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About me
• Director of the Institute of Interactive Technologies (IIT) at the University of Applied Sciences 

& Arts Northwestern Switzerland (           ) 
• Professor of Computer Science Human-Computer Interaction & Extended reality (since Feb 2019)

• Research affiliate Seamless Astronomy group at Harvard
• Previously: Yıldız Tech Uni Istanbul, Helsinki Uni Tech (now Aalto), Uni Zurich CH
• Research stays in TU Delft NL, U Melbourne AU, NRC CA, U St. Andrews UK, Harvard Uni US

• Leadership / service in a few communities
– ICA Co-chair Commission on Geovisualization
– ISPRS Chair XR & Visual Analytics Working Group
– ISDE Council member Digital Earth
– Board member data visualization Zurich



> 20 smaller funded 
projects, some 
completed:

HCI, XR, Vision, Visualization

Vis projects 

XR & Vis 
projects

Eye tracking

UAV / flow vis 
Spatiotemporal 
sense making 
with flow 
visualizations

Chronic care

VR as labs in 
education (2x)

MR / serious 
games for 
prediction, 
prevention & 
rehabilitation 
age-related 
cognitive issues

Image2XR 
Automation of XR 
content creation 
& perceptual 
examination of 
visual quality

Brain health

VR for ML

Virtual speech

Smart cities

Digital twins

Hand surgery

CollabMR 
Spatial 
decision 
making with XR

Virtual trainer

Gesture int.

Face tracking

…

Intubation 

LLMs / AI

Sensory filtering VR

Image by
Kosovicheva & Wolfe



learn
remember
associate
compare

locate
identify

cognitive

HC
I 

Contextual/task-
related factors

Tech/design 
factors

Human factors / 
individual & 

group differences
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wayfinding, 
scene 

understanding, 
diagnostics, 
exploration, 
explanation, 

skills training, 
education …. 

co
m
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tio
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l 
pe

rfo
rm

an
ce

perceptual 

dimensionality (e.g., 2D 
or 3D), static or 

dynamic/interactive, 
image  or map, VR or 

AR …

visual variables; color, 
texture (e.g., levels of 
realism, detail), shadow, 
position; visual clutter…

interaction &
interface design…

visual abilities/acuity 
e.g., color perception, 

peripheral vision, 
flexibility of lens, 

sensory problems…

spatial abilities, 
visuospatial memory 

capacity, expertise 
(previous knowledge, 
exposure, familiarity), 
culture, education … 

A visualization 
framework

Çöltekin, A. (2019). What contributes to the complexity of visuospatial displays? 
Abstraction, Scale and Perception, International Cartographic Association Joint Commission Workshop, Jul 15, Tokyo, Japan



https://www.autodeskresearch.com/publications/samestats

Why should we visualize data

Human brain is 60% visual 

https://www.autodeskresearch.com/publications/samestats


40%

Human visual 
information 
processing

Illustration: C. Stangor Hoffmann 2000, Ware 2008



10qviz.org

However …
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Human 
perception is 
fickle



Scientific American
Special Issue on Perception, 2008

Adelson (1995) Checker shadow illusion. Video: Youtube user brusspup. More: https://en.wikipedia.org/wiki/Checker_shadow_illusion



Hollow mask illusion
Source: http://www.youtube.com/watch?v=iR9WVhiaIeYm, uploaded by: daarkniight
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Rotated 180oOriginal

13
http://www.cartesia.org/geodoc/icc2005/pdf/oral/TEMA6/Session%208/ANGEL%20BERNABE.pdf

Light from above prior (or assumption)
(Kleffner & Ramachandran, 1992; Mamassian and Goutcher 2001)
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128 terrains (8 landform configurations, 16 illumination directions)
29 participants
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Biland & Çöltekin 2016

Left bias 
(Sun & Perona 1998)

Cartographers knew  -- 
already decades ago 
(e.g., Imhof 1965)
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Accuracy vs. confidence
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(over)confidence

Experience does 
something!
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What we know
• Occurs in shaded relief maps (Imhof, 1960s) and in satellite images (Saraf et al. 1996, 

Bernabé-Poveda et al. 2005)

• Prevalent
– up to 98% in SRMs (Bernabé-Poveda & Çöltekin, 2014; Biland & Çöltekin, 2016)

– ~40-60% in satellite images (Çöltekin and Biland, 2018)

• Texture reduces, color strengthens the illusion (Çöltekin and Biland, 2018)

• There is a left bias (Çöltekin and Biland, 2018; Çöltekin et al., 2018) 

