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Adaptivity Cycle
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Performance When? How? @

A B A-C n
T, AR What? Where?

Learner

Based on Four-Process Adaptive Cycle by V. Shute and D. Zapata-Rivera, % Fraunhofer
© Fraunhofer 10SB “Adaptive educational systems,” Adapt. Technol. Train. ..., no. 1, pp. 1-35, 2012. 108



When to adapt?

® When should (must?) an adaptive serious game react?

B React too early-bad! ®
React too late — bad! ®

>

Frustration

B Our research:

Challengelevel

Primary focus on timing (when?)

User modeling, e.g. A.l. cognitive modeling & SR [\ iotivity
- learner/learning state "

Boredom

Modeling for flow and immersion [cruz2017]

Perceivedskill level
Flow: [Csikszentmihalyi1990, Chen2007]

J. Chen, "Flow in Games (and M. Csikszentmihalyi, Flow: The C. A. Cruz and J. A. Ramirez Uresti, “Player-centered ?
Everything else),” Communications Psychology of Optimal Experience. game Al from a flow perspective: Towards a better % FraunhOfer
of the ACM, vol. 50, no. 4, Apr. 2007 New York: Harper & Row, 1990 understanding of past trends and future directions,” 10SB

Entertainment Computing, vol. 20, May 2017



Our Solution Approach - Applicable, feasable Eye Tracking

Gaze tracking to detect goal-orientedness

VS.

© Fraunhofer IOSB

© Tobii
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What to do with Gaze Data? How to interpret?

® There is no semantic information from just X/Y gaze points

B We need a reference model/ground truth

How ??77?

Gaze Plot/Data Goal Orientedness
Attention Level
Performance Score

. Z Fraunhofer
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Adaptation, Personalization, Adaptivity, ...

"We define digital adaptive learning tools as education technologies that
can respond to a student’s interactions in real-time by automatically
providing the student with individual support.”

EdSurge, Pearson (2016) Decoding Adaptive. Pearson, London

A:aaptability

e Manually or e Possibility to e Automatic
automatic modify e Adaptation to

¢ Individual * Preferences, the learner,
preferences or models environment,
needs e Offline / situation, etc.

e Bsp. avatar online e Bsp. dynamic
design difficulty

adjustment
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wAL"?

B Unsharp term
(often just marketing?)

Here:

B Methods and
technologies to mimic
artificial tutoring

M Focus on “explainable
A.LlL" (XAI)

Online Learning

Offline Learning

Intra-Behavior Learning

|nter-Behavior Learning
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Eye Tracking in a Nutshell

Measuring of eye movement by infrared light reflected by pupils

B Eye movements allow inferences about the cognitive state
[Duchowski 2007]

B Typical terms and metrics:

. - * Eyes stopping and getting fixated
leatIOnS ® ~ 90 % of time, lasting 150-600 msec

e Short, fast eye movements to reposition the fovea
e Happens between fixations

Saccades

B I | N kS e Closing of the eyes [Galley 2001]
e E.g. indicator of tiredness [Galley01, Barrios04, Calvi0g]

Source [Cantoni 2012]

Fixation

'

_.~~" Saccade

"

N. Galley, “Physiologische Grundlagen, MeBmethoden A. Duchowski, “Eye tracking methodology: Theory

© Fraunhofer 10SB

=
und Indikatorfunktion der okulomotorischen Aktivitat”, and practice”, Eye Tracking Methodology: Theory  Fraunhofer
Enzyklopadie der Psychologie, vol. 4, 2001 and Practice, pp. 1-328, 2007
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Adaptivity — Examples

Content Adaptation:
Modification
of e.g. images

Your target is 17.0km away »
and in cardinal direction
SOUTH-WEST

CITY 2 CHALLENGE .g..

Richtig! Hier liegt der Rathenauplatz. Zum Fortsetzen
klicken.

