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Novices Learning Programming -
Classroom

Secondary schools offering introductory (or pre-AP)
Computer Science courses, change from 2005 baseline

2007 2009
Yes -6% -17%

Secondary offering AP Computer Science courses,
change from 2005 baseline

2007 2009
Yes -20% -35%
ACM Computer Science Teachers Association. “Running On Empty: The Failure to Teach K-12 Computer Science in the Digital Age.” http://runningonempty.acm.org/

Microsoft. “A National Talent Strategy” http://www.microsoft.com/en-us/news/download/presskits/citizenship/MSNTS. pdf


http://runningonempty.acm.org/

earning Programming
ndependently - Tutorials
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“Scratch,” Scratch. [Online]. Available: https://scratch.mit.edu/.



Learning Programming
Independently - Puzzle-Like Systems

E] Code.org - Hour of Code #8 E] | x
httpifstudio.code.org/hoc/8 «
O

L
Hour of Code g I've finished my Hour of Code Sign in
E

STUDIO

-

w COde Original Code Clear Code world
— = - goto /goop/
VS C grab /goop/
| 'V : left 4
> o
drop /kitten/

Ihasket/
Help me banish this thD /basket
bad piggy using the |Eﬂ:

fewest number of

blocks. Try using Up 2
more than one frenled
"repeat times” block. dro P ocks
drop /goop/
Need help?
See these videos and hints
'.E -° ensure /kitten/:position = /basket/:position
ensure /piglet/:position = /basket/:position
ensure /goop/;position = /bucket/;position ) )
B - F. p o ) o . . Try running my starting code to see how
ensure /rocly;position = /bucket/;position

COde.O rg - Hour Of code goto works! My goal is to get everything into

the correct containers, but remember that |
ane step one line To end ‘ Stop! use more energy as | carry more things.

€ Prev
\ y.

Gidget

4
“Hour of Code,” CSEd Week. [Online]. Available: http://csedweek.org/. [Accessed: 18-Mar-2014].
M. J. Lee, F. Bahmani, I. Kwan, J. LaFerte, P. Charters, A. Horvath, F. Luor, J. Cao, C. Law, M. Beswetherick, S. Long, M. Burnett, and A. J. Ko, “Principles of a debugging-first
puzzle game for computing education,” in 2014 IEEE Symposium on Visual Languages and Human-Centric Computing (VL/HCC), 2014, pp. 57-64.



I More Puzzles...

Lab1
Syntax practise

Drag the statements on the right into the correct order. Do not use the incorrect statements.
Should produce fours linas of text- read them to get them in the correct order.

ek |

1 WiiteIn("This is the first line’);

Whiteln('Don't use a line that's not correct' as line
2);

WiiteIn(5.67:2);

Bagin
InitQurCirt;

Wiiteln(Don"t use a ling that"s not corract as line
2%

Wiiteln(5.67234:5:2);

il | I | el | [ |

Program Pick_the_comect_lines:
{SAPPTYPE CONSOLE}

? End.

End;

uses SysUtils, OurCH;

Wiiteln("The line below should show the number
567

Parson's Programming Puzzles

D. Parsons and P. Haden, “Parson’s Programming Puzzles: A Fun and Effective Learning Tool for First Programming Courses,” in Proceedings of the 8th Australasian
Conference on Computing Education - Volume 52, Darlinghurst, Australia, Australia, 2006, pp. 157-163.



Learning Programming Independently
- Completion Problems

e Generation

- Write programs from scratch
e Completion

- Complete partially written
programs



Learning Programming
Independently Picture

Completion
Problems

Puzzle-like

Tutorials



How do we effectively use
puzzles to support novices
learning programming
independently?




