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Android Game Development with AppInventor
Abstract

Anshul Bhagi'
Department of Electrical Engineering and Computer Science

ApplInventor is an educational learning tool provided by MIT that allows users
to build Android apps without any knowledge of programming. As AppInventor
gains popularity amongst educators and students around the world, it will
become increasingly important to ensure that the tool offers its users the
breadth and depth of app-development functionality they desire. In anticipation
of AppInventor's expanding role and influence in educational institutions
worldwide (middle schools and high-schools, primarily), this thesis focuses on the
age group of 3rd to 12th grade students, and on the topic that is of greatest
interest to them: gaming, animation, and graphics.

The aim of this thesis is to identify Applnventor's existing capabilities and
limitations with respect to game development, and to implement ideas (both
pedagogical and technological in nature) that will improve the diversity,
complexity, aesthetic appeal, and performance of games that can be built using
AppInventor. The author of this thesis believes that if Applnventor's game
development capabilities can be augmented, the adoption rate of the tool and its
popularity amongst school students will be impacted very positively.

In this thesis, the author describes his personal experiences teaching
Applnventor game development in India and USA, as well as the limitations (in
teaching methodology and in Applnventor's feature set) that he identified
through this experience. The author's primary contributions are the development
of a hands-on curriculum for a 40-hour Applnventor Game Development course,
and the implementation of several new features and components for
AppInventor. The author will be traveling to China and India in Summer 2012
to test to what extent his creative curriculum and novel Applnventor
modifications facilitate the development of games using AppInventor.

" abhagi@mit.edu
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Chapter 1

Introduction & Overview
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About ApplInventor.

Applnventor is a web-based tool developed jointly by MIT and Google to enable
the creation of Android apps via a visual, block-based development environment
that requires no prior knowledge of programming languages. Since its conception,
AppInventor has gained popularity amongst educators as a learning tool for
fundamental concepts in computer science, and more importantly, as a medium
through which students can exercise creativity and practice innovation.
Applnventor (along with its peer applications at MIT such as Scratch and
StarLogo) has empowered a whole new age group (specifically, elementary and
middle school students) to create applications for android phones -- a task that
had previously been impossible due to the numerous demands and requirements
of the Android app creation process (knowledge of Java, comprehension of
computer science principles, and familiarity with software development tools and
environments such as Eclipse, the Android SDK, Android Developer Bridge, etc.).

Why ApplInventor should support

game development.

Ever since AppInventor found a new home at MIT's Center for Mobile Learning
in early 2012 (it was previously housed at Google), it has been receiving
significant attention from educational communities that hope to use the tool to
facilitate technology learning in the classroom and beyond. Much of
ApplInventor's current user base is teachers in high-schools and colleges, and as
the tool continues to attract more users, it is likely that many of these users will
be teachers of students in grades 3 thru 12 (i.e. students who are old enough to
know how to use computers and design/develop apps, yet not experienced
enough to get their hands dirty with the Android SDK). Students of this age
group are quite fond of gaming, and so we anticipate that there will be a strong
demand for developing graphically appealing, interactive single-player and multi-
player games using App Inventor in the coming years.

It is therefore important that the Applnventor team at MIT prepare for the

imminent growth of the Applnventor game development community.
Accordingly, this thesis looks at where Applnventor currently stands with

Chapter 1-5



respect to game development and how its game development capabilities can be
improved and extended.

Game development with ApplInventor

today.

Developing games with Applnventor's existing feature set is very much a
possibility, and in fact the process is quite easy to learn, thanks to AppInventor's
intuitive interface and the numerous tutorials (e.g. PaintPot, QuizMe,
MoleMash) available online at beta.appinventor.mit.edu/learn /tutorials.

In particular, the following AppInventor components prove quite useful for the
task of developing games:

Buttons:

These are perhaps the simplest way in which a game developer can get input
from the game player. Buttons can be used to create a joystick (with controls for
moving up, down, left, right), and to perform any other actions in response to a
button click.

Canvas:

Canvas components are useful for multiple reasons. First, they are the
component where game objects are drawn -- shapes such as rectangles, ovals, etc.
can be drawn on these using the methods provided by Applnventor in the
Blocks Editor, and images can be uploaded as backgrounds. Second, they are
containers for other components known as sprites (described below), and provide
a set of bounds within which sprite objects can be drawn and moved around.
Third, Canvas objects can be used as a source of touch-input, and they provide
a "dragged" and "touched" event that the app developer can respond to.
Fourth, these objects can be used as a spacing mechanism in layouts, e.g. if a
developer wishes to center a button on the screen, he/she can add an
empty/transparent canvas on each side within a Horizontal Layout, and set the
width property of each canvas to "fill parent" -- magically, the end result will be
the centering of the button or whatever other object is between the two outside
canvases.
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Clock:

Clocks are instrumental for game development since they are the time-keepers.
They have an Interval property which the game developer can define and modify
at any time, and they fire an event after each interval expires. The game
developer can easily react to the firing of these clock timer events in the Blocks
Editor in order to perform certain tasks (such as updating the location of a
Sprite) every few milliseconds.

Sound:

Sound effects are easy to add in App Inventor and can make a significant impact
on perceived game quality. The 'Sound' component is an invisible component
that allows the developer to easily select a source sound file and to easily play
this file in response to other actions from the Blocks Editor.

Ball:

The ball component is perfect for games that actually require balls that need to
move around on a canvas. The ball component supports rectangle-based collision
detection and implements the physics of ball movement/bouncing. The game
developer can provide it a direction (called a heading), a speed, a radius, and the
time interval the ball should wait between each pair of movements.

ImageSprite:
Sprites are a fundamental part of any game that requires animation or motion.

They are essentially more generic 'ball' components in that they can be visualized
by any image that the developer uploads (animated gifs not supported). They
support rectangle-based collision detection and are restricted to movement
within the bounds of the canvas in which they reside (they can't go off-screen).

GameClient:

This component is the foundation for building multi-player games with
Applnventor. It allows for web-based communication between multiple clients
(phones) and a single game server that the game developer deploys
independently.
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Author's approach to improving
ApplInventor's game development

capabilities.

The goal of this thesis is to identify Applnventor's existing capabilities and
limitations with respect to game development, and to implement ideas (both
pedagogical and technological in nature) that will improve the diversity,
complexity, aesthetic appeal, and performance of games that can be built using
AppInventor. The author adopted the following iterative hands-on approach to
understanding how ApplInventor could be improved for game development:

Develop Initial Curriculum for AppInventor
Game Development Course (Fall 2011)

Teach Game Development Course at schools in
Bangalore (India) and Boston. (Winter 2011)

Identify Limitations in AppInventor as well as
in the initial curriculum (Winter 201)

Refine the curriculum, and add new features
and components to Applnventor that would
facilitate game development. (Spring 2012)

Test refined curriculum and augmented
Applnventor feature-set by teaching Game
Development in India and China (June 2012).

The remainder of this report describes each step of this process in detail.
Chapter 2 describes the original curriculum; Chapter 3 communicates the
experience of teaching AppInventor in India and Boston and describes the
learning that emerged from this experience; Chapters 4 and 5 address
modifications to AppInventor and to the curriculum, respectively; Chapter 6
addresses future plans and suggests additional features that should be added to
AppInventor, and Chapter 7 summarizes the contributions of this work.
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Chapter 2

Original Curriculum
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Curriculum Overview

Planned Activities

Concepts Learned

Day 1
(8 hrs)

Day 2
(8 hrs)

Day 3
(8 hrs)

Day 4
(8 hrs)

Day 5
(8 hrs)

Ice Breakers

Playing with Android Phones
Applnventor Setup

Overview of AppInventor's interface
Project 1: HelloPurr and Media Player
Project 2: Calculator

Project 3: Drawing Program

Project 4: Balls, Sprites, and Motion of
Objects

4 ways to make things move (automatically;
using Clock, using Buttons, using
Accelerometer)

Project 5: Car on a Road

Project 6: Paper Prototyping

Begin final project (game of student's
choice)

Continue final project (game of student's
choice)

Publishing AppInventor apps to Google
Play

Continue final project (game of student's
choice)

Presentations of final projects

Sound, Button, Screen, event handling,
calling procedures, connecting to device,
Player, screen arrangements, Label,
TextBox, getting and setting property
values, if-else statements, packaging apps
to phone

Canvas, handling 'dragged' and 'touched’
events, drawing lines and circles, colors,
Ball, ImageSprite, making objects move,
edge-detection, bouncing ball, defining
custom variables, defining custom
procedures, Accelerometer

collision detection, random-number
generation, making multiple objects move
simultaneously using Clock,

Instruction on Day 4 will be one-on-one
and highly customized to each student's or
group's needs.

Google Play developer registration process,
downloading AppInventor apps as .apk
files, uploading .apk files to Google Play.
The remainder of the learning on Day 5
will be customized to each student's or
group's needs.
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Day 1

Begin with ice breakers (nicknames, fun facts, what you want to learn, why you
enrolled in course, etc.)

Hand out phones and connector cables, allow students to play around with and
get a feel for the devices. Attract their attention to the Google Play application
(formerly known as the Market) on the Android phones and excite them about
the prospect of publishing their own application to Google Play (to be discussed
on Day 5).

Ask students to perform Applnventor setup, following the instructions at
http://beta.appinventor.mit.edu/learn /setup/.

Walk them through the basics of AppInventor's interface (designer view, palette,
properties panel, visible vs. non-visible components, and blocks editor).

Project 1: HelloPurr and MediaPlayer

Start with simple "HelloPurr" app to introduce Sound, Button, Screen
components and event handling.

(I Display Invisible Components in Viewer

Nl & 5:09rPm
Screen1

shen Button1 Click
@ il
<! Sound1.Pla

Pet the Kitty to hear it meow
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Describe the difference between events and procedures (also known as
functions) in the context of HelloPurr. Buttonl.Click is a handler for an event,

whereas Sound1.Play is a procedure.

Explain how to connect to device from the BlocksEditor, so that students can

test their HelloPurr apps on their devices.

Students should partner up and modify their HelloPurr app to turn it into a
Media Player with play and stop buttons. Also, introduce the Player
component here, which can play long songs, whereas the Sound component from
the HelloPurr app could only play short sounds.

Introduce the concept of layouts + screen arrangements. Show the students
how to put the Play button and the Stop button on the same line by inserting
both of them into a Horizontal Arrangement component. Show the students
how to center the buttons by adding empty components (such as Canvas or
Label) on the left and right side of the HorizontalArrangement so that they
serve as spacers.

Screent e [Jscreent

() Display Invisible Components in Viewer © EHorizontalArrangement

ﬁﬁ 5:09 PM <A Canvas1
Screen1 ZButton1

= Button2

—# Canvas2
o

Rename Delete

Media

Non-visible components playbutton.png

stopbutton.png

>
Player1
i awesomesong.mp3

when Button1.Click | when Button2.Click |

i ] i |
% Player1.Start I " Player1.Stop I

4 4
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. Extra Credit: Add a pause/resume button, in addition to the play and stop

. buttons. Student may choose to have the resume’ state of the pause-resume

. button look different from the 'pause’ state -- if this is the case, teach them how to
. change the button's background image when the button is pressed, by setting the
| "Picture” property to a string representing the filename of the new button image.

