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Talk Road Map

Blocks demo: MIT App Inventor (Al)
Democratizing programming with blocks

Lowering barriers with blocks
« Syntax

« Static semantics

« Dynamic semantics

 Pragmatics

Challenges in blocks programming

« Usability

« Thinking outside the blocks

« Perception: blocks programming not “real”
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Simple App Inventor Example

Designer Window

[ Screenl v I Add Screen ... [ Remove Screen _

Viewer

(_IDisplay hidden components in Viewer

Screenl

Talk

Non-visible components
- .
TextToSpeechl SpeechRecognizerl

Blocks Editor

do :ml peechRecognizer1 ~ el 3=

.- N SpeechRecognizer1 ~ I\ CHet s

result.

do | call QCAEE RS -Speak

gl Butiont - Y Text - I

[ result -

Android Device

Screenl

Welcome to App Inventor




Example: Raffle App In App Inventor

http://ai2.appinventor.mit.edu

Designer Window

Blocks Editor

initialize global to [ |o| create empty list

when -MessageReceived

do (o additemstolist list  get

do set "PhoneCall1 ~ ¥ PhoneNumber ~ BB - -« - | (8@ 1 global numbers ~
call (HELEPEED .MakePhoneCall
S,

Non-visible components

PhoneCalll Textingl

____________________________________________________

To enter the raffle,
‘text me now with
‘an empty message:
' 339-225-0287
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Papert on Constructionism

"The word constructionism is a mnemonic
for two aspects of the theory of science
education underlying this project ... learning
is most effective when part of an activity
the learner experiences as constructing is
a meaningful product.” Constructionism: A
New Opportunity for Elementary Science
Education (bolding mine)




Maker Movement

“You can innovate as a hobby. Imagine 'I T I
that: a nation of innovation hobbyists O fuces ron innovarion

working to make their lives more m:
meaningful and the world a better place.

Welcome to the maker revolution.” MJ_@ KER
— Mark Hatch, The Maker Movement MOVEMENT
Manifesto: Rules for Innovation in the New MANIFESTO
World of Crafters, Hackers, and Tinkerers | —— |
(bolding mine) SRR

éecite



Democratizing Programming

INTERACTIVE DESIGN

“What we need is a means of
democratizing programming, of taking
it out of the soulless hands of the
programmers and putting it into the
hands of a wider range of talents.”
Chris Crawford,

The Art of Interactive Design
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Democratizing Programming

“Digital fluency” should mean designing,
creating, and remixing, not just browsing,
chatting, and interacting.

BY MITCHEL RESNICK, JOHN MALONEY, ANDRES MONROY-
HERNANDEZ, NATALIE RUSK, EVELYN EASTMOND,

KAREN BRENNAN, AMON MILLNER, ERIC ROSENBAUM,
JAY SILVER, BRIAN SILVERMAN, AND YASMIN KAFAI

Scratch:

Programming
for All

CACM, Nov. 2009
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Democratizing Programming

MIT App Inventor mission statement:

The MIT App Inventor project seeksto ¢ MIT
democratize software development by

empowering all people, especially

young people, to transition from being

consumers of technology to becoming

creators of mobile technology.

12



u1] @l & 12:33PM
No Text While Driving
e text below wall be sent In resgonse to all

teats whele this app Is running.
rm drmng right now, I'Hl contact you short?)l

; Mcdify Response

when Mmageﬁeoewod

setm wi <4 number -

set . to o I'm driving now. I'll text you later.

call m .SendMessage
N TextToSpeechi « BT ETS
message | (o] join | * AN ”

L4 number -
j. The message says Jy
) messageText -

Daniel Finnegan, English Major, developed the app
in Dave Wolber’s USF course CS017: Computing,
Mobile Apps, and the Web

Clive Thompson on .Codlng for the Masses

g,::.,.-T - ) oo Wired Decerber 2090

Mow do you siop poopio from jeating while drivng?
Last spring. Dane! Fnrogan had an idoa. Mo
raiized that one of the reasons people type
messages while they're In he car is that ey dont
wart 10 be rude-hey want 0 respond quickly 5o
fiends dont ik they're being ignored

S0 what if the phone knew you were driving—and
sesponded on s own?

Nossglly, Firnegas woudn 1 have Been able 10 do
AryTng with s fseghl. He wias & Cealivi-ariting
mragcr 1 he Ushwenisty of San Francico, sol 8 programemes. Bul he'd aorcled in 8 Cass whens students
ware leaming 10 wa Googe's ACp Imvenion, & 1008 Tt maskass i praflty sasy 10 hack logeher srmpe
spphcatons or Androkd phones by #1ing 2its of code logether Tes Lego brcks
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App To Track Feral Hogs

Alabama’s Lawrence County High
School students used App
Inventor to build an app that
tracks feral hogs, which were
causing economic damage to
their community. Their app won a
prize of S100K in technology for
Samsung’s 2012 Solve for
Tomorrow contest.

http://www.forbes.com/sites/samsung/2013/11/25/high-school-students-
battle-wild-hogs-with-stem-solutions/
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Trash & Graffiti Cleanup App

’p"
“-'
Tagged locations
y p 3 | Black = Cleanup Event Scheduled,
- 2 v . \ 1 Grey = Tagged Location Needing Cleanu)
/ & % - -
; o -3 hr e
T - - . ; . “w Ty
> S ’ 2 < : 2
5 - 1 “l 7 :

- ]','JJ Lq'i[

-~
Tl
v Welcome to Tag t!

