know, from OpenSciEd Unit 8.5: Why are living things different from one another? (Muscles Unit) and from observations of photographs of individuals within populations of modern
penguins, there is also some level of individual trait variation in the population. While we don’t see many examples of this in the fossil record, this may be explained due to the small sample
sizes we have since we are more likely to see this type of variation if we have samples of many, different individuals from the same populations.

Day 2
Students will likely surface the idea that environments change over time, and ecosystems can change over time, and/or Earth was different in the past then it is now, so there may be some
connection between any of these and why these populations of organisms also seem to have changed over time.

Where We Are NOT Going

While we do discuss the differences between populations, we do not define a population exactly as all the individuals of a single species. We are not defining a species nor are we examining
mechanisms of speciation in this lesson. Instead, we focus on the broader patterns we see within and between the groups we define without having a formal definition for what a species is by
noticing patterns of shared and novel characters between groups that live in different places and/or times, and now we are also noticing the variation that exists between the individuals that
live in the same place at the same time.



7 min

LEARNING PLAN for LESSON 6
1 · NAVIGATION
MATERIALS: science notebook, navigation model

Summarize the patterns seen in the data in the previous lesson. Show slide A. Give students a half a minute to look back through their
Progress Trackers from the last lesson to prepare to share a statement that summarizes some of the patterns we saw across all the different
types of organisms we looked at (penguins, horses, horseshoe crabs, and whales). Then have students share their responses.

Suggested prompt Sample student response

What were some of the patterns we saw across all the different types
of organisms we looked at (penguins, horses, horseshoe crabs, and
whales)?

The structures of other living things today (like whales, horses, and so
forth) look similar to but not exactly like the most similar-looking
fossils we can find.

In many cases, the further back in the fossil record we go, the more
pronounced those differences are (and the less penguin-like, horse-
like, whale-like that type appears to be).

Sometimes but not always there are noticeable substructure
differences (limbs, skulls). In every case there are changes in overall
size of the organism.

Pose a follow-up question. Say, We agree we saw specific differences in the shape and size of the structures that made up the bodies of the whale,
horse, and horseshoe crab fossils we analyzed. So do we think the shape and size of those structures were typical for what you’d find in the entire
population of whales, horses, or crabs that these individuals belonged to when they were alive, or do you think those structures were unique to that
one individual that happened to be preserved as a fossil? Why? Show slide B. Give students two minutes to turn and talk with a partner about
this question.

Ask students to share out, then follow up with a prompt to elicit any direct evidence to support either claim.

Suggested prompts Sample student responses Follow-up questions

We saw specific structural differences in the
whale, horse, and horseshoe crab fossils we
analyzed. So do we think those differences
were typical for the entire population of
whales, horses, or horseshoe crabs that they
belonged to when they were living, or do you
think those structures were unique to that one
individual who happened to get preserved as
a fossil?

Probably the population.

Maybe it's unique to that individual in a few
cases, but that seems unlikely across all the
cases we look at.

If we had a lot of fossil samples from the
same site, we would know for sure.

So do we have direct evidence for either of
these possibilities?



5 min

Remind students of the related question that was raised in Lesson 4. Reference the navigation model in the room as you say something
like, We had a question like this with penguins too--about whether we are talking about an entire population versus an individual. I think it came up
when we were trying to figure out what our dots were representing in the navigation model. We wondered if they represent just a single individual or if
they are representative of a larger population of penguins that lived at that time and place. For modern penguins and a few generations back we
argued that the dot represented a larger population of penguins. But ancient penguins, we weren’t as certain. Let’s try to make some progress on that
question by analyzing some additional data.

2 · ANALYZE DATA WITH A PARTNER
MATERIALS: Analyzing and Interpreting Fossil Data

Present penguin fossil summary data. Say, Each single fossil that is found is a sample. It comes from a single individual. That individual must have
been from a larger population of penguins that was living around that place and around that same time. Let’s see what conclusions we can draw
about the characteristics of that larger population of penguins based on this next data table.

Present slide C and pass out Analyzing and Interpreting Fossil Data. Give students 30 seconds to orient to the data tables.

ADDITIONAL
GUIDANCE

If students ask how we know it was part of larger population that lived around the same time, suggest that we at
least can claim that it came from two parents, which makes for a population of at least three total penguins of
its type (if not more) that lived within a few years of when it died (based on the typical lifetime of a penguin).

