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Health Information (Area 1)

A*CHIS: Novel Concepts and Testbed Systems for

KVisuaI Adaptive Consumer Health Information / U

Health Information Systems (Area 3)

Knowledge Visualization for AdaptiveJ L Cognitive Psychology of Adaptive

B

Schreck, T., Albert, D., Bedek, M. A., Horvath, K., Jeitler, K., Kubicek, B., Semlitsch, T., Shao, L. & Siebenhofer-Kroitzsch, A. (2023). Adaptive Visualization of Health Information

Based on Cognitive Psychology: Scenarios, Concepts, and Research Opportunities. In Visualization Psychology (pp. 165-195). Cham: Springer International Publishing.
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Lengauer, S., Shao, L., Miri, H., Bedek, M.A., Kupfer, C., Zangl, M., Kubicek, B., Dienstbier, B.C., Jeitler, K., Krenn, C., Semlitsch, T., Zipp, C., Albert, D., Siebenhofer-
Krotzsch, A. & Schreck, T. (submitted). A Visual Approach for Health Information Exploration.

Content: Baumgart, J., Viegener, U. & Pohl, C. (2021). Den Diabetes im Griff: Ein Handbuch fur Patientinnen und Patienten mit Diabetes Mellitus typ 2. AOK- 3
Bundesverband, Berlin. URL: https://www.aok.de/pk/magazin/cms/fileadmin/pk/pdf/patientenhandbuch-diabetes.pdf
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Procedure of a small StUdy (comparing A*CHIS with Acrobat Reader) e

* 5 Parts:

. Intro & Instruction

Il.  Cognitive Walkthrough 1 (A*CHIS / Acrobat Reader)
Ill.  Cognitive Walkthrough 2 (Acrobat Reader / A*CHIS)
V. Quantitative Comparisons

V. Qualitative Interview

Original Idea: CWTs as mean to allow for Parts IV and V,
Think Aloud, Audio & Screenrecordings

n=12 (8 male); 26-62 yrs. (M =40 yrs., SD = 14 yrs.)
Self-assessment on a 5-point Likert Scale:

* Pre-knowledge on T2DM (M = 1.00, SD =1.21)

« Computer and software skills (M = 2.25, SD = .97)

» Experiences with Visualizations (M = 2.58, SD = 1.24)

Shao, L., Lengauer, S., Miri, H., Bedek, M. A., Kubicek, B., Kupfer, C., Zangl, M., Dienstbier, B., Jeitler, K., Krenn, C., Loder, C., Semlitsch, T., Zipp, C., Albert, D. Siebenhofer-Kroitsch, A.,
& Schreck, T. (2023). Visual Document Exploration with Adaptive Level of Detail: Design, Implementation and Evaluation in the Health Information Domain. In VISIGRAPP (3:
IVAPP) (pp. 133-141).



Tasks

The CWT Tasks.
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Task Parallel Version 1 Parallel Version 2

WC1 Which contents/subject areas do you think are included Which contents/subject areas do you think are included
in chapter 57 in chapter 37

WC2 What is the waist size that creates a greatly increased risk What daily amounts of beer/alcohol are just acceptable
for men? for men?

WC3 How does type | diabetes mellitus develop? How does type |l diabetes mellitus develop?

WC4  What contents/terms have you searched for so far? What contents/terms have you searched for so far?

TiBl How often does the term ‘smoking’ appear in chapter 17 How often does the term ‘stress’ appear in chapter 17

TiB2 s it worth reading beyond chapter 2 if you want to learn s it worth reading beyond chapter 4 if you want to learn
exclusively about ‘diastole’? exclusively about ‘medication’?

TiB3 Does chapter 2 give a better insight into the topic of ‘care’ Does chapter 6 give a better insight into the topic of
than chapter 67 ‘(diabetic) foot' or ‘foot syndrome' than chapter 37

TiB4 In which chapter would you most likely start if you wanted  In which chapter would you most likely start if you wanted
to find out more about ‘blood pressure’? to find out more about ‘insulin’?

IS1 According to an illustration in chapter 5, is a sugar value  Which 3 stages of diabetes therapy are shown graphically
of 100 mg/dl alarming or safe? in chapter 47

IS2 Which picture in chapter 6 do you think conveys the most  Which picture in chapter 6 do you think conveys the least
relevant information about type Il diabetes mellitus? relevant information about type |l diabetes mellitus?

