Stichting NIOC

Stichting NIOC en de NIOC kennisbank

Stichting NIOC (www.nioc.nl) stelt zich conform zijn statuten tot doel: het realiseren van
congressen over informatica onderwijs en voorts al hetgeen met een en ander rechtstreeks of
zijdelings verband houdt of daartoe bevorderlijk kan zijn, alles in de ruimste zin des woords.

De stichting NIOC neemt de archivering van de resultaten van de congressen voor zijn rekening.
De website www.nioc.nl ontsluit onder "Eerdere congressen” de gearchiveerde websites van
eerdere congressen. De vele afzonderlijke congresbijdragen zijn opgenomen in een kennisbank
die via dezelfde website onder "NIOC kennisbank" ontsloten wordt.

Op dit moment bevat de NIOC kennisbank alle bijdragen, incl. die van het laatste congres
(NIOC2023, gehouden op donderdag 30 maart 2023 jl. en georganiseerd door NHL Stenden
Hogeschool). Bij elkaar bijna 1500 bijdragen!

We roepen je op, na het lezen van het document dat door jou is gedownload, de auteur(s)
feedback te geven. Dit kan door je te registreren als gebruiker van de NIOC kennisbank. Na
registratie krijg je bericht hoe in te loggen op de NIOC kennisbank.

Het eerstvolgende NIOC vindt plaats op donderdag 27 maart 2025 in Zwolle en wordt dan
georganiseerd door Hogeschool Windesheim. Kijk op www.nioc2025.nl voor meer informatie.

Wil je op de hoogte blijven van de ontwikkeling rond Stichting NIOC en de NIOC kennisbank,
schrijf je dan in op de nieuwsbrief via

www.nioc.nl/nioc-kennisbank/aanmelden nieuwsbrief

Reacties over de NIOC kennisbank en de inhoud daarvan kun je richten aan de beheerder:

R. Smedinga kennisbank@nioc.nl.

Vermeld bij reacties jouw naam en telefoonnummer voor nader contact.

Versiedatum: 02-04-2023
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Introduction

@ Addressing the problem of
underprepared students in CS1

@ Look at secondary school and
undergraduate skills/outcomes
requirements

@ Overview of online courses

@ Propose online courses to help students

§ u:to:become more prepared for CS1
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Requirements for Computer Science

Secondary school

Undergraduate
Relationship between skill-sets

Typical content of a secondary school CS
curriculum:

@ using basic software
@ searching for information on the internet
@ programming

@ learning to solve complex problems

Peter Hubwieser, 2012

Computer Science Education in Secondary
Schools - The Introduction of a New Compul-
sory Subject

ACM Transactions on Computing Education
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Requirements for Computer Science

Secondary school

Undergraduate
Relationship between skill-sets

@ using basic software; and

@ searching for information on the internet

. can be seen as softer ICT related content.

(@
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Requirements for Computer Science

Secondary school

Undergraduate
Relationship between skill-sets

@ programming; and

@ learning to solve complex problems

. are seen as more difficult and relate to CS
content.

(@
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Requirements for Computer Science

Secondary school

Undergraduate
Relationship between skill-sets

Two secondary school curriculum
specifications:
e Computing At School School (CAS)

curriculum from the UK

@ K-12 Computer Science Standards
(CSTA K-12) which is developed by
CSTA and ACM in the USA
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Requirements for Computer Science
qui puter Sci Secondary school

Undergraduate
Relationship between skill-sets

CAS

CAS sees CS as a STEM discipline,
characterised by:

@ s- following a scientific approach

T - understanding, appreciating and applying many technologies to a problem

Q

@ E- following a process for the construction of artifacts in the discipline,
specifically the design-construct-test cycle

o

M - a mathematical foundation
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Requirements for Computer Science

Secondary school
Undergraduate
Relationship between skill-sets

CAS cont.

CAS skills outcome - computational thinking
Some clarification is required....

(@
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Requirements for Computer Science
qui puter Sci Secondary school

Undergraduate
Relationship between skill-sets

CAS cont.

The learner needs to be able to recognise computational aspects in the world,
apply tools and techniques to the recognised systems, and then understand and
reason about these system. In order to do this, the learner must be able to
abstract, both by decomposition and generalization, and model the systems.
This forms part of the design of the system, which then needs to be constructed
by programming it before it is tested. Understanding the construction of the
system will require fundamental programming, algorithm and data manipulation
skills. CAS also requires that learners have a basic understanding of computer
architecture as well as the internet.
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Requirements for Computer Science
qui puter Sci Secondary school

Undergraduate
Relationship between skill-sets

CSTA K-12

Characterises a curriculum using strands,
these strands define the outcomes of the

curriculum.

(@
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Requirements for Computer Science
qui puter Sci Secondary school

Undergraduate
Relationship between skill-sets

CSTA K-12

These strands are:

- computational thinking;

- collaboration;

- computing practice and programming;

- computers and communication devices; and
community, global and ethical impacts

r
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Requirements for Computer Science

Secondary school
Undergraduate
Relationship between skill-sets

Secondary school CS outcomes

After successful completion of a secondary
school curriculum in Computer Science, a
learner should:
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Requirements for Computer Science

Secondary school
Undergraduate
Relationship between skill-sets

Secondary school CS outcome S1

S1 have a thorough understanding of
theoretical fundamentals of Computer
Science which includes algorithms,
communication channels such as the
internet, data manipulation;
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Requirements for Computer Science

Secondary school
Undergraduate
Relationship between skill-sets

Secondary school CS outcome S2

S2 be able to recognise computational
problems and then analyse, model,
develop and test a computational
solution for the problem;
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Requirements for Computer Science

Secondary school
Undergraduate
Relationship between skill-sets

Secondary school CS outcome S3

S3 be able to work with other learners in
order to solve a problem; and
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Requirements for Computer Science
qui puter Sci Secondary school

Undergraduate
Relationship between skill-sets

Secondary school CS outcome 54

S4 understand the implications of
computers on society.