Currently anqodi.oca!_ionl

Choose a location for more
details.

East Palo Alto girls created an app to tag the
location of trash and create an event for
cleaning it up. This app ranked highly in the
Technovation Challenge competition.

http://appinventor.mit.edu/explore/stories/east-

palo-alto-qgirls-create-app-clean-graffiti-trash.html P — . 15



Commodity Tracker App for Haiti

b % ull B 9:16 & ull @ 11:16

-DI & voca

English

Cayes- Jacmel

Millet (Small)

Price (Gds/Marmite):

Francais

Additional Notes:

New vendor.

Save Data

Show Stored Data

LUNION FAIT LA FORCE

"Cayes- Jacmel,","Locale 1,","Millet (Small),","2.50,",
"Bought last week.","Jul 28,2011 11:15:35 AM"

| Go Back |

Developed using App Inventor as part of Trinity College’s
Humanitarian Free and Open Source Software (HFOSS) project.

http://notes.hfoss.org/index.php/Haiti Commodity Collector
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App to Destroy Mines Safely

Chris Metzger, United States Marine
Corps Staff Sergeant, used App
Inventor to create an app that helps
other Marines destroy weaponry
captured in the field. It calculates the
amount of explosives necessary to
safely destroy captured ammunition
and mines.

http://appinventor.mit.edu/explore/stories/united-
states-marines-use-app-inventor-field.html

17



Marriage Proposal App

Dl ® 1:50m D@ 1:51 D@ 1:51

Question 4

In The Half-Blood Price, who is the
Nz~ new Minister of Magic?

|
4

Hodgson didn't know how to develop an Android app. ... "How the heck was |
going to build this thing?" he recalls thinking. "I tried a couple of other rapid
development tools, but they really had too much of a learning curve to let me do
it in the time-frame | had in mind." That is, until a friend recommended App
Inventor, a tool for amateur Android devs created by Google Labs. "It allowed
me, with no java knowledge, to quickly get this thing whipped up," Hodgson says.

http://www.fastcompany.com/1754193/google-love-story-man-builds-android-app-propose-girlfriend
18




Clay Shirky on Situated Software vs. Web School (2004)

Target small population

* NYU ITP Teachers on the Run
vs. RateMyProfessors.com
e scaling issues unimportant
* simple hardwired data vs. scalable databases
e software for your mom

HERE COMES
Leverage small groups EVERYBODY

CLAY SHIRKY

* local knowledge
* trust of other users
* publicly shame deadbeats in group purchase apps

http://shirky.com/writings/herecomeseverybody/situated software.html

19



TurtleBlocks

TurtleBlocks program turtle drawing

run once

B
repeat forward  distance 4200

| N o
left degs 4 144

cardstock acrylic drawing boundary



TurtleBlocks Artifacts

9 g.ﬂ X
.




PictureBlocks: Sketching & Engraving

resulting picture

user sketch

print from engraving "~ wood engraving
22



PictureBlocks: Engraving + Cutting

\BAB\ B\ P91 919
AR\ B B S 9 1§
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PictureBlocks Artifacts
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Madeup: 3D Modeling with Blocks

Chris Johnson, University of Wisconsin
Peter Bui, Notre Dame

Vaw - Ji 90

moveto x | K}

degrees ‘ 270
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Scratch

multi-media programs, animations, and games

7.3M registered users

10.5M projects shared

55.5M comments posted

160K monthly active project creators

> o v,
-
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App Inventor Usage is Growing

3.3 million registered users
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Age Distribution: Scratch vs. App Inventor

Age Distribution of New Scratchers

700,000

600,000

500,000

400,000

Number of users

300,000
200,000

100,000

0 -.II

|| ‘||"|IIIIIII|||IIIIIIII
13 23 33

Distribution of respondents by age

15,000

10,0007

Count

5,000

[ 1=

T T T T T T T T T
Under 18 18to24 25to34 35to44 45t054 55to64 ©65to74 75 orolder None given

What is your age
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Blockly

Many blocks-based activities. Basis for early Code.org challenges.
Many other blocks environments, including App Inventor,

are based on Blockly.

Blockly > Demos > Maze

Maze
Control not | wall
Logic

1= while
do | move

[l left |

29



And many more ...

| Snap' Snap!: Scratch for Scheme, Beauty and Joy of Computing curriculum
~_ 1= (Harvey, Monig, Garcia @ Berkeley)

StarLogo Nova: multi-agent simulations (Wendel et al @ MIT)

Q )
Aﬂﬂ@@ .j} Alice: 3D storytelling and gaming environment (CMU)

BlockPy: Blocks-based version of Python for teaching data science
(Bart, Tilevitch, Shaffer, Kafura @ Virginia Tech)

BlockPy Data Explorer
Plot the forecasted temperatures of Miami in Celsius. You'll need to use the "create empty list" and "append" blocks Step: 28 0f 28 (Line: Last)
to create a new list of Celsius temperatures from the forecasted temperatures in Blacksburg. and then plot these
new temperatures against the old ones. M«(First 4(Back Next W Last
Feedback:
m I Text | == wide OUndo | CRedo < Reset W Clear = Align Printer
Temperatures in Miami
5 - ) 28
Properties set = |, (3 create empty list
:Z:eCItslons for each item ([ in list [ get forecasted temperatures in 26
eration T - =
- CORIESY celsius - B 1 1
Functions (t- ) - -} ‘ & ‘ 24
Calculation . :
Python appendiem  (ETD | ol | 2
Output . =
lot line 20
Values p'?t . e
Lists = G ER TS Temperatures in Miami £22
Dictionaries Loaded Modules: weather, matplotlib.pyplot
Data - Weather Trace Table
Data - Stock Property Type Value
Data - Earthquakes i i
Data - Crime celsius_temperatures  List [28, 23, 19, 28, 24, 28, 25, 28,
24, 28
Data - Books !
t Integer 88
celsius Integer 28

30



Code.org

An Hour of Code for every

'g' ‘!

