


find the tasks engaging. The M4YC research has made it clear that
young children possess the ability to develop their perspective-taking
skills and that they should be given opportunities to do so. Essentially,
perspective taking is a cognitive skill we use in our everyday lives to
make sense of the physical world. Recent studies also show that strong
abilities in perspective taking relate significantly to overall mathemati-
cal ability (van den Heuvel-Panhuizen, Elia, & Robitzsch, 2015).

There are two main types of perspective taking. One involves mov-
ing the body or an object to experience a different view; this is some-
times called “embodied perspective taking” This kind of perspective
taking might take the form of a person walking around a car to see it
from different angles, or hovering over a desk to see its top view, or
rotating a vase of flowers to see the blooms from different perspec-
tives. In these examples, the body moves to take a new perspective,
or the object moves while the body stays fixed. The other main type
of perspective taking is called “imaginary perspective taking,” where
we try to zzagine what something looks like from a different perspec-
tive. Imagine flying over and around a building to see it from different
angles. Doing so is a form of imaginary perspective taking;

We know that perspective taking is an important skill, but how
do we assess or measure it? How do we know whether children are
perspective taking when much of the activity is taking place in the
mind? Researchers have developed a number of ways to determine
this. For example, van den Heuvel-Panhuizen, Elia, & Robitzsch
(2015) have published a paper-and-pencil test involving imaginary
perspective taking, which asks children to identify what objects
would look like from different views.

FIGURE E.2 "How do you see Mouse if you look at him from above like a bird?”
Children answer the question by choosing the picture that shows the correct image.

In this example, children are asked what the mouse would look like
from above. The children then point to the picture that they think best
matches the top view. In their research with more than 600 Kinder-
garten students, van den Heuvel-Panhuizen, Elia, & Robitzsch (2015)
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have demonstrated that there is significant interaction (a positive
relationship) between the ability to answer questions like the one
presented in Figure E.2 and overall mathematical ability.

Why Engage Children in These Tasks?

Perspective taking has been typically reserved for older children and
adults in the belief that young children are not capable of engaging
in and making sense of these activities. Recent research, including the
M4YC project, has found this to be inaccurate. Young children can
learn to take different perspectives when presented with appropri-
ate tasks and tools. Emerging research, such as the study described
above, is beginning to reveal a correlation between perspective
taking, spatial reasoning ability, and mathematics achievement.

In mathematics classrooms, we know that perspective taking
is very important, and the National Council of Teachers of Math-
ematics (NCTM) recognizes this. The Council’s standards of 2000 for
Kindergarten to Grade 2 urge educators to pay attention to impot-
tant spatial skills related to perspective taking, such as the ability to
specify locations and interpret relative positions in space, the ability to
visualize, and the ability to recognize and represent shapes from dif-
ferent perspectives. Similar statements can be found in curricula and
standards around the world, including England, Australia, the Neth-
erlands, and Cyprus. In Ontario, the 2005 mathematics curriculum
expects Grade 1 students to “describe the relative locations of objects
or people using positional language (e.g., over, under, above, below, in front
of, bebind, inside, ontside, beside, between, along)” (p. 37), and by Grade 2,
children should “describe the relative locations (e.g:, beside, two steps
to the right of) and the movements of objects on a map (e.g,, “The
path shows that he walked around the desk, down the aisle, and over
to the window.)” (p. 47). Any time we are describing relative move-
ment or locations (see Section D of this resource), we are almost
always engaging in perspective taking, as well. Consider, for example,
a child who is looking at some playground equipment. She is lying on
the grass under a slide. What does she see? Can she explain her rela-
tive location to the slide (even though she is not outside of herself to
view this)—that she is under the slide or looking up at the underside
of the slide and that the slide is above her? Can she imagine what the
slide looks like from above? Now consider a child looking at an apple
placed on an acrylic surface. The educator asks, “If you were below
the apple looking up, what would you see?”” In this example, the child
needs to understand location words and ideas as well as imagine him-
self under the acrylic surface looking up at the base of the apple.
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Section Overview

