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Study on
Challenges

Greifenstein, GraBl & Fraser (2021): Challenging but Full of Opportunities: Teachers’ Perspectives on Programming in Primary Schools.

(Sub-)

Category Themes

School

organisational media equipment, funding, internet
connection

Students

cognitive prior media experience, overwhelm-
ing, reasoning, literacy, subject
knowledge

affective interest and motivation

heterogeneity prior media experience, interest,
subject knowledge, gender

metacognitive distractability, concentration, impa-
tience

young age

Teachers

cognitive subject knowledge, overwhelming,
prior media experience

didactic individual support, child-friendly
implementation, prevention of dis-
traction

affective self-efficacy

Programming

complexity =~ programming language, technical
terms, abstract, relation to life

problems debugging

Government

organisational time, curriculum

Parents

organisational media equipment

affective

fear and criticism



o o . UNIVERSITY
Opinions of PST on analysis tools /f;'u(;‘(ﬂ: PASSAU

Automatic analysis tools can support teachers with giving feedback to their students.

5% 19% - 76%

100 50 0 50 100

. Fully disagree Partially disagree Neither agree nor disagree Partially agree . Fully agree
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e Static code analysis tool
* https://scratch-litterbox.org

Fraser, Heuer, Korber, Obermiller & Wasmeier (2021): Litterbox: A linter for scratch programs.


https://scratch-litterbox.org/

LitterBox — List of patterns

=

. ‘j Upload Project Teachers Pattern Old Analysis
&

Codemuster
Bugs Smells Perfumes
ABf@! Ambiguous Custom Block Signature Nco+l Missing Clone Call
APNI» Ambiguous Parameter Name Used McI[x] Missing Clone Initialization
BIE 5y Blocking If-Else MEA® Missing Erase All
CWD Call Without Definition MI G Missing Initialization
CL[3 Comparing Literals ML% Missing Loop
cBF o0 Custom Block With Forever MNPDg#* Missing Pen Down
BT € Custom Block With Termination MPU® Missing Pen Up
BR Z Endless Recursion MR = Missing Resource
ETCu Expression As Touching Or Color MTQO Missing Termination
FIL*Y) Forever Inside A Loop NWced Missing Wait Until Condition
o B.. TllaAasl DararmaA tAar DAafartAr a™rN ) NaA WarlsinAa CArint

About Litterbox
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LitterBox — Example

=
points (NI

set  points »+ to o

if touching Fish v ? _then

change points » by °

goto random position »

Sprite  Star

show | ® &

0)(®

«§de

Size

Direction

e (29

90
A
x

(D@ =

Stage

Backdrops
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LitterBox — Upload ~Z&4(| OF PASSAU

& ’j Upload Project  Teachers  Pattern  Old Analysis  About Litterbox

Welcome to LitterBox! LitterBox can help you find problems in your Scratch
When | receive check program w
programs.

go to Litterbox »

=HI@M What's wrong with my project? JBERTeRVET

switch backdrop to  error analysis »

Simply upload your Scratch file or specify the path to your project. You'll then
receive detailed information dn possible errors in your program.

Your project file mblock ebd Project URL URL
Keine Datei ausgewahlt. https://scratch.mit.edu/projects/

Choose a file from your hard drive.

Your age What is the purpose of your program but doesn't work?

Please choose your age (optional) ... v (optional)

Your aender



LitterBox — Example hint
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IPossibIe bug in sprite Starl Missing Loopl

The highlighted event in the script is only
checked once. The script is ending too fast.

Enclose the event with the block

to continuously check for the event.