I Cognitive Load Theory

» Completion Problems
 Extraneous Cognitive Load

Working Memory

J. Sweller and P. Chandler, “Why Some Material Is Difficult to Learn,” Cognition and Instruction, vol. 12, no. 3, pp. 185-233, 1994



I Extraneous Cognitive Load

What is angle ACB? What is angle ACB?
C C
30° 907
A B A B
£LABC =90°
£ CAB = 30°

High Extraneous Cognitive Load Low Extraneous Cognitive Load
10

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



#l| HelloWorld.java &2

publiec class HelloWorld {

public static wvoid main(Stringl[] args) {

System.out.println({"Hello World")

[

—
L a I  RREC I, Y o (T S e

IEE_.‘ Problems &2« Javadoc Declaration
1 error, 0 warnings, O others
Description

+* @ Errors (1 item)

41 Syntax error, insert ;" to complete BlockStatements

High Extraneous Cognitive Load

Example: CS1 First Program

custom action Mg | N

[ Baby Yeti | say ['Hello World' more... ]

Low Extraneous Cognitive Load
11



I Example: Drag 'n Drop

*test.lgp — Looking Glass

World Edit Help

Create or Open Project h‘%‘j Save <FJ) Undo f. Redo [;) Play h Play & Explore S Find A Remix Share as: <\

Hour of Code 8 ['ve finished

Wor

custom action My Story

|Dr0p action here,

L ]
« » Edit Scene

3 Mommy pengun

Mommy Penguin | move away from

Mommy Penguin | move to [target |

move forward

turn (355D

turn ((EICKD

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

at [ times

move forward

Mommy Penguin | turn | direction | | amount
- [Mommy Penguin | roll [ direction | [amount |
: Mommy Penguin | turn to face [targst
= - = Halntomct o michithic
‘. | Mommy Penguin | orient to | target
| Mommy Penguin | orient to upright

Mommy Penguin | face and orient to

High Extraneous Cognitive Load Low Extraneous Cognitive Load
12



I Completion Problems

* Generation (write from scratch)

- High extraneous cognitive load

» Completion (complete partial
program)

- More working memory
resources available for learning

13



Can we use completion
problems and also leverage the

strengths of puzzle-like
systems to provide an effective

way to help novices learn
programming independently?

14



Completion Problems -
Programming Completion Puzzles

*alien—and-ufo.lgp - Looking Glass x

custom action M| Y Sto ry

<=) Undo Redo ? Clear Done 3§

" [aten] walk ]
.

i [flying saucer | shake ]

loop-

flying saucer | fly above ]

o [flying saucer | turn [RIGHT | (2.0 rotations] duration ]

4 Use all of these actions to put the animation
&' pack in the correct order.

|| [fiying saucer| beam up [alien] |
[ fly away |




I Puzzle Curriculum

Easy Challenging

1. Sequential 2. Repeated 3. Parallel
4. Ret - 5. Parallel { 6. Repeated {
Parallel Repeated Parallel ‘6

} }



custom action M| y Sto ry

Undo | (& Redo ? Clear

Drop action here.

.. Play Correct . . Play Mine

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

Repeat (2| times

loop
flying saucer | fly abowe | alien

flying saucer | shake

flying saucer | fly away

alien | kick

flying saucer | beam up | alien

flying saucer | turn | RIGHT | [2.0 rotations

Do together

alien | walk [0.5 meters




e Lessons Learned
* Programming Completion
Puzzle Effectiveness

18



e Lessons Learned
* Programming Completion
Puzzle Effectiveness

19



I Formative Evaluations

e Completion Problem - Puzzle Format & Interface
- 10 iterations
— 23 participants - St. Louis Science Center
-30 minutes

* Puzzle Curriculum
-8 iterations
- 21 participants - St. Louis Academy of Science
-90 minutes

20



Lessons Learned:

1) Limit the editable dimensions of the
puzzle.

2) When executing the program, limit
distractions and focus the user's
attention on the program's output.

3) Author puzzle programs with
memorable segments.

4) Provide a challenge without being
tricky.

21



1) Limit the editable
dimensions of the puzzle.




