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Computer Science Education: Text processing

Lisbe Oma,

PARAGRAPH

CHARACTER

alignment
DistanceAhead
DistanceTo
line spacing

font
font size
typeface editing

setAlignment()
Set Distance Before()
set distanceto()

setFont()
setFont size()
typeset typeface()

Computer Science
Education

The classes PARAGRAPH and CHARACTER in the
object-oriented view of text processing systems

v" Microsoft Word
v" Libre Office

v  HTML

Product knowledge
Concept knowledge

- An understanding of Computer Science concepts helps to use

computer systems effectively and efficiently.

Computing
Computer scienc



Why CS education? The digital transformation.
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Computer science explaine

BILDUNG

Digitale Souveranitat
und Bildung

DigCompEdu
The European Framework
for the Digital Competence
of Educators

« Simulation, big data, artificial intelligence lead to further developments and

changes in the disciplines

« Competencies of computer science are increasingly considered relevant, i.e. for
all school students, as well as in general teacher education

* Internationally, computational thinking ("thinking like a computer scientist”) as a

door opener for computer science education
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The Computational Thinkers

Logic Tinkering
Predicting & analysing Changing things to
see what happens

vy
-
P

Evaluation .

Making judgements Creating
Designing & making

Algorithms

Making steps & rules

Debugging
Finding & fixing errors
Patterns

Spotting & using similarities
Persevering
Keeping going

p 233 1)

Decomposition
Breaking down into parts

’

‘:" Collaborating

Abstraction Working together

Removing unnecessary detail

’ : Wh think about it, whether we’ ts, pupil CAS
We're all computational [timmrmpmte--is B o3 220
- ' capable of computational thinking. qre .‘
Our brains, lik ters, , debug and mak -
thinkers here! Lrinks, i et st e o —

8
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Which concepts and approaches of Computational Thinkingdo =~
teachers consider applicable in primary school?

Abstraction 65%

i
Decomposition BE% 1 . 24%
Collaborating 67% 1 . 33%
Algorithms 68% . 32%
Ewvaluation T 23%
Persevering TT% 23%

Logical reasoning T I 23%

Thinkering | 77% 23%

Altermatives 80% 20%

Creativity 80% 20%

Debugging B3% I 17%

Patterns B85% I 15%

100 50 ] 50 100
FPercentage
ﬁt:dSy7 éwth primary school teachers Fasponss 1. 3fs 1= strongly applicable
2. afflle 6 = not applicable

60% response rate
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Which concepts and approaches of Computational Thinkingdo =~
teachers consider applicable in primary school?

CT skeptics
CT welcoming

CT skeptics

CT welcoming

CT skeptics

CT welcoming CT welcoming

CT skeptics
2 Clusters:
CT welcoming: Teachers with  c7velcoming
more experience in teaching e
with and about digital
technology and who feel more ‘*L':‘
competent.

CT welcoming

CT skeptics: Teachers with CT skeptics
less experience in teaching
with and about digital CT welcoming

CT skeptics

technology and who feel less
competent.

95%
60%

94 %
51%

99%
69%

96%
53%

B8%
3T %

97 %
64%

98%
48%

100

Creativity

Evaluation
'

Patterns

Thinkering

Collaborating

Debugging

Persevering

Percentage

40%

48%

12%
63%

36%

52%
100
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Computational Thinking in practice

when I want proper hand washing

wet hands with water

apply ( enough soap

T

repeat until © 20 seconds are over

Jub hands

rinse well

pat well with towel
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Concept
knowledge

Problem solving
Science

Understanding
the world

Creativity

Computer
Science
Education

How?
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CS Education needs to focus on the principles
and fundamental ideas of computer science!

