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Lots of Jobs... Too Few Computer Science Graduates

71%

of all new jobs
in STEM are in
computing

- “Why computer science in K-12,” Code.org, https://code.org/promote, 2016.

8%
of STEM
graduates

are in computer
science


https://code.org/promote

K-12: Lack of Access to Learn Programming

PR

“High schools are 5

times more likely to

have a football team
than a computer
science program.”

- Kurose, Jim. “An Expanding and Expansive View of Computing”. 2016. Presentation. https://engineering.wustl.edu/Events/Pages/CSE-Colloquia-Series-Jim-Kurose.aspx


https://engineering.wustl.edu/Events/Pages/CSE-Colloquia-Series-Jim-Kurose.aspx

How can we help children learn programming independently?




Massive Open Online Courses

‘ <|> ‘ c ‘ ‘ o Making drawings with code | Drawing basics | Khan Academy

8 https://www.khanacademy.org/computing/computer-programming/programming/drawing-basics/p/making-drawings-with-code «

‘m‘
x

Subjects Q # KHANACADEMY New user / Sign up

Aot ¢ Making drawings with code
ANIMATION

We'll explain how to draw circles with code (JavaScript and
ProcessingJS), and then you'll get to try it yourself in a challenge.

Drawing basics

<| Making drawings with code ellipse(212, 206, 283, 318);

ellipse(212, 250, 100, 73);

1
2
3
Quick tip: number scrubbing 4 .
5 ellipse(150, 150, 30, 30);
6
7

Challenge: Simple snowman

Drawing more shapes with
code

Challenge: Waving snowman

XT SECTION
Coloring

u -0:28 g ¢ C

www.khanacademy.org



Motivating Novice Programming Environments

*ice jump.lgp - Looking Glass X

World Edit Help

@ Create or Open Project sl} Save ~)Undo €% Redo |~ Play | Play & Explore @ Find ARemix Share as: \:.f; World j Remix % Template

[ [Mommy Penguin]* say [Tl come save you!"

Do together

[ Mommy Penguin | move more... ]

! Mommy Penguin |* move [FORWARD )" (1.0 meters) more... ]

LR} "
« u Edit Scene

Do together

[ Mommy Penguin |* move [DOWN more... ‘

[ Mommy Penguin |* move [FORWARD]® (1.0 meters) more... ]

» Mommy Penguin|
@® new action...

Custom Actions (1)

e[ [ Mommy Penguin | setPenguinResource [ penguin

say, think
e[ [ Mommy Penguin | say | text | ]
6[ [ Mommy Penguin | think [ text | ]
it
e[ [ Mommy Penguin | move | direction | [amount | ]

e[ [ Mommy Penguin | move toward [ target | [ amount

e[ [Mommy Penguin | move away from |target | [am

e[ [ Mommy Penguin | move to |target | ]

e[ [ Mommy Penguin | place [ spatial relation | target |

lookingglass.wustl.edu



Programming Tutorials

Scratch Project Editor - Imagine, Program, Share - Google Chrome

&) Scratch Project Editc

& (€] https://scratch.mit.edu/projects/editor/?tip_bar=getStarted

PRl © Filev Editv Tips About

+

g1 [Untitled
L-_l |
vdida

s
©) V
8

~e

X 240 y: 177

Sprites New sprite; ] / Foo
S
=
L
Stage Spritel
1 backdrop

New backdrap

a/an

%A
PR

Seripts | Costumes

J vation

I‘.-T-:Lmd

==y GRI
think for (@ secs

switch costume to

switch backdrop to backdropl

change clor  effect by €9

set color  effect to )
cdlear graphic effects

change size by @)

g0 back () layers

Sign in to save

turn (4 @) degrees
oy UG for @ sees

A Al Tips

{ BACK HEXT »

Start Moving

Drag a move block into the Scripts area.

Then, click on that block to make the cat move:

MNow, add a sound. >

scratch.mit.edu



Code Puzzles

‘ZIZ‘ ‘E‘ ‘E‘ Code.org - Minecraft Hour of Code“l ' ‘ ‘ x

& http udio.code.or

Report Bug
cl|o

Minecraft Hour of Code 've finished my Hour of Code Signin
D|E

STUDIO

MiMELRARE A Blocks

move forward | when run

move forward

[Vl left O v | move forward

V0 right © v

I-ﬂ Reset

Add a second "move forward” command
to reach the sheep

=]

2 code.org




Cognitive Load Theory

J. Sweller and P. Chandler, “Why Some Material Is Difficult to Learn,” Cognition and Instruction, vol. 12, no. 3, pp. 185-233, 1994.
Sweller, P. Ayres, and S. Kalyuga, Cognitive Load Theory. Springer, 2011.



Human Cognitive Architecture

\\m\\mm\\\\

!

Working Memory

Long Term Memory

n G. A. Miller, “The magical number seven, plus or minus two: some limits on our capacity for processing information,” Psychological Review, vol. 63, no. 2, pp. 81-97, 1956.



Cognitive Load

Beneficial

Intrinsic Cognitive Load

Germane Cognitive Load

Detrimental . . . .

Extraneous Cognitive Load

Working Memory

n Sweller, P. Ayres, and S. Kalyuga, Cognitive Load Theory. Springer, 2011.




Beneficial Cognitive Load

Write a program that sorts an array of Write a program that sorts an array of integers.
integers. When you are finished, comment your code!
public static void bubbleSort( int[] elements ) { public static void bubbleSort( int[] elements ) {
int tmp; int tmp; // swap variable
for( int i = 0; i < ( elements.length - 1 ); i++ ) {
for( int j = 1; j < ( elements.length - i ); j++ ) { // check all elements in the array
if( elements][ j - 1 ] > elements[ j 1 ) { for( int i = 0; i < ( elements.length - 1 ); i++ ) {
tmp = elements[ j - 1 1;
elements[ j - 1 ] = elements[ j ]; // move the next largest element to the end
elements[ j ] = tmp; for( int j = 1; j < ( elements.length - i ); j++ ) {
}
} // compare adjacent elements; swap elements if
} // they are in reverse order
} if( elements[ j - 1 ] > elements[ j ] ) {

// swap the elements

tmp = elements[ j - 1 ];

elements[ j - 1 ] = elements[ j ];
elements[ j ] = tmp;

oy B e 111
}
}

Low Beneficial Cognitive Load High Beneficial Cognitive Load




Detrimental Cognitive Load

Programming Syntax Blocks-Based Programming

public static int sum( int min, int max ) {
assert max > min;

Repeat while [ﬁl = ] is true

Il =
» for'( int i = min; i <= max; i++ ) {

sum = sum + 1;

|| o= F@]]

1

recurn sum,; -
} = loop

“return

ngh Detrimental Cognitive Load Low Detrimental Cognitive Load




Completion Problem

“A partial worked example where the learner
has to complete some key solution steps.”