_____________________________________________________________________________________________________________________

Project 2: Calculator

Introduce students to Textbox and Label components, and ask them to use
these along with HorizontalArrangements and Buttons to produce the interface
for a two-number adder that looks as follows.

Viewer Components

Screent =] Screent

("] Display Invisible Components in Viewer c HorizontalArrangement1

Chil & 5:00PM A Labelt
Screen1 L txtFirstNum

S| HorizontalArrangement2

First# | | e
*ILabel
n
Second# | | L txtSecondNum
Add 'em up | e HorizontalArrangement4
Result: | | = Label4
- btnAdd
‘/Label5

e HorizontalArrangement3
‘/Label3
L txtResult

Rename Delete

Media

[ Add... |
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The goal of this adder is to add the two numbers typed in by the user and to
indicate their sum in the result text box when the 'add' button is pressed.

As the students implement this functionality in the Blocks Editor, they will learn
about properties of components, and will learn to get and set their value.

when btnAdd.Click |

do

: T d F T + C
txtResult.Text i txtFirstNum.Text i txtSecondNum.Text

Students should work individually to modify this adder and turn it into a
calculator that can do all four operations on two numbers. The students should
use screen arrangements to make this look nice, see below for a screenshot:

[T Display Invisible Components in Viewer

Bl & 5:09PM
Screen1

First # |

Result: |

After the students have implemented the interface, ask them to follow the model
of the adder they previously constructed to implement the subtraction,
multiplication, and division operations.
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txtFirstNum.Text | * q txtSecondNum.Text |

txtFirstNum.Text | = q txtSecondNum.Text |

txtFirstNum.Text | * q txtSecondNum.Text I

-

txtFirstNum.Text

(-', txtSecondNum.Text |

Next, teach students about basic control structures, specifically if-else

statements. Ask students to use if statements to prevent division by zero. Here
is one way of doing this:
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---------------------------------------------------------------------------------------------------------------------

. Extra Credit: Ask students that finish early to style their calculator by changing
. background color / images of the screen, buttons, textboxes, or other components.

Once all students are caught up, teach how to package appinventor apps to the
phone so that the app can run on the phone without requiring the phone to
remain connected to the computer. Ask students to package their calculators and
their MediaPlayer apps and to download these to their Android devices.

‘ Blocks Edit ' ‘ Package for Phone ‘
Show Barcode
Download to this Computer

Download to Connected Phone

ST S S

- [ White

Day 2:
Project 3: Drawing Program

Introduce Canvas component as the fundamental container component for

graphics (drawings, images, sprites, etc.).

Build a simple drawing application where user drags on the canvas to draw lines
and can clear canvas by clicking the clear button.

(] Display Invisible Components in Viewer

EhHl @ 5:09Pm
Screen1

clear canvas
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Show how to set the drawing color of canvas when screen (application) gets

initialized, and how to handle dragged events.

Vz"e" drawingCanvas.Dragged

call

set to
drawingCanvas.PaintColor m

startX
hen Screent.Initialize
startY
prevX
prevY
currentX
HLC yen btnClear.Click
Ll L currentY
draggedSprite name draggedSprite
x1 value prevX
y1
drawingCanvas.DrawLine
X2 L, vale oirrentX
y2

Ask students to modify the drawing program to include buttons to set the
drawing color of the application, and to draw circles in response to touched

events.

Viewer

(I Display Invisible Components in Viewer

Screen1

Eh 8l @ 5:00 PM

Click to draw a circle, drag to draw lines.

Choose drawing color: [l N | .

A
v

clear canvas |

Components

=] =Screen1
AlLabeld
AllbiSpacert

=] 4HorizomaIAnangemenn
AlIbiChooseColor
= btnRed
= btnBlue
= btnGreen
= btnBlack
-~ drawingCanvas
e 4HorizomalArrangemen12
Allblspacer2
= btnClear

AlbiSpacerd

Media
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If students finish early, ask them to make a beautiful picture using your drawing
app, like this one:

AU H W A e 2:54am

Click to draw a circle, drag to draw lines.

hoose drawing color:_

The student with the best drawing wins a chocolate :)
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Project 4: Balls, Sprites, and Motion of Objects

Introduce the Ball component as one of two Sprite components in AppInventor
that have the ability to move around on a canvas. The second sprite component
is ImageSprite, which is similar to a ball in that it can be moved around on a
canvas, but it is visually represented by a custom Image that is uploaded by the
Applnventor developer.

There are many ways to make Balls and ImageSprites move, but in this course
we'll discuss the four of them (listed below) that are most applicable to game
development:

1) Automatically (using built-in properties)
2) Using buttons

3) Using the AppInventor Clock component
4) Using Accelerometer

Motion Method 1: Automatically

Introduce sprite properties such as Heading, Speed, X, Y, and Interval that
are required for automated motion of the sprite, and show students how to set
these properties from the Properties panel in the Designer view. Create a simple
app where the ball bounces around the screen, using the 'EdgeDetected' event
handler and the 'Bounce' procedure in the blocks editor.

(I Display Invisible Components in Viewer

Gl & 5:00PM
Screen1

when Balll.EdgeReached edge (;'l nam o gge |

do
call
‘ Balll.Bounce °°% ] Y3e gdge |
4
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Then, ask the students (individually) to replace the ball with an ImageSprite,
using an image of their choice (e.g. a fancy ball image from Google), but make it
do the same sort of bouncing around using 'edge detected'.

() Display Invisible Components in Viewer

GhHl @ 5:09PM
Screen1

“A'he" ImageSprite1.EdgeReached odgoq name o 4oe |

do
|
" magesrtetsonce " " oo |
L,

i

Motion Method 2: Button-controlled ball motion:

Ask students to create an Applnventor project with a single ball on a canvas
and left /right buttons below the canvas, as shown below:

Screen1 e Screen1
(| Display Invisible Components in Viewer 8 s (?anVAS‘I
Nl & 5:09PMm *~ myBall
Example 1: Button Controlled Ball Motion e HorizontalArrangement1
\IspacerLabelt
- btnLeft
- btnRight
* IspacerLabel2
| | Rename || Delete
== > \ \
Media
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In order to make the ball move, we will update the ball's x position as the left
and right buttons are pressed. The amount of pixels that we move the ball each
time the buttons are clicked is known as the ball's speed (in the x direction).

Introduce the concept of variables, and discuss how to define your own, and
how to access and set their value. Then, ask students to create a variable
representing the speed of the ball in the x direction. The blocks code for making
the ball move then looks as follows:

def as q number |
A X d 5

P

‘xﬁeﬂ btnLeft.Click |

doset

to
myBall.X |Cll myBall.X | - c, 903l yspeed | |

“A‘W“ btnRight.Click I
do

set

myBall.X “ |d| myBall.X | + d, gabal yepeed | |

Ask students to extend this app for up and down motion controlled by up and

down arrows:

Viewer Components

Screeni =] Screent

() Display Invisible Components in Viewer 8 ACanvas

BH & 5:09pPM 2 myBall
Example 1: Button Controlled Ball Motion 2 2 HorizontalArrangement1

A/Labelt

=] VerticalArrangement1
*/Label3
© 0O TableArrangement1
. ZButtont
== Button2
= Button3
= Button4
*/Label4
*lLabel2

W Rename H Delete

Media
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d‘ef xspeed as number 5
d‘e' yspeed as number 5
"K‘e" btnLeft.Click “““’" btnRight.Click

do

do
set to d
myBallX |4 myBalx | - d, 99831 yspeed
S —

yren btnUp.Click ¥yren btnDown.Click
do
w . SO, o]
myBall.Y |4 _myBally | - . 99030 yspeed myBallY j_myBalLY i yspeed

set to C
myBall.X |d| myBall.X l + dn glebal yepeed I

——

Motion Method 3: Using the AppInventor Clock component

Introduce the Clock component, which is a timer that fires every few
milliseconds (as specified by the TimerInterval property, which can be set
either in the designer view or in the blocks editor).

Ask students to create a new project with a Ball, Canvas, and Clock (which will
show up below the screen as a non-visible component).

Viewer Components

Screent © L sScreent

(] Display Invisible Components in Viewer B 4 Canvasi

Al @& 5:09PM © myBall
Screeni B8 = HorizontalArrangement1

Alspacert

= btnRestart
Alspacer2

PE3
ballMotionTimer

[ ]
restart | Rename || Delete

Media

Non-visible components
- Add...

ballMotionTimer:
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We now make the ball move up a few pixels (as determined by the value of the
speed variable) every time the timer fires. Once the ball reaches the top of the
screen, we ask the timer to stop firing, and we wait for the user to click the
'restart' button. Clicking the restart button causes the ball to reset its location
to the bottom of the screen and turns on the timer once again.

We use this opportunity to teach how to define and call your own procedure,

by turning the 'restart' action into its own procedure. The blocks code is shown

below:

75 verticalSpeed "q number g |

do
“A"'e" Screen1.Initialize
i set to mb
ballMotionTimer.Timerinterval "™ 100
t
*" ballMotionTimer.TimerEnabled “q true I

yhen baliMotionTimer.Timer |

-

set to
myBallY - myBally | - d, 99bal yerticalSpeed I

—_—
' Cg
- |4_myBal.y | < C'| number 5 |

then-do

set © q I
[\:D;Motlonﬂner.TinerEnabled false

A

*‘ﬂe" btnRestart.Click
do | can
% restart

to restart arg (‘

t
" myBally

test d(;f

|'1_ballMotionTimer.TimerEnabled | = d, false I|
set to
Eb;uotlonTkner.TknerEnabIed q true I

. N
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Motion Method 4: Using the Accelerometer

The Accelerometer is a built-in sensor in Android devices that senses changes in
acceleration. Here, we use the accelerometer to make the ball move left and right
as the phone is tilted left and right, hence avoiding the need for buttons and
other forms of tactile input.

Ten AccelerometerSensor1.AccelerationChanged xAccel

yAccel
zAccel
do r—\.)
value xAccel | number 0 | |
’ Ball1.X q(l' Ball1.X | c, numoer g | |
uﬂ value xAccel | number 0 | |
’ Ball1.X c]d Ball1.X | (f,""m' 5 | |

i

If students finish early, ask them to extend the program to also detect
acceleration changes in the y direction (to move the ball up and down):

<" ballspeed numeer 4
':'9" A 1.A Changed xAccel name . accel
yAccel
zAccel
do if test
8
qq value xAccel | < q number 0 | |
then-do sel' -
Ball1.X C|C. Ball1.X | + c, 99030 palispeed | |
“/_l
if test
qq value xAccel | > qnunber 0 | |
then-do sel- ©
Ball1.X C|C, Ball1.X | = c, 9904l palispeed | |
———
W_‘
if test
qdl value yAccel | < clnurrber 0 | |
then-do ul- -
Balll.Y qd, Ball1.Y | - c, 99bal pajispeed | |
[
q/—l
if test
qcl value yAccel | > cl number 0 | |
then-do :?)_ .
Balll.Y qd, Balll.Y | + qg""’" ballspeed | |
"
et
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---------------------------------------------------------------------------------------------------------------------

. Extra Credit: Students will note that while the above code works, the motion of
. the ball is not smooth. In order to achieve smooth motion, students should use the

. Clock component in conjunction with the Accelerometer sensor, following the
steps below.