IS3 Search for a graphic on the topic of 'sugar metabolism’.  Search for a graphic on the topic of 'nutrition pyramid’.




,Source of Inspiration‘: Behavioral Mapping
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Tippt Begriff ein (keine Ergebnisse

)

Scrollt & Liest

Scrollt & Liest (WCin Kap 3)

Klickt durch Bilder

Suchleiste

RTicKL durch Biider

Imageslider

Klickt an (Bilder in GroRansicht)

Scrollt (zum nachsten Kapitel)

Liest (WCin Kap 4

Liest (WCin Kap 3)

Liest (WCin Kap 2)

=
L f———

— P STLP— ”

l [ = 1

Scrollt (zum nachsten Kapitel)

Klickt an (Bilder in GroRansicht)

W pP#01
O p#02
@ P#03
W P#04

Shepley, M. M. (2002). Predesign and postoccupancy analysis of staff behavior in a neonatal intensive care unit. Children's Health Care, 31(3), 237-253.



For what?

* Metrics to elaborate suggestions for improvement?
 Comparison between tasks / participants?

e ,Central tools / processes for a range of tasks?

* Arethere (repeated) loops and cycles that could be avoided?

Range of Metrics from Behavioral Mapping:

* (physical) Locations (= Tools)

*  Movements (= Edges)

» Activities / Behaviours (= Processes)

* Activities per Location (= Processes per Tool)

* Time per activity

« Common activities per group of people / per location

Ng, C. F. (2016). Behavioral mapping and tracking. Research methods for environmental psychology, 29-51.
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however, other methods?



Raw Data
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NP 01_WC_2_Vers.2
N P_01_WC_2_Vers.2
8P 01 WC 2 Vers.2
REN P _01_WC_2_Vers.2
PR P 01 WC 2 Vers.2
ER P 01 WC 2 Vers2
P8P 01 WC 2 Vers2
BB P 01 WC_ 2 Vers2

REN P_01_WC_2_Vers.2
RER P_01_WC_2_Vers.2
P2l P 01 WC_2 Vers.2
PAB P 01 WC 2 Vers.2
PN P 01 WC 2 Vers.2
PEN P 01 WC 2 Vers.2
PZR P 01 WC_2_Vers.2
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1870 Set of triples:

{(tool,, process,, tool,), (tool,, process,, tool,), ...
(tool ., process,, tool,)}

Initially:

28 processes and 86 tools, have been clustered:
« Fixating (Fix)

* Recall from Memory (Rec)

* Hovern / Scanning (Skim)
« Commenting / Interpreting (Add)

« Click

« Expanding (Exp)

* Read

« Ask

« Pause

« Scrolling / Sliding (Nav)
« Search



Example: Connectivity Graph

eEXp
eRead
eSkim
eAdd
eNav
eRec
oClick oFix
Person 2

e@Pause

eRead
e Skim

eAdd eNav

e Pause
oAsk

eClick

orix

Task 10 (1S2)

Input: Adjacency Matrix; however, no ,loops’ (e.g. Click > Click)
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UNI
[ GRAZ|
eRead eSearch
eExp
®Skim
eNav
eAdd o Fix
e@Pause
#REC eClick'
oAsk
Overall
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Lag sequential analysis (LSA) il

Fix
Nav
Read
Ask
Add
Skim
Click
Exp
Pause
Rec
Search

Fix |-0,60|-3,95| 0,92 ]-0,05/-1,84|-0,07 | 3,18 |-1,64 | -0,81 | 0,80 | 7,15
Nav |-3,17 | 0,96 |-0,50| 0,20 | 4,94 | 6,45 | -6,06 | -2,83 | -0,39 | 1,11 |-3,23
Read |.0,02|-1,62|-1,59| 2,20 | 6,27 |-2,27 | -0,84 | 3,71 | -1,02 | 1,69 |-0,81
Ask |-0,65|-1,58|-1,24|-0,96|3,05|0,78 |-093| 0,37 | 0,52 | 2,38 | 1,53
Z-Va|UeS Add |-1,50]| 6,92 |-0,43| 0,62 |-1,76 | -4,56 | -0,55 | -0,25 | -0,05 | -0,71 | -0,72
Skim | 0,73 | 2,94 | 2,44 | -0,42 | 3,46 | -5,59 | -0,13 | 4,29 | -1,24 | -1,25 | -2,63