Educational Computing Research, vol. 8, no. 3, pp. 365-394, Jan. 1992.

n J.J.G.Van Merrienboer and M. B. M. De Croock, “Strategies for Computer-Based Programming Instruction: Program Completion Vs. Program Generation,” Journal of
Sweller, P. Ayres, and S. Kalyuga, Cognitive Load Theory. Springer, 2011.



Example Problem

What is ZBCA?

C

30° u




Conventional vs. Completion Problems

Conventional Problem

What is ZBCA?

LBCA=___

nA 30° ] B

Completion Problem

What is £ZBCA?

LBAC + LCBA + £LBCA =180°
30° + + LBCA =180°

30°




Completion Problems: Beneficial Cognitive Load

Conventional Problem Completion Problem
What is ZBCA? What is ZBCA?
/L BCA = 60° /LBAC+ £LCBA + £BCA =180°

30° + 907 + £ BCA =180°
46(//3\ = 1§0? - 309 - 9qo0¢Y
L@(/A = 607




Motivating Programming Environment

*ice jump.lgp - Looking Glass x

World Edit_Help

[&| create or open Project 1 save  undo P Redo [ Play [g Play & Explore

& FindARemix Share as: <& World | Remix o< Template

custom action My Story

[ Mommy Penguin] | say more...
| Do together

Mommy Penguin ) move (UP more... J
(Mommy Penguin)* move [(FORWARD)® (L.Ometer-  =—~-- 1

<4 Code Puzzle Activity

<> |[e]la Code.org - Minecraft Hour of Code
» [Mommy Penguin| Do together i < v
- Mommy Penguin ] move [DOWN
Minecraft Hour of Code
(Hommy Penguin):| move  (ForwaRD)

Custom Actions (1)
Mommy Penguin | setPenguinResource | penguin

STUDIO

MIHELRRAL X Block

say, think
@ (Mommy Penguin) say [text move forward
@! (Mommy Penguin | think [text | move forward

ety
Mommy Penguin | move [ direction | [ amount

<4 Completion Problems

|

Mommy Penguin | place [ spatial relation | | target |

What is ZBCA?

LBAC + LCBA + LBCA =180°

30° + 90° + LBCA =180°
B 1§0? - 30° - 9O

L@(/A = 60’

\\




How might we combine a motivating programming environment,

code puzzles, and completion problems?




Code Puzzle Completion Problems

Yeti Baseball - Looking Glass X

9 Undo C Redo i Reset X Quit

#s | The animation, Yeti Baseball, is all mixed up!

. Using only the pieces you need, put the animation back in the correct order.
Tt r — ———— )
[ [tiny yeti| turn to face [bigysti| |
M p S :
Do together
{ [bigyeti| nod |
[ [tinyyeti| nod |
‘ P Play Correct ‘ P Play Mine [ [tinyyeti| move [BACKWARD| (0.5 meters)

E [tiny yeti | jump to hammer ]

E (tiny yeti | fly away ]

E [ big yeti | power swing ]

Do together

E [ big yeti | wind up swing ]




Looking Gla:

9 Und

13| The animation, Yeti Baseball, is all mixed u
Using only the

turn to face

Do together
b i| nod

P Play b [

jump to hammer

fly away

Do together

ti | wind up swing

power swing




Do code puzzle completion problems support children in using

programming constructs in near transfer situations independently?




Hypotheses

Hypothesis | Middle school children will demonstrate greater learning efficiency of
programming constructs by finishing training materials in less time and successfully completing
more near transfer tasks, when training independently using code puzzle completion problems
compared to current best practice, tutorials.

Hypothesis Il Errorsin code puzzles, commonly called distractors, will decrease learning
efficiency by increasing middle school children’s time to complete code puzzle completion
problems while also decreasing their ability to successfully utilize programming constructs in
near transfer situations.

Hypothesis Il When given the freedom to choose their own informal learning resources,
middle school children will perceive value in using code puzzle completion problems by
expressing more interest, enjoyment, and preference towards using them compared to tutorials.



Formative Evaluations: Developing Code Puzzle Completion

Problems & an Introductory Curriculum

K. J.Harms, N. Rowlett, and C. Kelleher. 2015. Enabling independent learning of programming concepts through programming completion puzzles. In 2015 IEEE Symposium on Visual Languages
and Human-Centric Computing (VL/HCC), 271-279. https://doi.org/10.1109/VLHCC.2015.7357226



Formative Evaluations

|. Completion Problem > Puzzle Interface & Mechanics
10 iterations
23 participants - St. Louis Science Center
30 minutes
ll. Introductory Curriculum
8 iterations
21 participants - St. Louis Academy of Science

90 minutes



Things we tried:

Scrambling the code.

Fun & unpredictable animations.

Feedback only after solving the puzzle.

Do other activities while watching program execution.
Overlapping puzzle statements.

Demonstrating construct behavior/example-based puzzles.

Detailed code and animations.



Scrambling the code.




What is a Programming Completion Problem?

Give the first few lines?
Leave blanks throughout the code?

Scramble the order of the statements?

( fl Slime Monster

¥)

= e ~
: Unscramble these actions to complete your "attack" remix. :
: Play Original Check My Answer :
‘_ ----------------------------- "

[Slime Monster resize double]

[Bucktooth Monster turn to face Slime Monster]

Do Together

.....................

[Slime Monster move forward]

ﬂ Slime Monster's Actions

Slime Monster say

[Slime Monster move ]

[Slime Monster move toward ]

Slime Monster turn

[Slime Monster turn to face]

[Slime Monster turn to face Bucktooth Monster]

Do Together

[Bucktooth Monster move backward ]

Action Ordering Boxes

Example: A fish does a spinning dive in search of food.

Do Together

Fish turn right
Do in Order o o




Code Scramble

stretching.lgp - Looking Glass x

World Edit Help

@ Create or Open World f];}"u Save @3 undo € Redo |~ Play |g Play & Explore @ Find A Remix Share as: L.:: World  © Remix C@ Template

Scrambled 52
custom action Scram b|ed Add Parameter...