Smooth Motion Step 1: Add a Clock component to the project. In the below
screenshots, the clock is called "smoothMotionClock".

A

v

EC——————————————J»

Non-visible components

w
AccelerometerSensort smoothMotionClock

Smooth Motion Step 2: In the blocks code, create variables for speed in the x and
y direction, initialize the clock's timer interval in the Screen's Initialize event, and
handle the clock's Timer event by updating the ball's x and y location by the

appropriate speed variables.
(kaf xspeed as c number 0
d‘ef yspeed as C number 0

Ten Screenl.Initialize I
do

t
*" smoothMotionClock TimerEnabled ' 4 true

—
t
*" smoothMotionClock Timerinterval ' ]"“"""" 50 |
4

yhen smoothMotionClock Timer |
T v

set

myBall.X - Cf|c, myBall.X | & C; 9903l yspeed |

set

myBall.Y - |dl myBalLY | + d,gbba' yspeed |
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Smooth Motion Step 3: Inside the AccelerometerSensor component's
AccelerationChanged event handler, instead of updating the ball's position as
you did in the non-smooth version of this application, simply set the value of the
x and y speed variables. Now, the ball's position will be updated by the Clock
timer and will be unaffected by factors such as how quickly the phone is tilted,
resulting in regular and smooth motion.

Vf‘en AccelerometerSensor1.AccelerationChanged xAccel C name . accel

yAccel name yAccel

zAccel s name zAccel

</
do
ifelse test Cd g ' d = [
I ) vae XAccel <= ) nu er o
then-do
set global to number
xspeed 5
slsedo set global to number
xspeed -5
p—,
ifelse test dd.— dmb_
I ‘ value yAccel <= ‘ number o
then-do
set global to number
yspeed -5
else-do | cet giobal i
yspeed 5
NS —}

Day 3:
Project 5: Car on a Road

Review previous day's material -- Canvas, Drawing, and motion of sprites -- by
building a simple game where a car (represented by an ImageSprite) moves left
and right on a road (a Canvas with an image as a background):
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(I Display Invisible Components in Viewer

Gh il @ 5:09 PM
Screen1

1
Score: 0 j @ j
_v |

The students may implement the motion of the car using either the Clock
component, buttons, or the accelerometer.

Using this same project as a starting point, introduce students to collision
detection, a very useful facet of game development. Ask them to add one or
more obstacles (ImageSprite objects) onto the road, e.g. the banana and the cow
in the following image:

(] Display Invisible Components in Viewer

Eh Ml @ 5:09PM
Screen1

Score: 0 <

<
«»E

In the blocks code, ask students to insert if-statements (right after the code that
updates the car's position) to check if the car is colliding with other obstacles:
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if test f:

| = Car.CollidingWith °“‘°'CI component

Banana |

e set global to CC’_ [ d [
health | global health - ‘ number 10
e
'
if test C_'I call Car.Collidi ith othercl component v |
s set global to C‘d— d—
health | global health - ‘ number 10
N
S SE———

Next, introduce students to random-number generation by showing them
how to make the obstacles on the road appear in random (x,y) coordinate
locations using the random integer procedure to pick random values for x and y.

In the below blocks code, the Cow's x value is picked randomly from within the
range [0, 300] and the y value is picked randomly from the range [0, 400]:

call x c call from C number 0
random integer rJ
to 'I number 300
Cow.MoveTo y C call from C_l number
random integer

to '| number 400

. Extra Credit: If students finish early, have them attempt to complete this car

. obstacle-avoidance game by animating the obstacles such that they appear at the

| top of the screen, move from top to bottom, and then reset to the top of the screen !
. (at a random x location) and come down again. The students can accomplish this |
. either manually using Clock components or automatically using the built-in

. ImageSprite properties of Interval, Speed, and Heading (the heading would be 270

. degrees if the objects are moving straight down). Note: If multiple obstacles are to

' be moved simultaneously but at different rates, one Clock component might be

| necessary for each obstacle.
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Project 6: Paper Prototyping

Ask students to brainstorm ideas for games they wish to create by the end of
the course (they should be shown examples of existing AppInventor / Android
games in order to get their creative juices flowing). Then take them through the
steps below.

Step 1: Draw, with pencil or pen, a prototype of the game you wish to create. If
the game will have multiple screens, draw out each of those screens.

Step 2: On top of the drawings for each screen, write down the names of the
Applnventor components you wish to use for each object in the game.
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Step 3: Write a brief description of the game on a piece of paper. Make the
description read-able and easily understandable, you will be sharing it with your
peers.

6\#“"" 'Dey.x‘x Xion

Step 4: Prototype-sharing and Feedback session. Each group or individual should
leave their paper prototypes and written description of the game on their table
and rotate one spot to the left, where the group can evaluate the neighbor's
game. The group should write down any feedback or suggestions they have on
the piece of paper that contains the Game Prototype / Description, and then all
groups should rotate another spot to the left. This continues until each group
has rotated through all tables and provided feedback to every other group.

For the rest of the day, students should work on their games in pairs or

individually. The Instructor should help groups on a 1-on-1 basis, teaching them
topics that they require for their games but haven't yet learned.

Day 4:

Students should work on their games as individuals or pairs. Instructor should
assist groups on a 1-on-1 basis, providing help where necessary and teaching new
topics that haven't yet been covered to the different groups.
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Day 5:

Because this is the final day of the course, students will (hopefully) be extremely
excited, energetic, and eager to work on their final projects. If there are any
specific topics that they should learn before the end of the course, the morning
would be the right time since by the evening the students will be busy making
last-minute changes to their games.

So, before asking the students to begin working on their projects for the day,
show them how to publish apps to Google Play (formerly known as Android
Market) so that the general public can download their apps from the internet to
their phone. The steps are outlined below.

Step 1: Click "Download to this Computer" from the designer view of the
ApplInventor site in order to generate an .apk file for your AppIlnventor project.

Package for Phone
Show Barcode
Download to this Computer
Download to Connected Phone

uuuuuuuu

Step 2: Then go to https://play.google.com/apps/publish /Home. If you are not
registered as a Google Play developer, you will need to pay a registration fee,

create a developer profile, and accept some agreements. After you've done that
(or if you're already a registered developer) you should see the Google Play
Developer Console. From this console, click the "Upload Application" button to
being the process.

Step 3: Upload your .apk file when prompted.
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Upload new APK

Required: Select your application's APK

Browse...

Optional: Add an expansion file
If your app exceeds the 50MB APK limit, you can add expansion files. Learn more

Add file

Step 4: Provide other necessary information, e.g. the image icon to be used for
your Android application, and the screenshots that should show up when an

Android user tries to download your application from Google Play.

Upload assets

Screenshots
at least 2

High Resolution Application
lcon

[Learn More]

Promotional Graphic
optional

Feature Graphic
optional

[Learn More]

Promotional Video
optional

Privacy Policy
[Learn more]

Marketing Opt-Out

Add a screenshot:

Add a hi-res application icon:

Add a promotional graphic:
Add a feature graphic:
Browse.

Add a promotional video link:

hup://

Add a privacy policy link:

hetp://

) Not submitting a privacy policy URL at this time

Screenshots:

320 x 480, 480 x 800, 480 x 854,

1280 x 720, 1280 x 800

24 bit PNG or JPEG (no alpha)

Full bleed, no border in art

You may upload screenshots in landscape
orientation. The thumbnails will appear to
be rotated, but the actual images and
their orientations will be preserved.

High Resolution Application Icon:
512x 512

32 bit PNG or JPEG

Maximum: 1024 KB

Promo Graphic:

180w x 120h

24 bit PNG or JPEG (no alpha)
No border in art

Feature Graphic:

1024 x 500

24 bit PNG or JPEG (no alpha)
Will be downsized to mini or micro

Promotional Video:
Enter YouTube URL

# Do not promote my application except in Google Play and in any Google-owned online or mobile properties.
| understand that any changes to this preference may take sixty days to take effect.

Step 5: Click "Publish".
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For the rest of the day, the students should work on finishing the games they
had started developing the previous day, and the instructor should work with
them on a one-on-one basis.

During the final hour of the course, the students should present their apps to
each other.
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Chapter 3

Teaching Experiences and

Lessons Learned
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Teaching in Bangalore, India.

The author taught a 1-week (40 hours split over 5 days) course on Android
Game Development using Applnventor to a group of 10 high-school students in
Bangalore during December 2011. The students were sharp but had no prior
programming experience. Yet when exposed to the curriculum outlined in
Chapter 2, these students were able to grasp Applnventor's interface quickly and
by the end of the week, each of them had built his very own game from scratch.

During this workshop, the author worked with the students to complete certain
exercises together (with the entire class) until Day 3, but from that point on, he
allowed each student to work on his own app. Some photos of the students are
included below:

‘ < - " [
Students, along with the author (their instructor) during a field-trip to Google's

office in Bangalore.

J i g ) B -
Students showing off the games they developed using Applnventor.
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Teaching in Boston.

The author taught a series of 3 afterschool workshops (2-hours each) on 3
different weeks at the John D. O'Bryant School of Math and Science in Boston.
The focus was Game Development using Applnventor, but because the total
length of instruction time was 6 hours, the author chose not to follow his 40-
hour curriculum and instead chose a more improvisational approach that was
dependent entirely on the speed at which students picked up new concepts.

Because each workshop was scheduled for a different week, there was very little
continuity between the 3 workshops and during the 2nd and 3rd workshops,
students had completely forgotten what they had learned during the previous
one. As a result, the students in the course did not get nearly as far as the
students in India had gotten on their projects, but they still managed to make
some simple games (e.g. a user-controlled cat chasing a mouse that is bouncing
around the screen, or a car game that has two cars moving in opposite directions
on a road). Pictures from this experience are included below:

Left: a car-racing game for Android tablets. Right: a game where the cat chases the

mouse. Bottom: happy students from the course.
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Pictures of student projects.

Included below are screenshots of some of the nicer games developed by the
author's students in India and Boston.
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Non-visible components
- - - P
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i M 209 PM

Screen1

New Game Score: 0
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Car Game v. 1.0
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Lessons Learned.

As anticipated, the experience of teaching first-hand turned out to be an

effective strategy for accumulating points of weakness (areas of improvement) for

AppInventor on the Game Development front. Learning occurred primarily in

one of two ways:

A student asked a question along the lines of "How do you do zyz in
AppInventor?” and the author was struck by the realization that
ApplInventor currently does not support operation zyz. If operation or
entity zyz turned out to be a useful one for game development (i.e. if the
need for it came up several times amongst the students during the
course), the author noted it down on his list of "AppInventor Game
Development limitations".

If the author experienced frustration or difficulty in managing the class or
in communicating a particular topic, he noted it down as an area that
might possibly be improved by enhancements in his curriculum or
teaching style.

