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Meet Clara & Friend




Independent Learning Supportin
ovice Programming Environments

Monkey Business - Looking Glass (2)

Sundo | € Redo | ff Reset || X Quit

r— T s The animation, Monkey Business, is all mixed up!
l""m””||m =) Using anly the pleces you need, put the animation back in the correct order
1

grey mankey| jump onto | couch] |

rey monkey] turn to face [brown monkey |
Repeat (2] times
[ [arey monkey | move arms up and down |

e R ra— [ [brown morkey | move arms up and down |
_ loop

[grey monkey | hop side to side |

| [brown monkey | jump forward




Independent Learning Support - Tutorials

A Al Tips

Scratch Project Editor - Imagine, Program, Share - Google Chrome € BACK HEXT >

&) Scratch Project Editc

& (€] https://scratch.mit.edu/projects/editor/?tip_bar=getStarted Start MOVing
@RI © Filev Editv Tips About B -4 Sign in to save
[g:‘}a [Untitled F . Scripts | Costumes - -
) J vation Drag a move block into the Scripts area.
I‘.-T-:Lmd

I Fen | or

e
.

" ) ==y Ll bt (@D degrees

©) V think for @) secs " say GO for @ secs

% 5=
[
2

switch costume to

switch backdrop to backdropl

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

X 240 y: 177

i - £.
Sprites New sprite: & /E@
change ©olor  effect by @)
hE
- ove €D
1 backirop £

1-
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4 MNow, add a sound. >

scratch.mit.edu




Independent Learning Support - Code Puzzles

<> [e]l=] i todergmlnagepoter - =] -

Report Bug
c|O -
Sign in
D|E
STUDIO

Ve Lkl =1 ™15 ol

move forward | when run

move forward

S0 right © v

I-ﬂ Reset

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

M

| Fnais | code.org




Independent Learning Support: Tutorials vs. Code Puzzles

two-walruses.lgp - Looking Glass (1) x *two-walruses.lgp - Looking Glass (0) x
Mol Pditen . custom action My Story
P Redo = | Play
<= Undo Redo 7 Clear Done 3¢

custom action My Story
Drop action here.

Drop action here,

Tutorial

Baby walrus say weeeeeeee!

— S pi 4 Use all of these actions to put the animation
=" back in the correct order.
M baby walrus v

[ ———

{;- [ baby walrus | set color [ green | ]
e Mg Syinds ePmase [Py

B —

s cron My Story

: [baby walrus | say
o Tot

E baby walrus | turn [RIGHT | (8.0 rotations] duration

baby walrus's Actions

Ml
@ new action...

Custom Actions (2)
| ledit - |babywalrus | shake head
_ ledit - [ babywalrus | turn back to normal color

%

w3l
e e | Actions [ mommy walrus | shake head ]
@
think [:; baby walrus | turn back to normal color ]
e Drag in the following action:
@1 (bsby valrs| move [ dreciion) smount) | (oo woie) soy Cemssmssesseel? |
@ baby walrus say "weeeeeeeeee!".
z move away from ['@mount [f: [mommy walrus | turn to face [baby walru
@l D)

(30} [hahvwalris | nlace [ snatial rektion | [ tarnet | |
——

| Next» |

Tutorials 90600000008 Code Puzzles

K. J. Harms, N. Rowlett, and C. Kelleher, “Enabling independent learning of programming concepts through programming completion puzzles”



Tutorials vs. Code Puzzles: Motivation

two-walruses.|gp - Lpaldina Class 111

Tutorial
World Edit Help

ﬁ Redo

@ Create or Open Project éﬁ Save ) Undo

-7y | Baby walrus say weeeeeeee!

? Clear Done 3¢

custom action M

Drop action h
o

Op action here.

of these actions to put the animation

— ack in the correct order.
A& [baby walrus| v

baby walrus's Actions

@ new action...

Custom Actions (2)

| edit E baby walrus | shake head

| edit E baby walrus | turn back te normal color

Drag in the following action:

x
baby walrus say "weeeeeeeeee!". *

py walrus | turn o 'c. to normal color ]

say, think

Q - [baby walrus | say [text |

()| [babywalrus | think [text |

position

e[ [baby walrus | move [ direction | [amount | ]

Q[ [baby walrus | move toward |target | [amount | ]

say [‘weeeeeeeeeeee!!’] }

: Next » p
QL [ baby walrus | move away from | target | [ amount ‘7‘ [ [ mommy walrus | turn to face [baby walru
@[ [baby walrus | move to < [ ] >

£\ (hahv waln s | nlace [ enatial relation | | tarnet | | 2/9

Tutorials Code Puzzles

K. J. Harms, N. Rowlett, and C. Kelleher, “Enabling independent learning of programming concepts through programming completion puzzles”




Research Questions

What decisions do users make?
Are code puzzles more motivating than tutorials?