4-9 sec

Dynamic Help /
Virtual Agents
[Biegemeier 2016]

Dynamic Difficulty
Adjustment (DDA)

[Lehmann 2015]

\

E. Lehmann, “Entwicklung und Akzeptanzanalyse eines C. Biegemeier, “Web-basierte Schnittstelle zur Analyse und % h f
kartenbasierten Lernspiels,” Bachelor Thesis, Hochschule Karlsruhe - Adaption von Serious Games,” Master Thesis, KIT; Fraunhofer Z | Fraun orer
Technik und Wirtschaft; Fraunhofer I0SB, Karlsruhe, 2015. IOSB, Karlsruhe, 2016. 1058



How to enable adaptivity for your game or virtual environment?

XAPI, Activity Streams

,User1 selected console1.”

Adaptivity Framework for

Serious Games —
~MaxMustermann started scene power plant 3 minutes ago.” ~E-Learning A.L." (ELAI)

Serious Games /

Computer Simulations / ... Evidence, Clicks, Statistics, ...

Comm.
Layer
Interface (XAPI)
I"ttet'_" Influence
Assistance, States, Objects, ... [Pzl Engine

Engine

% B 5 Neue Aufgabe: Finden Sie den versteckten
g‘ 55 Panzer hier in der Umgebung, und bestimmen
T Sie Typ und Fahigkeiten. Zur Unterstiitzung
werde ich Sie begleiten.

L
My tip is:
1) go right b
2) go left

LRS,Usage Models,
Data Content

A. Streicher and W. Roller, “Interoperable Adaptivity and Learning Analytics for Serious Games in Image

f-
Interpretation,” in Data Driven Approaches in Digital Education: 12th European Conference on % FraunhOfer
Technology Enhanced Learning, EC-TEL 2017. 10SB



A.l. Modeling

B Adaptivity quality ~ Information about the user Cognitive

B Models on the application (game) are needed User User Model
to evaluate user interactions ‘

State

O Cognitive

Variables

O

real simulated

_ | —
e s 3 ~ Fraunhofer
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A.l. Modeling - What does the user know/not know?

] Concept/Chunk Activation ,Energy”
B Address question “when to adapt...?” 300

Re-actvivated

¥

2.25

® Cognitive Modeling for user/learner models
[Busch2018, Aydinbas2019] 150

Forgetting, attention, workload, difficulty, ... 075 e

Generative hierarchical models (Bayesian)
. . 0.00
- estimate states and actions 0 2 4 g 8 Time Step

Infer user’s current (latent) state from
observed variables

<+ “ldeal Path Model” as reference model to
evaluate interactions

J. Busch, “Einsatz kunstlicher Intelligenz in M. Aydinbas, “Realizing Cognitive User Models for =
adaptiven Lernsystemen,” Bachelor Thesis, KIT; 14 Adaptive Serious Games,” Master Thesis, TU Darmstadyt; % FraunhOfer
Fraunhofer IOSB, Karlsruhe, Germany, 2018. Fraunhofer IOSB, Darmstadt, 2019. 105B



Solution — Adaptivity & Eye-Tracking

Inter- Influence

Engine

pretation J
Engine

© Fraunhofer |OSB
Best Adaptivity for
Serious Games?
How?

15 Z Fraunhofer
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Eye-Tracking for additional information

® Problem:

User interactions (mouse clicks etc.) alone yield
incomplete picture

M Solution approach:

Eye-tracking as additional information source
[Kiili 2014]

® Challenge:

How to classify gaze tracks?

K. Kiili, H. Ketamo, and M. D. Kickmeier-Rust, “Eye Tracking
in Game-based Learning Research and Game Design,” 16 % FraunhOfer