The first bullet-point corresponds to AppInventor limitations and the second

one corresponds to Pedagogical Challenges. Both topics are expounded below:

Applnventor Limitations:

Event handling for clicks (on buttons) and touches (on canvases) is
imprecise since there is no separate event for touch-down and touch-
released or button-pressed and button-released. There is only a single
event that fires when the release happens. The result of this is that a
developer cannot implement logic such as "move the car left while button
is pressed, and stop the car once button is released", which is usually how
such games work. It is unreasonable to expect the user to press the
button repeatedly in order to keep the car object moving.

Animation of sprites is not supported, and by default, animated GIFs
are not supported on Android. So, if a developer has three different
frames /images for a Mario character that need to be displayed in
succession to give the impression that Mario is walking, he/she would
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need to flip through them manually. Automating this process would be
useful.

3. No support for multi-touch input or gesture detection.

4. No support for having sprites that are simple shapes such as
rectangles, ellipses, polygons, etc. If a developer wants to have a
rectangular sprite, he/she would need to upload an image of a rectangle,
which should not be necessary since a Rectangle is a simple and commonly
used shape.

5. Applnventor only supports collision detection with rectangular-
bounds, as opposed to pixel-by-pixel detection or polygon-based
detection. The result is that for games where collision is being detected
between two non-rectangular sprite objects, the results could be
inaccurate on the corners.

6. Vertically / Horizontally scrolling backgrounds are not supported.

The author has addressed the first three of these limitations by implementing
new Applnventor components or augmenting existing ones, and these
implementations will be discussed in Chapter 4. The remaining three will be
discussed in Chapter 6.

Pedagogical Challenges:

1. Students were spending too much time looking for images and sounds on
the web, and in case they didn't find what they were looking for, they
would spend hours editing images using Microsoft Paint or Adobe
Photoshop. While this process of image-editing and resource-searching
may play a role in developing the student's design sense and give the
student a sense of ownership and creative license, it takes away from
instruction time.

» Solution: The author believes that the solution may be a hybrid
approach that encourages students to search for resources on the
web for some of the projects, but to pick from an existing Media
Library for other projects.

2. Instead of requiring each student to build the same game for his/her Final
Project in the course, the author allowed each student to build a game of
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his /her choice from scratch. A side effect of this policy was that the topics
that each student needed to learn in order to complete his/her game were
different from those that others needed to learn. Furthermore, some
students are faster at picking up new topics than others. As a result, the
author often found himself in the difficult position of having to teach
different topics to different groups at different paces, all in a limited
amount of time. How does one instructor succeed in teaching all students
in the course exactly what they wish to learn when the things they want
to learn are all different?

» Solution: The author decided to make a set of 20 FlashCards
containing mini-tutorials on various Applnventor Game
Development concepts for his students. Now, when a student
wants to learn a particular Game Development concept, he/she can
check the flash-cards and attempt to teach himself / herself before
asking the instructor to teach the topic. Therefore, even if five
different students wanted to learn five different topics all at the

same time, they would be able to do so by relying on five of the
flash cards.

The "Media Library" and "Flashcards" discussed here are provided in Chapter
5, as a part of the Modified Curriculum.
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Chapter 4

Modifications to
Applnventor
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Four modifications.

Chapter 3 identified six limitations of AppInventor that were discovered through
the author's first-hand experiences teaching Game Development in India and the
US. Three of those limitations (lack of touch-down and touch-up in event
handling, lack of basic gesture recognition, and lack of easy-to-make animations)
have been addressed in this thesis. In summation, the following four
modifications have been made to ApplInventor:

1. Canvas objects and sprite objects can now handle a "TouchDown" event
and "TouchUp" event in addition to the "Touched" event.

2. Applnventor developers can now detect "fling" gestures on the Canvas
object or sprite objects simply by handling the "Flung" event.

3. Applnventor developers can now easily animate images (e.g. make a
walking man, or a jumping character) by uploading multiple frames of an

animation via an AnimatedSprite component.

4. A new sensor, known as ProximitySensor, has been added. This sensor
can detect when a human's hand or other object passes over the phone.

Details of these modifications follow.

Precise handling of touch events.

Imagine that you wish to make a simple car-game where the objective is to move
a car left and right, avoiding obstacles coming on the road in the opposite
direction.

You would like to be able to control the car using a left and right button; the
car should move left while the left button is pressed, and right while the right

button is pressed. If no buttons are pressed, the car should not move.

We can capture left /right button input from the user in two ways in
ApplInventor: either using Button components or using ImageSprite components.
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Using Button components, the project setup and Blocks Code would look like
this:

() Display Invisible Components in Viewer

Ml & 5:09PM

def as number
A xspeed 5

“‘“" leftButton.Click I
do
set to
CarX idl CarX | - d, 993l yspeed | |
|

yhen rightButton.Click
do

-

Y = to obal
s . CarX « CarX |+ = xspeed
v .

|

And using ImageSprite objects as buttons, the project setup and Blocks Code
would look like this:

(O Display Invisible Components in Viewer

Ml & 5:00 PM

d‘ef e llq number 5 |

""’h““ leftimageSprite.Touched  x name

X

y name y
o set to c
CarX + CarX | = . 99920 yspeed |

'en rightimageSprite.Touched

x name

x1

name

y y1
dol :
set to
CarX id, carX | + d, gibal yspeed | |
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However, in both of these approaches, the game player would have to keep
tapping the phone to keep the car moving, a task that can quickly become
irritating and tiresome.

To cause the car to move smoothly while a button is pressed requires knowledge
of when touch-down and touch-up occurred on the button.

The modified version of Applnventor provides these two event-handlers,
fortunately, both for the Canvas component as well as for all types of sprite
components (e.g. ImageSprite). The interface for these two event handlers looks
identical to that of Touched, and therefore should be comprehensible to

develo

pers:

"hen imageSprite.TouchDown  x [ name x2
y name y2
do r}
yren imageSprite.TouchUp  x [, name X3
y name y3

o

The blocks-code implementation of the car game using TouchUp and
TouchDown would look as follows:

hen leftimageSprite.TouchDown  x [, name X2 hen rightimageSprite.TouchDown  x [ name -
y name yz y name y
de set global to number de set global to number
xspeed -5 xspeed 5
when leftimageSprite.TouchUp  x [, name X3 ‘yen rightimageSprite.TouchUp  x [, name —
y name y3 y name y4
—
do q | E
set global xspeed to number 0 0 set global xspeed w( number 0 I
——

yhen smoothMotionTimer.Timer |

do

-/

i

set to [
CarX ;1 CarX

‘ y global xspeed

de

| Af xspeed aaq number 5V|

| Egp—
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Fling gesture detection.

AppInventor now has the ability to detect fling gestures, which are quick finger-
motions that resemble swipes.

Just as Canvas components and sprite components can both detect Touched,
TouchUp, and TouchDown events, these two components can also detect a
Flung event. It is up to the developer to decide which component should handle
the Fling.

If a developer wishes to detect any fling gesture that takes place anywhere on the
canvas, then he/she should handle the "Canvas.Flung" event. On the other
hand, if he/she only cares about situations when a particular sprite is flung,
then he/she should handle the Flung event of on that sprite. Below is an
example of how to detect flings on a "Ball" component:

“‘h@" myBall.Flung x [;' name 4

y| name y1

xspeed name

aﬂ
yspeed - name yspeed
do
set global to c S S
ballSpeed_x |(’_. value xspeed | ! r’_. number 80 |
e -
set global to crl‘— rlb—
ballSpeed_y [4_""° yspeed | I Ly TUTRET g |
[ S

i

“A'he" Clock1.Timer

do
to |,
myBall.X |d, myBall.X | * qg‘“"" ballSpeed_x
e
set to C‘
myBall.Y |C, myBally | * C: 930 palispeed_y
e

i

Note that the Flung event handler block provides xspeed and yspeed as
arguments. These values represent how fast the finger was swiped on the screen
in the x and y directions, respectively. In the above example, the division by 80
(an arbitrary number) is performed in order to scale down the fling x and y
speeds so that they are on the order of pixels per second and are reasonable,
given the screen dimensions of most Android phones on the market.
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The AnimatedSprite component.

The AnimatedSprite component is essentially an ImageSprite that stores
multiple images and automatically flips through them every few milliseconds
(determined by the "PictureChangelnterval" property of the component).

AnimatedSprite components fall within the same Component cateogry as
ImageSprite and Ball components, and can be dragged onto the Canvas in
exactly the same way. The difference arises in the picture-uploading process:
while for ImageSprite components the developer can only upload one picture, the
AnimatedSprite allows you to upload up to 5 pictures and it automatically cycles
through them.

To change how many milliseconds the component should wait before changing
the picture, the developer should change the PictureChangelnterval property,
either from the Properties panel in the designer view, or from the blocks code.

To turn "on" the animation of the sprite, the developer should set the
"SpriteAnimationEnabled" property to true, either from designer view or blocks
code.

Here's an example of how an AnimatedSprite component can be configured and
used:

Picture
framel.jpg...

Picture2
frame2.jpg...

Picture3
frame3.jpg...

Picture4
None...

Picture5 w‘hen Screen1.Initialize
None...

do
) t
PictureChangelnterval I""‘s AnimatedSprite1.SpriteAnimationEnabled '~ cl true |
500 —

')
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The ProximitySensor component.

The proximity sensor is a piece of hardware that is built into most Android
phones and has the ability to detect (by sensing ambient light) whether or not
the phone is close to another object (e.g. if the phone is next to somebody's ear).
However, until now, this sensor did not exist within Applnventor.

Generally, a ProximitySensor can prove useful if a developer wishes to implement
some logic that reacts to the phone being close to an object (as an example,
imagine a humorous app that yells "boo!" as soon as a user puts the phone next
to his/her ear). In the world of Game Development and Visual programming
however, the proximity sensor can be handy since it provides yet another sort of
'gesture' recognition -- specifically, for the hand-swipes-over-the-phone gesture.

If a developer is building the PaintPot application from the AppInventor online
tutorials, then he/she can get rid of the "Clear" button and instead clear the
canvas when the user moves his/her hand across the top of the phone (without
touching the phone) in a swiping motion. Likewise, within the context of a game,
this above-the-phone swiping motion could be used as a cue to restart the game,
or to pause/resume the game.

Using the sensor is simple. The developer simply handles the
"ProximityInfoReceived" event, and then within that event handler, checks
whether the value of the "PhonelsCloseToObject" property is true or false.

W‘he" ProximitySensor1.ProximityinfoReceived

ﬁ)

Unish test C‘, ProximitySensor1.PhonelsCloseToObject

then-do
<! Canvas1.Clear |
-

else-do | =

)

do
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Chapter 5

Modified Curriculum
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Curriculum Overview

Planned Activities

Concepts Learned

Day 1
(8 hrs)

Day 2
(8 hrs)

Day 3
(8 hrs)

Day 4
(8 hrs)

Day 5
(8 hrs)

Ice Breakers

Playing with Android Phones
Applnventor Setup

Overview of AppInventor's interface
Project 1: HelloPurr and Media Player
Project 2: Calculator

Project 3: Drawing Program

Project 4: Balls, Sprites, and Motion of
Objects

5 ways to make things move (automatically;
using Clock, using Buttons, using
Accelerometer, using Fling gestures)

Project 5: Car on a Road
Project 6: Paper Prototyping
Begin final project (game of student's choice)

Project 7: Fun with Animations
Continue final project (game of student's
choice)

Publishing AppInventor apps to Google
Play

Continue final project (game of student's
choice)

Presentations of final projects

Sound, Button, Screen, event handling,
calling procedures, connecting to device,
Player, screen arrangements, Label,
TextBox, getting and setting property
values, if-else statements, packaging apps
to phone

Canvas, 'dragged' and 'touched' events,
drawing lines and circles, colors,
ProximitySensor, Ball, ImageSprite, edge-
detection, bouncing ball, custom variables,
custom procedures, Clock, Accelerometer,
Fling gesture, Using ImageSprites as
Buttons

collision detection, random-number
generation, making multiple objects move
simultaneously using Clock,

Students will learn about AnimatedSprite
objects. The remainder of the instruction
on Day 4 will be one-on-one and highly
customized to each student's or group's
needs.