What are users perceptions of value for each instructional format?
Motivation?

Learning?




Exploratory Study

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

Average age: 11.2 years

6 Instructional Tasks

For each pick an instructional format:

tutorial

code puzzle

lookingglass.wustl.edu



Training

training-1.lgp - Looking Glass (0) x Slip and Slide - Looking Glass (0)
World Edit Help

& save ®yundo €PRedo [ Play X quit £ 9 Undo € Redo i Reset X Quit
Tutorial x A s | The animation, Slip and Slide, is all mixed up!
= Using only the pieces you need, put the animation back in the correct order.
custom action My Stor . .
: y y Ta kl ng F I |g ht Drop action here.

Drop action here.

R > e e

'shadow|

(penguin | slide forward

shadow's Actions

@ new action...

position

['shadow | move | direction | [amount | ]

[ penguin | jump

[ shadow | move toward | target | [ amount | ]

[shadow | move to | target | ]

@ |
|
@[ [ shadow | move away from [target | [ amount | ]
@
@

[shadow] place [spatial relation | [target ] |

orientation This tutorial will show you how to create the
@1 (snedow) tuen (drection) [amourt | Taking Flight animation.
had Il [ direction’ . .
- L i i (CI) Click next to continue.
(@) [shadow] tumn to face [target | |

e [ shadow | orient to |target |
(2) [shadow | orient to upright

(2)| [shadow| face and orient to [ target | |

[penguin | get up

Next »

Training Tutorial ec00o0e Training Puzzle




Choose Instructional Format: Tutorial or Puzzle

Looking Glass (0)

What would you like to do?




Instructional Tasks: Tutorials

World Help

Looking Glass (0)

1. Dizzy Walrus
skills: basics (easier)

% u

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)




Instructional Format: Tutorial

04.1gp - Looking Glass (0)

World Edit Help

=

J =
22/ save 9 uUndo ¢PRedo | Play

My Story

custom action My Story

Drop action here.

%
I # tiny yeti| v

(2| [tinyyeti] place [spatial relation | [target |

[tiny yeti | turn to face [target |

@ [tiny yeti | orient to upright ]
(2)| [tinyyeti| face and orient to |target | ]

visibility

e [tiny yeti | appear
@ [tiny yeti | disappear
size

(2| [tinyyeti] resize [factor)

@ [ tiny yeti | resize width | factor |

(2)| [tinyyeti] resize height [factor |

Tutorial x

Tiny yeti turn to face big yeti

& tiny yeti :I
oaston

y yoti| Mo | draction | | amount | §

=t | mave toward target || amourt | |

mave away from  target | | ameurt

tiy yeti | move to | target | |

| [tioy yeti | place [ spatidl raiation | [ targat | |
ariantasion
BBl [ty yeti| o | drac

® .
@ arfent ta upright
@ et | face and arlent to | target

bty
e appear |
@ [ty st dicappear |

bad
Bl [cryysi| resize [factor

Drag in the following action:

tiny yeti turn to face big yeti.

Next »
< @ >

212
K. J. Harms, N. Rowlett, and C. Kelleher, “Enabling independent learning of programming concepts through programming completion puzzles”



Instructional Tasks: Puzzles

Looking Glass (0)

World Help

1. Dizzy Walrus
skills: basics (easier)

% u

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)

X §

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)




Instructional Format: Puzzle

Yeti Baseball - Looking Glass (0) x

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

o . :
# | [tiny yeti | turn to face [bigyeti| |
¥ P g

‘ P Play Correct ‘ P Play Mine [ [tiny yeti | move [BACKWARD | (0.5 meters]

Do together ’

[tiny yeti| fly away

E [tiny yeti | jump to hammer

[ [ big yeti | wind up swing

[ big yeti | power swing ]

K. J. Harms, N. Rowlett, and C. Kelleher, “Enabling independent learning of programming concepts through programming completion puzzles”



Semi-Structured Interviews

Pre-Study Interview

“How would you rate your current programming or coding expertise? why?”

Post-Task Interviews (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?”



Exploratory Study: Data Summary

Instructional Tasks (167)
62 tutorials
105 puzzles
Responses
3,915 interview question responses

Average 40.2 minutes per participant




Research Questions
Puzzles or

Tutorials?

What decisions do users make?