H O U r NS T i -.-445 student.
.“- Computer ience is a foundation for
Of CO d e ! - ery student.

What Is the Hour of Code?

o Dec. 2013:

<~ 26M participants spend an hour programming in one of ~24
programming environments

< 74% of these use one of the 5 blocks languages
« Code.org exercises based on Blockly
« Scratch
* App Inventor
« Tynker
« Hopscotch

o Dec. 2014 and beyond: claim > 100M participants total

31



Talk Road Map

o Blocks demo: MIT App Inventor (Al)
o Democratizing programming with blocks

o Lowering barriers with blocks
« Syntax
« Static semantics
 Dynamic semantics

 Pragmatics

o Challenges in blocks programming
« Usability
« Thinking outside the blocks

« Perception: blocks programming not “real”

32



Blocks Represent Abstract Syntax Trees (ASTs)

1= NextSlideButton « ~# ([ <
10 T global slideindex ~ L=~ L .- 1 B giobal slideList -
then :et global slideindex ~ R0R1 1

"hs" set !Jk)h”il&“hd‘;"1‘jﬁ”"' to Q)En: elt)tui|=slkj""1(jen‘ v + 'ﬂ'

N—

-~ 8 Image1 ~ M Picture ~ R | select listitem list « - ¢ global slideList ~
[ B - 8 global slideindex ~

S—

event
NextSlideButton Click

W\

setorop

rand1 rhs. index

name name

index IE'EI

name
index index 1 33




Blocks Represent Abstract Syntax Trees (ASTs)

eventHandlerDeclaration

event
NextSlideButton Click 5€q
Stml 5[‘/772
if setprop
test e/Se (\6“" bo
%
/then Comm
equals assign assign Imagel Picture | listref
randl/\andz Ihs /\rhs /hs/\hs list/\ndex
varref length index | intlit index plus varref | | varref
name ‘ randy\randZ name name
index varref 1 varref in'glit pics index
name name ‘

index index 1



Blocks Languages in the Visual Languages Space

Visual Languages

DataFlow Languages
(LabView, ProGraph,
Show And Tell, DataVis,
VPL, VisaVis, ...)

Blocks Programming Languages

(Scratch, Snap!, Blockly,

App Inventor, PencilCode,
StarLogo TNG/Nova,
Alice/Looking Glass,
Catrobat/PocketCode, ...)




BLOX (Glinert, 1986)

BEGIN
U——ﬂ
$1

T

9}
WHILE
L2

IF
THEN gnor “é ELSE

DO

U

S8
[}

S2

O END

S3 \ )

36



LogoBlocks (Begel, 1996)

=@ Wall Avoider ETE

DEFinE|

0.,
off
s -




Alice (Pausch et al., 2001)

la Alice (2.0 04/05/2005) - E:\stutﬁﬂp‘urgathofer\lIicei\AIice\Required\exampIeWorlds\lakeSkater.'aZw o=
File Edit Tools Help

Events I create new event I

= world

L While Spacz| s pressed
ThnLece 2
Begin: lceSkater.go wireframe —

During: <None> —
End: ‘lceSkater.go solid —

# When the world starts, do “World.my first animation —

World.my first animation No parameters | create new parameter |
jEmpeiiEss] methods al No variables I create new variable I
“skate howManySteps
“spin
blinkEyes :
 setBlink shouldBlink  Wait 1 second -
“lookAndwink §§§ Camera — set point of viewto <None> —  point of view of = Camera.PointOfView — more...
“simpleSpin ‘=] Do together

ircleAround whichOhject i IceSkater —  turn left — 0.45 revolutions —  more...

Wait 1 second —

 Camera — set point of viewto <None> — point of view of = Camera.PointOf\iew? —  duration =2 seconds —  more... —

“skateBackwards howManySteps IceSkater — setpose IceSkater.pose ~ more...

R IceSkater.skate howManySteps =1 —
“:go wireframe
L IceSkater.simpleSpin
“go solid -m
i 4f hackwards and jump

create new method
[~ Do together

E;ElceSkater.skateBackwards howlfanySteps =2 —

“ IceSkater  move

Do in order| ‘Do together ‘IffElse ‘Loop :While :Forallinorder :Foralltogether  Wait : print

38



PicoBlocks (Bonta, Silverman, et al., 2006)

39



PicoBlocks Passes the “Lucite Test”

40



Languages with Physical Blocks

Robot Park (Horn, Solovey, Tangible Kindergarten
& Jacob, 2007) (Bers and Horn, 2009)