Consider the challenges with discovering multiple penguins fossils at a single site. Explain that each individual penguin that scientists find
fossil evidence for is referred to as an occurrence.
Ask the following two questions to help students interpret how many occurrences there are for the different types of penguins in the table
on slide C.

Suggested prompt Sample student response

What type of ancient penguin did they find the most occurrences of in
the fossils they found?

Gunnari.

How many occurrences of this type of penguin did they find? 11.

For some of these types of ancient penguins, scientists have found
only a single occurrence. How many types of penguins do they have
only one occurrence of in the fossils they found?

7.

Water king/Pedro, devriesi, Harris’, Simpson’s, Lowes’, Lopdell’s, giant
spear-billed.



12 min

Suggested prompt Sample student response

What are some challenges you think scientists have in finding more
than one occurrence of the different types of penguins when searching
for fossils?

You might be digging in the wrong spot.

Things don’t all die in the same place.

Fossil formation might be pretty rare, since the bones have to remain
relatively undisturbed for a while before fossils form and conditions
for fossil formation have to be just right.

Maybe the size of the penguin population was kind of small in that
area at that time.

Connect to the work of Julia Clarke and Ali Altimarano. Say, So for some of these types of penguins, there is more than one sample found, and
even though the number of occurrences might be low for some others, in every case where we have only one occurrence, scientists like Dr. Clarke and
Ali assume there is more at the site where they found the original fossil. Dr. Clarke and Ali look forward to going back someday and hunting for more
penguin fossils where they found Pedro. But that process takes a large amount of time and funding and isn’t likely to be very productive without a
clear clue of where another penguin fossil might be, like the foot bone sticking out of the ground for the one that Ali originally found.

Introduce the idea of making inferences about populations based on sample(s). Say, So let’s consider what we can infer about a population
when we have a small sample of individuals from that population that we have data on.

3 · BUILDING UNDERSTANDINGS DISCUSSION
MATERIALS: navigation model, 1 sheet of chart paper, markers

Surface ideas about variation to contrast variation we see between different types of penguins and between individuals in the same
population. Show slide D. Say, For the seven types of penguins listed here at the bottom of the table, scientists have discovered more than one
fossil occurrence of each type. They compare all the bone characters they can from the fossils. This can include measurements related to the shape of
the bones in its beak, skull, shoulder, kneecaps, or legs, as well as characters based on the shape of the toes, spine, and hips of the penguin. In every
case where they have fossilized bones for more than one occurrence, the characters can be compared between each occurance. Show slide E. Say,
The table on this slide indicates what percent of the characters for which there are available data from each penguin type had a matching trait
variation for each of the measured characters.

Continue, If someone found another Urbinai penguin fossil from the same place and the same time as the Urbinai penguin fossils that have been
found so far, what percent of characters would you expect it to have in common with those shown in this row? Students will likely say 100 percent.

Consider the effect of sample size on certainty. Push on whether this is really a large-enough sample to be completely certain that 100
percent of the characters would be the same.

Suggested prompt Sample student response

We have only a few samples to base our claims on either way. Can we
ever be completely certain of the characteristics of a population based
on a sample?

No.

If we had more samples, how would that affect our certainty of what is
likely typical about the population they came from?

It would increase the certainty.



Work with examples where sample sizes are larger. Say, In other types of organisms, like horseshoe crabs, we have a lot more samples, and so we
can be more certain about making claims about what is typical for a given character in that population. Show slide F and continue, Let's take a
look at another data set in a group where we have better sample sizes.

Suggested prompt Sample student response

Unlike the previous tables, these data are representing characters we
see in modern penguins. What kind of information is this table giving
us?

It gives us the amount of variation that is seen within the types of
penguins out of 34 characters for the humerus and 31 skull, beak, and
jaw characters.

So we see that we are looking at a lot of characters--65 total between
the two categories. How do you think the sample size for each type of
penguin here compares to the extinct penguins we were investigating?

The sample size is much larger.

Since these penguins are still alive we could get even more of this
evidence whenever a penguin died or maybe we could x-ray them to
see their bones.

How does seeing these data help us learn something different than
what we learned when we looked at the fossil penguin data set that
reported variation?