[ ‘Note
Maggie forgot how to stretch.
Help her remember by dragging the actions back in order. |

(Maggie]* turn [(RIGHT)* (2.0 rotations) more.. ‘

Maggle spine base  turn LEFT (0.125 rotations) more... ‘

Note
Re-order below this line. (Above is correct) |

Maggle spine base  turn LEFT (0.25 rotations) more... ‘

set color more... ‘

E
=T
l
|
[
lRepeat (3)" times
l
|
l
[
[

[ -+ [Maggie|

Maggie's Actions

@ new action...

walk
@E [ Maggie | walk [ amount | ]
@E [ Maggie | walk to [ model | ]

l Drop action here.

loop

straighten out joints  more... |
spine base * turn [(RIGHT)"  [0.25 rotations) more... ‘

Note
Re-order above this line. (Below is correct) |

say, think
@

(@) [Maggie ] think [text | |

[Maggie | say [text |

turn [(RIGHT )" (0.25 rotations) more...

position
@E [ Maggie | move | direction | [ amount | ]

walk more... *| |

@E [ Maggie | move toward [ target | [ amount | ]




Code Scramble: Many Editable Dimensions

World Edit Help

stretching.lgp - Looking Glass

@ Create or Open World ‘J;h Save

®yundo € Redo

| ¥ Maggie

|~ Play |& Play & Explore S Find ARemix Share as: u.:i World <= Remix cé Template

Scrambled £2
custom action Scram bled Add Parameter...

[ ‘Note
Maggie forgot how to stretch.
Help her remember by dragging the actions back in order.

[ turn (RIGHT)" (2.0 rotations)* | more... ‘

spine base "~ tu

[ Note
Re-order below this line. (Above is correc|

0.125 rotations more... ‘

Change Values

Maggie's Actions

walk
(@ [maggie | walk [an]
@ | [(Maggie | walk to |
say, think
@ | (Maggie) say [text]

Insert

Maggie | spine base/* turn more... ’
set color |

'Repeat times
1 lDrop action here, Move

loop

spine base

[ Note ]
Re-order above this line. (Below is correct) |

straighten out joint more... |

turn [(RIGHT ]+ (0.25 rotations)

more... ‘

@[ (vagee) mink o0 | Delete
position
@E [ Maggie | move | direction | [ amount | ]

[ turn (RIGHT)

(0.25 rotations)

more...

i walk

more...

@{ [ Maggie | move toward | target | [amount | ]




Limit the Editable Dimensions

*alien-and-ufo.lgp - Looking Glass x

custom action M y Sto ry

<) Undo Redo ? Clear Done 3§

lDrop action here,

a Use all of these actions to put the animation
&" back in the correct order.

Reassemble
Statements

[ flying saucer | turn [RIGHT | (2.0 rotations| d

“Repeat [2]times ‘

' loop”

{ flying saucer | fly above

n ([ (aen walk ]
£ fiving saucer | beam up [alien| |




Fun & unpredictable animations.




Fun & Unpredictable: Hard to Remember

. [Brown Monkey | turn to face |

i turn to face [Brown Monkey| |

 Repeat (2] times
[ [ Brown Monkey | talk ]

1 ot

loopJ

L.

( Brown Monkey | move [UP| (0.5 meters| duration (0.5

[ Brown Monkey | move |[DOWN | (0.5 meters| duration ||

 Repeat (3] times

1E say )

g [ (Brown Monkey | turn [RIGHT | (4.0 rotations] ]
[ hop side to side ]

L IoopJ

Y lay down |




Memorable Segments

Segment il - alien
leaves in flying saucer

Segment | - alien
repairs flying saucer

Segment Il - flying
saucer starts up




Memorable Segments

Segment |

Segmentli

Segment il

| alien | walk (0.5 meters|

~ Repeat (2] times

; "alien | kick :|

; [  flying saucer | shake |
loop-

Do together

»

. [flying saucer | fly above | alien ‘

.

E | flying saucer | turn [RIGHT | (2.0 rotations| duration (2.0 seconds]

.

- [flying saucer | beam up |[alien] |

 [flying saucer | fly away |




Motivating Programming Environment + Code Puzzle Activity +

Completion Problems



Code Puzzle Completion Problems

*alien—and-ufe.lgp - Looking Glass x

custom action M| y Sto ry

<=) Undo Redo ? Clear Done 3§

lDrop action here.

4 Use all of these actions to put the animation
&" hack in the correct order.

E flying saucer | turn [RIGHT | [2.0 rotations| d

“Repeat [2]times 0

il loop’

L fly above |

n " [aten] walk )
[ [fiving saucer | beam up [alien| |




Introductory Curriculum

2. Repeated 3. Parallel

4 Repat & Iel _ 5. Parallel { Repeated } 6. Repeated { Parallel }

38




Hypotheses

Hypothesis | Middle school children will demonstrate greater learning efficiency of
programming constructs by finishing training materials in less time and successfully completing
more near transfer tasks, when training independently using code puzzle completion problems
compared to current best practice, tutorials.

Hypothesis Il Errorsin code puzzles, commonly called distractors, will decrease learning
efficiency by increasing middle school children’s time to complete code puzzle completion
problems while also decreasing their ability to successfully utilize programming constructs in
near transfer situations.

Hypothesis lll When given the freedom to choose their own informal learning resources,
middle school children will perceive value in using code puzzle completion problems by
expressing more interest, enjoyment, and preference towards using them compared to tutorials.



Summative Evaluation:

Hypothesis | - Are code puzzle completion problems effective?

K. J.Harms, N. Rowlett, and C. Kelleher. 2015. Enabling independent learning of programming concepts through programming completion puzzles. In 2015 IEEE Symposium on Visual Languages
and Human-Centric Computing (VL/HCC), 271-279. https://doi.org/10.1109/VLHCC.2015.7357226



Literary Search: Tutorials

A Al Tips

NEXT »

Scratch Project Editor - Imagine, Program, Share - Google Chrome

2 Scratch Project Editc x { BACK

& °°} \j https://scratch.mit.edu/projects/editor/?tip_bar=getStarted ‘f\?

“ & Filev Editv Tips About po? Sign in to save Lol Start MOVing
g1 [Untitled Scripts | Costumes | Sounds
| ~e
adls
Maoti Events A "
l[kiatey [ 5 Drag a move hlock into the Scripts area.
Corirol 2
o ) &£
I S x: 0 Seripts
IF'en y: 0
Joata

(oo
.

]
3 "W ==y il turn (4 @) degrees
] V think for @ secs = for @) secs

I 7

switch costume to <0F

X 240 ¥: 177 switch backdrop to backdropl

Sprites New sprice: @ / & 3

Then, click on that block to make the cat move:

change color  effect by €3

S
s

1 backdrop
N
“/ae st she to @) % Mow, add a sound. >

80

“Scratch,” Scratch. [Online]. Available: https://scratch.mit.edu/.
K. J. Harms, D. Cosgrove, S. Gray, and C. Kelleher, “Automatically Generating Tutorials to Enable Middle School Children to Learn Programming Independently,” 2013.



https://scratch.mit.edu/

Hypothesis |

Middle school children will demonstrate greater learning efficiency of programming
constructs by finishing training materials in less time and successfully completing more
near transfer tasks, when training independently using code puzzle completion problems
compared to current best practice, tutorials.




Tutorials

Tutorial

two-walruses.lgp — Looking Glass (1)

World Edit Help

Baby walrus say weeeeeeee!