Based on Claus Brabrand: Teaching teaching & understanding understanding
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Fundamental Ideas of Computer Science (A. Schwill)

Fundamental |deas

« are relevant to the historical development A
of the area in the longer term (time criterion)
- The answer to rapid change

/_./ \ hohes Niveau
. . / ]
* can be taught at different intellectual levels = —_
(vertical criterion) _ \ N ——osoe s
—> Spiral principle across different stages < ]
7

 reference to language and thinking in everyday life and the
world in which we live and are necessary for understanding
the subject (criterion of sense)
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Innovation: From databases to "data management*

Data management has developed over the last 15-20 years, mainly as
an extension of the field of "databases".

Basis for many innovations of the "digital society”

What's new?

» Reassessment of concepts
e.g. consistency

« technological innovations
e.g. NoSQL, data stream systems

* new analysis ideas L
ANY secones _' AHEAS"’ OUT DENSITY
- = E[]LLEEH[]N = < ENHANCED = hS
e.g. data mining TOOLS e AALYSS == ”Pﬁfj‘g‘f,\‘fgss[]lsgﬂ[]vETYWAﬂE 0 sy A e
= EATERPRSE
. increasing Comp|exity in OATA SHAHlNEEAPTUHE " DECISION £ = SBSTS oy PHUEESS'NG<
handling of data STORA G E Ui 2 e s, S A
§ = TEHABYTES'E ﬁ 2
. 9 EHALLENGESMAMAGEMEM PRCESSNG |, - = penapTes ot = S VAR ETY %
Big Data = []IFFIEWT@% am © = RELATIONAL LA > STHTISTICS &5 2 <
— M S

=HPLRE 2 2 =

U

=1 TES

<> PROCESS

o]
PROBLEE Q-
=
-

GARTNER
FORNS ASSE[S

— EHDWS
I CAMERAS g—
L ——
o

e SOURCES = e MANAG
SEARCH » STSTENSTE™

E <=:
= [} =
BISHESS TELLIGECE

VISUALIZATION

Bildquelle: camelia.boban (Wikimedia Commons), CC BY-SA 3.0
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Finding key concepts of data management

Central question: Which CS ideas and concepts are central in DM?
« Development of an approach for the systematic data-based characterization of
a subject area

* Oriented towards Fundamental Ideas of Computer Science (Schwill) and Great
Principles of Computing (Denning)

—————————————————————————————————————————————————————————————————————————————

phase 1: investigation of the field

1

1 .. e .

: : de.C|S|0n. 21 € definition of development of

X literature inductively <election s ey

: selection LU o criteria system

: system terms of data
1

1

management

definition of classification of
classification data management
criteria terms

decision for a
model framework
key concepts of
data management

phase 2: structuring the subject area

___________________________________________________________

__________________

Grillenberger, Andreas and Romeike, Ralf: Key concepts of data management: an empirical approach, In: Montero, Calkin Suero, Joy, Mike (eds.): Proceedings of the 17th
Koli Calling Conference on Computing Education Research, 2017.
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A Model of Key Concepts of Data Management

What | doing? Which topics are important?
at am | doing”

technological perspective, primary research areas

Practices Core Technologies

file stores, databases, data stream systems, data analyses,
data mining, semantic web, document stores

What do | want to achieve?
Design Principles

* acquisition

* cleansing

How does it work?

* modeling Mechanics

* 1mplementation -
p + data independence «  structurization

* optimization * integrity

* representation

* analysis * consistency o
* visualization * isolation *  replication
o evaluation * durability * synchronization
+  sharing * availability « partitioning
. * partition tolerance :
* archiving * ftransportation

¢ concurrency

*  erasure «  redundancy * transaction
tasks and activites related to central for using and describe the function
data management designing DM systems of DM systems

Grillenberger, Andreas and Romeike, Ralf: Key concepts of data management: an empirical approach, In: Montero, Calkin Suero, Joy, Mike (eds.): Proceedings of the 17th
Koli Calling Conference on Computing Education Research, 2017.
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What should be taught - related to Al?