PicoBlocks Text/Extension Language

%) PicoBlocks: Untitled QE

New Open Save Saveas

to chirp-twice
setlight chirp | Procedure Area

!
— wait 3 Define new words here
setlight ehirp
power end

light to chirps :num
oft repeat :num [chirp wait 3]
end

display

Click here to switch back
and forth between the
Text and the Blocks
Workspaces

Command Center
Type commands here and
then press Enter




8 3 RshChomg- Scranch

Scratch (Resnick et al., 2007)

unroil g il D File Edit Share Help

Control

Sunsing

n humgry fish

o
B scot Vi r

ntee 0 wtege
turs v m dJegrees
twrn & (B degrees

pomt in drection E0R

pomt tom ods

g0 to = av m

90 to

ghde a sece to x: o v

change x by m
et x to o
change y by m

ccty!no

It on adge, bounce

I % pesition
N v pesitan

N deedction

.

when dicked

switch to costume

forever ¥ distance to
point towards

move 0 stups

when | recelve oot me |

play wound
repeat B)
switch to coetume

wat 0B secs
switch to costume

-

Click the green Mag.
Move Lhe mouse 10 oat
the small Nixh




Scratch (Resnick et al., 2007)

when clicked

think for ) secs

repeat until  length of Is_open =0

delete of Is_open
T —

r&)eat n

' add [l to Is_open
T
-

LT Ml Processing the doors... B 2 =S
set pass |to
rt;)eat n

set door |to pass
= J
repeat until door > n

replace item ' door of Is_open |with item door of Is_open
>

change door |by pass
" —

’
change pass |by

- =

Gl 3 Printing resuits... BETN 2 FEEES

set pass |to

r&)eat n

set door |to pass
= .

if item ' door of Is_open

say joinm join door m for esecs
T —

b
change pass |by
o =

+ Bl mode

44



StarLogo TNG (Roque, Wendel, et al., 2007)

StarLogo TNG: StarLogoBlocks - *runaway bunny M. StarLogo TNG: Spaceland - *runaway bunny

4 Factory D Edit'Breeds Search bloc Aetial Agent Eye Agent View Reset Can
My Blocks

Setup and Run

Movement

setiree/Density,

Globals
setWind

e Level 1 F]obals /6_

TlEk |:n:\cBuchve e!qulR " : - b \' .
Flobals a3 E - U \ A ~

setiPercent'Sickilrees
Other'Agents
Globals’

setiSeconds delay/betweeniRandomIEires

e ——
Procedure ‘—

Variables

st

Globa[s F )

setiTree Density. =4 -

Globals ‘ o o
Setwind) 1

Level 2 Globals o Edit Terrain
setiPercent'Sickilrees :

Floba[s e . evel 0 parameters set FPS: 1.7 VYMPS: 1.8

setiSeconds delay/betweeniRandomIEires

Number of Animals with Bunny : 6.0 Wind : 40.0 Level 0

lobals /—‘ .
ﬂet TreeDensity, AN Number of Animals Alive : 7.0 % Sick Trees :25.0 Level 1

Tree Density : 500.0 Tevel2
GI bal — Level 2
setiPercent'Sickilrees =

 Different plug shapes for different expression types: number, boolean,
string, list

« Source of the OpenBlocks Java-based blocks framework 45



BYOB/Snap! (Harvey, Moenig, C
et al., starting 2008)

| e —
| €& C M [ snap.berkeley.edu/snapsource/snap.html# ks Y 9 © = |

~

ASNS ] & it HBCU_Lab2

—— = ¢ [Spre |
o D

Looks Sensing °

Sound

Operators —
Pen Variables

ﬁm@m
m-:@‘Bm
ﬁmb@m

56t cons |ta tist £ £ {0 @

[ T ——— ) I

- b ( count-change coins &P
point towards [ hide ‘
‘ | set size to € %
go to x €D v: © | clear

s g ce

. 90 to x: @ y: €D
dﬂﬂeﬂﬂbnowa ‘“m.nmm

: ‘ down
change x by §) -

‘ set pen color to
set x to &P draw [[i] tree with branch [ [

change y by &) C
. pen up
set y to D

Iion.dpq,bunu

M x position

W 'y position
[ (direction

46



9

BYOB/Snap! Have First-class Functions ]0
\\e

map @ x €& over (L @OH

map| num x @ Inputnames: num over (2O 1

47



App Inventor Classic (Abelson et al., 2009)

Lotto - Screen1 Saved New emulator

4
Built-In 0 Advancad !

My Definitions

o L
nums fom
e

btnPick

btnResst

HorizontalArrangement1

HorizontalArrangement2

See all your apps

Imagel

Labell

Label2

Label3

Labeld

Label5

Label6

Label7

LabelB

Label9

Screenl

TableArrangament1

- c - = I i

-t to c‘ c S q EES] I replace list item raplacemant

48



App Inventor Classic Blocks

global ener s number 0 100

then-do ifel - I
e . g """ touchedSprite I

then-do

..s..uo=.1._-l qnumbll 10 ||

if test

test

global ener <= number 0

49



Blockly : Maze

L

1

Blockly (Fraser, 2012)

2 3 4 5 6 7 8 9 10 English

repeat until

ol Repeat the enclosed actons urtd frish point

is reached.

, do

You have 4 blocks left.