Google Play developer registration process,
downloading AppInventor apps as .apk
files, uploading .apk files to Google Play.
The remainder of the learning on Day 5
will be customized to each student's or
group's needs.
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Media Library

When asked to find images or audio "on the web" for their games, students
often get distracted or spend too long searching for the perfect image, or in
editing images on Photoshop. So, we provide this library of good-looking and
useful graphics and audio for the students to use in their games, to make sure
they stay focused on the real purpose of this goal -- to learn programming.

Images for Animation

CEAAXKLL $EAARL
ASISERAA RSB ARA
2ELE v d e

ve. 8 DEENEE > 02

Images for Buttons

EPOLOO @)

Background Images

Audio Files

Crash.mp3 meow.mp3 PowerUp.mp3 TheSuperMarioSon
g.mp3
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Applnventor Flash Cards

Properties, Functions, and Events

Defining + Calling Procedures

Defining + Using Variables

Moving Sprites with Button Clicks
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“% Canvas1.Clear

----------

Procedures are operations that

“' Canvas1.BackgroundColor UJ

—

» Canvasi .mmornﬁocano-oq

can be performed by
components, e.g. “Clear” Is an
operation on Canvas objects,

Properties are
qualities of an
object that can be
read and
modified.

Datri. Taxt Lisrs samn | 1 Click an t on the
procedureWithRes ult l_ screen, and a colorful
procedure menu should pop up. On
varlabla the "Define. ..” tab, dick
name “procedure” or

“procedureWithResult

¢ <83-<o.<o<8«?§5
"4 restartGame @ a name, e,g, “restartGame"®,
“© and then place the code that
_ should be executed when the
procedure i run inside the
block,

You may call the procedure you have
defined from within your blocks code,

' restartGame

Defni.. ¥

Lsts | ssam] 1

procedureWithResult
procedure

variable

names

Click anywhere on the
screen, and a colorful
menu should pop up. On
the “Define...” tab, dlick

“variable®.

32&1‘0‘ :n. uMbor 5

ghba

myVariable

You must define
your variable using
a "def” block. After
that, the value of
the variable can be
read or modified as
many times asis
necessary.

Declare a variable that represents the ‘speed’ of the sprite,
l.e, how many pixels to move each time the button s
pressed, Then use this variable to update the position of
the sprite in the buttons' dick handlers,

 veosg WL e

0 banlentCikk

— - L nh v
@R X ﬁ. L Lo nned
—_——
2% BnRigheCice
B [ o
myflail x ﬁ. Sl X _ ¢ o T wapeed
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Moving Sprites with Clocks

Moving Sprites with Accelerometer

Implementing Jumping and Gravity

Using AnimatedSprite Component
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Drag a Clock component onto the project, Add a handler
for the *Timer" event of the Clock, and Inside that handler,
include code that you would want to execute every time
the timer fires,

e baiMogeonTimer.Timar _

B mySaLy Sﬁ.ﬁ mySaky _ - Q L verticalSpeed _ %
S Pl PO -rn |

freado [ !ﬂ
b3 lGton Tiemar Timer Enabied _tto _
——

e —

l’o‘«.- 1A ge -)hnl.n..ql

sAcesl

Gravity is represented as a positive y-acceleration value and the
intial y-velocity is a negative number, This is because downards
is positive and upwards is negative in the coordinate system of
Applnventor,

& o =Gy | e e el
T . St B 7 B Rl B
\D&X JarpTver Thwsr _
>~ s .
- Arpegbalx - \—\ -Jv:’-.-\_ ¢ _... T v :
e —
- w( {
ArprgBaty |7 ArasegBal Y _ ¢ Ly _
- m
igeaM w7 !
o O el _ & L T Al _
IA-“ .—\DA- r
LA \T NS \-‘__ * L W accal _
Loy

step 1: add an AnimatedSprite

component to the project, Pictwe
frarvel. j2g..
Animaton
Pt
I & AnmEecSprn 4 frasved. jog
Pt 3
Bal
frarved. jog
step 2: uplocad up to S images for the  Fowes
component through the Properties None..
panel in the designer, —_—
Noe

stap 3: Set SpriteAnimationEnati ed
1o true when app starts, Petwa

500
5o Screen Initalize
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Touch Events on Canvas and Sprites

Detecting Fling Gestures

Detecting if Phone is Close to Objects

Playing Sounds in your App
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There are three types of touch events that can be handled for
Canvas and Sprite objects, The "TouchDown®™ event is triggered
as soon as a user's finger touches down on the object, "TouchUp*
is triggered when the finger lifts off the object, and "Touched” is
triggered when the object is tapped (when TouchDown and
TouchUp happen quickly in succession).

_.D?-_ Canvast.Touched

do —,\
27 Carvas)Toushlp  * [ e -

T r

7 CanvasrTouchDown

-,

A fling is a quick swipe gesture on the screen, The xspeed and

yspeed arguments indicate how fast the flung object should move

in the x and y directions.

2" mytiat Flung B e =
et L

lﬁ;’.l °

K3
4 baliSposd_x

MTE rapewd ﬂ. e lﬁ v
rr— —_ _ r|_
3
T sorspens x ..nﬁ — [ et __
 —
R YolSpend_y th‘u_ — 1...&_.4 ﬂ.:.,.. »n __
e ——

27 Clock1.Timor

B myBall X . ﬂm myfall X ﬁ - n..,r. bl Spewd x __

my@ally .\u myBa Y _ + n T o\ Speod_y _ ;

step 1: Drag a ProximitySensor object onto the project.
Funf® i
-+ ProximitySensor

step 2: In the handler for ProximityInfoRecelved event,
check the value of the PhonelsCloseToObject property.,

2o ProximitySensor1.ProximityinfoReceived

e wat ProximitySensor1 PhonelsCloseToObject

then<o
“* doSomethingCool _

e _ sl goSomethingElse

There are two components in AppInventor that can play
audio. Sound components are for playing short audio
files, whereas the Player component is for playing longer
tracks, e.g. background music.

CrashBound backgroundMusicPlayer

T packgroundMusicPlayer Start _
—

“F Crashsound.Pla

1 packgroundMusicPlayer Pause
“l crashSound.Stop — Sy _

“' backgroundMusicP 5
g 555,2.8_
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Generating Random Numbers

Detecting if Phone is Shaking

Layouts and Centering Components

Collision Detection
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Click anywhere on the screen, and a colorful menu should pop
up. On the "Math...” tab, click "random fraction® or "random
integer®,

Dafinly|  Texn | Lists | Math Loge | Cantral| [(Colois |

son
ﬁ randam fraction
random nteger
b orandam sel seed
| negMme

generates a random
number between
the two specified
numbers (inclusive)

P
- call

p—
random integer l
|

rrambiee 10

call generates a random dedmal
s 3303—326: _ <~_Sc3ioo:o~:n».

Step 1: drag an Accelerometer onto the project,

Non-visible components

wir
AccelerometerSensort

Step 2: in the blocks code, handle the "Shaking™ event of the
Accelerometer component.

‘b?.: AccelerometerSensor1.Shaking

3_188:_ thingC
: ool
—— _

Step 1: Choose from 3 available sCreen g .on Arrangemont
arrangements,

rorzemalAarganent

Step 2: Drag multiple components TiaATangonent
into the arrangement. In order to
center them, drag a Label component
onto both ends of the arrangement.

Varnticaldmanganant

for contering...  buttont _ buticn2 _6.3..638..

Step 3: set the Width of each Label to "Fill parent™ and the
TextColor to "None™, Set the Width of the entire armngement
to *FillParent® as well,

-_____________

buttont button2 _

For a game such as brick breaker (where you direct a
D ball using a paddle, trying to hit bricks), you can
™ check collision by handling the "CollidedWith™ event
on the Ball component:

o Ball.CollidecWith  cener mare
e "

1| thing

do

endo [ = ﬂ
~ Brick1 Visible false _

Chapter 5-58



Speech Recognition

Working with Lists of Components

Creating your own Colors

Drawing on the Canvas
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Step 1: Drag a “SpeechRecognizer” component from the “Other
stuff” category onto your project.

Omheor stuf?

SpenctPoongraer

Step 2: In the blocks code, call "GetText™ on the companent
whenever you'd lke to read speech Input from the phone,

cal
——

SpeechRecognizer! GetText

Step 3: Handle the "AfterGettingText™ event, which will be
triggered once speech as been received and recognized by the
omponent,

Y= SpeschRecogrizert AfsrGeingText  rosn R. T — _

esoplendTent Q vou

e
o
— doSometringWithRecognizedText |

resuit

Step 1: Define a new variable and set its value to an empty list,
which you can create by calling the "make a list™ procedure,

abu. e Q =4 make a list
bricksList _ leﬁ

Step 2: In the screen's Initialize event handler, set the value of the
variable to a new list that contains the components of your choice.

2" Screentintialtee .
S e
el Wl o makeaist
tan [ corpanent procedure by dlicking
we .. anywhere on your
1 EBkM | blockseditor, and
bricksbist ton [ comosnet g0, g choosing the “Lists”

v [ ovemert gens tab from the colorful
e (S menu.
J———DEES ) pmmy _uws | M| guege Gitm
m [ make a list
—_— select list nem

Colors In Appinventor 61 Ganvol| (ke

are represented by 3 make color
numerical values split color
known as RGB (red, None
green, blue). Each Black
value must be

between 0 and 255. e

New colors are constructed by mixing different amounts of Red,
Green, and Blue, Yellow, for example, is Red + Green, so its RGB
values will be R = 255, G = 255, B = 0. In AppInventor, use the
“make color” procedure and provide RGB values as elements of a
list.

N. - ﬂ et componarks ﬁ ' make a list

customYellowColor make color

You candraw circles, lines,
text, and points onto the
canvas using the built-in
draw procedures of Canvas
components. These
procedures take x and y
values as arguments. Keep
in mind that (0,0) is at the
top-left of the screen. You
can change the drawing
color at any time by

" tPe = setting the value of the
JF&.! PaintColor property.

- " Garwe Ovar!

"t ﬂ "
Coanvas) DrawText ” M_ v

J.\|_

o XPos thon

orme Y Pos itlon
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Day 1

Begin with icebreakers (nicknames, fun facts, what you want to learn, why you
enrolled in course, etc.)