My Stany
cusiom actian My SEOFY

Inrup action hers,

custom action M y Sto ry
{Drop action here.

salrus "'I

s Actions

5| Shaso v |

f& baby walrus v

baby walrus's Actions

@ new action...

Custom Actions (2)

 edit { baby walrus | shake head ]
_edit { baby walrus | turn back to normal color }

[ —
= turn back to normmal color |

ay | et

Drag in the following action:

say, think

e{ baby walrus say]

(@) [baby walnus| think [tex] |

position

g{ [ baby walrus | mowve [ direction | [@amount | ]

ef baby walrus | mowve toward | target | [ amount ]
QE baby walrus | move away from |target | | amount
@

(30 hahvwalris | nlara [ snatial relation | [ tarnet | |
[ —————————————

baby walrus say "weeeeeeeeee!".

[ baby walrus | move to [target | ]




Summative Evaluation

Between-Subjects Study
Control: Tutorials
Experimental: Puzzles

27 participants (10 to 15 years)
12 Female, 15 Male
Average Age: 11.59

Minimal Programming Experience (< 3 hours)

2 hours



Study Design

-_———

Familiarization Task 1 .
Puzzle / Tutorial

.
Training Phase

[ Training Task: ] [Task Survey] X 6 (TEQ Survey)

U NN NN NN N NN NN NN NN NN NN BN NN BN N BN BN N Ny

E‘ Familiarization Task ,i ( Transfer Task ) (Task Survey) x 4

»

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

\_
Transfer Phase




Study Design

Familiarization Task 1 .
Puzzle / Tutorial

Training Task: ] [Task Survey]

Training Phase

U NN NN NN N NN NN NN NN NN NN BN NN BN N BN BN N Ny

E‘ Familiarization Task ,i ( Transfer Task ) (Task Survey) x 4

»

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

Transfer Phase




Training Tasks x 6

two-walruses.lgp - Looking Glass (1) *two-walruses.lgp - Looking Glass (0)
World Edit Help

Undo P Redo | Play |;|

Create or Open Project |24/ Save

custom action My Story

Tutorial ) Undo

Drop action here

7 Clear Done 3¢

custom acton My Story Baby walrus say weeeeeeee!

Drop action here,

ot bsme s c¥hed | Ay

R e —

avsom cvon My Story

o [ rere |

-~ Use all of these actions to put the animation
&" back in the correct order.

& baby walrus v

baby walrus's Actions

[: [ baby walrus | set color [ green | ]

alrus. v
' Actions

"

Custom Actions (2)

| ledit | [babywalrus | shake head E baby walrus | turn

. ledit ;| baby walrus | turn back to normal color

Drag in the following action:

* [baby walrus | say

8.0 rotations| duration

say, think baby walrus say "weeeeeeeeee!". [ [mommy walrus | shake head |
@ ° [baby walrus | say
(2)| [babywalrus | think ]
[; [baby walrus | turn back to normal color ]

position
e - [baby walrus | move [ direction | [ amount | R { [baby walrus | say [‘weeeseecseecs!!” ]

Next
e [ baby walrus | move toward |t ‘—»‘

e - [baby walrus | move away from [amount - * L [: mommy walrus | turn to face [babywalru
2/9

e[ baby walrus | move to

(3} [hahvwalris | nlace [ snatial rekation | | farnet | | J

N

Control: Tutorials

Experimental: Puzzles




Study Design

-_———

T T s Training Task:
' Task Surve ( J
Familiarization Task [Puzzle /Tutorial] [ y] x 6 TEQ Survey

Training Phase

U NN NN NN N NN NN NN NN NN NN BN NN BN N BN BN N Ny

Familiarization Task ,i ( Transfer Task ) (Task Survey)

»

Transfer Phase




Transfer Tasks x 4

World Edit Help

tropical-food-hunt.lgp - Looking Glass ()

Create or Open Project i’ﬂ save | 49 undo

|~ Play

My Story

custom action My Story

zInstructions
» All of these actions are already in the correct order.
+ You may only add up to 3 additional actions or action ordering boxes.
+ Before making any changes, first play the animation.
zInstructions
+ The monkey should jump forward twwce‘]

jump forward ]

L}— monkey
ey e

-

other

@ [ monkey | straighten out joints }

Action Ordering Boxes

Do actions in order, one at a time

: Do in order

Do actions at the same time

- Do together

epeat actions multiple times

' Repeat | number | times Innp]

E Repeat while | condition Innp]

Do one action, otherwise do another action
N

[monkey | say [yummy! yummy!™ more... ]

“Instructions

Z + The monkey should look up and climb twice.

* Then the monkey should shake the tree and afterwards the palm
tree should drop a coconut, twice.

look up

shake thing : ]
drop coconut

3 Done

move duration more..

Task Instructions x

Try your best to make your animation match the correct animation below.

* You may only add up to 3 additional actions or action ordering boxes.
* All of the actions that are currently there are in the correct order
already.

|- Play Correct Animation



Completed Transfer Task

te Note

« All of these actions are already in the correct order. « All of these actions are already in the correct order.

* You may only add up to 3 additional actions or action ordering boxes. * You may only add up to 3 additional actions or action ordering boxes.
- Before making any changes, first play the animation. J § + Before making any changes, first play the animation.

* The monkey should jump forward twice. | * The monkey should jump forward twice. |

jump forward ’ vRepeat times
o . 'y :.. ) ot
say more... * | . jump forward |

E , , .
E Note ‘ [ Note ‘
|
|

b . Iabp .
Noteh key should look d climb t : ‘
* The monkey should look up and climb twice. [3':
» Then the monkey should shake the tree and afterwards the palm Lyy more...
tree should drop a coconut, twice. ) FNote
] * The monkey should look up and climb twice.
look up ‘ * Then the monkey should shake the tree and afterwards the palm

tree should drop a coconut, twice,

 [monkey) climb | :

[ am ‘ ‘ Repeat (2] times

i shake thing | i ook up |
. drop coconut | ’ climb |

! move [(DOWN]' (2.0 meters)  duration more... . loop
’ Repeat times

| W' ;
[ shake thing : ’

[ drop coconut ‘

Ibop

t:, move [(DOWN)® (2.0 meters)® duration more...

Initial State Completed Task




Hypothesis |

Middle school children will demonstrate greater learning efficiency of programming
constructs by finishing training materials in less time and successfully completing more
near transfer tasks, when training independently using code puzzle completion
problems compared to current best practice, tutorials.