¥

» Run Program

50



Blockly Mutators

(L8 Game Over [

int
Gy
else if

ZOR SRS Count - ][>~
do [ set (LIRS to [0

<% Game Over -



Back to Al: Al Syntax: Expressions

C-e"
ol




Al Syntax: Statements

1 Cameral » BE:LGly(s 1]

olor ~ K

o add items to list list
item

insert list item list
index
item

foreach [ ) in list

53



Al Syntax: Top Level Declarations

initialize global (=7, when AfterPicture

result

when =M1 Click
do

54



Al Syntax: Local Variable Declarations

(o) initialize local {,='y -} to

o) initialize local -1} to

) to afbfc
result [ (o) initialize local ([ 1) to 0 - et
initialize local [ - - -] to

initialize local [\, Jto | (o

in | (o) make a list

55



Al Syntax:

Performing actions before returning value

56



Al Syntax: All Together Now

initialize global [~ ") to | E)
)Y sumScaledEiements J eits.

result | | o initialize local [ ] to | [

N do fbreach[:]inlist get CL5R9
do | set EuRdto | '° get ENUES

+ ®

X get 83

57



Drop-Downs Reduce Errors & Viscosity

"1 -1l DotsCanvas ~ L1+ * Dotsz Eanvas - l Paiﬁ Sdor - I

C] CometsCanvas CometsCanvas
¥ DotsCanvas | Y DotsCanvas

j O{ DotsCanvas ~ l PaintColor ~ I
CometsCanvas BackgroundColor
¥ DotsCanvas Backgroundimage

FontSize
Height
LineWidth
¥ PaintColor
Visible
Width
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Name Scoping in Al

* Globals are in a separate namespace

* Indentation visually highlights area of name scope

* Drop-downs list only names in scope.

* |nner names can shadow outer ones

 Changing declared names automatically consistently changes all references

initialize global [~ ") to | E)

result | | o initialize local [ to | [

" ' do [foreach(  Jinlist get CTED
do | set kD to | o

+

elt
elts
Y sum

global scale
elts
¥ sum
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Handling Unbound Names

ol tofd I ol ol
resut || got 52 Jll gl resut

}

o 0 R 0

}

o 0RO
st~ D - )
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What About Types?

App Inventor is dynamically typed, so there’s only one plug shape:

initialize global | jto [ (o) make a list

then | for each (Jfrom | §) | to | get KD | bY ' D

do 15‘, add items to list list + - global values ~
item | get Ei&J
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Simple “Soft” Static Type Checking

Type errors at block connection time are prohibited by “repulsion”
o

Dynamic type errors can be hidden by variables:

um”

initialize global (- Jto = “ [~

a S5 global s -
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Distinguishing Void and Fruitful Procedures

call

amount

O Y average Wz o

result

Python function gotcha (o) to O
>>> def square (X): do ‘ evaluate but ignore result . o
X * X .

>>> gquare(5)
>>>
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mver ] €@ CERY

poolean{ (EEND @EN (C EEN )
L [

string

Connector Shapes in PictureBlocks

(Similar to types-as-shapes in StarLogo TNG)

color ~{ ST

picture —

— -
-
p- wedge color
OEEEEEEEE——
p- Load picname

A

clockwise

angle pic

pic pic

fourPics

pic

pic



polymorphic
plug

Polymorphism in PictureBlocks

_{

_ | polymorphic
sockets m

test

choose  then

else

not choose

66



pushRight: Complete Declaration and Call

return = s
pushRight then % empty
chooSe  else .

beside Pic
pushRight

4
pushRight

p - diamond color Red
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Type Blocks

Marie Vasek ‘12

Wellesley

£

listof intllistof (listof string)

int * string

bool -> string
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Type Blocks: More Examples

P,

(listof string) * boolean

P

boolean * (string -> listof number) (boolean * string) -> (listof number)

listof (string * boolean)
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Type Blocks: Lists




Type Blocks:
ML Style Universal Polymorphism

T -
T ety [

”-T
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List Mapping

Python: | >>>nums =[5, 2, 17, 8]

>>> map(lambda x:|x*2, nums)
[10, 4, 34, 16]

App Inventor doesn’t have first-class functions, but can finesse mapping:

initialize global [ " "Jto | o/ makealist £}

B UG A e I ] global nums ¥
mappingeach . |to

RN ] item ~



Experimental Higher-Order
List Operators in Al

o | make new list from
mapping each [ to

Soojin Kim “15
Wellesley

o | make new filtered list from
I ing each [ ing o make new sorted list from

using key called on each |

reduce list
starting with initialAnswer o] make new sorted list from

by combining [ and by comparing every and
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result

Loop-based List Processing
0¥ getTotalProfit

initialize local 'to ~ | create empty list

0| initialize local (FE G ETE T to I | O | create empty list
in ] | initialize localf i ElZ 8 to | 1)

do | foreach f G Jinlist | get FILEINIE KRS
do if is a number? | get [ELE

in

then [ | add items to list list | get (1CTTIHTED

item | get (TN

L —

for each [ 0 SR filteredList -

do | 0 add items to list list | get (REGEGCRS

e G item

~

=N tem 0 L SIBGTE ListofDailyProfits

LB RS TotalProft - LB TotalProfit - I

~
S

TSPy TotalProt -

0Ly item +
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List Processing With
Higher-Order Operators

reduce list make new list from make new filtered list from =4 global originalList ~
keeping each [ -] passing
test isanumber? | get [E1LES

mappingeach( -] to
J el T < |8

starting with initialAnswer

by combining [ and
| get (TR +
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Nondestructive vs. Destructive List Ops In Python

>>> elts = [19, True, "foo", 23, "bar", 17, False]

>>> elts.sorted()
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
AttributeError: 'list' object has no attribute
'sorted’

