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enetics is often taught through a skill-based
approach that models how to complete Pun-
nett squares. Unfortunately, teaching Punnett
squares as a skill does not promote a deep under-
standing of genetics and misrepresents the nature of
science. Instead of a skill-based approach, we work
to help students develop Punnett squares as a useful

model that explains observed patterns.
The activity we describe presents Mende-
lian genetics as a puzzle to be solved rather
than as a system of rules and predetermined
outcomes. However, because the patterns
Mendel observed are not quite as uniform as
some might believe, we use colored pa-
per crosses as our data source rather
than actual plants. Furthermore, we
use the puzzle-solving activity as a
less contextualized way to intro-
duce students to the nature of sci-

ence (Clough 2006).



We begin this activity with cross one
(see Figure 1) by showing students two
blue cards being put into a shoebox.
Students are not told anything about
the cards in the box, just that putting
cards in will result in cards coming out.
(The cards going in the box are the par-
ent generation, and the cards that are
pulled out of the box as a result of that
cross are considered the next genera-
tion, or F1.)

We tell students that we will be
pulling four cards out of the box and
encouraging students to make predic-
tions about the color of those cards.
As we pull out four blue cards, we
ask students, “Why do you think the
results turned out the way they did?”
Students may surmise that all of the
cards in the box were blue based on
the fact that they observed you putting
two blue cards in the box. At this point,
we encourage students to make a note
of their observations (or make a note
on the board) and set the result cards
of cross one to the side (sometimes us-

ing a document projector for students
to see) for later use before we move on
to the next cross. Students may come
up with the idea later that not all cards
are the same. For instance, one student
may note that the blues look the same
(phenotype), but they must be made
up of different “stuff” because one re-
sults in white and the other doesn't.
With my students, we talked about
how we could label these with letters,
but we need to use two letters to show
how the two types of blues are similar,
yet different. The goal is to eventually
get students to the idea of alleles, but
the cards themselves should not be la-
beled. I kept a sticky note in my hand
to keep track of what was going in and
coming out, as well as the result.

In the second cross (see Figure 1),
we place one blue card and one white
card into the box (the same box as be-
fore). Most students predict that two
of the cards will be blue and two will
be white, while others predict some
sort of mix between the two. After
students have an opportunity to share
the reasoning behind their predictions,

FIGURE 1: Crosses 1-4 showing the alleles and color of each card
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we pull four blue cards from the box. Upon seeing
this, most students claim that blue always “wins,” so
whenever a blue card is present in the mix, blue will
be the result. When students express this view, we
don’t confirm or deny the idea and only ask students,
“Why do you think that might be the case?” We set
the resulting cards from cross two aside for later use
and move on to cross three.

The shoebox contains approximately 20 blank blue
cards and 20 blank white cards. The alleles are not
written on the cards; it is up to the teacher and stu-
dents to decide what goes in and comes out after the
teacher starts with the initial cross (For this activity,
we used cards that were roughly 7.6 cm x 7.6 cm or
3in. x 3in.)

The top of the box should be partially open so that
the teacher can see inside but the students cannot.
This allows the teacher to pull the correct color cards
out of the box. I keep the box on my front table and
have students stay at their desks during the input/
output process when the top of the box is open.

The cards are set aside once they are drawn, un-
less students decide that they want to mix those cards
again. If the cards are proposed as part of a future mix,
they go back into the box. Otherwise, they remain off
to the side. Students realize that there are more than
two cards in the box after a couple of rounds of crosses.
Most students predict that all of the cards will be blue,
while some suggest a mix of blue with other colors.

For cross three (Figure 1), we propose that students
use one card from the results of cross one and one
card from the results of cross two to create a new
cross. Students almost immediately start making
predictions, and we have to slow them down a bit by
asking, “Why do you think you'll get all blue cards
again?” and “Why do you think white might show
up now?” After having students explain their pre-
dictions, we place the two cards in the box and pull
out four blue cards. After the initial eruption of stu-
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dents claiming that they were right or contesting the
results, we suggest one more cross: mixing two of
the cards from the results of cross two.