(Feedback on

set points * fo o

if touching Fish = ?

change points =+ by o

go to random position =

 Mistakes

* Concepts

*  Procedure




Ideas

What could the LitterBox tool be useful for?

save time

silly errors aired work debugging challenges
progression  teaching programming independent work €rror diagnosis P | : =
teacher support progress tracking next steps teacher training 979 ysing classpe
- feedback ¢
metacognition
s e JT)@pendent
teacher anticipation code analyisis
e PEI ASSESSINe Ilt
Stude:nts use it assessment
instant feedback
help with bug fixing .-
self assess fixs
bug fixing
scaffold teachers  prompting learners remote (eginhospit  children check own ¢ . debugging
diagnostic learning at home

=

UNIVERSITY
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Study on Debugging ¢+

and Mathematics

¥ W W QO

Aufgabe 3
Happy New Year

‘
; Hallo Frau Test, mein Programm funktioniert irgendwie nicht. I .

‘ : w .‘ Ich méchte eine animierte Neujahrskarte erstellen:

b \0 v Sobald man auf die griine Flagge klickt, wird ein nicht sichtbarer
b g Countdown gestartet. Der Countdown dauert immer unterschiedlich
e lange, der Computer denkt sich also sozusagen selber den Countdown
Julia aus.

Es ploppen viele bunte Luftballons auf. Sobald der Countdown um ist,
wird das Jahr geéndert.

Es klappt aber noch nicht, dass das Einhorn - sobald das aktuelle Jahr
2021 ist - "Frohes neues Jahr" sagt und vergréRert wird.

Greifenstein, Obermiiller, Wasmeier, Heuer & Fraser (2021): Effects of hints on debugging Scratch programs: an empirical study with primary school teachers in training.
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Tasks 1-7 Tasks 8-14
7 bug patterns Same 7 bug patterns
Group Control (Ctrl): no hints All: no hints

Group Treatment (Trmt) : LVFERBI hints

- Performance - Learning

12



1 UNIVERSITY
Effects regarding performance //;N(]op PASSAU

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7

100% 1

75%

50%-+

Correct solutions

25%-

" e L

Ctrl Trmt Ctrl Trmt  Ctrl Trmt  Ctrl Trmt  Cirl Trmt  Ctrl Trmt  Ctrl Trmt

* significant difference

13



Hint for “Message Never Received”

Correct solutions

Task 5 Possible bug in sprite Coins: Message Never Received
100%
E The message (. . that is sent here is
never received by a
75% 1 Y s
block. Therefore nothing will happen as a
reaction to this message.
50% - When you send a message make sure that
another script receives it.
25% 1
0% “The bug has to be fixed in the sprite ‘Girlfriend’ and not in
Ctrl Trmt the ‘Coins’— hence a somewhat misleading hint.” (T41)

@ _ Location where the
"€ bug hasto be repaired

=

Player = 2

broadcast player fouches money «

play zound Collect + uniil done

UNIVERSITY
OF PASSAU
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Hint for “Message Never Sent” ,/%;‘ UNIVERSITY
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Correct solutions

100% 1

75%-

950%+

25%-

0%+

Task 1

Ctrl Trmt

q’ Possible bug in sprite Cactus: Message Never Sent

Cactus The message Gane

when | receive Game Over =

over, that is supposed to be received is never
sent. Therefore the script will never be stop ofher scripts in sprite =
triggered. If you want to receive a message, glide o secsto Gardener
@)you have to select a message that is being sent
In a different sc:ript&]‘ create a new
message to send in a different script.

“l didn't know exactly what to do. Instead of ‘Game
over’, | added the gardener's message ‘Ouch’.” (T19)

N

_¢’_ One solution
"€ approach

15



Transfer of tasks 1-7 to 8-14

Performance

Learning

100% 1

Correct solutions

0%+

100%+

Correct solutions

0%

75%1

50% 1

25%1

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7
Ctrl Tmt Ctrl Trmt Ctrl Trmt Ctrl Trmt Ctrl Trmt  Ctrl Trmt  Ctrl Trmt

1

1

1

1

1

1

1

Task 08

Task 09

Task 10

Task 11

Task 12

Task 13

Task 14

75%1

50%

25%1

Ctrl Trmt

Ctrl Trmt

Ctrl Trmt

Ctrl Trmt

Ctrl Trmt

Ctrl Trmt

Ctrl Trmt

=i

UNIVERSITY
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Effects regarding learning

