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Motivation — Avatar basiertes Lehren und Lernen am LFI

Mobility System
Cooperation

In Higher
Education

Ein Projekt der RWTH

Another relevant perspective to consider is the hype factor often associated with educational
VR. In general, emerging technologies are said to progress through different levels of hype

Makransky & Petersen, 2021

https://myscore.lfi.rwth-aachen.de/de/
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Motivation — Cognitive Load

1, Menc/ Demancs (MD)
Sederaca besar usaha mental yang ddutuhkan untuk menyelesakan pekedaan n?
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2, Physical Demands (PD)
Seberapa besar usaha fsk yang dbutubkan untuk menyelesakan pekedaan n?
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3. Temporal Demancs (TD)
Sebarapa Dasar tekanan yang Grasakan berkaran dengan waktu untukn menyeseiesaican
pacadaan n?

L_llllllllllllllllll

load SEIRIEICIC I

Own Performance (09)
Seberaca DRsar UNgrat cabermasan Yang SOUNURERN UNTUK MEny e AN DECETAAN N 2
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us load .,

Seberaca besar kerjamenta can fisk yang dibutuhian untuk menyelesaikan pekadasn
John Sweller ﬁ
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6. Fruszavon (FR)
Seberapa Desar kecemasan. Derasaan tertekan. can stress yang darasakna untuk

menylesaikan pekedaan n?
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Lernpsychologie
Belastung des Arbeitsgedachtnisses
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Motivation — Cognitive Load Messung

E Fragebdgen

Leistungsmalie

c « Ergebnis
o Zeit

Physiologische Mal3e

» Herzratenvariabilitat
« Eye Tracking

« EEG

S
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Motivation — Cognitive Load Messung
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Motivation — Cognitive Load Messung in VR

Fragebdgen fp ((551))

) Headset

Leistungsmalie ’P
c « Ergebnis
e Zeit ® RightController

LeftController

 Herzratenvariabilitat

Physiologische Malde fp

« Eye Tracking O
- EEG
.
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Motivation — Cognitive Load Messung in VR

Nutzerverhalten
o - Bewegung (‘555’)
 Audio ( ) Headset

« Controller Inputs

orem ipsum dolor sit amet,
elit, sed do mod

Virtuelle Umgebung
 Kamera

* Audio

« 3D Umgebung RightController

EXeg Occaec: datat non proident <un

N culpa qui officla des Fi i, Sint
o tserunt mollit anim id
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LeftController —
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Motivation — Cognitive Load Messung mit Machine Learning in VR

Nutzerverhalten Headset
® - Bewegung
 Audio

« Controller Inputs

Virtuelle Umgebung
 Kamera

* Audio

« 3D Umgebung

LeftController

RightController

Machine Learning

QQ * Viele Daten

« Komplexer Zusammenhang
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Forschungsfragen

Nutzerverhalten i
® « Bewegung Welche Nutzerdaten
* Audio kommen in Frage?
« Controller Inputs
Virtuelle Umgebung
« Kamera
* Audio
« 3D Umgebung _

Machine Learning

o = Welche ML Modelle
 Daten :
” kommen in Frage?
« Zusammenhange
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Methoden — systematische Literaturrecherche

Datenbanken

Deduplizierung)

Apiore® LT
Digital Library
Rucklauf Screening Volltext Validierung
ML Modelle 120 63 39
m Virtuelle Umgebung 100 24 11
m Nutzerverhalten 160 16 8
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Methoden — systematische Literaturrecherche

Datenbanken

A DIGITAL
‘W7 LIBRARY

Kriterien: 1) Messung von Cognitive Load

2) InVR
3) Zusammenhang von Cognitive Load und Verhalten

4) Stichprobenkrietrium
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Methoden — systematische Literaturrecherche

Datenbanken

IEEE

DIGITAL
LIBRARY
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Methoden — systematische Literaturrecherche

Datenbanken >

IEEE

7 ]f\ =9 7 DIGITAL
Aﬁp ore NZLIBRARY
Digital Librery

Kriterien: 1) Regressionsproblem
2) Zeitreihendaten
3) Vergleich mit Drittmodellen (Baselines)
4) keine LLM
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Methoden — Textanalyse (Features)

In 2022 they conducted a study on postural sway using both th%
data. Participants stood heel-to-toe while reading text in . Researchers measure

- S o) Studienbeschreibun
Textanalyse o ot 5oL, . F
E re; S ig
AeTioeTeaes Vnatastie | -

3.1.5 Section Summary

The literature that was investigated in this section identified actionable features for cognitive load
tracking in adaVR:

1. Synchronicity measures have been shown to correlate with cognitive load - Featu re KI asse

2. Frequeney analysis has been shown to provide cognitive load correlates _
Synthese el s )

3. Language complexity metrics have also shown to correlate with cognitive load.

Biiii iliiii iicked metricsl the conceits of synchronicity and frequency have been identified
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Ergebnisse - Features

metrics from literature
ad-hoc metrics

name object ref frame degree metric

- user mic microphone window sampling rate audio, volume, volume_var

_ Nutzeraudio - Formanten Analyse

name Compute metric
[ | user audio formants formant analysis ([user mic (audio)]) formants, formants_var
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Ergebnisse - Features

metrics from literature
ad-hoc metrics

name object ref frame degree metric

- textboxes Ul.Text, TextElement, scene/canvas String[](onscreen_text) count, text, delta
TMProTMP_text