(@
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Requirements for Computer Science

Secondary school
Undergraduate
Relationship between skill-sets

Skill-set required in an undergraduate
curriculum as specified in the ACM/IEEE

proposed C52013 Strawman curriculum.
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Requirements for Computer Science

Secondary school
Undergraduate
Relationship between skill-sets

Undergraduate CS outcomes

After successful completion of an
undergraduate degree programme, a student
should have:
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Requirements for Computer Science

Secondary school
Undergraduate
Relationship between skill-sets

Undergraduate CS outcomes G1/2

G1 an in-depth knowledge of topics in
Computer Science;

G2 the ability to apply Computer Science in
a project environment;

UNIVERSITEIT VAN PRETORIA
UNIVERSITY Of PEETORIA
1 YA PRETORIA
CSERC 2013 Online courses for student success in CS



Requirements for Computer Science

Secondary school
Undergraduate
Relationship between skill-sets

Undergraduate CS outcome G3/4

G3 the ability to solve problems on multiple
levels of abstraction;

G4  organisational and communication skills;
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Requirements for Computer Science

Secondary school
Undergraduate
Relationship between skill-sets

Undergraduate CS outcome G5/6

G5 an understanding that Computer
Science is a dynamic discipline and be
able to change; and

G6 the ability to interact with other
domains.
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Requirements for Computer Science

Secondary school
Undergraduate
Relationship between skill-sets

Secondary School Skills Fundamen;a sof CS Undergraduate Skills

In-depth CS knowledge

Analyse, model, develop, test proljlems
>

Application of CSto alarge praject

Group-

ork to solve a problem
>
lon of CSto alarge project

| mplications of computers and society
->
In-depth CS knowledge

nalyse, model, develop, test problems
>

Levels of abstraction problem solving |/ Applicatif
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University entrance requirements for CS Admission requirements

Prior learning

University admission control mechanisms
include:

@ using the results of the secondary school
to gauge ability and specify relevant
admission criteria

@ requiring students to write a standard
admissions/placement/credit test

§ 2:conducting interviews
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University entrance requirements for CS Admission requirements

Prior learning

There is evidence that prior learning has a
marked effect on pass rates in first year CS.
A study by Morrison and Newman [2001]
showed that:
@ 66% of first year students with prior
learning pass CS 1 with at least a
C-grade
@ only 50% without prior learning pass

HHES T Wit a C-grade.
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Online courses

Course providers

Classification of introductory CS courses

[ Criteria | Coursera [ edX [ Udacity
Launched April 2012 April 2012 February 2012
Founding Part- | Andrew Ng and | MIT and Harvard Sebastian  Thrun,
ners Daphne Koller, David Stavens and
two CS professors Mike Sokolsky, orig-
from Stanford inally all from Stan-
ford
Categories 20 unknown 3
CS related 4 3
Courses 213 15 15 (19)
CS related 71 6 10 (14)
Time re- | both time self
lease/Self study
Certificate  of | Not for selfstudy yes yes
Completion
Partners 33 6 No official university
partners
. URL https://www. https://wuw.edx. http://www.
a vresires vin saeihp GOUTSETR. OTE/ org/ udacity.com/
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Course providers

Online courses Classification of introductory CS courses

For each course, the following information was captured from the course websites:

(* T unique number was assigned, Cn for Coursera, En for Edx and Un for

Udacity
@ the course title and/or code
@ the affiliated institution
@ the prerequisites
@ the outcomes
Juct
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Course providers

Online courses Classification of introductory CS courses

For each course, the following information was determined:

o secondary school skill-set being addressed

(*) pedagogical setting rating

@ whether the course provided a certificate of competence/attendance

@ whether the course is self-study or presented in a specific time-frame
Juct
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Course providers

Online courses Classification of introductory CS courses

3
5
4
3
| I | I
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ing | Algorithms i Analysis Design Testing
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Secondary school skills distribution
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Course providers

Online courses Classification of introductory CS courses

Pedagogical setting for a good online course:

(o

takes different learning styles into account (Visual, Auditory, Kinesthetic)

encourages contact between instructor and students as well as between
students

facilitates active learning
gives feedback and encourage according to expectations

schedules activities

fosters a strong sense of belonging online as online learning can be very lonely
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Course equivalences

Proposed curriculum

Course selection

[ Equivalent courses

[ Skills

| Comments

M1 | C2(5) and C10(4) S1 - Algorithms | Foundation in programming re-
quired. C2 requires Java.
M2 | C3(5), C11(4) and | S1- Algorithms | Advanced Algorithms and data
U2(5) structures. C3 follows on from
C2 in Java. C11 follows on from
C10.
M3 | C4(7), E1(4) and E2(3) | S2 - Analysis | E2 includes basic programming,
and Design while C4 and E1 do not
M4 | C6(4), C8(5), C9(3), | S1 - Program- | Beginner programming, C8 and
E1(4) and U1(5) ming E1l are more Mathematical
M5 | C7(5) and U5(5) S2 - Testing Both require a programming
foundation
i‘a'
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Course equivalences

Proposed curriculum

Course selection
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Course equivalences

Proposed curriculum
Course selection
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Conclusion

@ Online introductory courses focus mainly on programming and algorithms
o Maturity in online courses required, particularly with regards to the
pedagogical setting
o
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