Dear Prof. Dr. Romeike,

| am currently working on the topic of "Artificial Intelligence in Computer
Science Education"” as part of my work in the Computer Science Teaching
Commission (state of XXX). | estimate the importance of this topic for computer
science teaching very highly and would also like to integrate teaching units
in the curriculum. For this purpose, | would like to formulate content-related
competencies - starting from grade 6 up to grade 10. During my research, |
came across some of your publications, but could not find any concrete
competency formulations. That is why | am addressing you directly. Have you
already formulated competencies on the topic of Al for teaching in general
education schools that | could use as a guideline, or can you possibly point
me in the direction of a contact person? | would be very grateful if you could help
me further.

With kind regards
Dr. XXX (Headmaster)
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What should be taught - related to Al?

The recent advances in the field of Artificial Intelligence are related to
machine learning, a subfield of Al.

What are the ideas and principles behind
« classic" Artificial Intelligence,
* machine learning, e.g. reinforcement

Artifci learning?

Intelligence Ma e

eamnqg Is it possible to teach Al in lower

secondary in an appropriate way?

- \ What should be taught?

/ How can it be explained to students?
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Approaches to teaching Al
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Types of Machine Learning

Supervised Learning

Collect labeled

Collect wnlabeled

Find 3 pattern
to match /\wom‘m to pattern

Find similarities
dita —— and patterns —— and exceptions

Label new data

input and label
3 e
Gy IS E T (SUETY]

Unsupervised Learning

Wertify clusters

ool [°0] o o
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Capture
state e
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N ute
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2020

LOG IN Ver

Activities and teaching mater
on artificial intelligence

Annabel Lindner re]

Stefan Seegerer &

Learning

e,
-l oy el wfy

Reinforcement Learning

Receive reward

an action  ——,or purishment)

B o
1200
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What should be taught...

... related to quantum computing?

What should everyone and anyone know about
« qubits,

e superposition,

¢ quantum entanglement?

What are the ideas and principles of
quantum computer science?

Michaeli, Tilman, Seegerer, Stefan and Romeike, Ralf: Quanteninformatik als Thema und Aufgabengebiet informatischer Bildung, In: Humbert, Ludger
(ed.): INFOS 2021 — 19. Gl-Fachtagung Informatik und Schule, Gesellschaft fir Informatik, Bonn, 2021.



E

Computing=ducation
Computer science explained|

Computer Science Education

Concept
knowledge

\ Problem solving
/ Science

Understanding
the world

Creativity

Computer
Science
Education

How?



C

Computing=ducation
Computer science explained!

How to teach?

Project-based learning: Collaboration, self-organization, social interaction, ...
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How to teach?

Project-based learning: Collaboration, self-organization, social interaction, ...

... based on agile methods of
software development

... based on the waterfall model of
software development

Communication

Requirements F:> Product requirements document
J— Simplicity Feedback
DeSign Ifl> Software architectura T
. ransparanc
T Self-organization P y
Implementation ﬁ> Suftware _ Courage
Commitment
D Respect

Verification strength

S — of purpose/ focus

Maintenance
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Development of an agile framework for project-based
learning with design-based research

o (-]
UNSERE TIMEBOXEN

ITERATION 4 Wochen
STAND-UP 10 Minvien w
REVIEW 30 Minuten

RETRO 60 Minvien

%

i

Ideen sammeln -

oooo| ..,
%.

Ho

MMT{“

Anforderungen priorisieren

(Backlog)

GE=
A& %

Qualitdtsabnahme
(Review)

Prozessre flexion
(Retrospektive)

1

Potenzielle Auslieferu

Stand-Up-Meetings H

iﬁ L.