Tutorials Take Longer To Complete Than Puzzles

Mean Training Task Completion Time Across Training Tasks

=5 5.46 5.48
% 5-05 4.83
E 4.53 4.32
= 4.05 4.1
S 3.79
g M Tutorials
= 3.04
£ 2.7 M Puzzles
S 2.31
[72]
Ko
[T}
£
<
‘s
=
c
3
=
2. Repeated 4. Repeated & Parallel 6. Repeated { Parallel }

ﬂ 1. Sequential 3. Parallel 5. Parallel { Repeated }
V=.75, F(6,29) = 14.12, p <.001, n>=.75




Puzzles Impose More Cognitive Load Than Tutorials

Mean Training Task Cognitive Load

9
8
=
R §
i )
o
% 6
- 4.95 M Tutorials
— 5 4.76 * 4.62
5 . M Puzzles
& 4 3.76
;é 3.10
§° 3 2.67 5 29
g = a |
s 2
=
1

2. Repeated 4. Repeated & Parallel 6. Repeated { Parallel }

n 1. Sequential 3. Parallel 5. Parallel { Repeated }
V=.51, F(6,29) =4.45, p =.003, n>=.51



Transfer Task Performance




Puzzle Users Performed Better on Near Transfer Tasks

Mean Transfer Task Performance

90% 90%

0
84% 81%

M Tutorials
M Puzzles

% of Correctly Complete Transfer Tasks

Repeated Parallel Parallel { Repeated} Repeated { Parallel }

V=.27,F(4,31)=2.80, p =.043,n*= .27



Hypothesis I: Accept

" [0 T el Code puzzle completion
Q & ‘omwmew=. | problem participants
— E performed 33% better on

— transfer tasks while

requiring 21% less training
e time compared to tutorial
e mom e | participants.




Summative Evaluation:

Hypothesis Il - Do errors in code puzzles decrease learning?

Kyle James Harms, Jason Chen, and Caitlin L. Kelleher. 2016. Distractors in Parsons Problems Decrease Learning Efficiency for Young Novice Programmers. In Proceedings of the 2016 ACM
Conference on International Computing Education Research (ICER ’16), 241-250. https://doi.org/10.1145/2960310.2960314



Parsons Problems & Distractors

csp-8-3-4: The following is the correct code for printing the even numbers from 0 to 10, but it also
includes some extra code that you won't need. Drag the needed blocks from the left and put them in
the correct order on the right. Don't forget to indent blocks in the body of the loop. Just drag the block to
the further right to indent. Click the Check Me button to check your solution.

Drag from here Drop blocks here

counter = counter + 1 counter = 0

while counter <= 10:
print(counter)

counter = counter + 2

Check Me Reset

Perfect!

n Parsons, D. and Haden, P. 2006. Parson’s Programming Puzzles: A Fun and Effective Learning Tool for First Programming Courses.
Ericson, B.J. et al. 2015. Analysis of Interactive Features Designed to Enhance Learning in an Ebook.



Errors and Learning




Learning with Errors: Teach Common Misconceptions

Print TRUE if stringl and string2 contain the same value.

String stringl new String("abc"); String stringl new String("abc");

String string2 new String("abc"); String string2 new String("abc");

ifJ(stringl = string2)|{ - if](stringl.equals(string2))|{

System.out.println("TRUE"); System.out.println("TRUE");
} else { } else {

System.out.println("FALSE"); System.out.println("FALSE");
} }

Muller, D. a. et al. 2008. Saying the wrong thing: improving learning with multimedia by including misconceptions.
GroRe, C.S. and Renkl, A. 2007. Finding and fixing errors in worked examples: Can this foster learning outcomes?

Wang, M. et al. 2015. Using Feedback to Improve Learning: Differentiating between Correct and Erroneous Examples.



Distractors in Multiple Choice Tests

1. Consider the following code segment.

String stringl new String("abc");

String string2 new String("abc");

if (stringl = string2) {
System.out.println("TRUE");

} else {
System.out.println("FALSE");

}

What is printed as a result of executing the code segment?

[@frrue  [b)Fatse  [(fTRUE

FALSE

Richland, L.E. et al. 2009. The pretesting effect: Do unsuccessful retrieval attempts enhance learning?
Little, J.L. and Bjork, E.L. 2012. The persisting benefits of using multiple-choice tests as learning events.

Roediger Ill, H.L. and Marsh, E.J. 2005. The Positive and Negative Consequences of Multiple-Choice Testing.



Testing & Information Retrieval

1. Consider the following code segment.

String stringl = new String("abc");

String string2 new String("abc");

if (stringl = string2) {
System.out.println("TRUE");

} else {
System.out.println("FALSE");

}

What is printed as a result of executing the code segment?

(a) TRUE (b) FALSE (c) TRUE
FALSE

Richland, L.E. et al. 2009. The pretesting effect: Do unsuccessful retrieval attempts enhance learning?
Little, J.L. and Bjork, E.L. 2012. The persisting benefits of using multiple-choice tests as learning events.

Roediger Ill, H.L. and Marsh, E.J. 2005. The Positive and Negative Consequences of Multiple-Choice Testing.



The Testing Effect

1. Consider the following code segment.

String stringl = new String("abc");

String string2 new String("abc");

if (stringl = string2) {
System.out.println("TRUE");

} else {

System.out.println("FALSE");

What is printed as a result of executing the code segment?

(a) TRUE (b) FALSE (c) TRUE
FALSE

Roediger, H.L. and Karpicke, J.D. 2006. Test-Enhanced Learning Taking Memory Tests Improves Long-Term Retention.

n Bridger, E.K. and Mecklinger, A. 2014. Errorful and errorless learning: The impact of cue-target constraint in learning from errors.
Karpicke, J.D. 2012. Retrieval-Based Learning Active Retrieval Promotes Meaningful Learning.



A Distractor is an Error...

csp-8-3-4: The following is the correct code for printing the even numbers from 0 to 10, but it also
includes some extra code that you won't need. Drag the needed blocks from the left and put
the correct order on the right. Don't forget to indent blocks in the body of the loop. Just dra
the further right to indent. Click the Check Me button to check your solution.

Drag from here Drop blocks here

counter = counter + 2 counter = 0

while counter <= 10:

{caunter = counter + 1]

print(counter)

Check Me

Code fragments in your program are wrong, or in wrong order. This can be fixed by moving,

n remaving, or replacing highlighted fragments.




Hypothesis II

Errors in code puzzles, commonly called distractors, will decrease learning efficiency by
increasing middle school children’s time to complete code puzzle completion problems
while also decreasing their ability to successfully utilize programming constructs in near

transfer situations.




Formative Evaluation: What is a Distractor in a Code Puzzle?

“Unnecessary Code”
“Extra Fragments”

“Erroneous Code”

Distractors can be used to...

“illustrate a particular point”

“highlight programming principles the student may ignore”

n Parsons, D. and Haden, P. 2006. Parson’s Programming Puzzles: A Fun and Effective Learning Tool for First Programming Courses.