_ Gruppenkommunikation = Sprachkomplexitat

name compute metric

- onscreen text metrics analysis ([textboxes (text)]) word-count, complicated word count, lexile level,
Flesch-Kinkaid, (...)
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Methoden — Textanalyse (Machine Learning Modelle)

Textanalyse

ELO Vergleich

Synthese

3.3.7 Liquid State Machines

In a 2023 study Researchers created a cost efficient online forecasting algorithm based on a

neuromorphic spiking reservoir. The algorithm. a Liquid State Machine (LMS) forecaster with
spiking neurons, was more robust tha odels while
performing am It's an f

the feature value range.

in an online learner. This algorithm
may be especially
adapted to support

Model

20
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Methoden - Machine Learning Modelle

- 1
l Ea= 1 + 10(Bs—FRa)/400

« Schach

ELO Vergleich « ordinalskalierte Paarvergleiche
 Initialisiert um E(x) = 1000

* probablistische Methode

Prof. Arpad Elo
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Methoden - Machine Learning Modelle

3.3.7 Liquid State Machines

In a 2023 study Researchers created a cost efficient online forecasting algorithm based on a
neuromorphic spiking reservoir. The algorithm. a_Liquid State Machine (LMS) forecaster with

spiking neurons, was more robust thar
Text an alyse performing at lower, constant cost. It's a univariate online learner and requires prior knowledge of

the feature value range. [12]

The [peservoir of LSMs acts as algradually forgetfing memory in an online learner. This algorithm

is characterised as eost efficient and robust, thel constant performance cost may be especially
It _(1apt0(i to support
1me series m cognitive load prediction.

1

-

)

- Reg—R.)/400
ELO Vergleich 1 4+ 10(Bs—Ha),

3.3.22 Section Summary

This section offers a structured overview of the reviewed papers which imployed a wide array of
machine learning models, largely on online learning regression problems. It closely follows a set of
constraints to evaluate the fit of a series of algorithms. Tree based algorithms, ARIMA models and
Long-Term-Short-Term models are especially frequently evaluated in this context./Special mterest
is given to/ Infinitel Lattice Learners and an other wrapping model. which could inerease acenracy
of their base models while maintaining performance either by partitioning them into part of the
mput space or by using cumulated multistep forecasting data for learning, as well as to Mixture of
Experts models, which architecturally might best reflect thel different tasks and environments, that
meet users in virtual environments.

After the review, the data was consolidated in accordance to its ordinal scale in an elo-rating
system across all reviewed papers. Careful interpretations demonstrate that generally speaking,
the provided literature provides better algorithms than k Nearest Neighbours, Decision Trees and
ARIMA for the reported use cases, but Gradient Boosting Methods and Random Forrests rank
high on accuracy in the tasks that see them implemented.

Model

Eigenschaften

Textanalyse
ELO Rating
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Ergebnisse — Machine Learning Modelle (Architektur)

Textanalyse

ELO Vergleich

Synthese

3.3.22 Section Summary

This section offers a structured overview of the reviewed papers which imployed a wide array of
machine learning models, largely on online learning regression problems. It elosely follows a set of

constraints to evaluate the fit of a series of algorithms. Tree based algorithms, A models and
Long-Term-Short-Term models are especially fr 4 in this conte
is given t which coul
.Ehei either by partitioning them into part of the

ace or by using cumulated multistep forecasting da i well as t
models, Whiu:_ might bes th tha
meet users in virtual environments.

After the review, the data was consolidated in accordance to its ordinal scale in an elo-rating
system across all reviewed papers. Careful interpretations demonstrate that generally speaking,
the provided literature provides better algorithms than k Nearest Neighbours, Decision Trees and

ARIMA for the reported use cases, but Gradient Boosting Methods and Random Forrests rank
high on accuracy in the tasks that see them implemented.

Wrapping Modelle - Verbesserung der Leistung einfacher
Modelle (online)

Mixture of Expert Modelle — Experten je Task-Anforderung

23
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Ergebnisse - Machine Learning Modelle

Elo Ratings
2025-12-28 14:33:30 - Min Games: 5 - Ratings initialized at 1000
Rank Games Algorithm Rating
3 GBT ’
Textanalyse , PP : A
3 6 PAPAGEI-S  Gradient Boosting, Random Forrest und SVM
st s tiberdurchschnittliches Ranking, viele Vergleiche
B B4 RF 1037.0
T T ESH 1029.3 . .
8 45  SUM w0 | Selten verglichene, hoch platzierte
O wirs | Modelle, wurden gegen viele
. T NRU 1007.8 1
ELO Vergleich o LassoR woes | Baselines getestet
1000.8 —_
——— E(X) =1000
5 RMNM 989.7
GR v . . .
" NP « kNN DT schwacheres Ranking, viele Vergleiche
15 MM oro.r
T naive 963.3
i 962 4
Synthese o — o3 | haufig verglichene, tiefplatzierte
aoR e | Modelle dienen in der Literatur als
25 T VAR 923.0 ' 1
O e 2220 | zu ubertreffende Baselines
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Wozu Cognitive Load messen?