This section presents lessons and activities to help build children’s
perspective-taking ability, most often using playful and imagina-
tive contexts. The section includes one detailed guided lesson that
uses a playful narrative about a mother bird flying over a sculp-
ture. The mother bird comes back to her nest and tells her babies
what she sees; the children must then consider what the sculpture
might look like from different perspectives. The children are given
an image of the top view that the mother bird sees and are asked to
try to build the sculpture using interlocking cubes with the infor-
mation that they have. This section also includes a range of shorter
tasks that the children can do in small-group settings at the carpet
or a centre to further build their perspective-taking skills. In many
of these shorter tasks, the children use grids, images, interlock-

ing cubes, or LEGO® bricks to help integrate and isolate differ-

ent views. The tasks in this section offer multiple entry points and
engaging opportunities for children to play with the concept of, and
develop the spatial skills of, perspective taking.

Section Content

1: Mother Type: Guided lesson Children are introduced to the idea of a “top
Bird Finds a Time: 60 minutes view" with a story about a mother bird who
Sculpture " flies over a sculpture. Children work in pairs to

page 217 Age szmge. Sh-Grada2 ) create an object from interlocking cubes based

Grouping: Whole group and pairs on information about its top view. The class
Math and Spatial Reasoning Focus: 2D regroups to compare the structures created.
representations of a 3D structure; perspective

taking

2: Shoebox Type: Quick challenge Children look at a structure from different views
Goggles Time: 20-30 minutes looking through a small window, name those

page 228 Age Range: JK-Grade 2 views, and discuss what they see.

Grouping: Groups of 3—7 children
Math and Spatial Reasoning Focus:
perspective taking; spatial language

3: Build It, Type: Exploratory activity Children make a structure using interlock-
Photograph It, Time: 30 minutes ing cubes, then photograph it from different
Make It . perspectives. The printed photographs can be

page 231 Age R.?mge. . 2 ) labelled and used by another child as a set of

Grouping: Whole-class introduction, then a blueprints to build a copy of the structure.
centre activity
Math and Spatial Reasoning Focus:
perspective taking; connecting 3D objects with
2D representations (photographs)
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(Continued)

Lesson'itle | Dewils | Owniew

4: Crazy Creatures
page 235

5: What Do You
See?

page 238

6: Secret LEGO®
Buildings

page 241

Type: Quick challenge

Time: 15 minutes (may decrease in time with
practice)

Age Range: JK—Grade 2

Grouping: Individual; alternatively, with

the whole-class, or at a centre with educator
guidance

Math and Spatial Reasoning Focus:
perspective taking; composition of 3D struc-
tures; translations between 2D representations
and 3D objects

Type: Quick challenge
Time: 10 minutes
Age Range: JK—Grade 2

Grouping: Whole class to start, then repeated
as a quick task at any time

Math and Spatial Reasoning Focus:
perspective taking/imaginary perspective
taking; visualization

Type: Quick challenge
Time: 10 minutes
Age Range: JK—Grade 2

Grouping: Whole-class introduction (may take
20 minutes if there is a discussion), then in
small groups, as a centre, or at the carpet

Math and Spatial Reasoning Focus:
perspective taking; composition of 3D objects,
visual-spatial working memory

Children build a crazy creature based on a pho-
tograph. They justify why their creature is the
same as the one in the photo, and physically
label the top, front, and side of their object to
match the views in the photo.

Children are asked to imagine what an object

would look like when viewed from a particular
perspective, and then pick from a selection the
drawing that best represents that perspective.

Children build a LEGO® sculpture from memory
after viewing it for 5 to 10 seconds.
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Math Language in Focus

top view, side view, front view, bird’s-eye view, over top, snap cubes
or interlocking cubes, storeys tall, high, height, wide, numbers 1
through 30, up, down, on the side, perspective, angle, turn, flip,
rotate, upside down, right-side up, 2D, 3D

LESSON SEQUENCE

1. Place several identical interlocking cube structures on the floor or
carpet. Be sure to use a simple structure such as the one shown
in Figure E.5. Invite students to pretend that they are little birds
flying over the carpet: Pretend you are a little bird and the carpet
is a park you are flying over. You see the tops of these objects.
Let’s try that... [Children get up and “fly” above the objects.] We
will need to be careful not to fly into one another. Then, ask chil-
dren to land on the ground (sit on the carpet) and tell a classmate
beside them what they saw. Once children have talked about
what they saw, regroup them and ask them to tell you what they
saw: Let’s talk about the blocks together. When we are looking at
an object from above, it is called the “top view.” What did you see
from that top view? As children are describing what they saw,
you might draw that top view, show it with the blocks, or share a
previously taken photograph of the top view with children.