• Handedness matters in left bias 
(Sun and Perona, 1998;  Mamassian and Goutcher 2001; Gerardin, Kourtzi, and Mamassian 2010)

• Non-expert men more confident, but not more accurate
(Biland & Çöltekin, 2016)

• Reproducible (e.g., Çöltekin et al., 2018, more on the way)

• Fixable (Saraf et al., 2005; Bernabé-Poveda, Sanchez-Ortega, Çöltekin, 2011; Gil 2010; 2014, Hartung & Çöltekin 2020)



SciViz seems to contain a lot of 3D
geovis

scivis

infovis

datavis

Is 3D better than 2D?
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2D vs 3D Patterns and anomalies in eye movement data



2D vs 3D Reading temperature from permafrost visualizations 
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2D vs 3D Artery visualizations for heart disease diagnosis
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Changing to 2D helps 
but color is even more 
important! 



A detour about color
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McIntire et al.’s (2014) review on stereo 3D

https://65.media.tumblr.com/0c0f998dca1d85f9a21f1ee489e9e21e/tumblr_ndrxkeyThR1r238sko1_500.jpg

• based on 160 papers (51 years of research), stereo 3D
– improved performance in 60% of the experiments
– made no difference in 25%
– harmed performance in ‘rare’ cases

• studied contexts
– judgments of positions and/or distances
– finding, identifying, or classifying objects
– spatial manipulations of real or virtual objects
– navigation
– spatial understanding, memory, or recall
– learning, training, or planning
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Another way to think about 
visualization+:

Extended reality (XR)

Complementing rational 
thinking (classical vis) with 
experience based, 
memorable moments

system 1 & system 2



X is variable – virtual, augmented, mixed

• You have a virtual cat in a digital room, entirely simulated (VR)
• Show a virtual cat at a random place in the real world (AR)
• The virtual cat can hide in the physical box, system interprets the 

box, spatially referenced (MR)

Oliver the Virtual Cat
https://appadvice.com/app/oliver-the-virtual-cat/1378235214



Virtual time travel
Do the impossible: Walk in your great grandparent’s shoes a mile

by Alexandre Devaux
Çöltekin, A., Lochhead, I., 
Madden, M., Christophe, S., 
Devaux, A., Pettit, C., ... & 
Hedley, N. (2020). Extended 
reality in spatial sciences: A 
review of research challenges 
and future directions. ISPRS 
International Journal of Geo-
Information, 9(7), 439.

MR example



VR example
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XR is powerful
Experiences are virtual 
but the emotional and 

physiological 
consequences are real



Gaze visualization Bragger et al. (2022)

Digital twins Baumgartner et al. (2022)

Avatars unpublished work Marti, Schällmann, Fluri, Çöltekin

CollabMR unpublished work 
Baumgartner, Koebel, Çöltekin

VR Labs unpublished work 
Kaufman, Burri, Huesser, Leu, Odermatt,
Minamisawa, Çöltekin



Tangible AR (Study 1)
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Tangible AR (Study 2)
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Fastest participant: 
~11 seconds, 25 fixations

Gaze plotsEye movements

Coltekin, A. (2015). Mix well before use: Understanding the key ingredients of user studies . Workshop (position) paper -- at the pre-conference workshop 

"Envisioning the Future of Cartographic Research" at the International Cartographic Conference , ICC 2015, Curitiba, Brazil. 
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Slowest participant:
~521 seconds, 1181 fixations

Eye movements
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Coltekin, A. (2015). Mix well before use: Understanding the key ingredients of user studies . Workshop (position) paper -- at the pre-conference workshop 

"Envisioning the Future of Cartographic Research" at the International Cartographic Conference , ICC 2015, Curitiba, Brazil. 



Aging



… as we age, this happens
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too much information too little information

a design intervention “mixed realism”

1
.

Lo
kk

a
, 

I-
E

.,
 Ç

ö
lt

e
ki

n
, 

A
. 

(2
0

1
7

).
 T

o
w

a
rd

s 
o

p
ti

m
iz

in
g

 t
h

e
 d

e
si

g
n

 o
f 

vi
rt

u
a

l e
n

vi
ro

n
m

e
n

ts
 f

o
r 

ro
u

te
 le

a
rn

in
g

: 
A

n
 e

m
p

ir
ic

a
l 

st
u

d
y 

o
f 

m
e

m
o

ra
b

ili
ty

 w
it

h
 c

h
a

n
g

in
g

 le
ve

ls
 o

f 
re

a
lis

m
. 