Summative Evaluation

Between-Subjects Study
Control: No Distractors
Experimental: Distractors

92 participants (10 to 15 years)
32 female, 60 male

Average age: 12.9 years

2 hours



Study Design: Training Phase

Training Phase
~
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Study Design: Training Phase

Training Phase

~\

Familiarization Task ! [ ( Training Task J (Task SurveyJ ]><6 (CS CLCS Survey)

J

Transfer Phase
7 \

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

: Familiarization Task §x2 [ [Transfer Task) (Task SurveyJ ]><3 (CS CLCS Survey)

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

. /




Training Tasks x 6

Trouble at Sea - Looking Glass (1)

s | The animation, Trouble at Sea, is all mixed up!
Using only the pieces you need, put the animation back in the correct order

(dolphin | appreach |fishing boat |

Repeat (2] times

[fishing boat | shake

[ dolphin | bump |fishing boat |

P Play Correct P Play Mine | [fishing boat | move [DOWN| (0.1 meters)

Repeat (4] times

loop

[ [rabbit | jump around |

loop

[ [rabbit ] ride [dolphin] |

| [fishing boat | sink completely |

Control: No Distractors

P Play Correct » Play Mine

Repeat (4] times

loop

[ | rabbit | jump around ]

(rabbit | jump around |

Trouble at Sea - Looking Glass (2)

9 Undo € Redo i Reset

#s | The animation, Trouble at Sea, is all mixed up!
Using only the pieces you need, put the animation back in the correct order

[ | dolphin | approach | fishing boat | \

Repeat (2 times
[ [dolphin | bump (fishing boat |

| [fishing boat | shake

| [fishing boat | move [DOWN] (0.1 meters)

Repeat (4 times
[ [rabbit | jump around \
loop

loop

[ [fishing boat | sink completely \
[ | rabbi

ride [dolphin] |

* Quit

Experimental: Distractors



Study Design: Transfer Phase

Training Phase
( )

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

: Familiarization Task ! [ (Training Task) (Task SurveyJ ]><6 (CS CLCS Survey)

\. J

Transfer Phase

[ ( Transfer Task ) (Task SurveyJ ]><3 (CS CLCS Survey)

o

/




Transfer Tasks x 3

task.lgp - Looking Glass (1) 3
World Edit Help
£ Save Undo ¢ Redo |~ Play X Done
- Hungry Monkey

custom action Hungry Monkey

;v [monkey ] jump forward ‘
;v (monkey ] look up ‘

"Instructions

* The monkey should climb the palm tree, twice.

« Then the monkey should shake the palm tree and it should drop 3 coconuts, twice
« To complete this, you may add up to 3 additional actions or action ordering boxes.

(monkey] climb thing : paim tree) ‘

@ coconut (6)]

shake

thing : (palm tree) ‘

@E [coconut (6) | straighten out joints |

(palm tree
[monkey | drop down ‘

drop coconut

’,
| (monkey)
|
|

Action Ordering Boxes

Do actions in order, one at a time
}' Do in order.\

Do actions at the same time '
[l Do together"

Repeat actions multiple times

k' Repeat [ number | times Ioop-‘

[' Repeat while [ condition | Ioop.\
—

|

Task Instructions X

e Try your best to make your animation match the correct animation below.
« All of the existing actions are already in the correct order.
* You may only add up to 3 additional actions or action ordering boxes total.

X Done

Play Correct Animation



Hypothesis II

Errors in code puzzles, commonly called distractors, will decrease learning efficiency by
increasing middle school children’s time to complete code puzzle completion problems
while also decreasing their ability to successfully utilize programming constructs in
near transfer situations.







Distractors Increased Puzzle Completion Time

Mean Training Task Completion Time

c 7.90
E 7.30
£
= 6.43 c 47525
S 5.59 : >-19 5.47
5 5.17 4.93 |
g 4.47 4.22 M No Distractors
S Distractors
=
(7]
S
60
c
£
R
c
©
(V]
=
Parallel Repeated { Repeated } Repeated { Parallel }
n Repeated Repeated { Repeated } Parallel { Repeated }

V=.17, F(6,81)=2.86,p=.014, > = .17



Distractor Participants Completed Fewer Puzzles Successfully

Percentage of Participants Who Successfully Completed Each Training Task

98%
’ 96% 94%

83%
78% 80% D 77%
(]
0 60%
>8% 539, M No Distractors
Distractors
29%

Parallel Repeated { Repeated } Repeated { Parallel }

n Repeated Repeated { Repeated } Parallel { Repeated }
V=30, F(6,81) =5.65, p <.001,n*=.30

% of Completed Training Tasks




Distractors Increased Cognitive Load (Extraneous) r(1,86)=6.03, p=.016, w*= .05

Mean Cognitive Load Rating

2

4.90 5.00

Parallel

Mean Cognitive Load Ratings for Each Training Task

6.30

4.70
Repeated { Repeated }

Repeated Repeated { Repeated }

V=21, F(6,81) =3.55, p=.004, n° = .21

6.10

5.90
5.70 5.60 5.40
5.20 ‘
I 4.70 I

Repeated { Parallel }

5.90

Parallel { Repeated }

M No Distractors
Distractors



Transfer Task Performance




No Difference in Transfer Task Performance

Percent of Correctly Completed Transfer Tasks

(%]
= 66%
.
G 55% M No Distractors
E 49% .
= 42% 43% Distractors
G 38%
£
(®}
o
ks)
R
n Parallel { Repeated } Repeated { Parallel } Repeated { Repeated }
V=.06,F(3,84)=1.78,p=.16,n>=.06




Hypothesis lI: Partially Accept

Distractors increased learners'
cognitive load, increased their
time on task by 14% and
decreased their success at
completing code puzzles by 26%.

However, distractors did not
significantly effect transfer task
performance.




Summative Evaluation:

Hypothesis I11: Will learners be motivated to choose to use puzzles?

K. J. Harms, E. Balzuweit, J. Chen, and C. Kelleher. 2016. Learning programming from tutorials and code puzzles: Children’s perceptions of value. In 2016 IEEE Symposium on Visual Languages and
Human-Centric Computing (VL/HCC), 59-67. https://doi.org/10.1109/VLHCC.2016.7739665



Goal-Oriented Learners




Independent Learning Supportin
ovice Programming Environment

Monkey Business - Looking Glass (2)

9 Undo € Redo @ Reset X Quit

 — — #s The animation, Monkey Business, is all mixed up!
“"H“””"m I =) Using only the pieces you need, put the animation back in the correct order.
iy =z | e e
i grey monkey | jump onto | couch
grey monkey | turn to face | brown monkey
Repeat (2 times
“grey monkey | move arms up and down

BlERICEE > plyMine brown monkey | move arms up and down
loop

[ grey monkey | hop side to side

brown monkey | jump forward




What do Goal-Oriented Users Choose to Use?
Tutorials?
Code Puzzles?

