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LESSON NAME:

Graph Paper

Programming

Lesson time: 45-60 Minutes : Prep time: 10 Minutes

Main Goal: Help students understand how “coding” works.

OVERVIEW:

By programming one another to draw pic-
tures, students will begin to understand what
programming is really about. The class will
begin by students instructing each other to
color squares in on graph paper in an effort
to reproduce an existing picture. If there’s
time, the lesson can conclude with images
that the students create themselves.

OBJECTIVE:

Students will —

* Understand the difficulty of translating real
problems into programs

e Learn that ideas may feel clear to them,
and still be misinterpreted by a computer

* Realize the need for formal programming
structures like loops and functions

MATERIALS:

» Sample Drawings/Algorithms Kit

* Programming Instructions Card

* Large grid graph paper

e Markers, pens, or pencils (two or
three colors)

PREPARATION:
Print out a Drawings/Algoritnms Kit for each
group.

Print Programming Instructions Card for each
group.

Supply each group with several drawing
grids.

VOCABULARY:

Algorithm—A series of instructions on how
to accomplish a task

Coding— Transforming actions into a symbol-
ic language

Debugging—Finding and fixing problems in
code

Function— A piece of code that can be called
over and over

Parameters—Extra bits of information that
you can pass into a function to customize it
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REVIEW:

This review segment is intended to get
the class thinking back to the last lesson.
If you are covering these activities out of
order, please substitute your own review
subjects here.

Class Participation Questions:
e Can you name any of the steps of
computational thinking?

« Can you remember any of the patterns we
found among the monsters of last class?

Elbow Partner Discussion:

* What else could we describe with the same
“abstracted” concepts from the monster
lesson? Could we describe a cow? A bird?
Would anything have to change to describe
a teapot?

By programming
one another to
draw pictures,

students will begin
to understand what
programming is
really about.
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INTRODUCE:
Start by asking the class if anyone has heard of robotics. What is a robot? Does a robot
really “understand” what people say? The answer to the last question is:

“Not the same way that a person does.”

Robots operate off of “instructions,” specific sets of things that they have been prepro-
grammed to do. In order to accomplish a task, a robot needs to have a series of instructions
(sometimes called an algorithm) that it can run.

To get more familiar with the concept of an algorithm, it is helpful to have something to
compare it to. For this exercise, we will introduce a programming language made of lines
and arrows.

PROGRAMMING KEY

Move One Square Forward

Move One Square Backward

Move One Square Up

Move One Square Down

Fill-In Square with Color

—
<_
@ Change to Next Color

In this instance, the symbols on the left are the “program” and the words on the right are the
“algorithm” piece. This means that we could write the algorithm:

“Move one square forward, Move one square forward, Fill-in square with color”

and that would correspond to the program:

—>—>%
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Now it’s time to get a little more practice. Start your class off in the world of programming by
drawing or projecting the provided key onto the board.

Select a simple drawing, such as this one
to use as an example.

This is a good way to introduce all of the symbols in the key. To begin, you can show them
the least confusing way to code an image, which is to return to the left of the image whenev-
er you drop to the next line. Fill in the graph for the class, then ask them to help describe
what you’ve just done. First, you can put it into words with an algorithm, then you can pro-
gram what you’ve laid out.

A sample algorithm:
“step forward, fill-in, step forward, next row,
back, back,
fill-in, step forward, step forward, fill-in, next row,
back, back,

step forward, fill-in, step forward”

Some of your class may notice that there are some unnecessary steps, but hold them off until
after the programming stage. Walk the class through programming the image:

aadlind
%*—*%¢
—>%—>

The classroom may be buzzing with suggestions by this point. If the class gets the point of
the exercise, this may be a good place to entertain those.

It is true that there is a bit of redundancy above, but it can be extremely confusing to code
without it. Sometimes, until a programmer is experienced, it is helpful to code in the most
understandable way to make sure it works, then remove unneeded steps later.
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Work through the example again, first removing unneeded steps from the original program,
then by coding from scratch without using any unnecessary symbols in the first place.

If the class seems lost or confused, try another graph
but skip the “simplification” step. Just let it be right to
left, then back again.

If the class can shout out the algorithm, then define the correct symbols to use for each step,
they’re ready to move on. Depending on your class and their age, you can try doing a more
complicated one together or skip straight to having them work in groups.

.. Give each group an image pack and suggest they choose one
of the “mini one-color” images. Have them first write the algo-

rithm, then convert it to symbols. Once they’ve done one or

.... two, have them switch algorithms with another group and draw
what the others programmed.

If there’s time, it is possible to introduce the need for functions and parameters. This is best
accomplished with larger, more complicated drawings.

After doing a few of these, it becomes obvious that an image of this size is pretty hefty. Let’s
look at just two lines from this one.

Algorithm:

N B
.. .. “Stelz| f?_ll'rv_ard,tfill-;n, stelzI forw:nl'_d, step forward, step for-
ward, fill-in, step forward, next line.
....... Back, back, back, back, back, back.
...... Fill-in, Step forward, fill-in, step forward, fill-in, step forward,
... step forward, fill-in, Step forward, fill-in, Step forward, fill-in,

. next line.

Back, back, back, back, back, back.”

Challenge the class to look for things that repeat often. Take some suggestions, but certainly
one of the most helpful things to combine is the “Back, back, back, back, back, back.” Open
the floor for suggestions of how you could turn this into a single symbol.
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The class might arrive at something like this:

<« 06

In fact, they may have already done something similar with the last batch of images. Are
there any other combinations that can be made? What about skipping three squares in
series? Coloring three squares in series? Coloring seven squares in series?

You are likely to have ended up with lots of symbols that contain various numbers. Hopefully
by now the class understands what they are and why they’re helpful.

Now comes the magic! You get to reveal that the class just discovered functions! They have
created a simple representation for a complex grouping of actions. That is exactly what
functions are meant to do. How about the number? It has a name also. That number is called
a parameter. In the case of the example above, the parameter lets the function know how
many times to move backward.

Look at these “functions.” What do you suppose they do?
1.(—»6)

2. (—> % 6)

2 % — ¢ 6)

Answers:

1. Move forward six spaces
2. Color 6 blocks in a row
3. Color a diagonal line

Are there any other combinations that could be helpful?

Armed with this new method, challenge the class to choose one of the hardest images that
they can handle. Do these symbols help the process go more quickly?

When the groups have finished their latest task, have them exchange their program

(complete with functions and parameters) with another group and try to draw what the
others have coded.

ADJUSTMENTS:
K-2: Have the class work together on a single image/algorithm. Use larger grid paper. Use
single color images only.

3-5: Work in small groups (2-4). Use larger grid for shorter work times.

6-8: Work in pairs or as a solo activity
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STEPS:

1) Choose image from image pack.

2) Write out algorithm to draw that image.

3) Convert algorithm into a program using symbols.

4) Trade programs with another team and draw their image.
5) Add “functions” to make programs more simple.

6) Write programs for more complex images.

7) Trade your complex programs and draw again.
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