Adjacency Matrix

e .
= > g x 3 £ 3 o § 9 o >1.96 Click | 1,23 |-825|-053]-1,72 (2,553 | 2,04 | 6,03 |-2,49 [-1,79| 1,71 | 1,49
T = = (1
L z S:’ < < ) O N g @ % Exp |-0,97|-3,22|11,40|-0,85|-0,94| 1,61 |-1,61 | 1,98 | -0,71 | -0,33 | -1,04
- 9 20 5 3 S 58 16 0 1 1 19 Pause | 4,22 |-1,67|-1,02| 1,82 |-1,51| 0,20 | -0,37 [-0,71 | -0,66 | -0,31 | 1,19
iX
Rec | 0,80 |-0,68|-0,48| 2,39 |-0,71(-1,25] 0,71 | 2,76 | -0,31 | -0,14 | -0,46
Nav 24 1158 | 17 | 12 | 64 [ 155 | 62 2 7 3 6 Search | 0,21 | -3,53 | -0,10 | -0,27 | 6,81 | -1,31 | 0,51 | -0,04 | 0,11 | -0,46 | 0,79
Read 5 13 0 4 18 6 11 5 0 1 1
=
Ask | 2 | 7 o |8 10| 6 | 1| 1] 1]3 | z[38|s|s|e|s5| | 8| g] ¢
mlz|g|<|<|s|o|0|F || 3
Add 7 74 4 4 5 7 25 2 2 0 3 @
; Fix |-0,03|-0,37| 0,09 | 0,00 |-0,58] 0,00 | 0,30 |-1,00|-0,16 | 0,19 | 0,73
Skim 25 | 128 | 21 7 43 | 36 | 76 | 16 3 0 4
Click 36 45 12 4 20 91 | 121 1 5 3 17 Nav |.0,27 | 0,17 |-0,19 | 0,05 | 0,06 | 0,38 | -0,42 | -0,72 | 0,26 | 0,09 |-0,58
ic
Read | 0,06 |-0,17|-1,00| 0,53 | 0,52 | -0,44 | -0,14 | 0,69 | -1,00 | 0,54 | -0,38
Exp 1 1 13 0 1 10 3 2 0 0 0 . Ask |-0,16 |-0,24|-1,00|-1,00] 0,33 | 0,15 | -0,20 | 0,19 | 0,47 | 0,69 | 0,43
Yule's Q Values
Pause 8 4 0 P 0 6 5 0 0 0 2 Add |.0,24 | 0,60 | -0,21| 0,18 |-0,56 [ -0,67 | -0,06 | -0,09 | 0,24 | -1,00 | -0,21
Rec 1 1 0 1 0 0 y) 1 0 0 0 2 30 Skim | 0,00 | 0,28 | 0,20 | -0,07 | 0,02 | -0,46 | -0,01 | 0,62 | -0,10 | -1,00 | -0,57
Click | 0,21 |[-0,52 |-0,19 | -0,40|-0,06| 0,14 | 0,37 | -0,79 | -0,35 | 0,30 | 0,21
Search 5 5 2 1 18 8 14 1 1 0 3
Exp |-0,39-0,83] 0,90 |-1,00]-0,60] 0,30 |-0,44 ] 0,60 | -1,00 | -1,00 [ -1,00
Pause | 0,71 | -0,35|-1,00 | 0,58 | -1,00 | 0,05 | -0,09 |-1,00 | -1,00 | -1,00 | 0,41
Rec | 0,46 |-0,28|-1,00] 0,80 | -1,00|-1,00 | 0,30 | 0,84 | -1,00 | -1,00 | -1,00
Search | 0,12 | -0,59 | -0,13 | -0,12 | 0,57 | -0,24 | 0,08 |-0,02 | 0,29 |-1,00 | 0,23

Bakeman, R., & Gottman, J. M. (1997). Observing interaction: An introduction to sequential analysis. Cambridge university press.
Pohl, M., Wallner, G., & Kriglstein, S. (2016). Using lag-sequential analysis for understanding interaction sequences in visualizations. International Journal of Human-Computer
Studies, 96, 54-66.
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Lag sequential analysis (LSA) .