International Journal of Serious Games, 2014. 10SB
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530646 11:18:38.048  00:08:50.645 31853  954,118Y4 878, 7677 817.8487 3,331375 0 957, 7708 16,8275
530663 11:18:38.065  00:08:50.662 31854  961,7927 668, 1666 817,817 3,282944 0 957, 7416 22,2934 587,565
530679 11:18:38.081  00:08:50.679 31855  953,6471 877,8453 817, 7731 3,311722 0 954,6276 728, 9644
530696 11:18:38.098  00:08:50.695 31856  956,0u81 74,0042 618,2036 3,3228 0 949, 6405 737,928 587,3334
530713 11:18:38.115  00:08:50.712 31857 -1920  -1200 e -1 y -1920  -1200 0 -1 y 0 1200
530729 11:18:38.131  00:08:50.729 31858 -1920  -1200 0 -1 y -1920  -1200 0 -1 y 0 1200
530746 11:18:38.148  00:08:50.745 31859 -1920  -1200 0 -1 y -1920  -1200 0 -1 y 0 1200
530762 11:18:38.16%  00:08:50.762 31860 -1920  -1200 0 -1 y -1920  -1200 0 -1 y 0 1200
530779 11:18:38.181  00:08:50.779 31861 -1920 -1200 0 -1 y -1920  -1200 0 -1 y 0 1200
530796 11:18:38.198  00:08:50.795 31862 -1920  -1200 0 -1 4 -1920  -1200 0 -1 4 0 1200
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530896 11:18:38.298  00:08:50.895 31868 | 960,7856 505, 9226 596, 2148 ] 957,5962 505, 1853
530912 11:18:38.31%  00:08:50.912 31869 WUWEULN N 596,2331 s 0 959,2934 508, 1038
530929 596,1791
530946 596, 1526 3 585,812
530962 BBE TSEE 5&5 9226 596, 0582 3 5481
530979 ' ' 595,6627 3 153234
530996 595,2422 "
531012 0rc 595,604 3 C C C 585, 411!
Gaze Position (x/y) Pupil Dilation
531046 595,3667
531062 TT 1838746 DUt EEST.U62 31878 8226527 B27,6935 595,6647 3.240676 0] 813, 1737630, 8401 585,499/
531079 11:18:38.481  00:08:51.079 31879  826,9008 623,018 595,6808 3,209305 0 821,2839 643,8719 585, 489
531096 11:18:38.498  00:08:51.095 31880  832,4065 634,883 596, 2529 3.30481 @ 808,1917 6309554 5858082
531112 11:18:38.51%  00:08:51.112 31881 8239644 626,5284 596,254 3,283035 0 8164588 633,0649 585,945
531129 11:18:38.531  00:08:51.128 31882 832,853 625,603 596 ,5508 3,288757 0 814,6962 623,0698 586,428
531146 11:18:38.548  00:08:51.145 31883 816,304 635,3505 597,0439 3,310715 0 8173484 636,6113 586, 737
531162 11:18:38.564%  00:08:51.162 31884  826,0329 6283204 597,2511 3,293732 0 8142037 637,9195
531179 11:18:38.581  00:08:51.178 31885  818,0119 639,3466 597,3276 3,233078 0 810.8613 636,591 587,155
531196 11:18:38.598  00:08:51.195 31886  999,0659 580,2358 597, 4557 3,235016 0 1050, 36 593, 4447 588,042
531212 11:18:38.614%  00:08:51.212 31887  1270,562 515,4174 598,0939 3,23764 0 1292,026 529,0345 588,644
531229 11:18:38.631  00:08:51.228 31888  1382,267 483,2375 598, 4597 3,19487 0 1397,898 444 ,6915 598,203
531246 11:18:38.648  00:08:51.245 31889  1363,968 481,2342 597,9984 3,179855 0 1389, 962 4544118
531262 11:18:38.66%  00:08:51.262 31890  1369,801 487,6227 597,8691 3,179794 0 1373,75 453,9883 598, 161
531279 11:18:38.681  00:08:51.278 31891  1379,802 467, 4352 597, 8541 3,096909 8 1374, 285 465, 1206
531296 11:18:38.698  00:08:51.295 31892  1373,24 487,9562 597, 7061 3,102875 0 1380,159 463,1969 589, 706
531312 11:18:38.714  00:08:51.312 31893  1375,493 481,492 597,5536 3,120911 0 1378, 736 457, 7121 589,922
531329 11:18:38.731  00:08:51.328 31894  1377,073 480, 7354 597, 6465 3,114685 0 1383, 301 458,009 590,220
531345 11:18:38.747  00:08:51.345 31895  1377,75Y4 486,011 597,574 3,08551 © 1376,68 462,2077 590, 3605 3,143188
531362 11:18:38.76%  00:08:51.362 31896  1370,332 491,9451 597,891 3,084564 8 1375,57 457,2277 5906507
531379 11:18:38.781  00:08:51.378 31897  1378,822 489,5632 597,2783 3,063828 ) 1372, 758 4485868
531395 11:18:38.797  00:08:51.395 31898  1404,255 377,6623 598,2159 3,020767 0 1429, 104 339,1302
531412 11:18:38.814%  00:08:51.412 31899  1419,887 364, 7076 598, 3447 3,02182 0 1431,174 332,8082 592,978
531429 11:18:38.831  00:08:51.428 31900  1420,838 369, 9449 598,3322 3,048233 0 1428,538 328,872 593,355
531445 11:18:38.847  00:08:51.445 31991  1415,05 347,1539 598,3196 3,020248 0 1424, 848 335,3318 593,336
531462 11:18:38.864  00:08:51.462 31982  1439,572 352,3847 598,575 3,017288 8 1422, 958 338, 7299 593,626
531479 11:18:38.881  00:08:51.478 31903  1415,81 368,157 598,6001 3,023972 0 1425, 963 336,0961 593,593
531495 11:18:38.897  00:08:51.495 31904  1423,19 376,6685 598,5143 3,030716 0 1430, 162 325,9243 593, 749
531512 11:18:38.914  00:08:51.511 31985  1224,212 388,9695 5990524 3,11467 0 1268, 44 345,0826 592, 7063
531529 11:18:38.931  00:08:51.528 31906  868,8431 381,2965 598,811 3,829907 929,5912 334, 7603 591,826
531545 11:18:38.947  00:08:51.545 31987  557,3416 319,4438 800 , 4654 3,049652 0 640, 2341 319,0672
531562 11:18:38.964%  00:08:51.561 31988  548,2758 312,521 801, 0465 3,057022 0 589,5257 310,8923
531579 11:18:38.981  00:08:51.578 31989  550,8055 302, 9649 801,5869 3,048508 0 586,5048 304, 7376
531595 11:18:38.997  00:08:51.595 31918  542,3428 301,4699 802,2742 3,06311 @ 577,3512 299,637y 592,137
531612 11:18:39.014  00:08:51.611 31911  565,7219 299,0731 802, 4043 3,051834 0 579,0282 290,9603
531629 11:18:39.031  00:08:51.628 31912  553,3205 302,3 803,5559 2,997116 0 582,8771 28Y4,5852 592,213
531645 11:18:39.047  00:08:51.645 31913  558,7096 314,6786 804, 4727 3,005066 ) 572,206 306,0276 592,307
531662 11:18:39.06%  00:08:51.661 31914  581,0191 342,739 605, 2499 3,006531 0 583,1089 312,6259
Z Fraunhofer
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From raw gaze data to information
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Ideal Path Model (IPM)