There were only a few types of penguins that had more than one
occurrence, and we saw that all characters found were the exact
same.

Here the sample sizes are much larger, and we see that there is
sometimes character variation within the same type of penguin, but it
is rare.

So what is this table telling us exactly? Even though the sample size
available for us to study is much larger, do we find a lot of variation
between individuals within a population with regard to these
particular characters?

Not really. Out of 34 characters for the humerus and 18 types of
penguins, only two characters in two penguins total showed variation
between individuals.

Out of 31 characters for the skull, beak, and jaw we see seven
characters spread across five different types of penguins that have
variation between individuals found in a population.

Also you probably need a large sample size to see these types of
differences, and even then it is not common to see variation at this
level.

These characters are all internal. What other characters did we
examine initially when we were grouping our penguins? Do you think
we would see differences if we looked at those characters?

There were also external traits like feather color, foot color, and some
behavioral kinds of traits too, like nest building.

It seems like there will probably be more variation just because it
seems like we can think of some examples. But we don’t know how to
explain why that would be true.



ADDITIONAL
GUIDANCE

Some of these tables and data cards have fonts that may be difficult for some students to see, especially if they
are not wearing their vision-correcting lenses or if they are sitting far from the projection screen. You should
have the card sets from Lesson 1 ready with the king and Galápagos penguin cards on top so you can be ready
to pass these to students who request assistance, or those you can tell may be struggling to see.

Identify characters that show variation between individuals within a population. Show slide G. Say, Let’s take a look at a couple of modern
penguins to see if we can identify any characters that do show variation between the individuals we would see in the same population. Give students
a moment to look over the king penguin and Galápagos penguin data cards that are shown on this slide.

Suggested prompt Sample student response

What are some of the penguin characters represented on these cards? Height.
Weight.
Diving depth.
Where they swim.
What they eat.
(Age of sexual maturity.)
Nesting months.
Type of nest.
Length of incubation.
Maybe there are slight coloration differences in their beaks, feet or
feathers or differences in the feather patterns (like the banding).
Number of eggs.

For which of the characters you named would you expect to see easy-
to-identify variation between individuals in the same population?

Height.
Weight.
(Age of sexual maturity.)
Nesting months.
Length of incubation.
Maybe there are slight coloration differences in their beaks, feet or
feathers or differences in the feather patterns (like the banding).
Number of eggs.

Focus on a specific character to examine trait distribution and how it relates to the range of trait variation. Show slide H and say, Let’s take
a moment to focus on penguin height. This is a character that is quite different between king penguins and Galápagos penguins.

Can we comfortably say all adult king penguins are taller than all adult Galápagos penguins?
What evidence from the cards supports your claim?

Suggested prompt Sample student response

Can we comfortably say all adult king penguins are taller than all
adult Galápagos penguins? What evidence from the cards supports
your claim?

Yes, there is a big enough gap between the two ranges that they
probably don’t overlap.

The tallest Galápagos penguin is still way smaller than the shortest
king penguin.



Suggested prompt Sample student response

OK, so even though we can use height as one of the defining
characters of king penguins (we call them tall) and Galápagos
penguins (we call them short), these characters aren’t just as simple as
tall versus short, right? Is there evidence that there is variation in
penguin height between individuals in a king penguin population?
What about a Galápagos penguin population?

Yes, there is variation in both kinds.
The range of height given for king penguins is 2.3-3.3 feet.

The range of height for Galápagos penguins is 1.6-1.8 feet.

Have we seen any instances where we don’t see a range given for a
character like height? For example, when we looked at the horse cards
the size for the plains zebra is reported as 4.5 feet tall. Do you think
that means every single plains zebra is exactly 4.5 feet tall?

No, sometimes measurements get reported as averages, but other
times we see them reported as ranges.

So when a range is reported, what does that actually mean? Do you
think the tallest and shortest ever found get reported as the upper and
lower limits to the range? Do you think that there are an equal number
of penguins of different sizes across the reported range?

There are probably more average-sized penguins (or any other
organism that has a range).
There are examples like this with people too. There are people who
are 7 feet tall, but they are rare; the same is true for very short people.
It is more common to see a person with a height somewhere in the
middle.

