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GECKO - A Graph-based Competency Tool
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MODELLING

Curricula as a graph, not as a
list

Knowledge items from different curricula, educational standards and
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competency models become the nodes of a directed graph. Experts connect
them through dependency relations. The result is a model that supports
importing, evaluating and further developing existing models.

@& Competencies as nodes, dependencies as edges
@& Import and compare existing models

& Learning paths are derived from the dependency relations
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What can a curriculum tell us about
readiness?

* Curricula describe intended learning outcomes — but their overall
competency structure is difficult to see.

COVERAGE PROGRESSION COHERENCE
Which competencies How do competencies Where might gaps or
are addressed? build on each other? redundancies occur?

=» Our starting point: make competencies and their relationships
explicit.



4 UNIVERSITAT
KLAGENFURT

From documents to structured
competency data (1/9)

* Curricula describe intended learning outcomes — but their overall
competency structure is difficult to see.

CURRICULUM STRUCTURE ANALYSE REVIEW

Modules and Competency Rules, Al- Human
learning ~ extraction and ~ assisted checks, ~ judgementand
outcomes relations graphs revisions

Level 1A (Ages 5-7) Level 1B (Ages 8-11)
By the ond of rada 2 _ctudantc will ha ahia o By the end of Grade 5, students will be able to.
1A-CS-01 Select and operate appropriate software tdll 18-CS-01 Describe how internal and external parts of
perform a variety of tasks, and recognize that users ‘computing devices function to form a system. (P7.2)
have different needs and preferences for the
technology they use. (P1.1)
1A-CS-02 Use appropriale terminology in identifying il 1B-CS-02 Model how computer hardware and
s software work together as a system to accomplish
oi@¥mputing systems (hardware). (P7.2) |tasks. (P4.4)
W WEscribe basic hardware and software 1B-CS-03 Determine potential solutions to solve
s using accurate terminology. (P6.2, P7.2) simple hardware and software problems using

‘common troubleshooting strategies. (P6.2) |
1B-NI-04 Model how information is broken down into
smaller pieces, transmittad as packets through multiple
devices over networks and the Internet, and
reassembled at the destination. (P4.4) |
1A-NI-04 Explain what passwords are and why we | 1B-NI-05 Discuss real-world cybersecurity problems
use them, and use strong passwords to protect devices |and how personal information can be protected. (P3.1)
and information from unauthorized access. (P7.3)

Subconcept

. 20
Computing Systems 3 g

Netwark
Communication &
Organization

Networks & The Internet
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From documents to structured
competency data (2/9)

Analyzing Curricula

Not in Course: 2418

Not in Course: 55 Not in Course
73
4
Not in Course:
Not in Course: 43
\
\
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Not in Course: 2450 /,,—, Course: 8

/
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2307 Not in Course: 2454
1

Not in Course: 97

Notin Course: 2399

(CSTA and TEWI-GECKO)

Course Competencies (

Competencies from course

The students are able to compare how people live and work before and after the implementation or
adoption of new computing technology.

@12307 AAU6064  Puplls  Humans and computers

pleme v v

The students are able to discuss computing technolegies that have changed the world, and express how
those technologies influence, and are influenced by, cultural practices.

@#4T AAUG136  Pupils  Humans and computers

rld; dis

pract influence, change, cultural;

The students are able to compare tradeoffs associated with computing technologies that affect people's
everyday activities and career options.

®1#2380 AAUG159  Pupils  Humans and computers
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tion, actiy

compute, e
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The students are able to model the way programs store and manipulate data by using numbers or other
symbols to represent information.

@173 AAUS034  Pupils  Algorithms and Programming

information, numb

del, manipulat

n, program, wa

The students are able to create programs that include sequences, events, loops, and conditionals.

@14 AAUG103  Pupls  Algorithms and Programming

106p, sequ

The students are able to debug (identify and fix) errors in an algerithm or program that includes
sequences and simple loops.