Kollaborative

A0
W LGS

I O @@

ng

Refactoring
Y] M 1o

Prototypen



Computing=ducation

Design-Based Research (DBR)

| N _ S&O‘{L

W
Theory - 2014, 2015,
Fraxis 2016

24
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Research-led implementation and further development
with design-based research

Jens Gallenbacher (Hrsg. j INFOS 2015 — Informatik allgemeinbildend begreifen
Lecture Notes in Infc (LNI), fir Informatik, Bonn 2015 83

Ein Bild vom Wesen der Softwareentwicklung:
Erfahrungen aus zwei agilen Projekten

Leonore Dielrichl,Andress Grammz, Pefra Kastl* und Ralf Romeike®

Jens Gallenbacher (Hrsg,): INFOS 2015 - Informatik allgemeinbildend begreifen

Abstr Lecture Notes in Informatics (LNI), G fiir Bom 201563
‘unters
an die . - .
dassd Agile Softwareentwicklung — Erfahrungsbericht eines
;B:IG Oberstufenprojekts im Wahlpflichtunterricht
efler
einer !
I
i’;‘m; Peter Br Jens Gallenbacher (Hrsg.): [NFOS 2015 - Informatik allgemeinbildend begreifen
& Lecture Notes in NI), fiir ik, Bonn 2015 191
Keyw
Abstract Agile Softwareentwicklung im Informatikunterricht —
strac . . . .
' Tasks, T Ein Best-Practice-Beispiel am Spiel ,,Pengu®
umgesetz
. fiir das L
In c}u Reduktio Petra Ki
schiec bewusst ¢ Jens Gallenbacher (Hrsg.): INFOS 2015 — Informatik allgemeinbildend begreifen
Hoch anspruch: Lecture Notes in Informatics (LNT), Gesellschaft fiir Informatik, Bonn 2015 211
dem Vergleict
Scratc Vorjahre: Abstrac! Agiler Informatikunterricht als Anfangsunterricht
proze positive [ ten Beis,
steller Keyword Tﬁ:‘c
i beit abschitz
:;em" Arbeiten Yann als Lennard Kerber', Petra Kastl® und Ralf Romeike’
roze ‘umzuset:
3eNEC. ' Jens Gallenbacher (Hrsg,): INFOS 2015 - Informatik allgemeinbildend begreifen,
nem | 1 Ag Keywaon Tecture Notes in Informatics (LNI), G flr Informatik, Bonn 2015 219
Mom: Abstract: A
Anf i lungsprojekt sy . . . .
e Eines 1 Ei Schule sind Ganzjihriger Projektunterricht mit agilem Framework
Tdoen Wassert agiler Methc
Impleme . skripteten Pr
beson B.inFo Eine we SchiilerTnner e 2 3
ausge hat es ir thoden bausteine jer Ulrich Kiesmiiller' , Petra Kastl“und Ralf Romeike
haben in auch di Methoden w
! Univ biirokrat nachvol beitsprozess
leono sowie ei Method Unterrichtss(
* Gym niichster dic Proj gen. Es weri Abstract: In diesem Beitrag werden zwei jeweils achtmonatige Unterrichtsprojekie zweier 10. Klas-
*Fried v 3 offenbal sgeskripteter sen eines bayerischen Gymnasiums vorgestellt. Uber die gesamte Zeit entwickelten Gruppen von je
petra. von Ver b ben. finf bis neun Schilerinnen und Schillern mit der Programmiersprache Java ihr eigenes Software-
Unternel versiehe projekt und erarbeiteten sich dabei informatische Konzepte der objektorientierten Programmierung
. lungsop Keywords: , und Modellierung. Zur Unferstitzung wurden geeignete agile Praktiken ausgewzhltund jeweils zeit-
Die Urs: starr vel verziigert durch weilere erginzt. Die vorgenommene Anpassung des agilen Modells an den Kontext,
Bei Proj menges! die praktische Umsetzung und Beobachtungen werden im vorliegenden Beitrag beschrieben. Sie
durch n eXtremt 1  Eink werden kontrastiert zu den Erfahrungen aus den Vorjahren, in denen nach dem Wasserfallmodell
Software vorgegangen wurde. Abschliefend werden wesentliche Erkenntnisse und Erfahrungen, die in die
g ‘Weiterentwicklung des agilen Modells flieBen, zusammengestellt.
Agile M I,m Folg Die Verwel s ® 2
allen Ph: siert um N
sich dat lich zu [Kc¢ Keywords: Einsatz agiler Methoden der Softwareentwicklung im Informatikunterricht, Projekiun-
' QAware Abb. 1) der Softway terricht
LMU M sich sehr p
gen an
[Kol4]. A1
User St Rahmen de
noch w. scher der T 1 Objektorientierung und Softwareentwicklung im Unterricht
f::::‘re Modell fiir
chung steh Grundlagen der objektorientierten Modellierung und Programmierung sind fiir die natur-
" Friedrict fachliche, ¢ wissenschaftlich-technologische Ausbildungsrichtung an bayerischen Gymnasien im Lehr-
petrakas entwickeln plan der 10. Jahrgangsstufe [IS03] verankert. Als Abschluss ist dort ein kleines Softwa-
ben, Anfan; reprojekt vorgesehen, um den Lernenden zu i dass man umfangreiche Aufga-
sing und ur ben nur mit sorgfiltig gepl Teamarbeit, str i Vorgehen und basierend auf