I Editable Dimensions EEED

*alien—-and-ufo.lgp - Looking Glass x

World Edit Project Window Help

Create or Open Project u%] Save | <:::j Undo Fb Redo l) Play Lﬁ' Play & Explore % Find A Remix Share as: Uég World U— Remix @ Te

custom action V] Yy Sto ry

Your code has been scrambled!

“Note
Unscramble the code to make your animation work correctly.

flying saucer | fly away ]
flying saucer |* turn [RIGHT | (2.0 rotations)
walk more...

Do together ‘

mare.,

duration

= L.
- — |I““Edlt Scene

e e .

Change Values

lDrop action here,

alien's Actions

flying saucer |* shake

thing : |

Remixable Actions ( flying saucer | bea
Repeat times oves
G T Drop action here,
loop-
Spooky Float Knock Over

ick
flying saucer

| ® rewaction.. | INSErtions

Custom Actions (1)
[ edit | kick §

fly above thing : ]

Deletions

say, think

@ (oten) say [rec |

— k'




I Limit the Possibilities

Statemen
Bin

e Use all of these actions to put the animation
&° back in the correct order.

*alien—-and-ufo.lgp - Looking Glass

custom action V] Yy Sto ry

<=) Undo Redo ? Clear

lDrop action here.

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

‘Repeat (2] times

loop-

" [fyng seucer] iy above ]
 alien] walk )
" [fyng seucer) beam up ]
[ [fing saucer) fiy away |

‘Do together

kick

i shake |

Done 3¢

24




2) When executing the
program, limit distractions

and focus the user’s
attention on the program's
output.

25



I Play Window EEEE

*alien—-and-ufo.lgp - Looking Glass x

custom action V] Yy Sto ry

<=) Undo Redo ? Clear Done 3£

- [alien | walk (0.5 meters] ]

Repeat (2] times
" [atien) kick

E flying saucer | shake ] h

loop-
[ flying saucer | fly above ]
[ [flying saucer | turn [RIGHT | (2.0 rotations] duration ]

4 Use all of these actions to pu Play b
&° back in the correct order.

o together

L beam up ]
L fly away |

_—
= —

P Play m» Fast Forward M Full Screen

26




Play Overlay

lien-and-ufo.lgp - Looking Glass

p——

4> Fast Forward




3) Author puzzle programs
with memorable segments.

28



I Hard to Remember Output EEEB

Monkey
Business

[ [ Brown Monkey | turn to face [ Grey/fonkey | |

. [Grey Monkey | turn to face [Bro

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

{ | Grey Monkey | talk ]
IoopJ

L

[ Brown Monkey | move [UP| (0.5 meters| duration (0.5 seconds| animationStyle [BEGIN ABRUPTLY AND END GENTLY | ‘

. (Brown Monkey | move (DOWN] (0.5 meters] duration animationStyle | BEGIN GENTLY AND END ABRUPTLY | ]

Repeat (3] times

= — SIS ) N,

[ [ Brown Monkey | turn [RIGHT | (4.0 rotations| ] Business

[ | Grey Monkey | hop side to side ]

! loop’
' loop -

[ | Grey Monkey | lay down




I Memorable Segments

Segnt —~ ’
saucer starts up.

30




I Memorable Segments (]

SegmentI |

Segment Il |

Segment III |

. [alien | walk ]
 Repeat (2] times
| [alien] kick |

[ | flying saucer | shake ]

“'loop’
‘Do together

5 [ [ flying saucer | fly above ]

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

- [flying saucer | beam up

[ flying saucer | fly away ]

31




4) Provide a challenge
without being tricky.




I Tricky & Challenging

“It was tricky, but not harder.”

“I thought this one was a little
challenging, but I liked it!”