Examine trait distribution in two populations to help understand the variation to see the connection between range and variation. Show
slide I and say, This graph shows the result of measuring many, many penguins of each type. Give students a moment to orient themselves to the
graph then say, We see that there is a really high chance (refer to the peak of the Galápagos penguin height distribution curve) that any random
Galápagos penguin we pick up and measure would be right around (use a pointer to trace down from the peak of the curve to the x-axis where
you will read) 51 centimeters. You can see there is a much lower chance of picking a random Galápagos penguin from a population and measuring it
to find it is either 48 or 53 centimeters--and it would be very unlikely to find a penguin with a height outside of that range. In fact, out of the many
measurements scientists have collected, they found that 99.7 percent of all Galápagos and king penguins fall within these ranges. Point to the end
points of the curves marked by vertical lines for both the Galápagos penguin height and the king penguin height to illustrate the range of
heights where we find 99.7% of all penguins.

ALTERNATE
ACTIVITY

Students may challenge using “all” when referring to all adult king penguins being taller than all adult Galápagos
penguins, even after examining the distribution of variation in each population. Now would be good to discuss
how scientists come up with the ranges of size that are listed. There is an optional slide inserted after the
current slide, I, to illustrate and explain this idea using normal distribution graphs. Show slide I’ and say, This
type of graph is known as a normal distribution. Graphs like this are a special way to show the probability that a
penguin we pick at random will be any given height on the curve that you would like to test. The graph was created by
finding the mean and standard deviation of all the measurements in the sample that was collected. Scientists use the
number of standard deviations from the mean to have a certain level of confidence that a random penguin would fall
within these ranges. You can see there is a much lower chance of the random penguin we measure being on either end
of the ranges. About 67 percent of all individuals will fall between one standard deviation of the mean, 95 percent will
fall between two standard deviations of the mean, and 99.7 percent of all penguins fall between three standard
deviations from the mean. The likelihood that the king penguin and Galápagos penguin heights would overlap with
this much of a gap, (point to the space between the two curves on the graph) and taking these probabilities into
account, is really, really unlikely. So for the purpose of our investigation it is OK to use “all”.



ALTERNATE
ACTIVITY

Continued from previous page...Another question to discuss is the meaning of each curve. For example,
Galápagos penguins are more likely to be the same size as each other than king penguins are--there is a very
high likelihood that a random Galápagos penguin would be the average Galápagos penguin size. But in king
penguins the variation is more spread out--you will have a greater chance of finding a wider variety of sizes in
king penguins. (The larger range exists in king penguins because female king penguins are a bit smaller than
males king penguins.) Though this is beyond what we need to know for this lesson, and even if students don’t
challenge the use of “all” penguins, this is a great additional challenge or extension for high-interest students.

Emphasize that some characters can show a lot of variation within a population while others will not. Say, So height is an example for which
there is a lot of variation across the different penguin populations. Of course you could probably think of other examples too where a lot of variation
can be seen in a character, even when the general character is considered “the same” for a population. All king penguins are tall and all Galápagos
penguins are short, but there is some variation in how tall and how short within each of those populations. So let’s keep this in mind that for some
characters we are going to see a lot of trait variation among individuals in a population while for others we may see no variation at all.

KEY IDEAS Purpose of this discussion: Identify the idea that we are talking about the penguin groups at different scales
(between populations versus between individuals within a population), and at these different scales the
variation we are accounting for is different. We look at a set of characters that is shared among all individuals in
a population and we look for differences in these between populations of different types of penguins. However,
within a population we can also look at variation within a character---this variation makes individuals within a
population different from each other. These differences are important to eventually figure out. We need to
understand that some individuals will have variations that make them more successful (at getting resources,
escaping predators, attracting mates, and so forth) under certain conditions compared to other individuals with
different variations in the same population.

Listen for these ideas:
Differences in characters we see across time are probably differences that are at the population level
(e.g., all the penguins in that place and time probably have the same combination of traits for each
character measured).
More samples make us more certain of what was typical in the population.
Younger fossils tend to have more than one sample, while fossils from further back in time tend to have
only 1 or 2 occurrences.
This pattern holds true for other organisms too (horseshoe crabs, whales).
When we have enough samples within a population, like when we examined the modern penguin data
cards in Lesson 1, we do see some variation in traits among individuals of the same kind of organism.
Because we are comparing entire groups of penguins, we want to be mindful of whether we are referring
to a character at the population level or if we are referring to a trait for a specific character at the
individual level.