Fix

Fix = Click
Fix > Search Search
Nav - Skim

Read > Ask

Read - Add

Read = EXxp Rec
Ask - Add

Ask 2 Rec

Add = Nav

Skim = Exp Pause
Click = Click

Exp = Read

Exp = Exp

Pause - Fix

Rec - Ask

Rec = Exp

Seach - Add

Nav

Read

Ask

Click Skim



Tasks

Formal Concept Analysis S
Formal Kontext K:= (G, M, 1)
* @G..egenstande (objects)
 M...erkmale (attributes)
e |..ncidence relation (binary assignments between G and M)
 Kas Crosstable
Example: Person 02 o
Processes rocesses
|l >l x| sl el x| al 8] o © <~ 2| 8| x| 35|E| 3| 2| 2| s §
cl2| g2 s |o|a|lg|e| 3 SlEle|<|<|a|o| ¥ E|x]|g
wetll 2 | 1 oo 23| 1ol 1|o0]o0 welt) X X s X X
wez| 1 | 15 | 1 o| 5 |16] 2|0 o |l ol o Wwe2| X X X X X X
WC3| 0 7 4 0 2 4 2 0 2 0 0 WC3 X X X X X X
WC4| 0 2 0 0 0 0 1 0 0 3 0 WC4 X X X
w1l o|ololo|l1]2]1]0|1]0]o0 ‘ . | TB1 x | x | x X
TB2 0 6 0 0 2 6 2 0 0 0 0 § TB2 X X X X
TB3 2 4 6 0 3 1 2 3 1 0 0 . B3 X X X X X X X X
TB4 1 0 0 0 1 1 0 0 0 0 0 TB4 X X X
181 1 1 0 0 1 1 1 0 0 0 0 1S1 X X X X X
1S2 0 10 0 0 5 0 6 0 0 0 0 1S2 X X X
1S3 2 7 0 0 1 6 1 0 1 0 0 1S3 X X X X X X
[ ]

KARL-FRANZENS-UNIVERSITAT GRAZ

Flexibility: all kinds of objects and attributes, dichotomization based on z-values, Median-split...
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Formal Concept Analysis Person 02 22

* Derivation Operators foreach A € G and B € M:

A A :={mEM |glmforallg € A},

BB ={g€G |gImf0rallmEB}.

* A formal conceptis a pair (4, B) that fulfills:
A=BandB=A4

A (extension), B (intension)

* Concept lattice: set of all formal concepts,

ordered by ‘sub-super-concept relation’ Search

Ganter, B., & Wille, R. (1996). Formale Begriffsanalyse: Mathematische Grundlagen. Springer-Verlag.
Wille, R. (2005). Formal concept analysis as mathematical theory of concepts and concept hierarchies. In Formal concept analysis: Foundations and applications (pp. 1-33).
Berlin. Heidelbera: Sorinaer Berlin Heidelbera.



Formal Concept Analysis
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| Add ﬁ] Click |

Dependencies

between Processes

Search

Dependencies
between tasks
TB3
Ask

Ask
Search
Search

{(TB4, IS1, 1S3, WC1, WC2, TB3), (Fix, Skim, Add)}
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Formal Concept Analysis — Overall

Mav
Read
Add
Skim
Fix
Click

TOS
TO8
TOG

Comparing Persons Comparing Tasks



Current work and Outlook
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Systematic comparison between different methods is work in
progress

* |dentifying strengths and weaknesses (questions that can be
answered or not)

Clustering / Comparing tasks and persons

Elaborating interventions & design adaptations in case of to
support users (e.g. repeated loops)

In the end, only unsupervised usage possible, thus, automatic
assessment of cognitive states required (e tengaueretal 2023)

Lengauer, S., Bedek, M., Kupfer, C., Shao, L., Albert, D., & Schreck, T. (2023). Recognizing User Behavior from Interactions for Adaptive Consumer Information Systems. In N. Pelechano, F. Liarokapis, D. Rohmer, & A.
Asadipour (Eds.): International Conference on Interactive Media, Smart Systems and Emerging Technologies (IMET), 2023. Eindhoven. (pp. 23-26). European Association for Computer Graphics.
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UNI

|__GRAZ|

Thank you very much for your attention!

Let's discuss...