33



I Tricky EEEE

Nearly Identical Statements

. move [FORWARD | (1.0 meters]|
. move [FORWARD | |(1.2 meters]|

[ BEGIN GENTLY AND END ABRUPTLY |

[ move |[BACKWARD | (1.0 meters| animationStyle

[ BEGIN AND END GEMTLY |

[ move |[BACKWARD | (1.0 meters| animationStyle

[ move |FORWARD | (1.0 meters] duration }[2.0 seconds) l

[ move |FORWARD | (1.0 meters| duration }[1.5 seconds) l

34



Challenging

el D0 together

move |[FORWARD | [25.0 meters| duration [12.0 seconds]

- Repeat times

I swim forward and flip

oop

‘Do together

[ turn to face ]
[ turn to face ]

eat ]

35




e Lessons Learned
* Programming Completion
Puzzle Effectiveness

36



I Summative Evaluation

o 27 participants
-12 Female, 15 Male
-Average Age: 11.59

- Minimal Programming
Experience (< 3 hours)

e 2 hours

37



I Independent Learning: Tutorials

two-walruses.lgp - Looking Glass (1)

World Edit Help

Create or Open Project Save ", Undo ('. Redo

M baby walrus|

baby walrus's Actions

# new action...

baby walrus | shake head

baby walrus | turn back to normal color

baby walrus say
baby walrus | think

baby walrus | mowe | direction | [ amount
baby walrus | move toward | target | | amount
baby walrus | move away from |target | | amount

custom action M| Yy Sto ry

baby walrus | mowve to | target —
[ hahv walriie | nlaca [ snatial relatinn | [ tarnet |
. ]

I Drop action here.

Tutorial

Baby walrus say weeeeeeee!

et | Seve  #yinde ehReds [ pay

W

7
Ev i
bwn-walrasnslgp - Losking Glave

My Stary
custom stion My Stary

it
[Helo

Custom Test.,,

Drag in the following action:

baby walrus say "weeeeeeeeee!".

38




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

Puzzle / Tutorial

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

Training Phase

SEE NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN N N AN A A Ny .

-—-

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

1 I

( Transfer Task J (Task Su rveyJ

\_
Transfer Phase

39




Training Task.: Task Survey
Puzzle / Tutorial

Training Phase

: Familiarization Task ,E (Transfer Task) (Task Survey) x 4

Transfer Phase
40



I Training Phase

1. Sequential 2. Repeated 3. Parallel
4. Reete - 5. Parallel { 6. Repeated {
Parallel Repeated Parallel

} } 41



I Training Task

World Edit Help

two-walruses.lgp - Looking Glass (1)

Create or Open Project Save h Undo ﬂ Redo

| Play

custom action My Story

Drop action Here‘

M baby walrus

baby walrus's Actions

- [baby walrus | shake head

- [ baby walrus | turn back te normal color

baby walrus | say
- [ babywalrus | think

baby walrus | move
% [ baby walrus | move toward

i baby walrus | move away from amount

? i baby walrus | move to

- [hahvwalris | nlaca [snafial relatinn | [ tarnat
N

Tutorial

Tutorial o

Baby walrus say weeeeeeee!

W R

to-wieusen g - Lok Gims

ot jgme  Syunds ePheds [Py

L M STy
sz My Story

I Actions |

Drag in the following action:

baby walrus say "weeeeeeceeee!".

*two-walruses.lgp - Looking Glass (O)

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

- [babywalrus | set color [H green) ]

baby walrus | say

baby walrus | turn

8.0 rotations| duration

E: [ mommy walrus | shake head ]

[:; [baby walrus | turn back to normal color ]

E- [baby walrus | say [weeseeeeseees!!’ ]

[: [ mommy walrus | turn to face [baby walru

custom action My Story

| Cal.lndn & Redo |
Drop action He

7 Clear |

‘Done *® ‘

Puzzle

42




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

Puzzle / Tutorial

1 \ Training Task:
' Familiarization Task ¢ [ raining 1as J {Task Survey] X 6 (TEQ Survey)

Training Phase

Transfer Phase

43




I Transfer Phase

Repeated

Parallel {
Repeated

}

Parallel

Repeated {
Parallel

}

44



I Transfer Task

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.
tropical-food-hunt.lgp - Looking Glass (0) e All of the actions that are currently there are in the correct order
already.