Start a chart for new model ideas. Add chart paper next to the navigation model and say, It seems like some of these ideas have come up more
than once. I feel like that means it would be a good idea to keep track of them so we can refer to them when we need to. Title the chart paper “New
Model Ideas” and add the following ideas. Ask for student input if they think any other ideas should be added at this point.

There are traits we refer to as characters that are shared by all the individuals in the group that live together at the same place
during the same time.
When we look at groups of penguins from different places or times they have different characters.
If we look at a single group of individuals in the same population (and we have a large enough sample size) we still find differences
among those individuals in characters such as height, weight, and coloration.
It will be important from now on to be specific about what kind of variation we are talking about.



7 min

13 min

4 · CONSTRUCT AN ARGUMENT ABOUT ANCIENT AND MODERN PENGUINS
MATERIALS: science notebook, DQB, navigation model, markers

Write an argument and defend the claim about how modern penguins are
connected to penguins from long ago. Say, We figured out some new ideas, so let’s
revisit the Driving Question Board to see how they might address some of our
questions there. Let's take a look at our original question: “How are penguins today
connected to penguins from long ago?” Based on what we learned in the last lesson I
think we could now generalize this question to say “How are organisms today
connected to organisms of long ago?”, because the patterns we are seeing for
penguins hold true for the other organisms too based on what we’ve seen so far. Use a
chart marker to add “and other organisms” to the driving question on our DQB.

Take stock of how we know the penguins of today must be connected to
penguins of long ago. Say, Let’s take stock of how we know the penguins of today
must be connected to penguins of long ago. Direct students to the navigation model
to help think through this.

Suggested prompt Sample student response

Do we think modern types of organisms, like penguins, must have
descended from other organisms, like penguins, in the past?

Yes, penguins and other organisms have to come from somewhere. If
we have one penguin it had to have descended from its parents. The
parents of that individual must have also come from a set of parents
too and so on.

OK, that is part of our answer to the “how” modern penguins
descended from others. We’ve shown that here on our model. (Point to
where a dot on the right side of the model representing a type of
modern penguin has another dot to the left of it with an arrow
connecting them.) How far back does this go?

The model is showing it goes back at least a few generations.
We weren’t really sure so we didn’t show them go back further than
that.

Make a claim defended with evidence in the form of a quick write. Show slide J and ask students to open their science notebook to
their next blank page. Let students know we will use these claims to share arguments in a class discussion. Give students time to

respond to the prompt.

5 · CONSENSUS DISCUSSION ABOUT PENGUIN DESCENT
MATERIALS: science notebook, DQB, navigation model, New Model Ideas chart, markers

Turn and talk to share claims with a partner. Show slide K and ask students to turn and talk to share their claims. Say, Soon we'll be sharing
these claims in a whole-class discussion. First though, turn and talk to share your ideas with a partner. Make sure you each practice backing up your
ideas with evidence in addition to sharing your claims.



Form a Scientists Circle to have a whole-group Consensus Discussion. Show slide L and ask students to bring their science notebook and
something to write with to the Scientists Circle. Start the discussion by taking a class poll. Say, OK, so let’s take a poll. Raise your hand if you
agree that there are lines of descendants that stretch from modern penguins back to one or more of the ancient penguins. Take note of students
who agree, then continue, OK, who does not agree that there are lines of descendants that stretch from modern penguins back to one or more of the
ancient penguins? Take note of students who disagree, then ask, Is anyone still not sure?

ADDITIONAL
GUIDANCE

If there is still a large number of students who are not sure, refer to the part of the navigation model we have
been using to show that modern penguins came from parents who came from parents and so on. Ask students
to think about what that must mean. How far back does this go? Does the line of descent need to connect to
something? If not, what would that mean? It is important at this point in the unit that students agree there are
lines of descent based on the “parents of parents of parents” idea at least--even if they don’t agree that they
connect, they do need to understand there are descendents that go back in time.

Ask students to share the evidence and/or justification for their claim. Invite students to share the evidence they used to support
their claims, collecting some reasons for each claim. Continue allowing students to share ideas and encourage students to agree and

disagree with other students’ ideas using evidence to support their claims as the discussion continues. Once it seems like all opposing ideas
have surfaced, say, I think we need to figure out which, if any, of the ancient penguins were the group or groups that modern penguins descended
from.