Tutorial

Yeti Baseball - Looking Glass
Baby walrus say weeeeeeee!

9 Undo C Redo

The animation, Yeti Baseball, is all mixed u

I
Using only the pieces you need, put the animation
s — - —_—
m [ [tiny yeti | turn to face [bigyeti| |
' Do together |

E [ big yeti | nod ‘

E [tiny yeti | nod ‘

[ [tiny yeti| move [BACKWARD] (0.5 meters] |

B PlayCorrect B> Play Mine
alrus 'I

‘ Actions |

E [tiny yeti | jump to hammer ]

[tiny yeti | fly away

{ [ big yeti | power swing ]

Drag in the following action:

baby walrus say "weeeeeeeeee!".

Do together

E [ big yeti | wind up swing ]

2/9



Hypothesis llI

When given the freedom to choose their own informal learning resources, middle school
children will perceive value in using code puzzle completion problems by expressing more
interest, enjoyment, and preference towards using them compared to tutorials.




Summative Evaluation

30 participants (10 to 15 years)
14 female, 16 male

Average age: 11.2 years

2 hours




Instructional Tasks

Dizzy Walrus Hammer Hazard Monkey Business Yeti Baseball

U o E

The Snow Dance Messed Up Magic Space Mechanic Trouble at Sea

Whack-a-Yeti Crazy Cauldron Shark Snack Firetruck Frenzy
9 _
ﬁ.
Air Traffic Polar Surprise



Choose Instructional Task x 6

World Help

Looking Glass (0)

1. Dizzy Walrus
skills: basics (easier)

%

5. The Snow Dance
skills: do together (easier)

9. Shark Snack

skills: repeat + do together
(medium/harder)

2. Hammer Hazard
skills: repeat (easier)

6. Messed Up Magic
skills: do together (easier)

10. Crazy Cauldron

skills: repeat + do together
(medium/harder)

3. Monkey Business
skills: repeat (easier)

7. Interstellar Travel Trou...

skills: repeat & do together
(easier/medium)

“

11. Whack-a-Yeti

skills: repeat + do together
(harder)

4. Yeti Baseball
skills: do together (easier)

8. Trouble at Sea
skills: repeat (medium)

12. Firetruck Frenzy

skills: do together + do in order
(medium/harder)




As Tutorial or Puzzle...

Looking Glass (0)

What would you like to do?




Semi-Structured Interviews

Pre-Study Interview

“How would you rate your current programming or coding expertise? why?”
Post-Task Interviews x 6
“Was the experience of completing the tutorial/puzzle valuable to you in any way? why?”

“Did you learn anything new or did you acquire any new skills while doing the tutorial/puzzle?”

Post-Study Interview

“When is it better to to use tutorials/puzzles on your own? why?”



Interview Response Analysis: Categories

Pargant 31 Probaly 1 o 4 il
...,-.—-m-.-..:v

-W(ny—_w--m
.wm.«.«m--.-.-.m--.m-..-.u..-.-u




High-Level Category Themes - Interrator Agreement

Cohen's k p
High-Level Categories .95 p <.001
Decision Rationales .89 p <.001
Experience Outcomes .86 p<.001
Expected Task Difficulty .85 p<.001
Sources of Ease & Difficulty .88 p<.001




Hypothesis llI

When given the freedom to choose their own informal learning resources, middle school
children will perceive value in using code puzzle completion problems by expressing more
interest, enjoyment, and preference towards using them compared to tutorials.







Decisions: Preferred X

Instructional Format Decision Preference

60%

30%

10%

n More Tutorials Equal Tutorials & Puzzles More Puzzles




Decisions: Primarily” X

3%
]

n Primarily Tutorials

Instructional Format Primary Decision

73%

23%

Both Tutorials & Puzzles Primarily Puzzles



Preference vs. Primary Use

Instructional Format Decision Preference

60%

30%

10%

More Tutorials

Equal Tutorials & Puzzles

More Puzzles

Instructional Format Primary Decision

73%

23%

3%
—

Primarily Tutorials Primarily Puzzles
Both Tutorials & Puzzles



Puzzle Preference

Instructional Format Decision Preference

60%

30%

10%

More Tutorials

More Puzzles
Equal Tutorials & Puzzles

Instructional Format Primary Decision

73%

23%

3%
]
Primarily Tutorials
Both Tutorials & Puzzles

Primarily Puzzles



High-Level Categories

Cohen's k p

Experience Outcomes .86 p<.001

Enjoyment
Improve Programming Skills




Experience Outcomes: Liked Instructional Format

“I like the puzzles. They've all been fun.”

Yeti Baseball - Looking Glass (0) x
Tutorial
wgp-ok Tiny yeti turn to face big yeti
World Edit Help

2 save Undo €% Redo

9 Undo € Redo
| Play

# ltiny yeti

custom action My Stor

Drop action here.

i Reset X Quit
§a| The animation, Yeti Baseball, is all mixed up!
Using only the pieces you need, put the animation back in the correct order.

=

i to face | bi

» Play Correct » Play Mine

Do together

[tiny yeti | fly away

[ [tinyyeti] move [BACKWARD | (0.5 meters)

[ B [tiny yeti ']

@[ tiny yeti | place [ spatial relation | [ target | |

orientation
@ iy v Corecion) (v
Bl o)t o rece (o ] I

@ (tnyyet orient to upright | Drag in the following action:
visibiity tiny yeti turn to face big yeti.
@] (tnyyer) appear |

@ (tnyyet) disappear |

tiny yeti | jump to hammer |

big yeti | wind up swing
size.
@) (i <) resize (foctor) |
tiny yet| resize width | factor

@\ tiny yet! | resize height | factor |

big yeti | power swing |

Next »

Liked Tutorial

Liked Puzzle
17% of participants

43% of participants




Post-Study Interview: Which do you enjoy more?