=i

100% 1

Correct solutions

0%+

Task 08

Task 09

Task 10

Task 11

Task 12

Task 13

Task 14

75%+

50%-+

25%-+

Ctrl Trmt

Ctrl Trmt

Ctrl Trmt

Ctrl Trmt

Ctrl Trmt

Ctrl Trmt

* significant difference

Ctrl Trmt

UNIVERSITY
OF PASSAU
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Task 7

Possible bug in sprite Spaceship: Stuttering Movement

If you press a key for longer, you expect a
constant event processing. Unfortunately there
is a delay between the first and second round of
processing, making the movement stutter. You

Task 14

100% -

O 75%- can prevent this delay by using the block

_5 from the sensing category

—g in scratch. To do that you have to put the

o 90% conditional 7' - block

O | g — :

g inside of a ' | block and use the event

(@] - -

O 25%-+ handler [ &5 instead of using the event
handler -l

0%+

Ctrl Trmt “With the step by step instructions | was able to repair

the bug in an easily understandable way.” (T50)

|
N

" Detailed information about
"€ how to remove the bug

J 18
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N \'/

_ Detailed information about
"€ how to remove the bug

AN

" Location where the _¢’_ One solution
"€ bug has to be repaired : approach

N

19



Qternenjagd

© Offne gen wviv= -

@ Erweitere das Programm-

a Andere, dass man zwei punkte pekommt, sobald der Stern den
Fisch perubrt.
4 Momentan wird in der Figur Stern nur 4 Punkt gegeben

) Das Spiet <ol enden, wenn der Kugel\fisch perunri wird.

b
? Sehau in die Figur . Guc\LLe Dort £ un\:’monlert das pereits.
s § unktioniert.

@ Teste de Spiel. und kreuze an, Wd
0 Du pekommst nun for jeden gesamme elten Stern 2 Punkte.
Das Spiel endet, wern der Kugelf isch oder die Qualle perunrt

[}
wird

D'l:n}luigah:wurdeimkahmzn s Semminacs B iy DEEEA (RCOTACE e g der Unietsital PassaU S rsr:lll_

Bildqueilen: Serateh; o it Lisungsenuster -5 cihruagen abfragen”
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Greifenstein
Heuer & Fras
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ploring Programming Task Creation of P
rimary School Te
achers in Trai
ning
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. .
. ac N
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and Mathematics

Task Creation

forever

go to

point towards

mouse-pointer »

Sprite

star = clownfish
189
Show | @ & I

Size

m E ;}‘ i
clownfis 5%(

st (19
= pufferfish

Direction

jeliyfish
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given program
A

TIPP

21



Effects on the task text and the code ,/;”(] UNIVERSITY

Positive ____| Nossignificant influence

e Fewer code smellsand ¢ Procedure
bug patterns e Time

* Program size

T * Code Perfumes
@ Erweitere das Programm. * Task type

_ ) e Number of subtasks
a) Andere, dass man die Tanzerin auch nach rechts bewegen kann| i
" Momentan kann die Figur nur in eine Richtung gesteuert werden. . * Topics

b) Wenn die Tanzerin anfangt zu singen, sollen Luftballons in zwei

- Farben fliegen..
¥ Schaue in die Figur BallonT".