FIGURE E.5 A simple cube structure (left) and the top view of this same
structure (right)

2. Tell children a story along these lines: A mother bird is carrying
some worms for her babies. The babies are hungry and wait-
ing for her back in the nest. Along the way, the mother bird flies
over a sculpture and looks down at it from where she is, high up
in the sky. [Using a puppet or other toy bird, show what it was
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5. Pair up children, and distribute to each pair one top view card, a
bow! of 30 same-coloured interlocking cubes, and a barrier. Tell
them: Here is a bowl! of cubes you can use to make your sculp-
ture. You don't have to use all of the cubes, but the top view of
your sculpture needs to look like the top view in the mother bird's
picture. You and your partner also get a barrier. That’s so you can
keep your ideas a surprise to share with others at the end. Let’s
spend the next 10 minutes building. (If you do not want children
to use barriers, pairs of students can go to different areas in the
classroom so that they can focus on their sculpture without
making comparisons to what their peers are doing.)

6. Provide 10-15 minutes for the pairs to build. Circulate, remind-
ing children to make sure that the top view of their sculpture
matches the design on their card. You can also remind children
that they do not need to use all of the cubes in their bowl. Chil-
dren will have many questions. Help them focus on the key
information: You have the top view, and you have some cubes to
build. Remember: you are trying to make a cube sculpture that
you think will have the same top view that the mother bird saw.
Children may ask, for example, about the height of the sculpture.
Explain to the students that the mother bird does not know how
tall the sculpture is because she could see it only from the top.

7. Once children have a sculpture constructed, be sure to ask them
to check their top view one more time.

8. Invite children to take a “gallery walk” around the sculptures that
their classmates have constructed and then return to the carpet
for sharing with the whole group. Now let’s talk about the
sculptures that you made.

Key Questions
What were some things you noticed about the other sculptures?
How are these structures the same?
Do the top views match?
How are they different?
Are all the front [side] views the same?

How is it possible that we have different structures?

Students will realize that there can be many different struc-
tures having the same top view—the structures could be dif-
ferent heights, for example. Students may observe that the top
view alone does not provide enough information for everyone
to be able to make exactly the same structure. This is an excellent
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conclusion to draw. The main parameter of this task—that
children use the information from the top view to make a
sculpture—is what is known as an “enabling constraint,” a
challenge that pushes children’s thinking while also allowing them
to be creative and explorative.

In response to the Key Question What were some things you
noticed about the other sculptures? children in a Grade 1 class
gave answers such as these:

e "“QOurs was very different.”

® “"Some people did some things that other people didn't really
notice.”

® “"Some people had a different plan for their sculpture.”

® “We all had different sculptures in our head, but from the top
we all had the same images.”

What to Look For, What to Listen For: Ongoing
Assessment of Student Learning

Watch for gestures and body movement. Do the children make
full body movements to take different perspectives, such as hover-
ing over the top of the sculpture, or do they use head tilting as they
imagine a different view? Perspective taking is challenging for
children, and watching their strategies for doing so is interest-

ing and informative. Pointing gestures may mean that children are
referring to a specific feature of the sculpture, while whole-hand
gestures mean that they are referring to the object as a whole. All
of these may be helping the children to imagine different views of
the sculpture.

How do children deal with creating the structure, knowing
only the top view? While working, are children reluctant to change
any of the cubes because they think it will change the top view? Do
some children build the entire structure so that each storey (or layer)
is exactly the same, or do they vary the organization of the cubes
from layer to layer while maintaining an accurate top view? Do oth-
ers build the top view like a tabletop and then add columns so that it
is not a solid structure? Using the same configuration on each level is
a chunking or stacking strategy, which is a way for young children to
make sense of a complex structure. If students do not seem to need
to do this, they may have a better sense of the overall structure with-
out having to replicate the same configuration on each level.
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FIGURE E.8 Each of these three structures has the same top view. As children
become more comfortable with this kind of activity, they will understand that
structures can be configured differently while still sharing the same top view.