>>> sorted(elts)
[False, True, 17, 19, 23, 'bar’, 'foo']

>>> elts
[19, True, 'foo', 23, 'bar’, 17, False]

>>> elts.sort()

>>> elts
[False, True, 17, 19, 23, 'bar’, 'foo']
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Nondestructive vs. Destructive
Sorting In Al

§) changes existing list
() makes new list

> make new sorted list from “

{J changes existing list
) makes new list

o sort existing list “
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Other Nondestructive vs. Destructive
List Ops In Al

# changes existing list
) makes new list
" |5 make new filtered list from

mapping each () to “ —

o | make new list from

0 changes existing list
@ makes new list

o | change existing list

. . |o! change existing list
mapping each “ mapping each to ’
al
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Stepping in PencilCode, early Scratch

1

2

3 for [j1..j_5]J|
4

5

fd v 100

|_1t v 144

p—

J
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Variable Display in Scratch

GEERIE © Filev Edtv Tips  About L+ O
! |Untitled k Scripts Costumes Sounds
v‘-“.fa | ~ [ Moti J events
. otion ven
] Looks  control
nums I Sound I Sensing
1 _ IPen IOperators
> TN [ vore Books
3 .

Make a Variable

- D

change steps by @

hide variable steps

Make a List
e rums J
X: 177 Y. -34 4
) . add [ ¢
Sprites New sprite: Q / H’ (O]

o) delete €89 of nums

T insert [OIEY] at €89 of nums

replace item §§J of nums  with ||

o
item of nums
a/an

 length of rum: )
20




App Inventor: Dolt

Simple form of interactivity/liveness found in many blocks environments
(as well as interpreter text-based languages).

e - i hd ‘
Ball1 Radius C 10 Do It Result: 42

Duplicate -==

Add Comment

Inline Inputs

Collapse Block e
Disable Block =AY
Delete 2 Blocks

Help
Generate Yail

Do It |
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Better Debugging: Watch

Johanna
Okerlund ‘14
Wellesley

Emery Gerndt
Otopalik ‘16
Wellesley
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Better Error Handling

Currently, Al error window covers blocks and
does not pinpoint block causing error:

Viewer

Runtime Error

The operation + cannot accept the arguments: asdf 0
Note: You will not see another error reported for 5
seconds.

Soon, the error will appear on the block causing the error:
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Better Error Handling

Error messages can appear on multiple blocks until the
errors are fixed:

Viewer

| “select list tem list
index )

A5 A3 @
I Show Wamings I
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Al Live Development Architecture

App Inventor server Build server

YAIL to JVM
compiler

KALWA

YAIL
interpreter
in Al2

incremental YAIL

Companion

e 9
L retvals

App Inventor environment

on web browser Android device
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YAIL Example

;5 Screenl
(do-after-form-creation
(set-and-coerce-property! 'Screenl 'Title
"Screenl" 'text))

;;; Canvasl
(add-component Screenl Canvas Canvasl
(set-and-coerce-property! 'Canvasl 'BackgroundColor
#xFFOOFFFF 'number)
(set-and-coerce-property! 'Canvasl 'Width 200 'number)
(set-and-coerce-property! 'Canvasl 'Height 300 'number))

;;; Balll

(add-component Canvas1 Ball Balll
(set-and-coerce-property! 'Balll 'X 46 'number)
(set-and-coerce-property! 'Ball1'Y 27 'number))

(define-event Balll Flung (Sx Sy Sspeed Sheading
Sxvel Syvel)
(set-this-form)
(set-and-coerce-property! 'Balll 'Speed
(lexical-value Sspeed)
'number)
(set-and-coerce-property! 'Balll 'Heading
(lexical-value Sheading)
'number))
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Two-way WiFi communication via HTTP

App Inventor Browser

web server on
App Inventor Companion

I —

- YAIL1
W\- Run YAIL1
ok TT——— |
[ \ :
- watchval1
YAIL2 (watchvalil 5
- watchval2
‘/K —Pt i - -
— © - screenchangeval
[ 5
any valyes? y errorval

[watchvalZ, screé

enchangeval, error

al

Queue YAIL2

Run YAIL2
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Usability: Big Programs are Hard to Understand

r__Eib_._:_.__E

__'E__k_s__
i il

i
Kk ddiiildl

bk

w_
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HURREEY

LAEE
-

o RS B GetVikee
%)
vaksel' T aghcl There

UL SavedTalksListPicker « 251520 005

RN SavedTalksListPicker ~ I Elements ~ 1 BB shortAbstracts ToStringList «

if Is a list? thing [ 8 ListToTest ~ |
then =8 ListToTest ~

creale empty list

initialize global ‘ create empty list

shortAbstractsList = get [FTE

] lalize global o

Cece Tsui ’18

Wellesley
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Usability: Organizing 2D
Blocks Workspaces

Shirley X. Lu ’15 Devid Farinelli 16
Wellesley U. of Bologna

Folders in App Inventor (under development)
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Usability: Reusing & Sharing Blocks Programs

Backpack in Scratch and App Inventor

& - C ft [) ai2.appinventor.mit.edu/#4983356446474240

w® v 9 O =

MIT App Inventor 2 Projects Connect Build Help Admin My_ Gallery Guide ::pon English fturbak@wellesley.edu
b Beta - - - - B Projects e -
Newslideshw Screenl + I Add Screen ... I Remove Screen