@12317 AAUG0s2  Puplls  Algorithms and Programming

ug; simple, include;

algorithm, loo

que:

rror, program; d

The students are able to collaborate with many contributors through strategies such as crowdsourcing or
surveys when creating a computational artifact.
@117 AAUG205  Pupils  Humans and computers

strate: rcing, artifa

; create, computational;
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From documents to structured
competency data (3/9)

* Making competency
dependencies visible
@TEWI / Univ. KLU T N AV

Red: ... is part of ...

* Central nodes: ST el
* Introduction to Informatics = - . o e :
* Introduction to Informatics - S R
Education 7 A O A A
* Microelectronics 7o e ==
* Node size:
Number of relations
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From documents to structured
competency data (4/9)

 Making competency
dependencies visible
@TEWI / Univ. KLU

e Key competencies:
°* Loops
* Methods
° Arrays
* Conditional Statements

 Node size: Number of
prerequisite relations

* |solated nodes: No
cross-course dependencies
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From documents to structured
competency data (5/9)

 Recent Work: three complementary quality perspectives

RULE-BASED AI-ASSISTED GRAPH-BASED
Formal structure, Wording, taxonomy Dependencies,
missing information, levels, possible progression,
assignments inconsistencies structural patterns

e All three provide diagnostic evidence — none replaces expert
evaluation.
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Making competency dependencies visible

From documents to structured

competency data (6/9)
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From documents to structured
competency data (7/9)

* A real application: teacher education curricula

64 3,623 11,390

Curriculum files BA+ MAcompetencies Dependencies

* What Did We Learn from the EVSO Case Study?

* Precision: Ambiguous and difficult-to-assess competency
statements

* Coverage: Missing links and underrepresented competency areas

* Progression: Unexpected changes in cognitive demand

* Coherence: Redundancies, inconsistencies and structural
dependencies

* Scalability: Automated feedback across multiple curricula
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From documents to structured
competency data (8/9)

 Wording, Topics, ...

Coverage of Cross-Cutting Themes (Overall)
(Number of References to Cross-Cutting Themes)

UT14 (Wissenschaftliche Propadeutik)

UT13 (Wirtschafts-, Finanz- und Verbraucher/innenbildung)
UT12 (Verkehrs- und Mobilitdtsbildung)

UT11 (Umweltbildung fiir nachhaltige Entwicklung)

UT10 (Sprachliche Bildung und Lesen)

UT09 (Sexualpadagogik)

UTO8 (Reflexive Geschlechterpiadagogik und Gleichstellung)
UTO7 (Politische Bildung)

UT06 (Medienbildung)

UTO5 (Interkulturelle Bildung)

UT04 (Informatische Bildung)

UTO03 (Gesundheitsférderung)

UT02 (Entrepreneurship Education)

-

=

UTO1 (Bildungs-, Berufs- und Lebensorientierung)

o

50 100 150 200 250 300 350 400 450 500
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From documents to structured
competency data (9/9)

* Progression

Violation of Progression

250
200
150
100

50

QS-1 (03/25) QS-2 (05/25) QS-3 (10/25)

B TSx-LV-Ketten W TSx-Referenzen
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Summary and Outlook (1/2)

What Did We Learn and What Can GECKO (or similar approaches)
Offer?

* Transparency: Reveal hidden competency structures and
dependencies

e Quality Assurance: Detect unclear formulations, missing coverage
and progression issues

e Curriculum Improvement: Support targeted revisions through rule-
based, Al-assisted and graph-based analyses

* Scalability: Analyse thousands of competencies across multiple
curricula

BTW: More Information on GECKO — Graph-based Educational
Competence and Knowledge Observatory: Stefan.Pasterk@aau.at



mailto:Stefan.Pasterk@aau.at
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Summary and Outlook (2/2)

PRE-HE HIGHER EDUCATION
School curricula - outreach Entry expectations - first-year
initiatives outcomes

Intended competency profiles Intended competency profiles

\ /

COMPARE: overlaps - gaps -
dependencies - progression

Which entry competencies do we perceive as most often missing?
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