ASSESSMENT
OPPORTUNITY

Building towards: 6.A Construct, use, and/or present an oral and written argument supported by empirical
evidence and scientific reasoning to support an explanation for whether the types of things that lived long ago
are ancestors to the modern organisms we see today (stability and change).

What to look and listen for:
As students are completing the quick write, circulate to check in to see if claims are aligned with the
idea that penguins alive today descended from penguins that lived long ago and somehow the
variations in their characters have changed.
During the Consensus Discussion listen for students to use evidence to support their claims by
discussing the idea that there are variations and differences present in the population already.
Modern organisms we see alive now are descendants of the organisms we find fossil evidence of
millions of years ago.
Each type of modern penguin descended from an ancient one (or something like one found in the
fossil record).
The key is to get students to start attempting to support the idea that the organisms must have
changed somehow over time.

What to do: If students are not using the idea that penguins had to come from somewhere, refer to the idea
using different examples of animals coming from their parents. You could go back to the discussions in
OpenSciEd Unit 8.5: Why are living things different from one another? (Muscles Unit) about cattle and even the
planaria (we couldn’t have had two planaria if there wasn’t one before them to split). If students are not bringing
in the idea that the organisms must have changed over time, ask them to think about populations now and
whether they are all the same with regard to every character, and ask them to think about some of the
characters that show a lot of variation.



ASSESSMENT
OPPORTUNITY

Continued from previous page...
If students seem to have trouble identifying the difference between the variation between populations
(different characters) and the variation within populations that we have discussed (range of variation in the
measurement of characters between individuals), revisit the example of height in king and Galápagos penguins
and provide additional examples as well, such as gentoo penguins, which all have the following characters: a
sparse, white eye ring; orange feet; and eggs laid in an open nest made of grass and a circle of stones. If we
compare these characters to other types of penguins (like we did early on using the data strips), no other
modern penguins share this specific suite of characters. While these differences exist at the population level
(we can compare gentoo penguins to other penguins based on these characters), the individuals within the
gentoo population may not all have the exact same pattern of eye ring, they may not have feet that are the
same exact saturation or brightness of orange, and/or they may have nests of slightly different depths or sizes
or rock lining. This level of variation between individuals within a population is the idea we will need to be able to
think about the mechanism for how the change happens moving forward.

Refer to the navigation model and the Driving Question Board to motivate identifying the ideas we need to figure out to help us answer
some big questions. Refer to the navigation model and say, There must have been some populations of ancient organisms that had offspring
that were lines of descendants that led to modern organisms. As you say this, focus on one of the ancient penguin cards posted on the
navigation model.

Suggested prompt Sample student response

Did we agree that this is just a single penguin, or does this card
represent at least a few penguins that were living at the same place
and time?

The card represents only the one or few fossils found, but there must
have been more living at the same place and time because each
penguin had to come from somewhere--it had to have parents. And
each one likely had offspring.

So like over here (point and refer to the dot or card representing a
modern penguin and to the dot and arrow leading to it that
represented the parental generation of penguins) where we showed
that this penguin descended from a set of parents … do you think we
could then draw the same dots back over here for these ancient
penguins? Where would you put those dots?

Yes, those penguins must have also had parents, so you could draw a
dot to the left and use an arrow to connect them like we did with the
modern penguins.

(Draw a dot to the left of the ancient penguin and an arrow to the
penguin, similar to how we did with modern penguins.) OK, so those
penguins had parents, but do you think it is possible that those
penguins also had offspring? If so, how could we represent them?

If the ancient penguins had offspring, we could show an arrow
pointing to a dot on the right.

(Draw an arrow leading from the ancient penguin to a dot to the right.)
OK, so earlier we wondered how far back these dots go (point to the
modern penguin dots). How far forward do you think these dots would
go?

We’re not sure.
Maybe they connect to the modern penguins.
Maybe they just keep going and then stop if they went extinct.
Maybe they keep going but don’t connect to the modern penguins.
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Suggested prompt Sample student response

OK, so if that is the case what must be true of the modern penguins?
Even if these penguins don’t connect to these ancient penguins, what
must be true? Do they connect to something?