Blocks Viewer
2 Built-in
B control DR 1 showPic [ picnum |
B oge LY indexBox - W Text - LRI picnum -
= - . \&
B vath set ELEED - (EEVCED to I selectlistitem list | get L ENNUICERE —
M Text -
M Lists
S ] .
M colors initialize global (*501--) to [ (| make a list
M variables
(] Procedures
7 screent
Any component

Rename  Delete

call picnum ®

IndexBox - I Text -

+
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Usability: Droplet’s Isomorphic Blocks/Text Conversion

Used in PencilCode and Code.org’s ApplLab JavaScript curriculum

W

onEvent (v "dropdownl®™, v “change®,

getText (v "dropdownl”) MM "Lady Gaga®

setiImageURL(v "id", v "http://code.org/images/logo.png™) :J

setimageURL(v "id", v *http://code.org/images/logo.png®) :J

)

/. 1- onEvent(“dropdownl”, "change”, function(event) ({
2 Aif (getText("dropdownl”)=~"Lady Gaga“") {

3 setImageURL("id", "http://code.org/images/logo.png”);
4

5« )} else {

6 rotmqouu.(‘id‘, “htetp://code.org/images/logo.png”);
7

8 }

9 )

10
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Experimental Conversion Between Blocks and Text

when .Click
do set [EI '

| —

| “Karishma
Chadha ‘14
Wellesley

when Click
do

S—

Lo o) (when Button1.Click do: [set Label1.Text to: {{get global num} + {1}}])
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Usability: Greenfoot’s Frame-based Editing

Sorts the given array, in place

public void bubbleSort(int[] vals)

var boolean swapped = true
int n =vals.length

“while (swapped )

swapped = false

for each(var inti:1 .. n-1)
if (vals[i] <vals[i-1])
var int t = vals][i]
vals[i] = vals[i- 1]
vals[i-1] =t

- swapped = true
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Analyzing App

Vs
&
(O
| -
o]0
O
| -
(W
| -
O
)
C
Q
>
-

Shan Lu ‘20

Maja
Svanberg ‘18

Mustafaraj

Hierarchical Clustering for 65 projects, of which, 7 are known tutorials
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New Project: Collaborative Blocks Programming

Summer Project:
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Thinking Outside the Blocks: Abstraction

Ty Canvasi - "

x y speed heading xvel yvel flungSprite

1 el - WHeading - LRG| heading -
X 52l - Y Speed - LR | speed -

when [CEE .EdgeReached

~edge.

do call [:E1[E3 .Bounce
edge

S
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Thinking Outside the Blocks: Abstraction

What does this code do?

when QG ERS MessageReceived

‘number  messageText
do set QISSEIICED - LR number ~
-2 TextSMS ~ | Message 2y I'm driving now. I'l text you later. J¢
CEUE TextSMS ~ .SendMessage
call Speak
message | (o] join | *LEIASSECILN "
+ |4 number ~
3| The message says &
« [ { messageText ~
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Thinking Outside the Blocks: Abstraction

onEvent ( v "myCanvas", ¥ "mousedown",
Y

App Lab/

Droplet

-t

onEvent (v "clearButton", v¥"click",

when .TouchDown
© 0

- KT8 Canvas1 ~ M PaintColor ~ B

App call [*EIZEES DrawCircle
Inventor Lo
centerY

radius

ll
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Thinking Outside the Blocks: Community

LOOKING/GIass

Story Parts Users Help

[ [2[2[3]4]5]s]

owl baby

fgfgfgfg

Posted by fish123 on Oct 14, 2015
(15 Views O Likes O Remixes )
Made from the template owl baby

Bully is stupid

hhj

Posted by D3nizz on Sep 18, 2015
(48 Views O Likes O Remixes )

Dragons

The dragons want to eat something.
Posted by goldfishboy on Aug 14, 2015
(100 Views O Likes O Remixes )

GFPRME Create  Explore

What the Community is Remixing

= &

add your own face on a..
by pEMguin by pokemondlife55
® 245 @ 145

What the Community is Loving

® Boeing 777 ®

Discuss About Help

.:Watch Me Whip:. CC

e ek B

Pokemon in a nutshell

£ simple simon

i

Cute little kitty CC cont...
by hellosunnyday
@ 122

Penguin Platformer (al...

Carve a Pumpkin!
by jbbtrhlover
@ 105

Scratcharia (#2) v2.3.1

=

CLOSED!
by -Chez-
® 60

Legend Rush [Platform...

Join Scratch  Sign in

by Really_A by Doctor_What_ by Hemkemator by griffpatch by Sigton
@ 312 @ 608 498 @ 414 @ 419
N Report
MIT App Inventor 2 Projects  Connect Bulld  Help  Admin My Gallery = English  fturb
oo Beta v v v - - Projects - -

l l Search for apps

RECENT FEATURED

10373 results

)
N

i

POPULAR| SEARCH

Issue

CREEPER_SMASH
CREEPER.SMAS}

D g77 ©20

% o

i

ol

Kids, STOP! - Spa Space_invaders Tap The Mole Talking_Man! Hav.

sstaggs049 CREEPER.SMAS} jstafford robin_vinod_verg

® 1410 ¥ 51 2231 ¥44 ®130 921 D915 ¥ 20
-\E!P

Rock_Scissors_Pa MLGsoundboard BOGOR................ ML

ErJoxe Igilder Priyo53 Its Watson Boys

D47 O 20 @25 ¥19 ®1415 916 ™ 1388 ¥ 16

No Watson No

D594 ¥4
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Thinking Outside the Blocks:
Browser-Based Environments & Cloud Program Storage