ten, llm_e_iﬂ fachlichem Wissen losen kann. Hierbei geben der I}ﬂyerische Lehrplan und die gingigen
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Research-led implementation and further deveIopmeﬁ"”tm"“””"“‘
with design-based research

Process:

« a total of three cycles evaluated
« approx. 400 pupils

« different contexts:

« compulsory courses, elective courses, optional
courses

« 8th grade to high school
Data Collection:

* Guided interviews, exemplary project
documentation and results

Strengths of the approach:

« cooperation with teachers at eye level

 fruitful and sustainable design of teacher
training

« teachers continued as multipliers
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Development of an agile framework for project-based
learning with design-based research

o (-]
UNSERE TIMEBOXEN

ITERATION 4 Wochen
STAND-UP 10 Minvien w
REVIEW 30 Minuten
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From question answerer to coach and observer

L My role as a teacher changed from
"question answerer" and "fault finder” to
50% coach and 50% observer.

| was able to observe very well the technical
learning progress and the positive development
of social and organizational skKills in the
students. There was no longer any talk of
waiting too long for support. Although | hardly
ever had to help, the learners stated in the
feedback that they felt well looked after.
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Independent, goal-oriented way of working

b6 1 was pleasantly surprised when a colleague
asked me what | did with my students.

"When I give your students an assignment,”
she reported, "your students start working,
while mine all come forward and ask
questions first.” Apparently, the project
experience led to a sustained, more independent,
goal-oriented way of working.
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With what?
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Smerge: A version control system for collaborative
working with Snap!/

{ly smerge

Version control for Snap!

Asteroids

pace shooter - built together
initial
post

created
.spaceship

move shoot
functionality missiles
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Smerge: A version control system for collaborative
working with Snap!/

ﬂﬂﬂﬁ!mmﬁ[ﬁ“lﬁ“iiﬁ!t“

:
I
—
=
=]
=
g
=]
]

W)

Work collaboratively...



C

Computing=ducation

Computer science explained!

Smerge: A version control system for collaborative
working with Snap!/

A snap! Build Your Own Blocks & % +
C & https://snap.berkeley.edu/snapsource/snap.htmi#

h ‘& ' I blank project

{ conwrol

sonang || -

(numbers from &P to &L
M in front of

( Item of H
all but first of B
length of B

< H contains

[add T to B

Hahh € o B

ﬁnlur& at of
\}eplace item &K of A

[Post ta smerge...

...post...
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Smerge: A version control system for collaborative
working with Snap!/

- e & S o @ 1y L@ m*OH =

Animal Dance =

.SL.E" .F:oi:nerl .Jc-n-w-y- ..'_:-1ri.3 .I—‘.oc—.c .Ju-:la

...(s)merge!

Seegerer, Stefan, Michaeli, Tilman and Romeike, Ralf: Investigating How Novices Use and Collaborate with a Version Control System for Block-
Based Languages, In: LaTiCE2020: The Seventh International Conference on Learning and Teaching in Computing and Engineering, 2020.
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