Notice whether some children relate their sculpture to
something familiar, such as a dog or table. When children relate
a whole shape to another familiar object (sometimes called the
“gestalt” of the design), it can reduce the task’s cognitive demand.
Relating the shape to a familiar object is a way of summarizing the
contents of the design, helping students to remember and replicate
a design and reducing the burden of having to pay attention to all
the bits of information that make up the figure.

Note whether both members of each pair are contributing
equally to building the sculpture. Is one child leading the build-
ing while the other watches? This task requires clear communica-
tion between the partners to build the sculpture. If the partners
are building without discussing, it is possible that one partner will
dominate during the building of the sculpture. Mathematical lan-
guage and communication will also help the children be more pre-
cise about their building; encourage the children to talk with their
partner as much as possible about what they are doing, and to
co-construct the sculpture.

Supporting Learners

Children would benefit from prior experiences with building struc-
tures using interlocking cubes. These experiences may include build-
ing structures with interlocking cubes during free play. The children
may also want to have a “perspective buddy” such as a small, hand-
held horse or bird that has “special seeing powers.” The children
can manipulate the perspective buddy to navigate around a
structure to play with the idea of different perspectives.
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After the children have developed familiarity with the materials,
prompt them to try to replicate pre-built structures. This exercise
is a good preparation for the introduction of enabling constraints
which put parameters on what children create. For example, you
might ask children to use 3 cubes to make a three-storey building;
after they have done so, you can then ask them to use 10 cubes to
make a three-storey building, adding greater dimension to the
structures, as shown in Figure E.9.

FIGURE E.9

Children will also find the task more accessible if there are some
prior activities or discussions about the concept of a top view. One
literature connection is the picture book .As the Crow Flies: A First
Book of Maps by Gail Hartman. In this story, the main character is a
crow that flies over countryside and towns; illustrations in the book
show what the crow sees from her perspective (and also explores
what useful maps for other creatures might look like). The fact that
not all of the images are top views in this story can foster interest-
ing discussions. Other training and exploratory tasks in this
perspective-taking section might also support children in accessing
the challenges of this guided lesson.

Some students might need to make a direct comparison of their
structure against the top view. To do so, they may place the top-view
card on top of the structure to see whether the outline fits exactly.
Similarly, we have observed students who pick up their sculpture and
place it top down on the top-view card to verify that the outline is an
exact match. Be sure that the top-view outline uses the same dimen-
sions as your intetlocking cubes. Making a copy of Line Master E01
at 100 percent will match the most common 1-inch interlocking
cubes.

Do the children have difficulty building a sculpture with only the
top-view information? This task may take some time for children
to grasp, and they will need problem-solving time in their pairs. If
a child, or children, cannot make sense of a bird’s-eye view, try the
Shoebox Goggles task (page 228).
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If children are reluctant to change any of their cubes because
they worry that doing so will change the top view, you might tape
the top view so that it seems fixed and then encourage the students
to modify the lower components.

Finally, if students are not contributing equally and one stu-
dent is dominating the building exercise, encourage both partners
to build together and to discuss as they go. If the dynamic fails to
shift, consider providing another bowl of 30 interlocking cubes so
that each individual can try building a structure. Encourage the stu-
dents to continue the discussion in partners, even if they are each
working on a sculpture of their own.

Assessment for Reporting

This fairly detailed lesson requires children to consider information
about the top view of a cube sculpture, and from that create a full
3D object using cubes. When assessing children during this task,
you may notice three stages of understanding that increase in depth
and breadth from a beginning stage through to a mastering stage.
These observations will help you to assess the understandings of
the individual children in the classroom, and to plan for extensions
of the activities presented in this lesson. Some of the statements
below can be used for reporting purposes.