When we perform cross four (see Figure 1), we
pull out three blue cards and one white card. Some
students claim, “I knew there was some white still in
there” and others exclaim, “Now you're just mess-
ing with us!” We have students hooked at this point
and can start moving toward trying to explain these
results. We give students some time to talk in their
groups or with partners to discuss the results and
share ideas that might explain those results. During
this time, we walk around and listen to students’ con-
versations to encourage on-task behavior and keep
frustrated students from giving up. After a couple of
minutes, we give groups a more specific task by an-
nouncing, “I'm going to let you choose two of the
cards we have (drawn previously) to cross. So, one
member of your group will have to make a sugges-
tion for a cross and explain why you want to complete
that cross.” We give students another three minutes to
come up with their suggested crosses.

When we call the class back together, we ask one
group what they would like to cross. Typically, at least
one of the groups will simply ask us to cross two blue
cards. We use this opportunity to ask the whole class,
“To what extent does it matter which two blue cards
we cross?” Some students claim that it doesn’t matter,
but others note that crosses three and four were all
blue crossed with blue but had different results. Af-
ter this short discussion, we make it clear that groups
must tell us exactly which of the remaining cards to
cross. If necessary, we give groups two more minutes
to identify the specific cards. When students suggest
crosses, we carry them out, using the key in Figure 2.

Teacher note: The teacher will need to be able to
figure out the results of each cross as students put
cards into the box and pull out the results. We kept
a sheet of paper off to the side and out of students’
view (Figure 2), to keep track of each cross and its
results to support future discussion.

Based on the crosses, students start to claim that some



of the cards have a blue and a white component.
Some students refer to the blues as being “strong”
or “weak.” When asked, “What makes some blues
strong and other blues weak?” students are able to
describe that the weak blues have some white in them
while the strong blues are pure blue. Other students
said that strong blues are “double” blues, while weak
blues have half blue and half white. So we ask, “How
could we label the cards to show that they might have
both a white and a blue component?” At this point,
students might ask us to color in the strong blue cards
we have drawn on the board. Other times, students
may ask us to use letters such as “SB” for strong blue
and “WB” for weak blue. After discussion about stu-
dents’ ideas, we offer a suggestion by asking, “If we
marked each card with letters, in this case we’d use
“B” for blue; how could we show that some blue cards
are pure blue while others have a white component?”
Students usually note that we could use capital let-
ters for the pure blue and a lower case letter for the
“weaker blue.” We then ask, “You noted that some
cards have both a blue and white component; why
might using two letters help show the two compo-
nents more clearly?” After some discussion, we sug-
gest using a “B” for blue components and a “b” for the
white components if students do not make the sug-
gestion on their own. To ensure students understand
the labeling system, we ask them how a white card
should be labeled. When students recognize that the

FIGURE 2: Example teacher notes for crosses
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white cards would be labeled “bb,” we know they are
ready for the next section. Once students understand
the labeling system, we briefly explain that the letters
are called “alleles.” We then ask students, “Why do
you think a ‘B’ mixed with a ‘b’ results in a blue card?”
When students explain that the “’B’ is stronger than
the ‘b,” we introduce the terms dominant and recessive.

To help students move toward quantitative aspects of
genetics, we ask, “How can we explain that two cards
produce four new cards?” or “How might the num-
bers of each color help us explain why we get certain
results?” Here students go back to the idea that each
card is made up of two alleles. Some students com-
pare the mixing to the distributive property in math-
ematics. That is, each allele from one card pairs with
each allele from the other card, making four new card
combinations. However, if students do not make this
insight, we ask, “How do you think the alleles of each
card interact with the alleles of the other card?” and
“Why would this produce four cards?”

We ask students to test their thinking with a new
cross by asking, “If we mix two strong blues, what
will be the result if your ideas about how the letters
interact are correct?” To further their investigation,
we encourage additional predictions such as white
with strong blue and weak blue with weak blue.