World Edit Help

b Save Undo ¢ Redo |~ Play

=
My Story

custom action M| y Sto ry

|| create or open Project

L.

Instructions
» All of these actions are already in the corre
= You may only add up to 3 additional actions
» Before making any changes, first play the a

Instructions
= The monkey should jump forward twice.

monke jump forward
Y )" jump
say more..

Instructions
» The monkey should look up and climb twice
= Then the monkey should shake the tree an
tree should drop a coconut, twice.

look up |
climb |
g o : ] |> Play Correct Animation
drop coconut
move [(DOWN|® (2.0 meters|” duration more...

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

Repeat actions multiple times
[ Repeat times Ionp]*
[ Repeat while | condition Ioop]

Do one action, otherwise do another action 45
L ]




“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.

LCLIO

* 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.

climb

look up

shake

thing -

drop coconut

move [DOWN| [2.0 meters|” duration

mare...

Initial

Completed Transfer Task

structions
= 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.

structions
= Th

monkey say  ["yummy! yummy!'

ke the tree and afterwards the palm
ice.

Repeat times

 (monkey) look up |
climb |

times

shake thing : |
.5 drop coconut

duration

move [DOWN|  [2.0 meters)

more...

Completed

46



Research Questions:

1) Do puzzles require a different time
and mental investment compared
to tutorials?

2) Do puzzle users show more
evidence of learning compared to
tutorial users?

3) Are puzzles more motivating than

tutorials?

47



1) Do puzzles require a
different time and mental
Investment compared to
tutorials?

48



Puzzle / Tutorial

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

Training Phase

-—-

Familiarization Task ,E (Transfer Taskj (Task SurveyJ

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

Transfer Phase

49



100%

O
o
X

80%
70%
60%
50%
40%
30%
20%
10%

Percent of Users Exposed to Concept

0%

Percent of Users Exposed to
Programming Concept

m Tutorial
M Puzzle
2. Repeated 4. Repeated & Parallel 6. Repeated{Parallel}
1. Sequential 3. Parallel 5. Parallel{Repeated} 50

Training Task



I Average Training Task Time  p<.00

Average Training Task Time (min)

7

6

1. Sequential

2. Repeated

M Tutorial
W Puzzle

4. Repeated & Parallel 6. Repeated{Parallel}

3. Parallel 5. Parallel{Repeated} 51

Training Task



Average Training Task Mental Effort

p<.05

9
= 8
.80
L
L7
=
o
o 6
O
W 5
[T M Tutorial
C
o 4 M Puzzle
=
80 3
o
Q
z 2

1

2. Repeated 4. Repeated & Parallel 6. Repeated{Parallel}
1. Sequential 3. Parallel 5. Parallel{Repeated} 5o

Training Task



2) Do puzzle users show
more evidence of learning
compared to tutorial
users?

53



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

Puzzle / Tutorial

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

1 \ Training Task:
' Familiarization Task ¢ [ raining 1as ] [Task Survey] X 6 (TEQ Survey)

Training Phase

Transfer Phase



Average Transfer Task Time  p=.0s

M Tutorial
M Puzzle

Average Task Time (min)

Repeated Parallel Parallel{Repeated} Repeated{Parallel} -

Transfer Task



Average Transfer Task Performance
p<.05

100%

90%

80%

70%

60% -

50% -
M Tutorial

40% - W Puzzle

30%-

Average Task Performance

20% -

10% -

0%

Repeated Parallel Parallel{Repeated} Repeated{Parallel} 6

Transfer Task



Summary

Puzzle users performed 26% better on transfer
tasks while requiring 23% less training time.



I Future Work

» Completion Problems
- Paired with worked examples
* Distractors

- Common in puzzle-like systems

-Impact on completion problem
effect

58



I Questions

Kyle J. Harms
Washington University in St. Louis
kyle.harms@wustl.edu

| E:”“ https://lookingglass.wustl.edu

Washington University in St.Louis
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