Yes, they have to connect to something.
It could be the ancient penguins.
It could be some other organism.
It could be something we don’t have any fossil evidence for or
something that looks so different we don’t know they would be
connected.

Say, So even if we aren’t sure yet which lines of dots end up where, we know there are lines of dots going back to something (point to a dot
representing a modern penguin and trace the line of dots back and continue past all the dots of modern penguins toward the time of ancient
penguins) and there are lines of dots going forward to something here (refer to a dot representing an ancient penguin and trace the dots going
forward and past existing ancient penguin dots toward present time). This seems like another pretty important idea we should add to our chart.
Add the following to the New Model Ideas chart:

There must have been some populations of ancient organisms that had offspring that were lines of descendants that led to
modern organisms (penguins).
There must also be some organisms living now or in the recent past that are descendents of the ancient organisms (penguins) we
see evidence of.

Refer to the Driving Question Board to connect what we are thinking about to our questions. Ask students to look back to the DQB to
identify the big questions we asked. Say, We were wondering “Where did modern penguins come from?” and “Where did penguins of long ago go?”
Do you think figuring out where these lines of dots end up connecting to would help answer these questions? Let’s return to this discussion next time.

End of day 1

6 · NAVIGATION
MATERIALS: navigation model, Driving Question Board

Revisit our arguments for why a line of descendants from ancient organisms to modern penguins must exist. Refer students to the lines of
dots that were added to our navigation model during the last class and problematize ideas that would need to be true if the dots do indeed
connect between ancient and modern penguins. While still referring to the connecting dots on the navigation model, pose the following
questions:

Suggested prompt Sample student response

What was our argument for why there must be a line of descendants
connecting one or more ancient penguin populations to modern ones?
Did we agree on what those lines of descent were?

We know modern penguins must come from somewhere.

We had some ideas about some possible lines, but we aren’t sure and
didn’t agree.
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Suggested prompt Sample student response

If a line of dots connects to an ancient population of penguins and all
we are debating now is what those lines of descent are, then we are
working with an assumption about the traits in the populations at two
different points in time, right? Are any of the ancient fossils identical to
the penguins of today?

No.

Some seem like they might be more similar than others, but none are
exactly the same.

So if that is the case, what claim can we make about the characters in
those ancient populations? Are the characters we see in ancient
penguins exactly the same as those in the modern penguins?

No, the combinations of characters are different when we compare
the modern and ancient penguins.

OK, then if we don’t see the exact same trait for a character in modern
penguins as in the ancient ones, what does this imply is happening in a
line of descendants that would connect one of the ancient populations
to one of the modern ones?

The typical trait for that character must be changing somehow.

Maybe traits for characters can appear or disappear.

Maybe characters can change too.

If we look at a group of individuals who are all part of the same
population and we pick a character, would the trait for that character
be exactly the same in all of the penguins?

No, just like the king penguins and Galápagos penguins we looked at
that had either the tall or the short character, within the population
there was still a range of heights.
That is true for other characters as well.

Ask, So, we looked at the height trait distributions for king penguins and Galápagos penguins and noticed that the distribution of the traits was not
uniform. We had a much higher likelihood of finding penguins of certain heights, as indicated in the middle of the range, compared to others, as seen
at the ends of the range. Let’s keep that in mind as we try to explain the changes we are considering might be happening in an entire population over
time.

7 · CONSTRUCT AND SHARE EXPLANATIONS
MATERIALS: science notebook, 1 sheet of chart paper, markers, navigation model

Individually record ideas students have that could explain how the distribution of traits in an entire population of descendents could
change. Ask students to open their science notebook to the next available page. Show slide N and give students 5 minutes to list possible
causes for what could be causing changes in the traits found in an entire population of descendants over time.

Share ideas as a whole class. Put up a blank sheet of chart paper next to the navigation model and ask students to share ideas they listed
about what could cause the change in the traits in populations and to explain how that could cause an entire population’s traits to change. As
students are sharing their ideas, list them on the chart paper.
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8 · DEVELOP NEW QUESTIONS
MATERIALS: Several 3”x3” (or 3”x5”) sticky notes, fine-tip permanent marker

Individually record new questions on sticky notes. Move to slide O and ask students to record questions that could help them understand
what could cause traits in a population to change and how the traits in a population could change as well as any other new questions they
may have about this phenomenon.