Stiftung
Innovation in der
Hochschullehre

Projektdaten

Projektnr. Projektnummer 3003-1084
Hochschulname ~ Rhelnisch-Westfalische Technische Hochschule Aachen .
Projekttitel Adaptive Digital Assistance In Virtual Reality EntWICkIung

Aronym adaVR Cognitive Load messen

Auto-Adaptiver VLES

Arbeitsplan Freiraum 2025
Bitte markieren Sie die entsprechenden Monate, in denen das Arbeitspaket umgesetzt wird, in einer beliebigen Farbe.
Bel mehr als 10 Arbeltspaketen flgen Sle neue Zellen hinzu.

2025 2026 2027
Titel des Arbeitspakets Kurzeschrelbung des Arbeltspakets
AP-Nr. 15wnd 70 Zakhan) 300 Jun Jul Aug Sep Okt Nov Dez Jan Feb Mrz Apr Mal Jun Jul Aug Sep Okt Nov Dez Jan Feb Mmrz
APO1 Entwicklung eines VR- Zur Aufzeichnung von Nutzungsdaten, die in spateren

Aufzeichnungstools fir Nutzungs-Logs Arbeitspaketen zum Training genutzt werden.

Apr  Mal

APD2 Erstellung von Fragebdgen fur Zur Selbsteinschatzung und Wahrnehmung der VR-
Studierende Erfahrung der Studierenden.

APD3 Integration des Aufzeichnungstools in  Integration in eine bereits bestehende VR-Anwendung, um
bestehende VR-Anwendung die praktische Anwendbarkeit zu erproben.

APO4 Datenerhebung (ber den Einsatz von Erste Datensammliung, die Trainingsdaten fur spateren

VR in der Lehre ohne Assistenzsystem  Einsatz von ML-Algorithmen liefert. Auferdem Generierung
von Vergleichsdaten flr Evaluation.

APDS Training & Evaluation von Machine Erstellung eines ML-Algorithmus fr das adaptive

Learning mit den gewonnenen Daten  Assistenzsystem. Verschiedene ML-Verfahren werden
doadanainandar datactat

e
APOB Implementierung des adaptiven In APOS gewahlter Algorithmus wird implementiert und an ......
Assistenzsystems Hilfsmafnahmen gekoppelt.
APO7 Datenerhebung (ber den Einsatzvon  Zweite Datensammiung, die Daten zur Evaluation der
VR in der Lehre mit Assistenzsystem  Wirksamkeit der Manahmen liefert. ... .

APO8B Evaluation des Adaptiven Abschlieende statistische Evaluation des adaptiven
Assistenzsystems Assistenzsystems.

25 Towards Al-Assisted Cognitive Load Estimation In Consumer-Grade VR | Vincent Francois | 20.01.2026 Hydrology RWI
Lehr- und Forschungsgebiet Ingenieurhydrologie (LFI) | Seminarvortrag | Betreut von Prof. Dr. Florian Heinrichs und Patrick Querl ’ 'F-z'r‘s';:l:':gsgebiel
Ingenieurhydrologie



Vielen Dank
fur Ihre Aufmerksamkeit

Forschungsgebiet



Bildquellen

John Sweller - https://static.wikitide.net/psutechcommtopicswiki/9/9b/Coq load theory2.ipeg
Arpad Elo - https://www.historyhit.com/app/uploads/2021/11/1980-El02.jpg?x76761

27 Towards Al-Assisted Cognitive Load Estimation In Consumer-Grade VR | Vincent Francois | 20.01.2026 Hydrology N'I'H
Lehr- und Forschungsgebiet Ingenieurhydrologie (LFI) | Seminarvortrag | Betreut von Prof. Dr. Florian Heinrichs und Patrick Querl ’ 'F-z'r‘s';:l:':gsgebiel
Ingenieurhydrologie



https://static.wikitide.net/psutechcommtopicswiki/9/9b/Cog_load_theory2.jpeg
https://www.historyhit.com/app/uploads/2021/11/1980-Elo2.jpg?x76761

Ergebnisse - Features

metrics from literature
ad-hoc metrics

name object ref frame degree metric
user mic microphone window sampling rate audio, volume, volume_var
audio sources AudioSource scene sampling rate audio, count, vol_max, vol_max_Var

textboxes

Ul.Text, TextElement,
TMProTMP_text

scene/ canvas

string[](onscreen_text)

count, text, delta

haptic feedback

event

even(strength, duration)

count, count_Var, strength, strength_Var, duration,
duration_Var

co-user count

scene

count

name

onscreen text metrics

,optimales Interface® > Feedback Signale

compute

analysis ([textboxes (text)])

metric

word-count, complicated word count, lexile level,
Flesch-Kinkaid, (...)

user audio formants

formant analysis (Juser mic (audio)])

formants, formants_var
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