Post-Study Enjoyment Preference Response for Instructional Format

80%

13%

m Tutorials Both Tutorials & Puzzles Puzzles




Puzzle Preference

Instructional Format Decision Preference

60%

30%

10%

More Tutorials More Puzzles

Equal Tutorials & Puzzles

Instructional Format Primary Decision

73%

23%

3%
|
Primarily Tutorials Primarily Puzzles
Both Tutorials & Puzzles



Using Tutorial and Puzzles

Instructional Format Decision Preference

60%
30%
10%
More Tutorials More Puzzles

Equal Tutorials & Puzzles

Instructional Format Primary Decision

73%

23%
3%
|
Primarily Tutorials Primarily Puzzles

Both Tutorials & Puzzles



High-Level Categories

Cohen's k p

Experience Outcomes .86 p<.001

Enjoyment
Improve Programming Skills




Experience Outcomes: Improve Programming Skills

Tutorial x Yeti Baseball - Looking Glass (0)

ag-Lok Tiny yeti turn to face big yeti Sundo || @ Redo || Reset | X Quit
World Edit Help
&l son undo EPredo | P> Pay & [tiny yeti ¥a| The animation, Yeti Baseball, is all mixed up!
Using only the pieces you need, put the animation back in the correct order.
g tiny yeti | turn to face [bigyeti| |
custom action My Stor Toomeomer
[orop actiomare. | (inyetnod)
ﬁ { | nod |
| > Play Correct | B> Play Mine tiny yeti| move [BACKWARD | (0.5 meters)
I e ']
@ [ty yet) place [spatiai relation) (target |
) turn [ drection ) amount) | [tiny yeti | fly away
@ [ty yet) roll (rection) (amount) |
@) [tinyyeti) tum to face [target | | | [tinyyeti | jump to hammer
@
@ Drag in the following action:
(@) [tinyyeti| face and orient to [ target
visiility tiny yeti turn to face big yeti.
[ (-t oepear [ (bio yet)) wind up swing. |
(@) (tnyyeti| disappear =
size
@! [ty yet] resize [factor) | (big yeti | power swing
@ [ty yeti) resize width (factor |
@ [ty yet] resize height [factor ) | Next »
< [ ] »
2n2

Tutorial Improved Programming Skills Puzzle Improved Programming Skills
60% of Participants 70% of Participants




Using Tutorial and Puzzles

Instructional Format Decision Preference

60%
30%
10%
More Tutorials More Puzzles

Equal Tutorials & Puzzles

Instructional Format Primary Decision

73%

23%
3%
|
Primarily Tutorials Primarily Puzzles

Both Tutorials & Puzzles



Decision Rationale Themes

Cohen's k p

Decision Rationales .89 p<.001

Personal Preference
Improve Programming Skills

Challenge




#1 Decision Rationale: Enjoyed Animation

“Probably just because it looked like a fun animation to do.”

83% of participants made at least one
decision because they enjoyed the animation.




Story-Based Animations are Motivating!

Looking Glass (0) x

“I picked it as a tutorial
because it looked like it

1. Dizzy Walrus 2. Hammer Hazard 3. Monkey Business 4. Yeti Baseball

h a d l Ot S m O r e C O m p l eXIty skills: basics (easien skills: repeat (easier) skills: repeat (easier) skill: do together (easier)
than the other ones and | 5% il “ A h

5. The Snow Dance 6. Messed Up Magic 7. Interstellar Travel Trou... 8. Trouble at Sea
skills: do together (easier) skills: do together (easier) skills: repeat & do together skills: repeat (medium)

didn't want to just jump
right in without knowing %
what | was doing.” —

N EN
X L SN

10. Crazy Cauldron

skills: repeat + do together skills: repeat + do together skills: repeat + do together skills: do together + do in order
(medium/harder) (medium/harder) (harder) (medium/harder)

Caitlin Kelleher, Randy Pausch, and Sara Kiesler. 2007. Storytelling Alice Motivates Middle School Girls to Learn Computer Programming. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (CHI'07), 1455-1464. https://doi.org/10.1145/1240624.1240844



Learners Like the Puzzles More, But Care More About the Animation

Instructional Format Decision Preference Instructional Format Primary Decision

73%

60%

30%
23%
10%
[ ] —
I
More Tutorials More Puzzles Primarily Tutorials Primarily Puzzles
Equal Tutorials & Puzzles Both Tutorials & Puzzles

Caitlin Kelleher, Randy Pausch, and Sara Kiesler. 2007. Storytelling Alice Motivates Middle School Girls to Learn Computer Programming. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (CHI'07), 1455-1464. https://doi.org/10.1145/1240624.1240844



Hypothesis lllI: Accept
Enjoyable

Participants preferred to choose puzzles over
tutorials because they found the puzzles as
more interesting, enjoyable, and challenging.

Challenging

However, participants often used both
because they wanted to work on a specific
animation.

Participants also found both tutorials and
puzzles useful for improving their
programming skills.

Improves My
Programming
Skills



Contributions

Formative Evaluations | & Il

Lessons learned from the development of code puzzle completion problems and curriculum.
Summative Evaluation: Hypothesis |

Code puzzle completion problems are efficient and effective in supporting independent learning.
Summative Evaluation: Hypothesis Ii

Errors in code puzzle completion problems decrease learning efficiency.

Summative Evaluation: Hypothesis Ili

Independent learners will choose to use code puzzles because they find them motivating and useful for
improving their programming skills.






Improving the Efficiency & Effectiveness of Code Puzzle Completion Problems

Using Worked Examples

Extending Code Puzzle Completion Problems
Alternative Contexts
Curricular Content
Alternative Completion Approaches
Supporting Goal-Oriented Learners
Choices for Instructional Formats
Self-Directed Learning
Self-Assessment & Scaffolding



Completion Problems + Worked Examples

e

~

‘ » Play Correct ‘ » Play Mine

Yeti Baseball - Looking Glass

[ [tiny yeti | jump to hammer ]

[tiny yeti | fly away
[ big yeti | power swing

| Do together ]

[ [ big yeti | wind up swing ]

9 Undo C Redo i@ Reset X Quit

#s | The animation, Yeti Baseball, is all mixed up!
Using only the pieces you need, put the animation back in the correct order.

[ [tinyyeti] turn to face [bigyeti] |

f Do together
E [big yeti | nod |

{ [tinyyeti) nod |

f [tiny yeti | move [BACKWARD | (0.5 meters) ]

Problem Completion Effect

John Sweller, Paul Ayres, and Slava Kalyuga. 2011. Cognitive Load Theory. Springer.
Michelle Ichinco, Kyle J. Harms, and Caitlin Kelleher. “Towards Understanding Successful Novice Example Use in Blocks-Based Programming”. In: Journal of Visual Languages and

Sentient Systems: Special Issue on Blocks Programming (2017). Forthcoming.

+

Example: The 'Do together' block makes these
actions play at the same time.

Do together

Cpenguin) move P, =10 |
Cpenguin) turn (RIGHT, 1.0 |

“

Worked Example Effect




Programming Worked Examples

“A worked example provides a step-by-step solution to a problem.”

Step 1:
o e block makes th Do together
Example: The 'Do together' block makes these 3 -
P /actions play at the same time. i IDFOP action here.
Do together Step 2:
Cpenguin) move [UP), 1.0 | p '
Chengun) turn ‘RIGHT, 1.0 | Do together |
¢ ! move [UP| (1.0 meters) more... ‘
Annotated Example? 1 tum (RIGHT)' | (LOrotations)  more... - |

Worked Example?

n John Sweller, Paul Ayres, and Slava Kalyuga. 2011. Cognitive Load Theory. Springer.



http://research.engineering.wustl.edu/~harmsk/

https://lookingglass.wustl.edu/
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