When students claim that
two weak blues will make
three blue and one white, we
look skeptical and ask them

2 starting cards: X 2 starting cards:
1 2 3 4

4 resulting cards: 4 resulting cards:

1% student cross: X 1% student cross:

Cards 1x 2 J Cards1x 2

2" student cross: " 2 student cross:

Cards 3x 4 Cards3x4

to explain why. Throughout
this activity, students are
prompted to talk in small
groups and pairs. The teach-
er elicits multiple responses
] _ from different students
throughout the activity. As
students try to convince us
of their result, they are also
X helping their fellow stu-
dents gain understanding as

to how they made their pre-
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diction. Then, we ask students to identify two weak
blues from the assortment of cards, and we test their
prediction. In other words, students tell us which
blues they believe are “weak” and support their ra-
tionale with their observations and inferences made
as a result of their experience with the previous
crosses. Students are excited to see that their predic-
tion was accurate. With this understanding, students
are now ready to be introduced to the more formal
model: Punnett squares.

While students conceptually understand that each
card carries two alleles and that each allele of one
card interacts with each allele in another card dur-
ing a cross, they often do not create the typical grid
format of a Punnett square. However, if students do
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want to create a grid, we encourage them to do so.
If not, we draw a 2 x 2 grid on the board and ask,
“How could we use this to make predictions about
our crosses?” Typically, at least one student suggests
filling the four boxes with our results, with one of
the original card’s alleles on the top and one on the
side. To help students understand, we complete an
example Punnett square with the class. While the
Punnett square system makes sense to students al-
most immediately, we encourage them to think back
on their investigation by asking, “How would your
understanding of this Punnett square method be dif-
ferent if you had not struggled with the investigation
we’ve been doing?”

While approaching genetics as an investigation
rather than a skill will support students’ concep-
tual understanding, such an approach also provides
great opportunity to engage students with the nature
of science (NOS). Throughout this activity and at the
conclusion of the activity, we encourage students to
reflect on their work by asking questions such as:

Notice how your thinking changed over
time. What might cause scientists” thinking to
change? Why is the ability for science ideas to
change a good thing?

You had to create an explanation to account for
your observations. How does this illustrate that
science is not based solely on evidence?

You tested your ideas by making predictions.
Why might scientists use predictions to test
their ideas?

In what way did your investigation require
creativity? How might scientists use creativity?

We talked in small groups and as a whole class.
Why do you think collaboration is so important
in science?

While we could ask all of these questions in a sin-
gle discussion at the end of class, we work to bring
these conversations in throughout the activity, as



opportunities present themselves. We revisit the
NOS throughout the school year (see Kruse 2008)
and continue our genetics unit to help students un-
derstand how the ideas they have developed play
out with real organisms.
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Connecting to the Next Generation Science Standards (xess Lead states 2013)

The chart below makes one set of connections between the instruction outlined in this article and the NGSS. Other valid
connections are likely; however, space restrictions prevent us from listing all possibhilities.

The materials, lessons, and activities outlined in the article are just one step toward reaching the performance expectations listed below.

MS-LS3: Heredity: Inheritance and Variation of Traits

www.nextgenscience.org/dci-arrangement/ms-Is3-heredity-inheritance-and-variation-traits

MS-LS3-2. Develop and use a model to describe why asexual reproduction results in offspring with identical genetic information

and sexual reproduction results in offspring with genetic variation.

DIMENSIONS CLASSROOM CONNECTIONS

Developing and Using Models

Students use cards as models of genetic crosses to explain
patterns.

LS3.B: Variation of Traits

In sexually reproducing organisms, each parent contributes
half of the genes acquired [at random] by the offspring.
Individuals have two of each chromosome and hence two
alleles of each gene, one acquired from each parent. These
versions may be identical or may differ from each other.

Students answer the following questions:

You noted that some cards have both a blue and white
component. Why might using two letters help show the
two components more clearly?

How do you think the alleles of each card interact with the
alleles of the other card?

Cause and Effect

Students develop cause-and-effect relationships to predict
outcomes of genetic crosses by answering questions such
as, “If we mix two strong blues, what will be the result using
your ideas about how the letters interact?”
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