Cloud

& Chrome Fie Edt View History Sookmarks People Window Help

@ © O 4) 0% B Tuesi2PM FrankynTubak Q=
it

X = NG A o et
& Flev Ediv Tips About ST & 3 = e
Ceam € 5 C i [ aizappinventormit.edu/#6379352753700864 w@®@v90= 5 |
! (Untied @) sews | Cosumes | sonce
- = TS ?ﬂwrwmmﬁ Proects~  Comect+  Buld~  Hep~  Admn- MyPojects  Golery  Guide  Reportanssue  Engian~  furbak@elesiy o -
- =
Getting Started with Scratch = | e - | x| EXE3
| 3
Getting Started with Scratch © i [
et gt st wath S Toy Weouo s gt T o 111> el eyt ﬂ
o1 when R MessageReceived
< it et L
QAT do (1< additems tolist list
point in direcion €D
GECTTE o N pecaranioniemist | (-) gel CETIT e
 call (GRS MakePhoneCall
C——
x s y: om
Sprites New spite: @ / & @
&1 o
I Rename  Delete.
Srer =Y.

Blockly Games : Maze

‘You have 6 blocks lef
» Run Program

©

10 Engisn

move forward

repeat until

If-else blocks will do one thing or
the other.

5

Peg
i
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Negative Responses to Blocks Languages

| have never met a student who cut their teeth in any of these languages
and did not come away profoundly damaged and unable to cope.

| mean this reads to me very similarly to teaching someone to be a carpenter
by starting them off with plastic toy tools and telling them to go sculpt sand on
the beach.

Not one thing they learn will bear any piece of resemblance to real work. All
you're doing is teaching them misimpressions of what the job is, and tricking

them out of having meaningful formative experiences.
http://blog.acthompson.net/2012/12/programming-with-blocks.html

These are not proper programming languages, anyone with half a brain
knows that, but why deny those who can't or don't want to 'code’ the
opportunity of being creative with these tools and learning some logic skills
along the way.

http://blog.acthompson.net/2012/12/programming-with-blocks.html

Working with actual code writing instead of a drag & drop interface

prepares children better for the real world.
http://www.playcodemonkey.com/
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Mark Sherman’s Response

So they currently
see this:

when it is really this:

Yes, it is colorful and
newfangled, but it
still gets jobs done.
Not all of them, but a
bunch of them.

Mark Sherman
UMass Lowell

Why do they see it
this way? Because

they grew up on this:
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More Positive Feedback

| would like to express my utmost appreciation for your product.
I'm teaching several pre-CS courses for gifted youth at Junior-
high school level (7th-9th grades) as well as CS and software
engineering at high school (10th — 12th grades) including Android
development in Java. It is really amazing that in Applnventor,
7th grade students (with about 50 hours prior experience in
Scratch) can do in 6 hours what 12th grade students take
about 200-300 hours to achieve in Java (and this is after
studying CS and Android development for about 700 hours).
Applnventor goes way beyond the 80:20 principle (80% of the
utility in 20% of the effort) — it is more like 60:5 (60% of the
functionality, for less than 5% of the effort) which makes it much
more fun, and opens up a lot of space for creativity.

Yossi Yaron, Israeli teacher
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Some Research Questions

2D blocks workspaces:

. What are good ways to search, navigate, and organize them?

. Do they confer any advantages over linear text?

How can debugging & visualization of dynamic execution for blocks
environments be improved?

What tools can improve collaborative development of blocks programs?

How can we do programming on the devices themselves? (Existing examples:

microApps, Pocket Code, Touch Develop.)

Can any blocks affordances improve productivity in mainstream languages?

What does big data analysis say about learnability/usability of blocks vs. text
notations and transitioning from blocks to mainstream languages?

What role do the following “nonblocks” aspects play in learnability and
usability of blocks languages: web-based environments, cloud-based storage,
high-level abstractions, sharing/remixing communities, liveness.
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App Inventor Development Team

Hal Andrew Jeff Paul Jose

Abelson McKinney Schiller Medlock-Walton  Dominguez
MIT MIT MIT MIT MIT

Mark Sharon Liz Neil Franklyn
Friedman Perl Looney Fraser Turbak
Google Google Google Google (Blockly) Wellesley College
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Computational Thinking Through Mobile Computing
NSF Grant Team

8 >
Franklyn Turbak Eni Mustafaraj Ralph Morelli Dave Wolber Larry Baldwin
Wellesley College Trinity College  U. of San Francisco BIRC

|

Shay Pokress Josh Sheldon
MIT University of Massachusetts Lowell

Hal Abelson

Acknowledgment: This work was supported by the National Science Foundation
under Grants 1225680, 1225719, 1225745, 1225976, and 1226216.
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Wellesley TinkerBlocks Students
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Questions?

.q B TINKERBLOCKS Sesch i st

App Inventor

TinkerBlocks Is a project for Improving the expressiveness of blocks programming languages and the usability of blocks programming environments. So far we've

created two blocks languages ( and ) for creating tangible artifacts on laser cutters and vinyl cutters, and are working on a blocks language
( ) In which the shape of a block connector encodes its type In a functional language. We're also working with members of the MIT App inventor development
team to

The TinkerBlocks project Is anchored at Wellesley College and Is led by Lyn Turbak.

Here are some images from our work:
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