¥ Denk an das behandelte Thema des Kostumwechsels’

e S S N S | [} - - ™ L. . . L

22
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e Starting point

e [nspiration

e Sprite selection

23
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LitterBox can help teachers to create good example programs.

e D o5 o

100 50 0 50 100

. completely true fairly true partly true somewhat untrue . not at all true

24



Functionality of tool support ,/%] UNIVERSITY

94,10% V7
Bugs are displayed so that it is easier

for inexperienced teachers to identify and
correct the sources of bugs.” (T82)

{4
@ Unfortunately, you can't just say the

tool something like ‘how do | make the frog
stick its tongue out to the left whenever it
looks to the left [...].” (T64)

33,30%

M positive M negative

25
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Representation of tool support //%]op PASSAU

{4
@ The great thing is always the pictorial
representation.” (T2)

@ ”There could be more detailed
explanations.” (T69)

27,50% 33,507
, (4]

M positive M negative

26



Usefulness of tool support for young learners ,—/%] UNIVERSITY

19,60%

I

M positive M negative

{4
@ It can promote student understanding

and a sense of achievement without the
teacher's help.” (T3)

{4
As a primary school student, Litterbox

would probably seem too overwhelming so
it is only useful for the teacher.” (T67)

27
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What aspects of LitterBox hints should be adapted for children?

layout of feedback qudio narration?

add confidence level scaffolded examples context specific read the hintoutlo  'levels' of answer

loops, events try another! option only basic concepts
age appropriate  conditionals, events

morevisualhints  ..r entiate rubric mOdify vocab
combine w. tipp&see

show complete exampl

read hint out loud e =

is it better for the
what caused errors  teacher? lesstechnical less text

video support :
perhapsvideo?  optional by teacher PP fewer items

28



Study on Hint Content =80
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H|nt on m|Sta ke _Sun Pong“ (Bug in the sprite ,Racket"J & Mark important words.

Conceptual hint

You can write something into the white fields of the blocks or insert other blocks.

Only if you insert the block of a variable, you get its value.

Hint on mistake | .Sun Pong™ (Bug in the sprite Racket”) # Mark important words.

Procedural hint  Procedure: e

O Find the buggy script:

© Test the corrected script:

- al Insert this block: Vanables@
-~

wait until = o b) Move this block. wait unfils,  points

say for ° seconds

say for e seconds

Greifenstein, Brune, Fuchs, Heuer & Fraser (2023): Impact of Hint Content on Performance and Learning: A Study with Primary School Children in a Scratch Course.
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Unit 4
Debugged 6 programs

e 2x conceptual
e 2x procedural
« 2x none/both

- Performance

30
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o *

2 60

0

c

O

S 40-

[e)

7

§20- - -

o

O ol

None Concepts Procedure Both
*

significant difference

31
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when clicked

move 0 steps

Block events Click events

—> Scratchlog tool

Caspari, Greifenstein, Heuer & Fraser (2023): ScratchLog: Live Learning Analytics for Scratch. 32



ScratchlLog (create user)

Scratch Kurs @& =+~

Add Experiment

Add Course

Courses [Eaaa i
Add Participants

Add Participants CSV

# Title Description Status
) 3 demo course demo @
1 Kurs 1 Juli 2023 @
Experiments
# Title Description Status
9 Codeversum: Fortgeschrittenenkurs Codeversum: Fortgeschrittenenkurs L0
8 Codeversum: Anfangerkurs Codeversum: Anfangerkurs @

33



ScratchLog (add user to course) h'/‘ UNIVERSITY

Scratch Kurs @& =+ - Search

demo course

demo

| @ Status: open Last changed: 2023-09-11T10:10:55

Stop Course

Participants
# Username Added
301 luisa N 2023-09-11
294 gordon 2023-08-04

34



ScratchlLog (add experiment)

Edit Experiment

Title

) demo experiment Il

The title cannot be longer than 100 characters
Description

Find the bug and fix it.

The description cannot be longer than 1,000 characters.