Hand out phones and connector cables, allow students to play around with and
get a feel for the devices. Attract their attention to the Google Play application
(formerly known as the Market) on the Android phones and excite them about
the prospect of publishing their own application to Google Play (to be discussed
on Day 5).

Ask students to perform Applnventor setup, following the instructions at
http://beta.appinventor.mit.edu/learn /setup/.

Walk them through the basics of AppInventor's interface (designer view, palette,
properties panel, visible vs. non-visible components, and blocks editor).

Project 1: HelloPurr and MediaPlayer

Start with simple "HelloPurr" app to introduce Sound, Button, Screen
components and event handling.

(I Display Invisible Components in Viewer

Nl & 5:09rPm

Screeni

shen Button1 Click
@ il
=" Sound1.Pla

Pet the Kitty to hear it meow
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Describe the difference between events and procedures (also known as
functions) in the context of HelloPurr. Buttonl.Click is a handler for an event,
whereas Sound1.Play is a procedure.

Explain how to connect to device from the BlocksEditor, so that students can
test their HelloPurr apps on their devices.

Students should partner up and modify their HelloPurr app to turn it into a
Media Player with play and stop buttons. Also, introduce the Player
component here, which can play long songs, whereas the Sound component from
the HelloPurr app could only play short sounds.

Introduce the concept of layouts + screen arrangements. Show the students
how to put the Play button and the Stop button on the same line by inserting
both of them into a Horizontal Arrangement component. Show the students
how to center the buttons by adding empty components (such as Canvas or
Label) on the left and right side of the HorizontalArrangement so that they
serve as spacers.

Viewer Components

Screent e [Jscreent

() Display Invisible Components in Viewer © [ HorizontalArrangement1

ﬁma 5:09 PM =4 Canvas1
Screent Zauttont

= Button2

~# Canvas2
e

Rename || Delete

Media

Non-visible components T

stopbutton.png
awesomesong.mp3
Add...

>
Playert

when Button1.Click | when Button2.Click |

do do
< player1.Start I <! player1.Stop I

') '
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. Extra Credit: Add a pause/resume button, in addition to the play and stop

. buttons. Student may choose to have the resume’ state of the pause-resume

. button look different from the 'pause’ state -- if this is the case, teach them how to
. change the button's background image when the button is pressed, by setting the
| "Picture” property to a string representing the filename of the new button image.

_____________________________________________________________________________________________________________________

Project 2: Calculator

Introduce students to Textbox and Label components, and ask them to use
these along with HorizontalArrangements and Buttons to produce the interface
for a two-number adder that looks as follows.

Viewer Components

Screent =] Screent

("] Display Invisible Components in Viewer c HorizontalArrangement1

Ml & 5:00PM \| Labelt
Saeent L txtFirstNum
e HorizontalArrangement2

First # |

*/Label2

|
Second# | | L txtSecondNum
Add 'em up | e HorizontalArrangement4
Result: | | - Label4
- btnAdd
*ILabel5

e HorizontalArrangement3
‘/Label3
L txtResult

Rename Delete

Media

[ Add... |

The goal of this adder is to add the two numbers typed in by the user and to
indicate their sum in the result text box when the 'add' button is pressed.
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As the students implement this functionality in the Blocks Editor, they will learn
about properties of components, and will learn to get and set their value.

when btnAdd.Click |
do

. e C
txtResult.Text . txtFirstNum.Text | * . txtSecondNum.Text

Students should work individually to modify this adder and turn it into a
calculator that can do all four operations on two numbers. The students should
use screen arrangements to make this look nice, see below for a screenshot:

(| Display Invisible Components in Viewer

Gl @ 5:09 PM

First # |

Second # |

Result: |

After the students have implemented the interface, ask them to follow the model
of the adder they previously constructed to implement the subtraction,
multiplication, and division operations.
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txtFirstNum.Text | * q txtSecondNum.Text |

txtFirstNum.Text | = q txtSecondNum.Text |

txtFirstNum.Text | * q txtSecondNum.Text I

-

txtFirstNum.Text

(-', txtSecondNum.Text |

Next, teach students about basic control structures, specifically if-else

statements. Ask students to use if statements to prevent division by zero. Here
is one way of doing this:
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---------------------------------------------------------------------------------------------------------------------

. Extra Credit: Ask students that finish early to style their calculator by changing
. background color / images of the screen, buttons, textboxes, or other components.

Once all students are caught up, teach how to package appinventor apps to the
phone so that the app can run on the phone without requiring the phone to
remain connected to the computer. Ask students to package their calculators and
their MediaPlayer apps and to download these to their Android devices.

Package for Phone
Show Barcode

Download to this Computer

Download to Connected Phone

Do OaT I OToT

- [ White

Day 2:
Project 3: Drawing Program

Introduce Canvas component as the fundamental container component for

graphics (drawings, images, sprites, etc.).

Build a simple drawing application where user drags on the canvas to draw lines
and can clear canvas by clicking the clear button.

() Display Invisible Components in Viewer

Ml @ 5:09 PM
Screen1

drawingCanvas
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Show how to set the drawing color of canvas when screen (application) gets

initialized, and how to handle dragged events.

“"heﬂ drawingCanvas.Dragged startX

startY

prevX

prevY

(s currentX

currentY

currentY

draggedSprite name draggedSprite

vzﬁe" Screen1.Initialize

set to
drawingCanvas.PaintColor m

“A““" btnClear.Click

call x1 value

prevX
y1

drawingCanvas.DrawLine

x2 value

currentX
y2

Ask students to modify the drawing program to include buttons to set the

drawing color of the application, and to draw circles in response to touched

events.

Viewer

("] Display Invisible Components in Viewer

Al & 5:09Pm
Screeni

Click to draw a circle, drag to draw lines. “ﬂ

Choose drawing color: [l N [

|
W
A
clear canvas | | i

=]

=]

Media

Components

e 0 Screen1

AlLabel3
AllblSpacert
g HorizontalArrangement1
AllbiChooseColor
- btnRed
-/ btnBlue
-/ btnGreen

- btnBlack

-~ drawingCanvas

g HorizontalArrangement2
AllblSpacer2
- btnClear

AllbiSpacer3
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Once students finish the drawing program, teach them how to clear the canvas
by sensing hand motions instead of relying on button-clicks.

Introduce ProximitySensor, and explain how we can detect when a user's hand
is close to the proximity sensor on the phone and how we can use this to detect
a general swiping motion of the hand above the phone.

The students should drag a ProximitySensor from the Funf component category
onto their project, and should include the following in their Blocks code:

ifelse test q ProximitySensor1.PhonelsCloseToObject
U S
else-do rv
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Project 4: Balls, Sprites, and Motion of Objects

Introduce the Ball component as one of two Sprite components in AppInventor
that have the ability to move around on a canvas. The second sprite component
is ImageSprite, which is similar to a ball in that it can be moved around on a
canvas, but it is visually represented by a custom Image that is uploaded by the
Applnventor developer.

There are many ways to make Balls and ImageSprites move, but in this course
we'll discuss the four of them (listed below) that are most applicable to game
development:

1) Automatically (using built-in properties)
2) Using buttons

)
)
3) Using the AppInventor Clock component
4) Using Accelerometer

)

5) Using Fling gesture-detection

Motion Method 1: Automatically

Introduce sprite properties such as Heading, Speed, X, Y, and Interval that
are required for automated motion of the sprite, and show students how to set
these properties from the Properties panel in the Designer view. Create a simple
app where the ball bounces around the screen, using the 'EdgeDetected' event
handler and the 'Bounce' procedure in the blocks editor.

(_] Display Invisible Components in Viewer

Ml & 5:00 PM
Screen1

Wen Balll.EdgeReached edge C: name o e |

= call r’ !
Balll.Bounce °°%° '7 "*"° edge
—_—

')
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Then, ask the students (individually) to replace the ball with an ImageSprite,
using an image of their choice (e.g. a fancy ball image from Google), but make it
do the same sort of bouncing around using 'edge detected'.

() Display Invisible Components in Viewer

GhHl @ 5:09PM
Screen1

“A'he" ImageSprite1.EdgeReached odgoq name o 4oe |

do
|
" magesrtetsonce " " oo |
L,

i

Motion Method 2: Button-controlled ball motion:

Ask students to create an Applnventor project with a single ball on a canvas
and left /right buttons below the canvas, as shown below:

Screen1 S} Screen1

(I Display Invisible Components in Viewer © ACanvast

GhHl @ 5:09PM O myBall
Example 1: Button Controlled Ball Motion 8 [ HorizontalArrangement1

A lspacerLabell

- btnLeft
- btnRight
"\ IspacerLabel2

|

Media
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In order to make the ball move, we will update the ball's x position as the left
and right buttons are pressed. The amount of pixels that we move the ball each
time the buttons are clicked is known as the ball's speed (in the x direction).

Introduce the concept of variables, and discuss how to define your own, and
how to access and set their value. Then, ask students to create a variable
representing the speed of the ball in the x direction. The blocks code for making
the ball move then looks as follows:

def - as q number |
A Xsp 5

‘xﬁeﬂ btnLeft.Click |

doset

to
myBall.X |Cll myBall.X | - c, 903l yspeed | |

“A‘W“ btnRight.Click I
do

set

myBall.X “ |d| myBall.X | + d, gabal yepeed | |

Ask students to extend this app for up and down motion controlled by up and
down arrows:

Viewer Components

Screent 2 [ Screent

() Display Invisible Components in Viewer B A Canvasi

G Hl @ 5:09PM O mygal
Example 1: Button Controlled Ball Motion 8 [ HorizontalArrangementi

*/Labelt
=] VerticalArrangement1
lLabel3
M © 0o TableArrangement1
. = Button1
= Button2
= Button3
- Button4
*/Label4
*Label2
|
=1 =]
LI 'h Rename Delete |
A
Y Media
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dAef xspeed as C number 5

d‘el yspeed as C number 5
yhen btnLeft.Click e btnRight.Click
do

set

o Cd—l N~
myBall.X |'4_myBalx | * . 99930 yspeed |
-

do
set to C
myBall.X |d| myBall.X I - q gobal yspeed
|

“““e" btnUp.Click | "1‘9" btnDown.Click
do
e set to c set
myBall.Y Iq myBallLY | = q gobal yspeed
N

myBall.Y

o Cd—l E—
|4 _myBaly |+ . 9o0al yspeed |

Note: Students may find it annoying and tiresome to have to keep pressing the
buttons repeatedly to make the object move around the screen. There is a way
to make the objects move smoothly using buttons, but this approach requires

knowledge of the Clock component, and will therefore by taught below under
"Motion Method 3".

Motion Method 3: Using the AppInventor Clock component

Introduce the Clock component, which is a timer that fires every few
milliseconds (as specified by the TimerInterval property, which can be set
either in the designer view or in the blocks editor).

Ask students to create a new project with a Ball, Canvas, and Clock (which will
show up below the screen as a non-visible component).