Instructional Format Decisions (Exclusively” X)

Tutorial x

og-Lk Tiny yeti turn to face big yeti
ord £ top

Lswe Sundo Predo [ Play # [tiny yeti

Tutorial x custom action My Stor

fon here.

og-Lok Tiny yeti turn to face big yeti &

world ot e
s unio Preso [ riey & itiny yeti Yeti Baseball - Looking Glass (0)

custom action My Stor

rop action here,

[ B [tiny yeti 'l

| ITOIOeTTTmIerm)

9 Undo c

§a| The animation, Yeti Baseball, is all mixed up!
Using only the pieces you need, put the animation back in thi

EEDEEEEE e

@1 Lty et tum arection ) (amount | |

S ver) roll {drection) (smourt) | &
g tiny yeti| turn to face [bigyeti] |
rient to | target I Do together
[ # tiny yeti vl { Kientitolops ol Drag in the following action: | [(tinyyeti) nod |
jent to targt | | |
g yeti| nod

@ (tiyyet| place sp target] | tiny yeti turn to face big yeti. | L Boyetnod
e | B> Play Correct » Play Mine tiny yeti | move [BACKWARD | (0.5 meters|

B (i .50 turm (recion) (emouri ) | o) daeppear]

Yeti Baseball - Looking Glass (0)

e
@/ (tiny yer | tum to face target @[ (tnyyen] resiz D ther
@ tnyyet | orient to upright Drag in the following action: @ y 9 Undo c

) = =) face and orient to (torget) |
visibilty tiny yeti turn to face big yeti. s The animation, Yeti Baseball, is all mixed up! (tiny yeti | fly away
@/ (tyyet | appear =) Using only the pieces you need, put the animation back in thi

@ (inyyen) disappear |

= g [tiny yeti ) turn to face [bigyeti] | [tiny yeti | jump to hammer
@} iy ye] resize factor Do together
@ tiny yeti | nod
B = s v o P
— big yeti| nod
< L] » S=——
0 | > PayCorect | B> Play Mine

3% - exclusively tutorials 23% - exclusively puzzles

*zn—l Lyt jump o hammer | *zn—l

73% - both tutorials & puzzles




Instructional Format Decisions (Preferred X)

Worid Edt_telp

Bsee B Predo [ ray

custom action My Stor

rop action here,

[ # [tiny yeti 'l
B (o o) place (- target) |
orientation

@I iy turm (srecton) (amoure |

@/ iy yeu) tum to face target

@ (i) orient to [targer |

@| [ty yer orient to upright |

Bl (o) ece smaonent o (ioset) |

@ (tryyet) appear |
@ (i yet] disappear |

@/ (i) resize (foctor |
@ iy ye rosize width iacir |

B = resiee veione (ocer |

Tutorial

og-Lok Tiny yeti turn to face big yeti

& [tiny yeti

Drag in the following action:

tiny yeti turn to face big yeti.

Next »

2n2

10% - more tutorials

Tutorial x
«wp-Lk Tiny yeti turn to face big yeti
orid £t e
& sove Undo P Redo [ play # [tiny veti
custom action My Stor

Drop action here,

[ B [tiny yeti 'l

| ITOIOeTTTmIerm)

@1 Lty et tum arection ) (amount | |

Drag in the following action:

tiny yeti turn to face big yeti.

Yeti Baseball - Looking Glass (0)

9 Undo c

§a| The animation, Yeti Baseball, is all mixed up!
Using only the pieces you need, put the animation back in thi

g [tiny yeti| turn to face [bigyeti] |
Do together
tiny yeti | nod
| [bigyeti| nod
| > Play Correct | » Play Mine

[tiny yeti | fly away

tiny yeti | jump to hammer

30% - equal tutorials & puzzles

=

\ » Play Correct » Play Mine

Yeti Baseball - Looking Glass (0)

9 Undo c

§a| The animation, Yeti Baseball, is all mixed up!
Using only the pieces you need, put the animation back in thi

tiny yeti] turn to face [bigyeti| |

Do together

tiny yeti | nod |

| [big yeti) nod

tiny yeti | move [BACKWARD | (0.5 meters'

[tiny yeti| fly away
[tiny yeti | jump to hammer

60% - more puzzles



Research Questions

Both!
Puzzles &

What decisions do users make? .
Tutorials!




Research Questions

Are code puzzles more motivating than tutorials?




Post-Study Interview: Which do you enjoy more?

Post-Study Enjoyment Preference Response for Instructional Format

80%

% of Participants

13%

n Tutorials Both Puzzles




Intrinsic Motivation Inventory Survey:

Interest/Enjoyment Subscale

Mean Interest/Enjoyment for Tutorials & Puzzles

w e

N

Mean Interest/Enjoyment Rating

n Tutorials Puzzles




Research Questions

Are code puzzles more motivating than tutorials?




Decisions vs. Stated Enjoyment

80%
73%

60%

M Decisions (Exclusively X)
Decisions (Preferred X)

30% M Stated Enjoyment

% of Participants

23%

0
10% 13%

» ol
—
n Tutorials Both Puzzles

7%




Decisions vs. Stated Enjoyment

73%

M Decisions (Exclusively X)
Decisions (Preferred X)

30% M Stated Enjoyment

% of Participants

0
10% 13%

» S
R
n Tutorials Both Puzzles

7%




Decisions vs. Stated Enjoyment

80%

60%

M Decisions (Exclusively X)
Decisions (Preferred X)
M Stated Enjoyment

% of Participants

23%

0
10% 13%

» Sl
—
n Tutorials Both Puzzles




Research Questions

O

What are users perceptions of value for each instructional format? o

"y

Puzzles &

Tutorials!