B How to relate game context with observed data?

B I|dea:

Establish a reference model for a user’s “ldeal Path”

through a learning system/game
Goal oriented behavior aligned with an “Ideal Path”

Quantify derivations of actual path from ideal path

\

A. Streicher, S. Leidig, and W. Roller, “Eye-Tracking for User Attention
19 Evaluation in Adaptive Serious Games,” in 13th European Conference % FraunhOfer

on Technology Enhanced Learning, EC-TEL 2018, Leeds, UK, 2018. 10SB



Ideal Path Score

Normalized Score:

= good, progress

neutral, no progress

bad, regression

\lEtl-bz i
\"/
: IEH-Z -
d, |,

(oo, \
o —
\IE{ | IEi ;)
S’ \\/
. v g
" . Interaction | N 5 /
U Element : JEG \’ +2l

/L  Ideal Path Ld: MxM - RJ - e

“J" Actual Path d3 >dl >d2

[

© Fraunhofer 10SB

A. Streicher, S. Leidig, and W. Roller, “Eye-Tracking for User Attention ?
20 Evaluation in Adaptive Serious Games,"” in 13th European Conference % Fral.lnhOfer
on Technology Enhanced Learning, EC-TEL 2018, Leeds, UK, 2018. 10SB



Example: SaFIR (Seek and Find for Image Reconnaissance)

‘?‘-;— ‘;ﬂ“’. 1‘6%"”"’81 Ir:rll?)g\;/ement target

<

\C *,»-ﬁj

(ar(;nohn:\

Avatar

/ = -
2 - - 4R

© Fraunhofer IOSB
B Seek & Find game, 2.5D isometric

B Objective: Seek and find tasks, e.g. find locations, specific vehicle types, ...