Viewer Components
Screent © Ll screent

() Display Invisible Components in Viewer © |2 Canvast

BNl & 5:00PM D myBai
Screen1 © [ HorizontalArrangement1

Vspacert

= btnRestart
\Jspacer2

ballMotionTimer

Rename Delete
restart

Media

Non-visible components

ballMotionTimer
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We now make the ball move up a few pixels (as determined by the value of the
speed variable) every time the timer fires. Once the ball reaches the top of the
screen, we ask the timer to stop firing, and we wait for the user to click the
'restart' button. Clicking the restart button causes the ball to reset its location
to the bottom of the screen and turns on the timer once again.

We use this opportunity to teach how to define and call your own procedure,
by turning the 'restart' action into its own procedure. The blocks code is shown
below:

L' verticalspeed ™ 0 " 5 | 4en ballMotionTimer.Timer |
do r—J
= to C“ lobal
when  Screent.Initialize myBall.Y |'4_myBalLY - 4 99 verticalSpeed
e ———

number 100 if test

set t
ballMotionTimer.Timerinterval 7 ’IC: myBallY | - C’. number |
[

set ol true then-do | ¢ to
ballMotionTimer.TimerEnabled ballMotionTimer.TimerEnabled false
—

——

t
shen  ptnRestart.Click 7y CEES C
do
do set to number
cal restart I myBall.Y c 345
: if test C‘ {J
|'4_ballMotionTimer.TimerEnabled | = 1 false
then-do
set to C
F;MoﬂonTimer.TimerEnabled ] true I

——

_l

_____________________________________________________________________________________________________________________

. Extra Credit: It is annoying to make the ball move using buttons, since the user

. has to press the buttons repeatedly to keep the ball moving. He/she cannot simply
. leave his/her finger on the button and allow the ball to move while the button is

. pressed. This is because the Click handler for Button components only allows

. detection of taps and gives no information about how long it was pressed. So, in

. this extra-credit exercise we show how to achieve motion of sprites using

. ImageSprite objects as buttons and Clock components to ensure smooth motion.

Ask the student to design the following interface, with a ball, two ImageSprites
representing left and right buttons, and a Clock:

Chapter 5-73



- =]
() Display Invisible Components in Viewer ~# Canvast

ﬁ & 5.09PM “ rightButtonSprite

Screenl - leftButtonSprite

~ myBall

) smoothMotionClock

Rename Delete

Media

Non-visible components right1.gif

left1.png
smoothMotionClock

Add

ImageSprite objects, like Balls, have a number of event-handler methods such as
"Touched", "TouchDown", and "TouchUp". A TouchDown event is fired
whenever a user's finger touches down on an image sprite, and a TouchUp is
fired when the finger lifts off that image sprite. The Touched is fired only if the
TouchDown and TouchUp occur quickly in succession. The Click event-handler
works the same way that the Touched event-handler works for sprites, which is
why, for this exercise, we will use TouchDown and TouchUp since they provide
more information about when the finger was put down and when it was lifted.

The students' goal in this exercise is to build an app where the ball moves left /
right while the user presses the left and right button and it stops moving as
soon as the player lets go of the left / right buttons.

As before, we create a variable for the ball's speed, setting it to zero initially. In
the clock's Timer event handler, we update the ball's horizontal position by its
speed.

def as number
A xspeed C. 0 |

vzhen smoothMotionClock.Timer

do .
set to cd - d global
myBall.X myBall.X xspeed

e ———

4
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The magic occurs in the TouchUp / TouchDown event handling:

when leftButtonSprite.TouchDown  x [, name hen rightButtonSprite.TouchDown  x C name o

X
y
do
set global to number 3
xspeed -

i i

y name
[

y2

name y

set global to C number
xspeed 3

yhen leftButtonSprite TouchUp  x [} name §ren rightButtonSprite TouchUp  x [ name

x1

y name

y1 i y3

do I - do I -
t global |
set global xspeed to number 0 get globai xspeed to d number 0

1 i

y name

While the user is pressing the left-button, the ball's speed remains -3, but as
soon as the left button is un-pressed, the ball's speed is set back to zero.
Likewise, the ball's speed is 43 while the right button is pressed but becomes
zero as soon as the finger is lifted.

The result is smooth motion of the ball using buttons (which are actually
ImageSprite components) and a Clock.

Motion Method 4: Using the Accelerometer

The Accelerometer is a built-in sensor in Android devices that senses changes in
acceleration. Here, we use the accelerometer to make the ball move left and right
as the phone is tilted left and right, hence avoiding the need for buttons and
other forms of tactile input.
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yhen AccelerometerSensor1.AccelerationChanged  xAccel

"EME yAccel

yAccel
zAccel
@l test Cc
s
l‘ value xAccel | < q number 0 | |

set to
Ball1.X qc, Ball1.X | + d, number g | |
| .

e}
if L clc' value xAccel | > c; number 0 | |
then-do (B2 .
set to d
Ball1.X qd, Ball1.X | - g numeer g | |
| e )
)

If students finish early, ask them to extend the program to also detect
acceleration changes in the y direction (to move the ball up and down):

def

7 ballspeed as number 1

“hen AccelerometerSensori.AccelerationChanged  xAccel

"M yAccel

yAccel

zAccel name o accel
@ if test CC
s
I - value xAccel I < q number 0 | |
then-do -
set to c
Ball1 X c|c, Ball1.X | + L 9903 pajispeed | |
f_~—
e}
if test CC
I - value xAccel I > q number 0 | |
then-do -
set to c
Ball1 X c|c, Ball1.X | = L2 9909 pajispeed | |
f_~—
e}
if test dd
= I - value yAccel | < C: number 0 | |
thendo (220
=t = qc | - c global | |
Balll.y 1 _Balll.y (] ballspeed
f_~—
)
if test Cd
s I lyalue yAccel | > C:number 0 ||
thendo [22am
sat to c 5
Ball1.Y - Balll.Y | + L 9993 pajispeed |
f_——
e

Extra Credit: Students will note that while the above code works, the motion of
the ball is not smooth. In order to achieve smooth motion, students should use the
Clock component in conjunction with the Accelerometer sensor, following the
steps below.

Chapter 5-76



Smooth Motion Step 1: Add a Clock component to the project. In the below

screenshots, the clock is called "smoothMotionClock".

M
J

Non-visible components

et
lock

Smooth Motion Step 2: In the blocks code, create variables for speed in the x and
y direction, initialize the clock's timer interval in the Screen's Initialize event, and
handle the clock's Timer event by updating the ball's x and y location by the

appropriate speed variables.

Vtaﬂ Screen.Initialize I
do
set to
smoothMotionClock.TimerEnabled qtﬂlﬂ I

s

t
*" smoothMotionClock.Timerinterval
—

to number 50

yen smoothMotionClock.Timer |

do set to CC | Cl —— |
a al
myBall.X 1 myBallX | *+ 1 xspeed ?f — ae q number o |
e ]
set to
myBallY qc, myBallY | + d, global yepeed |
txaf yspeed ulq number 0 |

Smooth Motion Step 3: In the AccelerationChanged event handler, instead of
updating the ball's position as you did in the previous version of this app, simply
set the value of the x and y speed variables. The ball's position will be updated
by the Clock timer and therefore will be unaffected by factors such as how

quickly the phone is tilted.

‘yen AccelerometerS 1.AccelerationChanged xA‘:chc name . accel

yAccel name yAccel

zAccel name _accel

~—

do
Halse ot C:c value c number
|1 xAccel | <= ] 0
then-do
set global to number
xspeed 5
else-do -
set global to number
xspeed -5
X
e
ifelse test cc
| r value yAccel | <= cl number 0 |
then-do -
set global to number
yspeed -5
else-do
set global to number
yspeed 5
.
el
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Motion Method 5: Using Fling gesture-detection

In this section, we teach students how to cause objects to move when flung by

the user (i.e. when the user puts a finger down on an object and then quickly

swipes in the direction in which it wants the object to move).

If students wish to detect any fling gesture that takes place anywhere on the

canvas, then students should handle the "Canvas.Flung" event. On the other

hand, if they only care about when a particular sprite is flung, then they should

handle the Flung event of on that sprite. Below, we show how to detect flings on

the "Ball" component that we have been playing around with for the past few

exercises.

'2'6" myBall.Flung

yspeed name yspeed
set global to C J J
baIISpeed_x ("‘ value xspeed / (;_‘ number 80
—_
set global to J J
ballSpeed_y L‘ value yspeed / C_‘ number 80
_—

In the Flung event-handler, we merely set the speed of the ball in proportion to
the speed and strength of the fling. That is, the quicker the user moves his/her

finger to fling our ball, the quicker our ball should move. The actual updating of

the ball's position happens in the "Timer" handler of the Clock:

when Clock1.Timer |

do

set to
myBall.X

S
LS 2

myBall.X

+

C: global paliSpeed x

R e —————————

S

set to d
myBalLY 1 myBallY

+

C,r glbal paliSpeed_y

———
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Day 3:
Project 5: Car on a Road

Review previous day's material -- Canvas, Drawing, and motion of sprites -- by
building a simple game where a car (represented by an ImageSprite) moves left
and right on a road (a Canvas with an image as a background):

() Display Invisible Components in Viewer

GhiHl @ 5:09 PM
Screen1

= 1
-

v

The students may implement the motion of the car using either the Clock
component, buttons, or the accelerometer.

Using this same project as a starting point, introduce students to collision
detection, a very useful facet of game development. Ask them to add one or
more obstacles (ImageSprite objects) onto the road, e.g. the banana and the cow
in the following image:

(I Display Invisible Components in Viewer

il & 5:09 PM
Screen1

i
i
i
|
— | ]®]]
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In the blocks code, ask students to insert if-statements (right after the code that
updates the car's position) to check if the car is colliding with other obstacles:

if
fest dl <" car.CollidingWith

i set global to C_‘d [ C.‘ '
health Iglol:ual health - number 10

othercl_l component Banana |

[
.
if test dl call Car.Collidi ith otherC.lI component i |

set global to Cd— d—
health .global health - number 10

Next, introduce students to random-number generation by showing them
how to make the obstacles on the road appear in random (x,y) coordinate
locations using the random integer procedure to pick random values for x and y.

In the below blocks code, the Cow's x value is picked randomly from within the
range [0, 300] and the y value is picked randomly from the range [0, 400]:

call x c call from C_l number 0
random integer rJ
to '] number 300
Cow.MoveTo (", from [ number s
random integer

to 'l number 400

---------------------------------------------------------------------------------------------------------------------

. Extra Credit: If students finish early, have them attempt to complete this car

. obstacle-avoidance game by animating the obstacles such that they appear at the
. top of the screen, move from top to bottom, and then reset to the top of the screen !
. (at a random x location) and come down again. The students can accomplish this

. either manually using Clock components or automatically using the built-in

. ImageSprite properties of Interval, Speed, and Heading (the heading would be 270

. degrees if the objects are moving straight down). Note: If multiple obstacles are to

. be moved simultaneously but at different rates, one Clock component might be

. necessary for each obstacle.
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Project 6: Paper Prototyping

Ask students to brainstorm ideas for games they wish to create by the end of
the course (they should be shown examples of existing AppInventor / Android
games in order to get their creative juices flowing). Then take them through the
steps below.

Step 1: Draw, with pencil or pen, a prototype of the game you wish to create. If
the game will have multiple screens, draw out each of those screens.