Exploratory Study: Data Summary

Instructional Tasks (167)
62 tutorials
105 puzzles
Responses
3,915 interview question responses

Average 40.2 minutes per participant




Interview Response Analysis: High-Level Categories

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

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




Response Analysis - Interrator Agreement

Cohen's K

High-Level Categories

Decision Rationales

Experience Outcomes

Expected Task Difficulty

Sources of Ease & Difficulty

.95

p<.001




2" Round: Category Sub-labels (Themes)

Decision Rationales Sub-labels



High-Level Category Themes - Interrator Agreement

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




Decision Rationale Themes

Cohen's K p

Decision Rationales .89 p<.001

Personal Preference
Improve Programming Skills

Challenge




Decision Rationale Themes

Personal Preference




Enjoyed Animation

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

-

83% of participants enjoyed the animation



Decision Rationale Themes

Improve Programming Skills




Improve Programming Skills

“Because it was a new skill that | hadn't learned before, so if |
did it as a puzzle I'd probably not quite understand exactly what

Choose Tutorial Choose Puzzle
n 19% of Tasks 7% of Tasks



Discover Skill Level

“I wanted it to be a little harder than the tutorial because |
wanted to see if if it'd make a big difference or not.”

/

9

@
P
Discover Skill Level

21% of Tasks




Decision Rationale Themes

Challenge




Challenge - Pushing Your Abilities

¢ D
® ©

==

Sought Challenge
87% of Participants

_ .6
® O
—>o

Avoided Challenge
60% of Participants



Seeking Challenge

“I like having to challenge my mind more.”

57% of participants chose puzzles
32% chose tutorials




Avoiding Challenge - Do Something Easier

-’ \_‘ “I think I'm going to do mostly
' ‘ tutorials from now on because this

was a bit hard.”
—>

39% of participants chose tutorials

- 12% chose puzzles
44



Avoiding Challenge - Motivating Animation

“I picked it as a tutorial
because it looked like it
had lots more complexity
than the other ones and |
didn't want to just jump
right in without knowing
what | was doing.”

Looking Glass (0)

A A

5. The Snow Dance

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

)
3 : \|

9. Shark Snack

skills: repeat + do together

(medium/harder)

r——\ e

10. Crazy Cauldron

skills: repeat + do together
(medium/harder)

=

7. Interstellar Travel Trou...
kII repeat & do tgther

(easier, /medium)

11. Whack-a-Yeti

skills: repeat + do together

(harder)

A-

8.
@a

4. Yeti Baseball
skills: do together (ea

8. Trouble at Sea
skills: repeat (medium)

12. Firetruck Frenzy

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




Challenge Seeking/Avoidance Strategy

Challenge Strategy Throughout Instructional Tasks (6)

80%

% of Participants

13%
7%

n Avoided Challenge Fluctuated Between Both Sought Challenge




Research Questions

Personal
Preference

O

What are users perceptions of value for each instructional format? Q

Challenge

Improve
Programming
Skills




Considerations for Independent Learning Support in

Novice Programming Environments

Support Multiple Levels of Challenge
Support Skill Level Discovery

Leverage Motivation + Provide Choice




Support Multiple Levels of Challenge

e’

1. Dizzy Walrus

12. Firetruck Frenzy

skills: basics (easier) skills: do together + do in order

(medium/harder)




Support Skill Level Discovery

/

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

skills: basics (easier) skills: repeat (easier) skills: repeat (easier) skills: do together (easier)

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)
(easier/medium)

A

9. Shark Snack 10. Crazy Cauldron 11. Whack-a-Yeti 12. Firetruck Frenzy

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)




Leverage Motivation + Provide Choice

M

& L
r
2. Hammer Hazard 3. Monkey Business 4. Yeti Baseball This animation is
skills: repeat (easier) skills: repeat (easier) skills: do together (easier) R
challenging
( )
.
Follow a Tutorial
\. J
4 A
Solve a Puzzle
The Si  : Dance 6. Messed Up Magic 7. Interstellar Travel Trou... 8. Trouble at Sea \ /
ills: do tc ¢ € her (easier) skills: do together (easier) skills: repeat & do together skills: repeat (medium) 4 )
(easier/medium) 7
[
\. J
4 A
9. Shark Snack 10. Crazy Cauldron 11. Whack-a-Yeti 12. Firetruck Frenzy L L]
J

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)




Kyle J. Harms
kyle.harms@wustl.edu
http://research.engineering.wustl.edu/~harmsk/

Washington University in St.Louis
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