9 · SHARE QUESTIONS TO THE DRIVING QUESTION BOARD
MATERIALS: students' completed sticky notes, a few extra 3”x3”(or 3”x5”) sticky notes, fine-tip permanent marker, Driving Question Board, chart markers, optional: 8”x6” sticky note (or 1
half sheet of paper with transparent tape)

Share questions to add to the Driving Question Board. Say, Right now we have two subquestions up on our Driving Question Board: (1)
Where did all the different types of ancient penguins go? and (2) Where did all the different types of modern penguins come from? I’m sure

some of your new questions will fit under one of these categories, but I think it would be a good idea to add a third category of questions that can help
organize the questions we have specifically about the traits changing. Designate an area of the DQB for new questions that help us figure out the
cause of the traits changing. Add a heading “How did traits in populations of organisms change” or how the traits changed over time. If there
is room, move some sticky notes around to allow for a new space with the heading. Alternatively you can add another heading using a 8”x6”
sticky note or a half sheet of paper taped to the chart.

Say, Remember, it is important that we hear everybody’s questions, and we might find that we have questions similar to some of our classmates’
questions. Our DQB has three main areas to ask questions under, but if you have questions that fall outside of these topics, we can group those and
determine another new heading as well. Remember we are still using all of these sub questions to help us answer that first question we had, which
was How could things living today (like penguins) be connected to the things that lived long ago?

Instruct students to share their questions, one by one, with the whole group. Project slide P and remind students how we will add
questions to the DQB:

The first student reads his or her question aloud to the class, then posts it on the DQB.
Students who are listening should raise their hand if they have a question that relates to the question that was just read aloud.
The first student selects the next student whose hand is raised.
The second student reads his or her question, says why or how it relates, and posts it near the question it most relates to on the
DQB.
That student selects the next student.
Continue until everyone has at least one question on the DQB.

Determine if the questions should be rearranged into any new clusters. After all students have shared their questions, ask students to
examine them to determine if the questions under each heading seem to fit. If not, ask them to determine additional headings so the
question organization makes sense to them.

This is a list of anticipated student questions:
Can a whole population change at the same time?
Why do only certain traits change and others don’t?
Do certain environments cause this change (and not other chages)?
Do all penguins of a type live in one place?
Do penguins of the same type living in different places look or act different?
Does the variation or range in the population change depending on where organisms live?
Can organisms learn to have different traits?
Do the living organisms change individually or do only their offspring change?
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Can the genes of an entire population change at the same time?
Is there something that causes a mutation to happen all at once, for all individuals in the population at the same time?
Can we make an entire population change by changing its environment?
How fast does it take for the change to take effect?
Is this type of change happening in organisms alive today due to climate change?
Will everything keep changing in the future?
Is there any way to observe this change ourselves?

ASSESSMENT
OPPORTUNITY

Building towards: 6.B: Ask questions related to what is causing changes in a whole population of organisms?

What to look and listen for
Look and listen for ideas that include wondering about variation in the population, where new traits come from,
and in particular, mechanisms related to how things change. Such mechanisms may include the following ideas:

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

something that happens within the individual in response to the environment
learning or experience in acquiring new traits
changes in genes passed on (e.g., mutation) or inherited (recombination of genes through sexual
reproduction)
something that time causes (e.g., long periods of time always lead to some change, change is
constant)
something that is random

What to do: Use talk moves to lift ideas about how populations could be changing. If students mention
variation between individuals, ask them to clarify their statement about how that alone could be causing a
population to change. If that leads them to realize they can’t explain it with variation alone, encourage them to
write a question about it.

10 · NAVIGATION
MATERIALS: None

Look ahead to the next lesson by thinking about how to answer some of our new questions. Show slide Q and say, OK, we’ve got a whole
new set of questions to get at, motivated by trying to figure out what is causing these changes in a whole population. If we want to figure out how this
happens over many generations, then we need some more data. We could look for similar changes happening over a smaller timescale (over fewer
generations), since that might be easier to collect more data for. Turn to your partner to answer the following question: How could investigating
whether such changes happen over a shorter timescale (fewer generations in any population) help us make progress on parts of our expanded DQB?