Step 2: On top of the drawings for each screen, write down the names of the
Applnventor components you wish to use for each object in the game.
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Step 3: Write a brief description of the game on a piece of paper. Make the
description read-able and easily understandable, you will be sharing it with your
peers.

Step 4: Prototype-sharing and Feedback session. Each group or individual should
leave their paper prototypes and written description of the game on their table
and rotate one spot to the left, where the group can evaluate the neighbor's
game. The group should write down any feedback or suggestions they have on
the piece of paper that contains the Game Prototype / Description, and then all
groups should rotate another spot to the left. This continues until each group
has rotated through all tables and provided feedback to every other group.

For the rest of the day, students should work on their games in pairs or
individually. The Instructor should help groups on a 1-on-1 basis, teaching them
topics that they require for their games but haven't yet learned.
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Day 4:
Project 7: Fun with Animations

Begin the day by introducing the AnimatedSprite component, which may

prove very useful to the students in their games.
First, students should drag an AnimatedSprite component onto their screen.

Components

© || screent
B |24 Canvast

% AnimatedSprite1

Then, they should upload up to 5 images for the animated sprite component
using the Properties panel. These images should preferably be multiple frames of
the same animation, for example this one:

2R ERUNAR PSS

It is ok if they upload less than 5 pictures; the AnimatedSprite object will
automatically flip between the pictures that are uploaded. The students should
also set the PictureChangelnterval property to the amount of milliseconds they'd
like to wait between each picture change in the animation.
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As a last step, students should set the "SpriteAnimationEnabled" property to
"true" in their blocks code to start animating their sprite.

Picture
framel.jpg...

Picture2
frame2.jpg...

Picture3
frame3.jpg...

Picture4
None... “A‘hen Screeni.Initialize

Picture5

None... do set to d
PictureChangelnterval AnimatedSprite1.SpriteAnimationEnabled true
N

500

s

For the rest of the day, the students should work on their games as individuals
or pairs. Instructor should assist groups on a 1-on-1 basis, providing help where
necessary and teaching new topics that haven't yet been covered to the different
groups.

Day 5:

Because this is the final day of the course, students will (hopefully) be extremely
excited, energetic, and eager to work on their final projects. If there are any
specific topics that they should learn before the end of the course, the morning
would be the right time since by the evening the students will be busy making
last-minute changes to their games.

So, before asking the students to begin working on their projects for the day,
show them how to publish apps to Google Play (formerly known as Android
Market) so that the general public can download their apps from the internet to
their phone. The steps are outlined below.

Step 1: Click "Download to this Computer" from the designer view of the
ApplInventor site in order to generate an .apk file for your AppIlnventor project.

‘ Package for Phone
Show Barcode
Download to this Computer

Download to Connected Phone

=l
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Step 2: Then go to https://play.google.com/apps/publish /Home. If you are not

registered as a Google Play developer, you will need to pay a registration fee,
create a developer profile, and accept some agreements. After you've done that
(or if you're already a registered developer) you should see the Google Play
Developer Console. From this console, click the "Upload Application" button to
being the process.

Step 3: Upload your .apk file when prompted.

Required: Select your application’s APK

Optional: Add an expansion file
If your app exceeds the 50MB APK limit, you can add expansion files. Learn more

Add file

Close

Step 4: Provide other necessary information, e.g. the image icon to be used for
your Android application, and the screenshots that should show up when an
Android user tries to download your application from Google Play.

Screenshots Add a screenshot: Screenshots:
at least 2 armmm—Y ("upload ) 320 x 480, 480 x 800, 480 x 854,

1280 x 720, 1280 x 800

24 bit PNG or JPEG (no alpha)

Full bleed, no border in art

You may upload screenshots in landscape
orientation. The thumbnails will appear to
be rotated, but the actual images and
their orientations will be preserved.

High Resolution Application Add a hi-res application icon: High Resolution Application Icon:
lcon ( Browse... ) Upload 512x 512
Learn More] 32 bit PNG or JPEG
Maximum: 1024 KB
Promotional Graphic Add a promotional graphic: Promo Graphic:
optional (“Browse... ) ((upload ) 180w x 120h

24 bit PNG or JPEG (no alpha)
No border in art

Feature Graphic Add a feature graphic: Feature Graphic:
optional ( Browse... ) Upload 1024 x 500
Leamn More] D 24 bit PNG or JPEG (no alpha)
Will be downsized to mini or micro
Promotional Video Add a promotional video link: Promotional Video:
optional htp:// Enter YouTube URL
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Step 5: Click "Publish".
For the rest of the day, the students should work on finishing the games they
had started developing the previous day, and the instructor should work with

them on a one-on-one basis.

During the final hour of the course, the students should present their apps to
each other.
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Chapter 6

Future Plans and
Suggestions
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Suggested feature additions.

Chapter 3 identified limitations of AppInventor with respect to game
development capabilities, and Chapter 4 described a number of AppInventor
modifications that address them. However, there still remain ample opportunities
for improvement in AppInventor -- new components can be added and existing
ones can be modified so that AppInventor users may more easily develop
aesthetically pleasing and professional-looking games. Below is a list of App
Inventor modifications that the author believes would be most useful to add in
the near future, in addition to the modifications he has already made.

Collision Detection

Currently, collisions in AppInventor are detected by checking for an intersection
between the bounding rectangles of each ImageSprite. If the two bounding
rectangles collide, even if the two objects they encompass don't actually collide, a
collision will be detected, and this result would be inaccurate.

Collision Detected
No Collision

It is not hard to see from the figure above, that any game that depends on
collision detection between non-rectangular objects would soon be characterized
as 'unfair' or 'annoying' due to the errors the collision detection algorithm would
make at the corners of the two objects.

It is difficult as well as computationally intensive to do pixel-by-pixel collision
detection for all objects in motion in a game. Instead, it is better to take an
intermediate approach that performs polygon-based collision detection. In this
approach, the game developer would have the option of specifying the shape and
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size of a custom 'bounding polygon' (triangle, square, pentagon, hexagon, etc.),
and then this custom polygon would be used internally by AppInventor to
perform collision checks between objects that are in each others' vicinities.

The Android SDK does not provide a collision detection library or algorithm for
polygon bounding boxes, unfortunately, so this would need to be implemented
manually, using algorithms such as the Separating Axis Theorem.

ShapeSprite

Often in game development, there is a need for simple graphics that can be
comprised of shapes such as rectangles, ovals, lines, arcs, and polygons. When
such objects are needed, it may be better (in terms of game performance, size of
the generated .apk file, and overall look and feel) if the graphics are vector-based
instead of images that the developer needed to upload. Furthermore, from a
convenience and efficiency point of view, if a game developer wishes to create
objects that are simple rectangles, it is annoying to have to create an image of a
rectangle and then upload it to ApplInventor as an ImageSprite; it would be
faster to simply drag a Rectangle sprite onto the project layout.

So, the author proposes the addition of a ShapeSprite, which will be a
component that a developer can drag onto his/her project. The developer will
select the specific shape of this ShapeSprite from the right-hand-side Properties
panel, where a drop-down will be available to allow for selection between
Rectangle, Oval, Line, Arc, and Polygon. The chosen polygon shape will then be
added to the developer's app as a sprite object that is capable of moving within
the canvas, just like a Ball or ImageSprite.

ScrollingBackground

Game developers often rely on scrolling backgrounds to provide the illusion of
motion and progress in a game, yet in AppIlnventor, there is currently no
support for implementing this. A Canvas may take a fixed background image,
but there are no available properties for determining the offset of that
backgrounds image, so it is not possible to make that image scroll.

This can be accomplished in multiple ways in Android. One is to use translations
on the entire view -- this is convenient if all you're trying to do is a back-and-
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forth translation motion for the background, but if the goal is to loop the
background (which is a bitmap resource being drawn onto a canvas), then the
right way to implement this would be to keep decrementing the offset of the
background (so that it moves right-to-left) until it starts to go off screen, and
then to start drawing the same background image to fill in the gap left by the
first background image that has started going off-screen. So, the AppInventor
developer would only need to upload one background image, and specify two
additional properties: he/she would need to set the ScrollBackground property to
true, and set BackgroundScrollSpeed to a nonzero number representing the
number of pixels to scroll the background each interval. The direction of the
background's scrolling could then be set by choosing the sign of the scroll speed
to be negative or positive.

Below is an example of how to implement scrolling backgrounds using the
Android SDK:

// decrement the background offset
mBGFarMoveX = mBGFarMoveX - 1;

// calculate the wrap factor for matching image draw
int newFarX = mBackgroundImageFar.getWidth() - (-mBGFarMoveX);

// if we have scrolled all the way, reset to start
if (newFarX <= 0) {
mBGFarMoveX = 0;
// only need one draw
canvas.drawBitmap (mBackgroundImageFar, mBGFarMoveX, 0, null);
} else {
// need to draw original and wrap
canvas.drawBitmap (mBackgroundImageFar, mBGFarMoveX, 0, null);
canvas.drawBitmap (mBackgroundImageFar, newFarX, 0, null);
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Future plans and experiments.

Now that the author of this thesis has made modifications to AppInventor and
refinements to his Game Development curriculum, it is important to test
whether these changes actually enable students to make better-looking games or
to pick up game development concepts more quickly.

To this end, the author will be performing the following two experiments in the
near future:

Teaching in India:

In June - July 2012, the author will be personally conducting some Applnventor
game development courses for high-school students in Delhi and Bangalore using
his refined curriculum and the modified version of Applnventor. This will be an
excellent way to validate and confirm whether the modifications and refinements
make any impact on the students' learning and on the quality of their games.
Each course will be 40-hours long and will be taught over 1 week (8 hrs / day).

Teaching in China:

The author will be traveling to China with a group of other MIT students in
August 2012. There, he will lead the instruction of an AppInventor-based
Entrepreneurship course, the goal of which would be to empower students to
build Android apps that address problems in the students' community.
Although the focus of this course will not be on Game Development, the author
will use game development to initially get the students excited about using
AppInventor and building android apps.

It will be interesting to see if the flashcards developed by the author, as well as
the Media Library, aid students in learning AppInventor more quickly and
designing aesthetically pleasing apps more efficiently.

While teaching these courses in June - August 2011, the author will continue to
work with the Center for Mobile Learning at MIT to ensure that other students
familiar with Applnventor are also traveling to communities around the world to
teach Applnventor, making use of the resources developed by the author as a
part of this thesis (e.g. the curriculum, flashcards, and media library).
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Chapter 7

Contributions and
References
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Contributions

= Identified and articulated the relevance and importance of Game
Development to educational tools such as Applnventor.

= Identified existing and missing features for Game Development in
ApplInventor based on first-hand teaching experiences in India and
Boston.

=  Developed two iterations of a hands-on curriculum for a 40-hour 1-week
ApplInventor course on Game Development.

= Compiled a Media Library, consisting of images and audio, to be provided
to students attempting to build games with AppInventor.

= C(Created a set of 20 Flash Cards of AppInventor game development
fundamentals, to be used by anybody learning AppInventor.

* Added AnimatedSprite and ProximitySensor components and

implemented modifications to Canvas and sprite components enabling
more precise touch-handling and Fling gesture detection.
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