Postscript

35



ScratchlLog (add user data)

Bearbeiten Veroffentlichen

@~ Dpatel

‘- Tutorien  Scratch-Projekt

-

= Skripte .l Kostlime & Kldnge

. Variablen
Bewsqung

. Neus Varable

Aussehen @

Kiang setze Punkte » aul o

4 A
| )

SR andere  Punkie »  um o
' @
STV zewge Vanable Punkle -

Fihlen

. Neue Lista

Operatoren

. Melne Blécke

Vanablen

Meina
Blocke

verstecke Vanable Punkie =

abs.  Punkie -°

-1

Neuer Block

@ Figur

- x -112 -150
Schildger I y

Zeige dich Grofte Richtung

36



ScratchlLog (view user data)

m

Block Events Click Events

Event # Executed Event # Executed
CREATE 5 No entries found

ENDDRAG 1

MOVE 5

Resource Events

Event # Executed

Mo entries found

Download Sh3 Files -

37



Effects on performance (block events)

none for T3
+ 4+ +H + + i -+ s
»® b4

+ ¢ (2. K L ™ L e SN
« honeforT6
% Gt L ] +ofl
2 * + ADD
[0 " Ll - ¢ L] o e

= DELETE

S conc.forT2| =
o +4 4| =+ = - ¢ MOVE
()]
2 x » SOLVED
= $e X KT L
2  conc.forTS
": + o+ +HE+ + + + £
qg x ®
"UE} ' 4 2 23 XN + +e L K N ¢ 4
Q@  proc.forT1|*
@ = =

¢ L [

proc. for T4
- - + )] + + =
+ » “ ¢ L X L ] v ¢ |@
0 1 2 3 4 5 7 8 9

time in minutes

=
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Effects on performance (click events)

conc. for T2

conc. for T5

proc. for T1

proc. for T4

both for T3

both for T6

time in minutes

> - i | 3 > = 2 > > | 2 >
= E = = EE = n I
| | N | H BN
» > | I 2 »
n n l
E = - n n
[ | N | o
- - n
» GREENFLAG
> > STOPALL
m * SOLVED
1 2 3 4 5 6 7 8 9

10
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4 *
23
0]
=
22 '
P
> 1

0- . X o .

None Concepts Procedure Both significant difference

“because | have
to elaborate a bit
on them” (C19)

“the three step
composition
helped me” (C32)

“they cannot be
envisioned
easily” (C24)

“the problem is, we
children are not
challenged this way” (C6)

40




LitterBox — Example hint
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[Possible bug in sprite Starl Missing Loop]

The highlighted event in the script is only
checked once. The script is ending too fast

iﬁ? Enclose the event with the block =

b to continuously check for the event

~

set points » fo o

if

touching Fish » 2

)
change poinis » by 0

random position +

go to
[Feedback on
* Mistakes
¢ Concepts
*  Procedure
>,
Task creation

9

Sternen)"gd

In dieser Auf gabe erweiterst
du ein Programm

© Offre s«ouﬁ

dcm Cmulu
0 K\de ml‘ Duw und m«.hloéen von

. ONM den o:w Dau-a\ uM \\M’Je wf de Bﬂw Slunﬁﬂmd

@ Erweltere das Progrom™-

4 der Stern den
Ande doss won zwel Punkte bekom: i
o re.

ben.
(Mhb:'wwdmwfw Stern At g
¢ Momenton

goto mouse-pointer »

et wied.
Kugelf sch oer
o, wenn der umts
L Mo-\r-::eoume Dort "'““""'" = =
7 5¢mu L]

point towards star »
.o,‘.,v.
— wos ‘\l"‘
\ und kreuze o™
@ Teste dein SW

Jeden gesommelten Ster® ghukte
ur Je

Dos Spel endet. wenn der KU \fisch oder & Qualte berunrt
o
a ge!

wird.
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Effects regarding performance

100%

75%

50%

Correct solutions

25%

Task 1

Task 5

Task 6

Ctrl Trmt

Effects on performance (click events)

Ctrl Trmt  Ctrl Trmt

Ctrl Trmt

\

conc. for T2

conc. for TS

proc. for T1

proc. for T4 | *

both for T3

both for T6 | *

> >
| ] L
> -
|| | ]

» GREENFLAG
= STOPALL
* SOLVED

time in minutes

6 7 8 9
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