B Learning goals: learn maps/surroundings, differentiate vehicle types

\

C. Biegemeier, “Web-basierte Schnittstelle zur Analyse und =
21 Adaption von Serious Games,” Master Thesis, KIT; Fraunhofer % FraunhOfer

IOSB, Karlsruhe, 2016. 10SB



Example: SaFIRa (SaFIR adaptive)

LS
|

| 985
i cardinaldirectionNORTH-WEST ._,\

MaiingerBach

Adaptive

—

‘our target is 16.6km away and in

SOUTH-WEST

-~

© F;aun-hof.-er IOSB

Virtual Agent hints:

“Your target is 17.0km away
and in cardinal direction

22

© Fraunhofer 10SB

C. Biegemeier, “Web-basierte Schnittstelle zur Analyse und
Adaption von Serious Games,” Master Thesis, KIT; Fraunhofer
IOSB, Karlsruhe, 2016.

Z Fraunhofer
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SaFIRa: Defining an Ideal Path Score

s .

;

F

2
s

Score=0/|S, H(1—a)|S

Move Gaze

_ TargetDistanceChange

actual move

S Move

B TargetDistanceChange

ideal move

SGaze — Z ﬁXGtiOHValue (f) duration (f)

f € Fixations du ration step

23

S. Leidig, “Analysis of User Attention for Adaptive Serious ?
Games - Design and Implementation of an Evaluation % FraunhOfer
Framework,” Master Thesis, KIT; Fraunhofer 0SB, 2016. 1058



Study

B Hypothesis

Ideal Path Score (IPS) correlates with self-
reported attention & goal-orientedness

Eye tracking features improve correlation

IPS improves adaptivity decisions
® Control group
Without Eye-Tracking Adaptivity

With Eye-Tracking Adaptivity (IPS)

B Recorded 86 game sessions, n=20

Eye Tracker
Calibration

\ )

Calibration Check »

Game Introduction

Y

Game Session

- Questionnaire

W

L Concluding

Questionnaire

Calibration Check

&

© Fraunhofer IOSB
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Study Results

M I|deal Path Score improves adaptive display of help [Streicher2018, Leidig2016]

Ideal Path Adaptivity |
Legacy Adaptivy [N

0% 10% 20% 30% 40% 50%

ratio of adaptively triggered hints

M Limitations, challenges:
Few ,distracted” participants during experiment - “Attention” difficult to measure

Evaluation setting in parts too complex, too high DoF - simplification needed

Leidig, Sebastian. “Analysis of User Attention for Adaptive Streicher, Alexander, Sebastian Leidig, and Wolfgang Roller. “Eye-Tracking for User
Serious Games - Design and Implementation of an Evaluation  Attention Evaluation in Adaptive Serious Games.” In 13th European Conference on
Framework.” Master Thesis, KIT; Fraunhofer IOSB, 2016. Technology Enhanced Learning, EC-TEL 2018, 583-86. Leeds, UK: Springer, 2018.



Conclusion & Outlook

Eye tracking to augment adaptivity decisions for serious games (“when to adapt”)
Focus on feasibility by using COTS hardware (only regions, not pixel precise)

Use e-learning standards, e.g. xAPI, and interoperability architecture for adaptivity

Generic Ideal Path Score to measure progress (reference model and metric)

Outlook
® Transfer to other game genres and application domains, e.qg., serious game for cyber security
B Combination of modeling approaches (cognitive modeling + ideal path model)

B Further evaluation studies

\
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