Beginning Stage

The child is able to compose 3D structures using interlocking cubes
but may be confused by the idea of the top view, or, the child is
able to recognize and even replicate the top view but has difficulty
relating this idea to the whole structure. The child is just begin-
ning to understand that there are different perspectives (such as top,
front, and side views) of the same structure. The child is also begin-
ning to recognize the overall design of a structure and can repli-
cate a given structure, but focuses mostly on a structure’s individual
components or pieces. When presented with different views of the
same structure, this child might duplicate each view and then try to
merge these smaller structures into one structure. The child is not
yet able to meet multiple criteria simultaneously for one structure.
(As introduced in the extension tasks, there might be additional
parameters to the given top view, such as making the structure a
certain number of storeys high or using a set number of blocks.)

Developing Stage

The child is able to compose 3D structures using interlocking cubes
and understands that there are different perspectives of the same
structure—top, front, and side views among them. The child is able
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to describe and match at least one perspective of a structure suc-
cessfully. The child can combine information about different views
to make one structure, but there may be omissions in the design.
The child uses the overall look of a structure and connects this to
familiar objects, thus making the design more manageable to work
with. For example, she might note: “It looks like a table.” The child
is able to meet several criteria simultaneously for one structure. (As
introduced in the extension tasks, there are additional parameters to
the given top view, such as making the structure a certain number
of storeys high or using a set number of blocks.)

Mastering Stage

The child is able to compose 3D structures using interlocking cubes
and clearly understands and articulates that the same structure has
different perspectives (such as top, front, and side views). The child
is able to describe and match several views of a structure success-
fully. The child can combine information about different views to
make one structure and manipulates the structure and her or his
perspective taking with ease. While still paying attention to detail,
the child uses the overall design (the look, or gestalt) of a struc-
ture and connects this to familiar objects, making the design more
manageable to work with. The child is easily able to meet multi-

ple criteria simultaneously for one structure. (As introduced in the
extension tasks, there are additional parameters to the given top
view, such as making the structure a certain number of storeys high
and using a set number of blocks.)

Extensions and Variations

One Additional Constraint

Once the discussion has occurred and if the children are still
engaged, continue on with the story as follows: 7he mother bird was
curions to see more of the sculpture, and so once all the baby birds were fed
and resting, she flew out of the nest and visited the sculpture again. 1his time
she flew a bit lower and circled aronnd the sculpture. What she saw was a side
view of the sculpture.

Use the puppet to show how the mother bird might fly along
the side of a building or structure, as shown in Figure E.10 (below).
The mother bird looked at the side of the sculpture and was able to count how
tall the sculpture was. She discovered that it was four cubes tall. Now, turn to

your partner and look at your sculpture. Without changing your top view, can
you make your sculpture four cubes tall?
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Provide children with time to determine how they can make
their sculpture 4 cubes tall without changing the top view. Discuss
the results.

Key Questions

Were you able to keep the same top view and make the sculpture
four cubes tall?

Do we all have the same sculptures now? [It is most likely that
there will still be many variations to the sculpture that meet the
two criteria of height and top view.]

What did you have to do to your sculpture to make it four cubes tall?

FIGURE E.11 Here is an example of a structure that
FIGURE E.10 meets all three key constraints.

Two Additional Constraints
If the children are still engaged, and there is time, another exten-
sion to the task is to limit the number of cubes that can be used to
still meet the top view and 4-cube-high criteria. Or, this can be done
at a later time if the sculptures are kept intact and labelled with
the children’s names. To introduce this challenge, explain: Now #he
mother bird returned to look at the sculpture becanse the baby birds kept ask-
ing more guestions. The baby birds really wanted to know how many cubes there
were in the sculpture altogether. 1his time, the mother bird flew ont to the sculp-
ture, and she counted all the cubes. There were only 18 cubes in the sculpture!
Look again at your sculpture, and try to make it more like the sculpture that
the mother bird saw. Can yon make it 18 cubes in total—and keep the top
view the same, and keep it 4 cubes high? Children (and adults) find this
a very challenging task because they usually have to remove cubes
strategically to arrive at only 18, while maintaining the parameters
of the same top view and the 4-cube-height rule, which becomes
increasingly difficult.

Discuss the different solutions in the children’s sculptures.
There will likely still be several correct variations. See Figure E.11
(above) for a sample solution.
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