In
te

rn
at

io
na

l J
ou

rn
al

 o
f D

ig
ita

l E
ar

th
.

2
.

Lo
kk

a
, 

I-
E

.,
 Ç

ö
lt

e
ki

n
, 

A
. 

W
ie

n
e

r,
 J

.,
 F

a
b

ri
ka

n
t,

 S
.I

.,
 R

o
e

ck
e

, 
C

. 
(2

0
1

8
).

 V
ir

tu
a

l e
n

vi
ro

n
m

e
n

ts
 a

s 
m

e
m

o
ry

 t
ra

in
in

g
 d

e
vi

ce
s 

in
 n

a
vi

g
a

ti
o

n
a

l t
a

sk
s 

fo
r 

o
ld

e
r 

a
d

u
lt

s.
 S

cie
nt

ifi
c R

ep
or

ts
. h

tt
p

s:
//

w
w

w
.n

a
tu

re
.c

o
m

/a
rt

ic
le

s/
s4

1
5

9
8

-0
1

8
-2

9
0

2
9

-x

3
.

Lo
kk

a
, 

I-
E

.,
 Ç

ö
lt

e
ki

n
, 

A
. 

(2
0

1
9

).
 P

e
rs

p
e

ct
iv

e
 s

w
it

ch
 a

n
d

 s
p

a
ti

a
l k

n
o

w
le

d
g

e
 a

cq
u

is
it

io
n

: 
E

ff
e

ct
s 

o
f 

a
g

e
, 

m
e

n
ta

l r
o

ta
ti

o
n

 

a
b

ili
ty

 a
n

d
 v

is
u

o
sp

a
ti

a
l m

e
m

o
ry

 c
a

p
a

ci
ty

 o
n

 r
o

u
te

 le
a

rn
in

g
 in

 v
ir

tu
a

l e
n

vi
ro

n
m

e
n

ts
 w

it
h

 d
if

fe
re

n
t 

le
ve

ls
 o

f 
re

a
lis

m
 .

 
Ca

rt
og

ra
ph

y 
an

d 
Ge

og
ra

ph
ic 

In
fo

rm
at

io
n 

Sc
ie

nc
e



Recall accuracy: The MixedVE “wins”

(visuospatial tasks)
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… helps calibrating confidence

O: overconfident
U: underconfident

(visuospatial tasks)
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…help against naïve realism (Smallman & John 2005, 2011)
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Spatial abilities among our participants?
(median split)
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How do we measure cognition?

MoCA

If we do these 
digitally, do they 

measure the same 
thing? Are they 
worse, or better 

perhaps?



Digital biomarkers 

● Unobstrutive
● Ecological
● Continuous
● Scalable
● ... 
● “digital cognitive biomarkers can be a sensitive and promising 

clinical tool for detecting MCI and dementia.”



Augmented reality +

• Various pre-selected visuospatial ability tests
• Motor coordination
• An AR/MR memory “game”

Detects early & subtle micro-errors (accuracy) and micro-movements (latency) 

“He also points to Altoida’s efforts to develop an app that 
uses augmented reality games to assess cognition.”



MCI to AD conversion



learn
remember
associate
compare

locate
identify

cognitive

HC
I 

Contextual/task-
related factors

Tech/design 
factors

Human factors / 
individual & 

group differences

di
sp
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ty
pe
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em
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ts

 o
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es
ig

n

hi
gh

 le
ve

l

lo
w

 le
ve

l

wayfinding, 
scene 

understanding, 
diagnostics, 
exploration, 
explanation, 

skills training, 
education …. 

co
m

pu
ta

tio
na

l 
pe

rfo
rm

an
ce

perceptual 

dimensionality (e.g., 2D 
or 3D), static or 

dynamic/interactive, 
image  or map, VR or 

AR …

visual variables; color, 
texture (e.g., levels of 
realism, detail), shadow, 
position; visual clutter…

interaction &
interface design…

visual abilities/acuity 
e.g., color perception, 

peripheral vision, 
flexibility of lens, 

sensory problems…

spatial abilities, 
visuospatial memory 

capacity, expertise 
(previous knowledge, 
exposure, familiarity), 
culture, education … 

A visualization 
framework

Çöltekin, A. (2019). What contributes to the complexity of visuospatial displays? 
Abstraction, Scale and Perception, International Cartographic Association Joint Commission Workshop, Jul 15, Tokyo, Japan
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… with Alyssa A. Goodman
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